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άLǘ ƛǎ ŀƭƳƻǎǘ Ǉƻǎsible to predict one or two days in advance, within a rather broad range of 

probability, what the weather is going to be; it is even thought that it will not be impossible to 

ǇǳōƭƛǎƘ Řŀƛƭȅ ŦƻǊŜŎŀǎǘǎΣ ǿƘƛŎƘ ǿƻǳƭŘ ōŜ ǾŜǊȅ ǳǎŜŦǳƭ ǘƻ ǎƻŎƛŜǘȅΦέ 

- Antoine Lavoisier (1743-1794), 

French Chemist regarded as the father of modern chemistry 
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ˍˇˎ ˄ʰ ˃ʶ ʵʽʵʱ˅ʶʽ ˁʰʽ ˋˍˇ˄ James. W. Wilson (MSc), {ŜƴƛƻǊ {ŎƛŜƴǘƛǎǘ ˍˇˎ Research Applications 
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ʴʽʰ ˍ ́ʵʽʱʻʶˋʹ ˉˇˎ ʶʾ˔ʰ˄ ˄ hʰˉʰ˄ˍʺˋˇˎ˄ ˋˍʽˌ ʶˊ˖ˍʺˋʶʽˌ ˃ˇˎ, ˋˍˇˎˌ Luca Nisi (PhD Candidate), 

Satellite Meteorologist, MeteoSwiss, Radar, Satellite, Nowcasting division, Dr. David Sills, Severe 

Weather Scientist, National Laboratory for Nowcasting and Remote Sensing, Meteorology, 

Environment Canada, Dr. Maarten Reyniers, Royal Meteorological Institute of Belgium (RMI), 

Observations Department, ɼʰʻ. Dr. !ǳƎǳǎǘƻ WƻǎŞ tŜǊŜƛǊŀ CƛƭƘƻ ˍˇˎ ˉʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ˍˇˎ {ńƻ tŀǳƭƻΣ 

ˍ˃ʺ˃ʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ʶˉʽˋˍʹ˃˗˄. ʆʷ˂ˇˌ, ʶˎ˔ʰˊʽˋˍ˗ ˈˋˇˎˌ ʶʾ˔ʰ˄ ˍʹ˄ ˁʰ˂ˇˋˏ˄ʹ ˄ h ˃ˇˎ 

ʰˉʰ˄ˍʺˋˇˎ˄ ̫ ˋˍ˖ ˁ ʰʽ ˃ ʽʰ ˒ ˇˊʱ, ̱ ˇˎˌ Dr. Alan Seed, radar research leader, Bureau of Meteorology, 

Centre for Australian Weather and Climate Research, Alexander Kann (Dipl.), Department of model 

applications, Central Institute for Meteorology and Geodynamics, Numerical Weather Prediction, 
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ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˁ˂ʾ˃ʰˁʶˌ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʷˌ ˍʹˌ ʵˎ˄ʹˍʽˁʺˌ ˁʾ˄ʹˋʹˌ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁˈ ˉˊˇʴ˄˖ˋˍʽˁˈ ʶˏˊˇˌύ ˃ʶ ˍʰ 

ˉˊˇˁˏˉˍˇ˄ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˁʾ˄ʹˋʹˌ ˁʰʽ ʷ˄ˍʰˋʹˌ ʴʽʰ nowcast 60-˂ʶˉˍ˖˄ ˃ʶ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁʱ 

ˉˊˈʴ˄˖ˋʹˌ ˋˎˋˍʱʵ˖˄ м ˁʰʽ н ˋʶ ʶˏˊˇˌ ол ʷ˖ˌ сл Ř.½ όрΦтΦʲΦύ ˁʰʽ ˋʶ пл ʷ˖ˌ тл Ř.½ όрΦтΦʴΦύ ʴʽʰ ˍʽˌ 

мо ɹʰ˄Φ нллтΦ ʅˍʰ ʅ˔ʺ˃ʰˍʰ рΦтΦʵΦ ˁʰʽ рΦтΦʶΦ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˇʽ ˊˎʻ˃ˇʾ ʰ˄ʱˉˍˎ˅ʹˌ ʴʽʰ ʶˏˊˇˌ ол ʷ˖ˌ сл 

Ř.½ ˁʰʽ пл ʷ˖ˌ тл-Ř.½ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ʶˉʽˁʰ˂ˎˉˍˈ˃ʶ˄ˇʽ ˃ʶ ˍˇ ˉˊˇʶʴ˄˖ˋ˃ʷ˄ˇ ˉʶʵʾˇ ʰ˄ʷ˃ˇˎΦ ɮˎ˅ʹˍʽˁʷˌ 

ˍʱˋʶʽˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˃ʶ ˁˈˁˁʽ˄ʹ ʰˉˈ˔ˊ˖ˋʹΣ ʶ˄˗ ˍʱˋʶʽˌ ʶ˅ʰˋʻʷ˄ʹˋʹˌ ˃ʶ ˉˊʱˋʽ˄ʹ όˉˊˇˋʰˊ˃ˇʴʺ ʰˉˈ 

ˍˇ ˉˊ˖ˍˈˍˎˉˇ ˍˇˎ Lack [2007]) __________________________________________________ 108 

ɳʽˁˈ˄ʰ рΦрΦΥ  ɳˉʽˉˍ˗ˋʶʽˌ ˍˇˎ ˒ʾ˂ˍˊˇˎ NOFF ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ нрʹˌ ɾʰˀˇˎ нллмΣ ˃ʶ ˔ˊʺˋʹ 

ˉˊˇʲ˂ʷ˕ʶ˖˄ ˉˇˎ ʷʴʽ˄ʰ˄ ˋˍʽˌ лрлл UTCΦ ʆʰ ˋ˔ʺ˃ʰˍʰ ʵʶʾ˔˄ˇˎ˄ όaύ ˍʽˌ ʰˊ˔ʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˋˍʽˌ 

0500 UTC ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ˉʰˊʺ˔ʻʹˋʰ˄ ˇʽ ˉˊˇʴ˄˗ˋʶʽˌΣ όbύ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ʴʽʰ ˍʽˌ лрол UTC ό˔ˊˈ˄ˇˌ 

ˉˊˈʴ˄˖ˋʹˌ ол min ), (cύ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ʴʽʰ ˍʽˌ лтлл UTC ό˔ˊˈ˄ˇˌ ˉˊˈʴ˄˖ˋʹˌ н hύΣ ˁʰʽ όdύ ˍʹ˄ 
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нлллΦ ʆˇ ˂ʶˎˁˈ ˉʶˊʾʴˊʰ˃˃ʰ ʰˉˇʵʾʵʶʽ ˍʽˌ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ʴʾ˄ʶˍʰʽ nowcast ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ Ҕор 
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ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ nowcast ʁ ʾ˄ʰʽ лΦнл ό²ƛƭǎƻƴ et al., 2004) ________________________________ 163 

ɳʽˁˈ˄ʰΦ сΦнΦΥ ɴ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ʰ˄ʱˉˍˎ˅ʹˌ ˁʰʽ ʶ˄ʾˋ˔ˎˋʹˌ ˁʰˍʰʽʴʾʵʰˌ ˃ʶ ˋˎʴˁˊˇˎˈ˃ʶ˄ʰ ˃ʷˍ˖ˉʰ 

ˊʽˉ˗˄Σ ʶ˄ˍˈˌ ˃ʽʰˌ ˉʶˊʽˈʵˇˎ ос ˂ʶˉˍ˗˄Φ ʁʽ ˇ˄ˇ˃ʰˋʾʶˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ˃ʶ˃ˇ˄˖˃ʷ˄ʶˌ ˁʰˍʰʽʴʾʵʶˌ ˁʰʽ 

ˍˇ GF ˋˎ˃ʲˇ˂ʾʸʶʽ ˃ʷˍ˖ˉˇ ˊʽˉ˗˄ όgust frontύΦ ɶ ʴ˖˄ʾʰ ˖ˌ ˉˊˇˌ ˍˇ ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇ όŜƭŜǾŀǘƛƻƴ 

ŀƴƎƭŜύ ˍˇˎ ˊʰ˄ˍʱˊ ʶʾ˄ʰʽ мΦрˇ (Wilson et al., 2010). ___________________________________ 169 

ɳʽˁˈ˄ʰ сΦоΦΥ ŀΦ ʆʰ˔ˏˍʹˍʶˌ 5ƻǇǇƭŜǊΣ ˋʶ ʴ˖˄ʾʰ ʰ˄ˏ˕˖ˋʹˌ лΦрЈ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʶˌ ʰˉˈ ˍˇ ˊʰ˄ˍʱˊ ˍˇˎ 

ʃʶˁʾ˄ˇˎ ˋˍʽˌ мммт [¢ мп ɮˎʴΦ нллуΦ ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽΣ ʶ˄˗ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉʶˊʽʷ˔ˇˎ˄ ʻˈˊˎʲˇΣ 

ˇˎˋʽʰˋˍʽˁʱ ˈ˂ʶˌ ˇʽ ˍʰ˔ˏˍʹˍʶˌΣ ʰˉˈ ˈ˂ʶˌ ˍʽˌ ˁʰˍʶˎʻˏ˄ˋʶʽˌΣ ˁʰˍʶˎʻˏ˄ˇ˄ˍʰʽ ˉˊˇˌ ˍˇ ˊʰ˄ˍʱˊ ˃ʶ о - 9 

m s-м όˉˊʱˋʽ˄ˇ-˃ˉ˂ʶύΦ ɮˎˍˈ ˎˉˇʵʶʽˁ˄ˏʶʽ ˋˎʴˁ˂ʾ˄ˇˎˋʰ ˊˇʺ ʰʷˊʰ ˋˍˇ ˊʰ˄ˍʱˊΦ ʁʽ ˂ʶˎˁʷˌ ˉʶˊʽˇ˔ʷˌ 

ʶʾ˄ʰʽ ˍˇˉˇʻʶˋʾʶˌ ˈˉˇˎ ʷ˔ʶʽ ʰ˒ʰʽˊʶʻʶʾ ˍˇ ƎǊƻǳƴŘ ŎƭǳǘǘŜǊΦ ōΦ ɮ˄ʱ˂ˎˋʹ ʰ˄ʷ˃ˇˎ ±5w!{ ˋʶ ˏ˕ˇˌ мутƳ 

ʴʽʰ ˍʹ˄ ʾʵʽʰ ˔ˊˇ˄ʽˁʺ  ˋˍʽʴ˃ʺΦ ʁʽ ˁʰ˒ʷ ʰˉˇ˔ˊ˗ˋʶʽˌ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʹ ˋˏʴˁ˂ʽˋʹ ˁʰʽ ˇʽ ˉˊʱˋʽ˄ʶˌ 

ˍʹ˄ ʰˉˈˁ˂ʽˋʹΦ ʁʽ ˍʽ˃ʷˌ ˋˏʴˁ˂ʽˋʹˌ ʶʾ˄ʰʽ ˋʶ ʲʺ˃ʰˍʰ ˍ˖˄ лΦм Ƴ ǎ-1 km-мΦ ɶ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˋˍˇ ˁʷ˄ˍˊˇ 

ˍʹˌ ˋˏʴˁ˂ʽˋʹˌ όˉʶˊʽˋˋˈˍʶˊˇ ʰ˄ˇʽ˔ˍʺ ʰˉˈ˔ˊ˖ˋʹύ ʶʾ˄ʰʽ лΦо Ƴ ǎ-1 km-м ˜ ʷˍˋʽΣ ʹ ʰˊ˔ʽˁʺ ˁʰ˒ʷ 
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ǏǄǐǈǊǆǖǆ xxvii 

ǏǄǐǈǊǆǖǆ 

 

ɶ ˉʰˊˇˏˋʰ ˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˋˍˇ˔ʶˏʶʽ ˋˍʹ ˃ʶ˂ʷˍʹ ˍˇˎ ˋˏ˄ʻʶˍˇˎ 

ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˍʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌ ˎˉˇ ˍʹ˄ ʱ˃ʶˋʹ (nowcast) ˃ ˇˊ˒ʺ ˍʹˌΣ ʶ˅ʶˍʱʸˇ˄ˍʰˌ 

ˍʽˌ ˍʶ˔˄ʽˁʷˌΣ ˍʽˌ ʶ˒ʰˊ˃ˇʴʷˌ ˁʰʽ ˍʰ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ ˍʹ˄ ˎ˂ˇˉˇʽˇˏ˄ ˁʰʽ ʶ˄ˍʱˋˋˇ˄ˍʰˌ ˍʹ˄ ʶˉʽˉˊˈˋʻʶˍʹ 

ˋˎ˄ʽˋˍ˗ˋʰ ˍʹˌ ˃ʶ˂˂ˇ˄ˍʽˁʺˌ ˁʰˍʶˏʻˎ˄ˋʹˌ ˍ˖˄ ʰ˄˖ˍʷˊ˖ ʸʹˍʹ˃ʱˍ˖˄Φ 

ɮˊ˔ʽˁʱΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʽʰ ˋˏ˄ˍˇ˃ʹ ʰ˄ʰˋˁˈˉʹˋʹ ˍʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌ ʰˉˈ ˍʹ˄ 

ʰˊ˔ʰʽˈˍʹˍʰ ʷ˖ˌ ˋʺ˃ʶˊʰΣ ʰ˄ʰ˂ˏʶˍʰʽ ʹ ʶ˄˄ˇʽʰ ˍʹˌ ʱ˃ʶˋʹˌ ˁʰʽ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ˉˊˈʴ˄˖ˋʹˌΣ 

ʶˉʽˋʹ˃ʰʾ˄ˇ˄ˍʰʽ ˇʽ ˁˏˊʽʶˌ ˔ˊʺˋʶʽˌ ˍʹˌ ˁʰʻ˗ˌ ˁʰʽ ˇˊʽˋ˃ʷ˄ʰ ʲʰ̀ʽˁʱ ʶˊʴʰ˂ʶʾʰ ˉˊˇˌ ʶˉʾˍʶˎ˅ʹ ˍˇˎ 

ˋˁˇˉˇˏ ʰˎˍˇˏΦ 

ʆʰ ʶˉˈ˃ʶ˄ʰ ʵˎˇ ˁʶ˒ʱ˂ʰʽʰ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ˄ ʻʶ˖ˊʹˍʽˁˈ ˉˎˊʺ˄ʰ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ. 

ɮ˄ʰˉˍˏˋˋʶˍʰʽ ˍˇ ˒ˎˋʽˁˈ ˎˉˈʲʰʻˊˇ ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ ˃ʶ 

ʷ˃˒ʰˋʹ ˋˍʽˌ ˁʰˍʰʽʴʾʵʶˌΦ ʆˇ ˍʶ˔˄ʽˁˈ ˁˇ˃˃ʱˍʽ ʰ˒ˇˊʱ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ˃ʶʻˇʵˇ˂ˇʴʽ˗˄ ˉˇˎ 

ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ʰˉˈ ˍʰ ˋˏʴ˔ˊˇ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌΦ ɲʽʶˊʶˎ˄ʱˍʰʽ ʹ ˄ʷʰ 

ˉˊˇˋʷʴʴʽˋʹ ˍ˖˄ ʰ˄ʰ˂ˈʴ˖˄ όanaloguesύ ˁʰʽ ˍʾʻʶ˄ˍʰʽ ʶˉʽ ˍʱˉʹˍˇˌ ʸʹˍʺ˃ʰˍʰ ʵʽʰ˒ˇˊʶˍʽˁʺˌ ʶˊ˃ʹ˄ʶʾʰˌ 

ˍˇˎ ˄ʷˇˎ ˈˊˇˎ ˍ˖˄ ʶˎˊʶˍʽˁ˗˄ όƘŜǳǊƛǎǘƛŎύ ˋˎˋˍʹ˃ʱˍ˖˄ ʰˉˈ ˍʹ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰΦ 

ɴˉʶʽˍʰΣ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ʶ˒ʰˊ˃ˇʴʷˌ ˍʹˌ ˋˏʴ˔ˊˇ˄ʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌΦ ɮ˄ʰ˒ʷˊˇ˄ˍʰʽ 

ˍˊˈˉˇʽ ʶˉʰ˂ʺʻʶˎˋʹˌ όverification)Σ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʲʰˋʽˁʱ ʴ˄˖ˊʾˋ˃ʰˍʰ ˉˊˇʿˈ˄ˍ˖˄ ƴƻǿŎŀǎǘƛƴƎ ˁʰʽ 

ʵʽʶˊʶˎ˄ʱˍʰʽ ʷ˄ʰ ˉˊˇʿˈ˄ ˔ʰ˃ʹ˂ˈˍʶˊˇˎ ˁˈˋˍˇˎˌ ˔˖ˊʾˌ ˍʹ ˔ˊʺˋʹ ˊʰ˄ˍʱˊΣ ʷ˄ʰˌ ˍˇ˃ʷʰˌ ˉˇˎ ʵʶ˄ ʶʾ˄ʰʽ 

ʽʵʽʰʾˍʶˊʰ ʰ˄ʶˉˍˎʴ˃ʷ˄ˇˌ ʷ˖ˌ ˋʺ˃ʶˊʰΦ ɮ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˍˇ˃ʶʾˌ ʶ˄ʶˊʴʺˌ ʷˊʶˎ˄ʰˌΣ ˈˉ˖ˌ ˍʰ ˍʶ˔˄ʹˍʱ 

˄ʶˎˊ˖˄ʽˁʱ ʵʾˁˍˎʰΣ ʹ ˔ˊʺˋʹ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄ (test bedsύ ˁʰʽ ˇʽ ʁ˒ʰˊ˃ˇʴʷˌ ˍˇˎ 

ʃʰʴˁˇˋ˃ʾˇˎ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ɴˊʶˎ˄ʰˌ ό²²wtύ ˍˇˎ ʃʰʴˁˈˋ˃ʽˇˎ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏ 

ʁˊʴʰ˄ʽˋ˃ˇˏ ό²ahύΦ ʆʰ ɳˊʶˎ˄ʹˍʽˁʱ ʃˊˇʴˊʱ˃˃ʰˍʰ ˍˇˎ ²ah ʰˉˇˍʶ˂ˇˏ˄ ˋʹ˃ʶʾʰ ʰ˄ʰ˒ˇˊʱˌ ˍʹˌ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ˁˇʽ˄ˈˍʹˍʰˌ ʵʽˈˍʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʵʽʰʻʷˍˇˎ˄ 

˃ˉˇˊˇˏ˄ ˄ʰ ʶ˒ʰˊ˃ˈˋˇˎ˄ ʱ˃ʶˋʰ ˁʰʽ˄ˇˍˇ˃ʾ.h  

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˎˋˍʺ˃ʰˍʰ ʱ˃ʶˋʹˌ ˁʰʽ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ˉˊˈʴ˄˖ˋʹˌ ˃ʶ 

ʰ˒ʶˍʹˊʾʰ ˍʰ ˉˊ˗ˍʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ʶˉʽ˔ʶʽˊʹˋʽʰˁʺˌ ˃ˇˊ˒ʺˌΦ ɶ ʶˉʽ˂ˇʴʺ ˍˇˎˌ ʶʾ˔ʶ 

˖ˌ ʴ˄˗˃ˇ˄ʰ ˍʹ˄ ˋˁʽʰʴˊʱ˒ʹˋʹ ˍʹˌ ˁˎˊʾʰˊ˔ʹˌ ʶˉʽˁˊʰˍˇˏˋʰˌ ˍʱˋʹˌ ˋʶ h˄ ʶˉˍˎʴ˃ʷ˄ʶˌ ˔˗ˊʶˌΣ ʶ˄˗ 

ʶʾ˄ʰʽ ˋʰ˒ʷˌ ˈˍʽ ʵʶ˄ ʶˁ˒ˊʱʸʶˍʰʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˎ˒ʽˋˍʱ˃ʶ˄˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˉʰʴˁˇˋ˃ʾ˖ˌΦ 

ɮˁˇ˂ˇˏʻ˖ˌΣ ˃ʶ˂ʶˍʱˍʰʽ ʹ ʶˉʾʵˇˋʹ ˃ʷˊˇˎˌ ˍ˖˄ ʱ˄˖ ˋˎˋˍʹ˃ʱˍ˖˄ ˋʶ ˋˎ˄ʶˊʴʰˍʽˁʷˌ ˃ʶ˂ʷˍʶˌ 

ˉʶˊʾˉˍ˖ˋʹˌ ˉˇˎ ˁʰ˂ˇˏ˄ˍʰʽ ɾʶ˂ʷˍʶˌ ɳˉʾʵʶʽ˅ʹˌ όCƻǊŜŎŀǎǘ 5ŜƳƻƴǎǘǊŀǘƛƻƴ tǊƻƧŜŎǘǎ ς C5tΩǎύ ˍˇˎ 

ʃʰʴˁˈˋ˃ʽˇˎ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ɴˊʶˎ˄ʰˌ ό²²wtύΦ 

ʅˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʻʶ˃ʰˍʽˁʺ ʶ˄ˈˍʹˍʰ ʵʽʶˊʶˎ˄˗˄ˍʰʽ ˇʽ ˍʶ˔˄ˇ˂ˇʴʽˁʷˌ ʶ˅ʶ˂ʾ˅ʶʽˌ ˁʰʽ ˍˇ ˉ˗ˌ ˃ˉˇˊˇˏ˄ 

˄ʰ ˁʰˍʶˎʻˏ˄ˇˎ˄ ˃ʶ˂˂ˇ˄ˍʽˁʱ ˍʹ˄ ʱ˃ʶˋʹ ˁʰʽ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ˉˊˈʴ˄˖ˋʹΦ 

ɳ˅ʶˍʱʸˇ˄ˍʰʽ ʶ˄ʵʶ˂ʶ˔˗ˌ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʹ˄ ˃ʶˍʱʵˇˋʹ ˍ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʰˉˈ ˍʽˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ 

ˎˉʹˊʶˋʾʶˌΣ ˍʰ ˃ʷˋʰ ˃ʰʸʽˁʺˌ ʶ˄ʹ˃ʷˊ˖ˋʹˌΣ ˍˇ ʵʽʰʵʾˁˍˎˇ ˁʰʽ ˍʰ ʰˍˇ˃ʽˁʱ ˃ʷˋʰ ˉ˂ʹˊˇ˒ˈˊʹˋʹˌΦ 

ɮ˄ʰ˂ˏʶˍʰʽ ˍˇ ˄ʷˇΣ ˋˏʴ˔ˊˇ˄ˇ ˉˊˈˍˎˉˇ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʵʽʰ˃ˇˊ˒˖ʻʶʾ ˁʰʻ˗ˌ ́  

ˁˇʽ˄˖˄ʾʰ ʻʰ h˄ˍʰˉˇˁˊʾ˄ʶˍʰʽ ˋˍʹ˄ ʰ˒ˇ˃̌ ʾ˖ˋʹ ˄ʷ˖˄ ˃ʶʻˈʵ˖˄ ˁʰʽ ˃ʁʴʱ˂ˇˎ ˉ˂ʺʻˇˎˌ 
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ˉʰˊʰˍʹˊʺˋʶ˖˄Φ ʃˊˇˋʶʴʴʾʸʶˍʰʽ ʶˉʾˋʹˌ ʹ ʷ˂˂ʶʽ˕ʹ ˍʹˌ ˁˇʽ˄˖˄ʽˇ˂ˇʴʽˁʺˌ ˋˎ˄ʽˋˍ˗ˋʰˌ ˖ˌ ʷ˄ʰ 

ˋʹ˃ʰ˄ˍʽˁˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰΦ 
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ABSTRACT 

 

This master thesis aims to study the complex subject of weather forecasting under its direct 

(nowcast) form, examining the techniques, the applications and the systems used for effective 

implementation. The component of the future direction of the above issues has been added as well. 

The starting point is a brief overview of the weather forecasting history since antiquity, the 

concepts of nowcasting and short-term forecasting are analyzed, highlighting main uses and some 

essential tools to achieve this aim. 

The next two chapters constitute the theoretical core of this work. The natural background of 

meteorological processes of the atmosphere is developed, with emphasis on the storms. The 

technical part regards the description of the methodologies applied by modern weather forecasting 

systems. The new approach of analogues is being explored and the issue of different interpretation 

of the new term of heuristics (heuristic) systems by the scientific community is being also discussed.   

Onwards, applications of modern weather forecasting are examined. Ways of verification are 

mentioned, basic features of nowcasting products are outlined and a lower-cost product without 

the use of radar is investigated; it is an area that is not highly developed till today. Active research 

fields, such as artificial neural networks, the use of test beds and some applications of the World 

Weather Research Programme (WWRP) of the World Meteorological Organization (WMO), are also 

explicated. The Projects of WMO are benchmarks of the meteorological scientific community 

because innovation can be immediately implemented by using the available data.   

The following are systems of nowcasting and short-term forecasting starting from the first 

automated systems of operational form. Their selection was dependent by the delineation of the 

dominant current trend in developed countries, while it is clear that all existing systems worldwide 

are not expressed. Next, the performance of these systems in WWRP established collaborative case 

studies called Forecast Demonstration Projects (FDP's) is studied.  

In the next thematic area some technological developments and how they can guide the future 

nowcasting and short-term weather forecasting are investigated. Changes in the broadcasting of 

information by the meteorological services, mass media, the internet and personal media of 

information are scrutinized. The new, modern standard of interaction which is expected to be 

formed as society responds to adoption of new methods and a large number of observations is 

analyzed. The lack of the sociological component is also approached as a significant disadvantage. 

This work concludes summarizing the main conclusions and some proposals for the future 

direction of forecasting and pointing out substantially focus points. Towards the above perspectives 

a decisive contribution of a number of nowcasting scientists of a global context has been made. 
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EXTENDED ABSTRACT 

 

Introduction ï Thesis Outline 

This master thesis aims to study the complex subject of weather forecasting under its direct 

(nowcast) form, examining the techniques, the applications and the systems used for effective 

implementation. The component of the future direction of the above issues has been added as well. 

The thesis is organized in eight sections.  

Chapter 1: A brief overview of the weather forecasting history since antiquity, the concepts of 

nowcasting and short-term forecasting are analyzed, highlighting main uses and some essential 

tools to achieve this aim. 

Chapter 2: Analysis of certain issues of meteorological processes in the atmosphere which 

constitute the theoretical physical background of the process of forecasts. 

Chapter 3: An approach of the theoretical background of the techniques used by nowcasting 

systems. 

Chapter 4: Applications of modern nowcasting. Analysis of the evaluation process, description 

of key features of the products, exploring the use of less expensive data, the artificial neural 

network approach, as well as producing a report of research areas and active research projects of 

the World Weather Research Programme (WWRP). 

Chapter 5: Description of nowcasting systems whose selection had a criterion of representing 

the main trend in short-term precipitation prediction, by the first automated steps of operational 

form till today. 

 Chapter 6: Collaborative case studies of nowcasting systems, especially as Forecast 

Demonstration Projects (FDP's) of the WWRP. 

 Chapter 7: Advancement prospects of nowcasting in terms of technological developments and 

the response of the society to a new, modern model of interaction. 

Chapter 8: Main conclusions of the work, formulation of proposals relating to future forecasts 

and important focal points with the key contribution to the above perspectives of numerous 

nowcasting scientists of a global context. 

 

 

Nowcasting Definition  

The following definition provided by Conway (1998ύΥ ΨΨnowcasting is forecasting with local 

detail, by any method, over a period from the present to a few hours ahead; this includes a detailed 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

xxxii 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

description of the present weather.ΩΩ Sene (2013) mentions that nowcasting is a long-established 

technique in which the current motion of rainfall, clouds, fog and other meteorological features is 

extrapolated into the future based on current and recent weather radar or satellite observations, 

in some cases guided by the outputs from models and observations from other sources (e.g. 

lightning detection systems). 

 

Figure 1: Qualitative assessment of forecast accuracy as a function of forecast period for 

convective precipitation on a spatial scale of a few kilometers (Wilson et al. 1998). 

 

It can be seen in Figure 1 that mere extrapolation of the present weather state cannot cope 

with quickly changing weather systems, especially at small scale, therefore nowcast accuracy drops 

rapidly already within the first hour. Recall that thunderstorms, e.g., have a typical lifetime of only 

about 30 min. Explicit storm models, i.e., Numerical Weather Prediction (NWP) models with high 

grid resolution of about 1 km or less, together with data assimilation on the mesoscale have 

successfully demonstrated that they are able to simulate the evolution of storms. These models can 

augment the accuracy especially beyond 1 h forecast time and fill the gap between extrapolation 

and large scale models. For the immediate time up to about 60 min, extrapolation techniques are 

more useful since output from explicit storm models is delayed due to the time needed for data 

processing, assimilation and forecasting. 

 

Theoretical Review 

Meteorological background 

  Atmospheric processes are the natural background of weather forecasts. Starting from the 

air cooling and the creation of clouds after the condensation of water vapor by the process of 

nucleation. The clouds depending on their physical formation process are divided into synoptic 

disturbance, updraft, orographic and frontal (ɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004; 
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ɼˇˎˍˋˇʴʽʱ˄˄ʹˌ, 2002; ʃ˄ʶˎ˃ʰˍʽˁˈˌ, 2003). Clouds can be distincted in high, mid and low level 

classes. 

About air masses; the term denotes an oversized air body showing horizontal homogeneity, 

particular in respect of temperature and humidity. A "surface discontinuity" which called frontal 

surface formed when two air masses with different temperature and humidity characteristics come 

in contact by motion. The intersection of a frontal surface with a horizontal plane is a line called 

front. The frontal surfaces and the fronts may be considered boundary layers that separate air 

masses of different density (ɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004). There are four types of 

fronts; cold front, warm front, stationary front, and occluded front. Cold front is a front in which 

cold air is replacing warm air at the surface. Warm front is a front in which warm air replaces cooler 

air at the surface. Stationary front is a front that does not move or barely moves. Because cold 

fronts move faster than warm fronts, they can catch up to and overtake their related warm front. 

When they do, an occluded front is formed. Occluded fronts are indicative of mature storm systems 

(i.e., those about to dissipate).1 

About thunderstorms; by definition, a thunderstorm is a local storm, invariably produced by a 

cumulonimbus cloud, that always is accompanied by lightning and thunder. It usually contains 

strong gusts of wind, heavy rain, and sometimes hail. Meteorologists often use the word 

"convection" to describe such storms in a general manner, though the term convection specifically 

refers to the motion of a fluid resulting in the transport and mixing of properties of the fluid.  To be 

more precise, a convective cloud is one which owes its vertical development, and possibly its origin, 

to convection (upward air currents). They can be classified in one of the above categories2:  

i) Single-cell or air-mass storm typically last 20-30 minutes. Pulse storms can produce 

severe weather elements such as downbursts, hail, some heavy rainfall and 

occasionally weak tornadoes.  

ii) Multicell cluster storm is a group of cells moving as a single unit, with each cell in a 

different stage of the thunderstorm life cycle. Multicell storms can produce moderate 

size hail, flash floods and weak tornadoes.  

iii) Multicell Line (squall line) storms consist of a line of storms with a continuous, well 

developed gust front at the leading edge of the line. Also known as squall lines, these 

storms can produce small to moderate size hail, occasional flash floods and weak 

tornadoes. 

iv) Supercells are defined as thunderstorms with a rotating updraft, these storms can 

produce strong downbursts, large hail, occasional flash floods and weak to violent 

tornadoes. 

¢ƘŜǊŜ ŀǊŜ ǘƘǊŜŜ ǇƘŀǎŜǎ ƛƴ ŀ ǘƘǳƴŘŜǊǎǘƻǊƳΩǎ ƭƛŦŜ ŎȅŎƭŜΦ ¢ƘŜǎŜ ŀǊŜ ǘƘŜ ŎǳƳǳƭǳǎ ǎǘŀƎŜΣ ǘƘŜ ƳŀǘǳǊŜ 

stage, and the dissipation stage (Fig. 2). Critical processes of development and decay occur during 

these stages, all of which are important in determining how the storm evolves, and how strong it 

                                                           
1 (url). 
2 (url). 

http://okfirst.mesonet.org/train/meteorology/Fronts.html
http://kkd.ou.edu/METR4433_Spring_2011/Single_Cell_Storms.ppt
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becomes. The first stage in thunderstorm development is the cumulus cloud, or cumulus stage. 

Although most cumulus clouds do not become thunderstorms, the initial stage of a thunderstorm 

is always a cumulus cloud. The chief distinguishing feature of this cumulus or building stage is an 

updraft, which prevails throughout the entire cell. In the cumulus stage, the updraft develops and 

precipitation is produced in the upper portions of the storm. As the precipitation begins to fall out 

of the storm, a downdraft is initiated. The second stage in thunderstorm development is known is 

the mature stage. The beginning of surface rain, with adjacent updrafts and downdrafts, initiates 

the beginning of this stage. By this time, the top of the average thunderstorm cloud, or cell has 

attained a height of 25000 feet or more. As the raindrops begin to fall, the frictional drag between 

the raindrops and the surrounding air causes the air to begin a downward motion. As this air 

continues to sink downward, the rate of motion is accelerated, resulting in a rain-cooled downdraft. 

At this stage, the cloud takes on the classic towering cauliflower appearance with sharp, well 

defined edges. Again, the mature stage is characterized by a co-existence of an updraft and a 

downdraft in the storm. When the downdraft and rain-cooled air reach the ground, the rain-cooled 

air spreads out along the ground and forms the gust front. Eventually, a large amount of 

precipitation is produced and the storm becomes dominated by the downdraft. At the ground, the 

Ǝǳǎǘ ŦǊƻƴǘ ƳƻǾŜǎ ƻǳǘ ŀ ƭƻƴƎ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ǎǘƻǊƳ ŀƴŘ Ŏǳǘǎ ƻŦŦ ǘƘŜ ǎǘƻǊƳΩǎ ƛƴŦƭƻǿκǳǇŘǊŀŦǘΦ ¢Ƙƛǎ 

begins the dissipating stage of the thunderstorm. This stage usually occurs rather quickly, 

approximately 20-30 minutes into the life of the thunderstorm. The downdraft will push down out 

of the thunderstorm, hit the ground and spread out. The cool air carried to the ground by the 

downdraft cuts off the inflow of the thunderstorm, the updraft disappears and the thunderstorm 

will begin to dissipate3.  

Figure 2: Stages in the Development of a Thunderstorm. During the cumulus stage, strong 

updrafts act to build the storm. The mature stage is marked by heavy precipitation and cool 

downdrafts in part of the storm. When the warm updrafts disappear completely, precipitation 

becomes light and the cloud begins to evaporate (url). 

                                                           
3 (url). 

http://www.geography.hunter.cuny.edu/tbw/wc.notes/10.thunderstorms.tornadoes/thunderstorm_stages.htm
http://www.erh.noaa.gov/btv/html/skywarn/training/Speaker%20Notes/PART%20I/Section%202.pdf


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

EXTENDED ABSTRACT xxxv 

Technical background ï Nowcasting principles 

Some of the techniques used in Nowcasting or Quantitative Precipitation Forecasting (QPF), 

are the Lagrangian persistence, area and cell tracking, spectral algorithms, conceptual models, NWP 

and expert/heuristic systems.  

Lagrangian persistence is a forecast in which the precipitation field is advected by a velocity 

field (vector field), leaving the total intensity unchanged  

ὨὙ

Ὠὸ
ḳπ                                                                      ρ 

with R(x, y) the rain rate at point x(x, y). In this equation, dR/dt is seen in the coordinates of 

the flowing data (Lagrangian framework). Eq. (1) can be further written in the rigid (image) 

coordinates as 
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with v = (u, v) the velocity field. In this equation, the rain rate field R is known from the radar 

scan, and the velocity field v has to be determined. In computer science, Eq. (2) is often referred to 

as the optical flow (OF) equation, or simply optical flow. Optical flow is defined as the determination 

of apparent movement by the analysis of subsequent (discrete) observations. Although the 

construction of a velocity field v (u, v) through OF (Eq. (2) and an additional constraint) is 

mathematically well funded, it often leads to very noisy or erroneous velocity fields. Therefore, 

velocity fields are often deduced with other techniques (Reyniers, 2008). Two major techniques are 

frequently used, and are extensively described in the literature: area tracking methods and cell or 

centroid extrapolation tracking methods. 

Area tracking divides a rain rate image into a grid of boxes, and for each box, a corresponding 

box (in the sense of a maximum correlation) is searched in the next image. The collection of vectors 

realizing the translation between the corresponding boxes, forms the velocity field. 

In cell tracking or centroid tracking, the evolution of discrete objects on consecutive radar 

images is followed. Every cell tracking algorithm has essentially two parts, a detection algorithm 

and a matching algorithm. Intense convective cells exhibit often a dynamic behavior that is very 

different from the larger enveloping rain area. Clearly, cell tracking is expected to perform better in 

convective situations. 

Spectral algorithms provide an approach that relies on the observation that the smallest scales 

in a rain rate image are usually the least predictable, since their typical lifetimes are much shorter 

than the lifetimes of the larger structures. In a spectral algorithm, a reflectivity image of dimension 
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[ Ҏ [ ǇƛȄŜƭǎ ƛǎ ǎǇŀǘƛŀƭƭȅ ŘŜŎƻƳǇƻǎŜŘ ƛƴǘƻ ŀƴ ŀŘŘƛǘƛǾŜ ŎŀǎŎŀŘŜ ƻŦ ƴ ƭŜǾŜƭǎ ·k, representing the kth scale 

of the decomposition, so that 

ὨὄὤȢὸ ὢȟȢὸȟ      Ὥ ρȟȣȟὒȟ      Ὦ ρȟȣȟὒȟ         ὒ ς       τ 

with dBZi,j (t) the reflectivity in dB at pixel (i, j) at time t. 

Using conceptual models, one can skip intensive numerical calculations and thus gain 

significantly in forecast calculation speed (Reyniers, 2008). 

Numerical Weather Prediction models are physically-based models which solve 

approximations to the mass, momentum and energy conservation equations for the atmosphere, 

taking account of water, momentum and heat transfer at the land-surface and, in many cases, the 

ocean surface (Sene, 2013). Numerical prediction at high resolution has the advantage that all 

physical processes relevant to a certain weather phenomenon are taken into account. These include 

turbulent mixing within the boundary layer, cloud and precipitation processes, radiation and 

advection (Tafferner and Forster, 2012). 

Expert/heuristic systems as to Reyniers (2008), is a generic name for nowcasting systems that 

combine one of the abovementioned techniques with other data, conceptual models and/or explicit 

solutions of numerical equations. The main goal of these additions on top of the techniques 

presented above, is the ability to predict storm initiation or decay. Differences in the definition of 

expert and heuristic were noticed. Dr. P. Joe (Acting Research Manager & Research Scientist, 

Environment Canada, 2014, priv. comm.), noted that after a workshop a few years ago called 

άIŜǳǊƛǎǘƛŎ bƻǿŎŀǎǘƛƴƎέ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ŎƻƳƳǳƴƛǘȅ ǎǘŀǊǘŜŘ ǘƻ ǳǎŜ ǘƘŜ ǿƻǊŘ ƘŜǳǊƛǎǘƛŎ ƳƻǊŜ ŦǊŜǉǳŜƴǘƭȅΦ 

J. W. Wilson (Senior Scientist, Research Applications Laboratory, Hydrometeorological Applications 

Program, University Corporation for Atmospheric Research, 2014, priv. comm.) explains that there 

is no formal definition about what constitutes an expert/heuristic nowcasting system. Expert and 

heuristic nowcast systems are the same. Heuristic means - based on expert generated rules. So the 

two are used interchangeably. 

 

Nowcasting Applications and Research 

Less expensive nowcasting applications  

While reliable weather radars and expertise play a central role in the warning process, this is 

still a challenge for many countries. Satellite and lightning systems are now available that have 

minimal support requirements. Stand-alone applications for severe weather can and are being 

developed for these system. In the absence of radars, they will provide benefits but their efficacy, 

the forecast process and the service level for severe weather warnings need to be demonstrated. 

They should also enhance existing systems that rely on weather radar networks. Understanding the 

technology, interpretation of the data and the products will require more development, enhanced 

expertise, demonstration and decision-making skills (Joe et al., 2012). 
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J. W. Wilson (Senior Scientist, Research Applications Laboratory, Hydrometeorological 

Applications Program, University Corporation for Atmospheric Research, 2014, priv. comm.)  

mentions that If there are available satellite and typical synoptic observations and Numerical model 

forecasts there is some skill for the larger scale synoptic systems but little skill for convective storm 

events. Radar data availability increases the skill on all scales. If there is only satellite data available, 

there are major problems with convective storm nowcasting when there is upper cloud cover, which 

is common. If a good lightning detection network is only available, extrapolating thunderstorms can 

be  made with good results.  

 

World Weather Research Programme (WWRP) 

WWRP aims to advance society's ability to cope with high impact weather through research 

focused on improving the accuracy, lead time and utilization of weather prediction. The WWRP 

ƛƴŎƭǳŘŜǎ ǿƻǊƪƛƴƎ ƎǊƻǳǇǎΣ ŜȄǇŜǊǘǎΩ ǘŜŀƳǎ ŀƴŘ the Observing-System Research and Predictability 

Experiment (THORPEX) program. Some highlights which explored in the current master thesis are: 

w Sydney 2000 Olympic Games Forecast Demonstration Project (FDP), and  

w Beijing 2008 Forecast Demonstration Project (B08FDP). 

Others include SNOW V10 (Science of Nowcasting Olympic Weather for Vancouver 2010), 

International field campaigns for tropical cyclones and targeting, SDS-WAS (Sand and Dust Storm 

Warning Advisory and Assessment System), establishment of three monsoon data centers in USA, 

Japan, China, etc.  

The WWRP has established new organizational structures and has promoted activities to 

support WMO Strategic thrust by establishing the WWRP Societal and Economic Research and 

Applications (SERA) Working Group to advance the science of the social and economic application 

of weather-related information and services in collaboration with International Council for Science 

(ICSU) Integrated Research on Disaster Risk (IRDR) Institute and by participating in the Executive 

Council Research Task Team (EC-w¢¢ύ ǊŜǇƻǊǘ ƻƴ ǘƘŜ άChallenges and opportunities in research to 

enable improved products and new services in climate, weather, water and environment" (Brunet, 

2011). 

 

Nowcasting Systems 

Till 1975, three basic methods of prediction are spotted (Wilson et al., 1998): a. obtain 

displacement vectors by using either a correlation or minimization technique; b. move individual 

echoes by tracking either the centers of area or mass; c. tracking the individual echoes by 

considering the entire echo complex and some measurements related to the individual echoes. 

After that, some indicative systems will be mentioned in this section. 
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Auto-Nowcaster (ANC), (2000), USA 

The Auto-Nowcast System (Auto-Nowcaster) is a software knowledge-based expert system 

developed by National Center for Atmospheric Research (NCAR) that produces time- and space-

specific, routine (every 5 min) short-term (0ς1 h) nowcasts of storm location. A main component of 

ANC is its ability to identify and characterize boundary layer convergence lines. Boundary layer 

information is used along with storm and cloud characteristics to augment extrapolation with 

nowcasts of storm initiation, growth, and dissipation. A fuzzy logic routine is used to combine 

predictor fields that are based on observations (radar, satellite, sounding, mesonet, and profiler), a 

numerical boundary layer model and its adjoint, forecaster input, and feature detection algorithms 

(Fig. 3). Statistical verification showed that ANC was able to routinely improve over extrapolation 

and persistence (Mueller et al., 2003). 

 

Figure 3: Flow Chart for the Auto-Nowcaster System (Saxon [2005]). 

STEPS, (2006), GB, Australia 

Short-Term Ensemble Prediction System (STEPS) is a probabilistic (stochastic) precipitation 

nowcasting scheme which merges extrapolation nowcasts with downscaled NWP forecasts. It is 

based on the model used by S-PROG (Seed et al., 2005). STEPS attempts to capture all the sources 

of uncertainty which affect the nowcasting, modelling these as uncertainty in the advection velocity 

used in the forecast and uncertainty in the evolution of the precipitation pattern. The advection 

uncertainty is modelled by a random field of velocities which is correlated in space. The uncertainty 

in the field evolution is modelled using the S-PROG multiplicative cascade approach (Seed, 2003). A 

hierarchy of second-order autoregressive AR-2 models on the levels in the cascade allows noise to 

be introduced most quickly at the smallest scales. An ensemble of forecasts is produced allowing 

the forecasts to be used by a number of other applications such as hydrological modelling. This 

scheme produces reliable forecasts of the probability of precipitation at lead times of up to 6 hours, 

and forecasting skill over climatology  is seen for the entire forecasting period (Bowler et al., 2006). 
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NORA, (2011), Switzerland 

Nowcasting of Orographic Rainfall by means of Analogues (NORA) is an analogue-based 

heuristic tool for nowcasting orographic precipitation61 developed by MeteoSwiss. The system was 

developed for the Lago Maggiore region, which is located in the southern part of the European Alps 

between Italy and Switzerland (Swiss Alps). The system takes advantage of the orographic forcing 

to produce very-short-term precipitation forecasts. NORA produces both deterministic and 

probabilistic forecasts of precipitation which are based on the rainfall fields observed in the past 

after the analogues. The skill of NORA in other regions can vary depending on the efficiency of the 

orographic forcing itself, which ultimately depends on the shape of the orography and on the 

repeatability of the mesoscale flows leading to precipitation (Panziera et al., 2011). 

 

Application in WWRP Sydney 2000 FDP 

Wilson et al. (2004), selected six of the most significant convective storm cases from the 3-

month FDP for evaluating the performance of some state-of-the-art nowcasting systems, which 

extrapolated storms using a variety of methods, including cell and area tracking, model winds, and 

sounding winds. Significant improvement in forecast accuracy was obtained for several of these 

cases when the locations of boundary layer convergence lines (sea breeze and gust fronts) were used 

in the nowcasts. Because high-impact events often have motions different than surrounding storms 

cell trackers are likely to have a slight advantage over area trackers for these events. The accuracy 

ƻŦ ƴƻǿŎŀǎǘǎ ŜǾŜƴ ŦƻǊ ǇŜǊƛƻŘǎ Җ сл Ƴƛƴ ƛǎ ǉǳƛǘŜ ƭƻǿ. This is because of inaccuracies in the 

extrapolations and even more so because of storm initiation growth, and dissipation. 

 

Evolution of Communication, Modeling and Observations used in Nowcasting 

Recently, a confluence of technical developments has set the stage for a major jump in 

nowcasting capabilities and the ability to apply those advances to important societal needs. New 

communications technologies, including broadband Internet, wireless communication, and 

smartphones, has made the distribution and application of real-time weather information possible 

at nearly any location. Exponential increases in surface, aircraft, and remote sensing data now 

provide a real-time description of atmospheric conditions from the global to regional scales. 

Advances in modeling and data assimilation, such as the ensemble Kalman filter (EnKF) technique, 

offer the potential to more effectively apply observations and to produce high-resolution analyses 

and forecasts. Finally, improvements in communication, computation, and control have provided 

society with the ability to effectively use nowcasting information for the protection of life and 

property, as well as to facilitate commerce and recreation. 

The challenge during the next decade will be to combine the rapidly developing technologies 

of high-resolution weather prediction and communication to create an effective nowcasting 

infrastructure. The potential of this integration of data availability, numerical weather prediction, 
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and communication is enormous and could lead to the development of new weather-related 

businesses and applications. 

 

Conclusions 

Cell and area trackers 

The variety of the systems currently available is very large. Nevertheless, two different 

strategies prevail: systems based on cell tracking and systems based on area tracking. The former 

strategy treats precipitating cells as individual entities, and concentrates on the development and 

displacement of these entities to make a prediction of the future situation. In the latter strategy, 

area tracking, a rain rate image is divided in a grid of boxes, and for each box, a corresponding box 

is searched in the next image. In such way, a velocity field can be constructed that is used to predict 

the future situation. Cell tracking systems are principally designed to locate severe weather objects 

(mostly convective) and to give qualitative severe weather warnings. This is a different goal than 

using the gridded fields of area trackers. On the other hand, cell tracking systems are generally not 

designed (and thus not useful) for stratiform precipitation. Area trackers are clearly superior in this 

task. Therefore, the performance of a system should always be tested in situations for which it is 

designed for (Reyniers, 2008). 

 

Classification of the systems based on features and efficacy in case studies 

From Table 1 it can be summarized that:  

w Nowcasting systems in the period of their first automated operational 

implementation (the first implementation was with SHARP (Bellon and Austin, 1978), 

followed the area tracking approach. After the introduction of cell tracking [the 

contribution of TITAN technique (Dixon and Wiener, 1993) was crucial], so based on 

the advantages analyzed in the previous section, the tracing of cells was the dominant 

philosophy of the systems which followed. The approach of dual detection (cells and 

area) [e.g. ANC (Mueller et al., 2003), SWIRLS-2 [Yeung et al., 2009)] was considered 

particularly effective. Cell tracking decrease displacement errors of rapidly moving 

echoes (intense convective activity) and area tracking serves in cases of stratiform 

precipitation.    

w Most of the systems follow a deterministic approach to forecasting, however in 

recent years probabilistic schemes constitute the dominant choice.  
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Table 1: Classification of nowcasting systems (by chronological order) regarding the 

methodology, the data, the type and the approach followed.  
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SHARP                        

TREC [ʆϐ                        

FRONTIERS                        

RAINSAT                        

NIMROD                        

TITAN ώʆϐ                        

ITWS                        

GANDOLF                        

WDSS                        

SWIRLS                        

ANC                        

WDSS-II                        

CARDS                         

TIFS                        

S-PROG                        

MAPLE                        

STEPS                        

SWIRLS-II                        

THESPA                        

NORA                        

COALITION                        

NOWTELL                        

iCAST [E]                        

* ʆ: The system supports other systems (technique), E: The system is in an experimental stage 

 Data usage for calibration / verification  Use is being explored  

 

The advantages and disadvantages of Table 2 were derived after an overall investigation of the 

characteristics of the systems, the results in case studies and - to those applicable-, their 

performance in the first two Nowcasting Demonstration Projects in the Summer Olympic Games of 

2000 and 2008 as applications of the WWRP.    
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 Table 2: Classification of nowcasting systems (by chronological order) regarding to the 

primary purpose and forecast range, as well as advantages and disadvantages  

System 

(Country) 

Initial 

Reference 
Main Objective 

Forecast 

Range (min) 
Advantages Disadvantages 

SHARP 

(Canada) 

Bellon and 

Austin, 1978 
Rainfall 180  Low CSI scores at high rainfall rates  

TREC [ʆ] 

(USA) 

Rinehart and 

Garvey, 1978 
Thunderstorms ς 

Advantages and 

disadvantages of area 

tracking techniques 

Very sensitive to ground clutter 

(mentioned in the previous section) 

FRONTIERS 

(GB) 
Collier, 1981 

Mesoscale 

Rainfall 
360    

RAINSAT 

(Canada) 

Austin and 

Bellon, 1982 
Rainfall 360 

Low cost. Surface data not 

required regularly 
 

NIMROD 

(GB) 
Collier, 1991 

Short-period rain 

forecasts 
300 

Suitable to stratiform rain, 

frontal systems 

Coarse resolution. High 

displacement errors in rapidly 

moving echoes. Under-estimates 

peak convective rain rates. Losses 

of spatial performance with 

decreasing sub-catchment size 

TITAN [ʆ] 

(USA) 

Dixon and 

Wiener, 

1993 

Thunderstorms 60 

Advantages and disadvantages of area tracking techniques  

(mentioned in the previous 

section)  

 

ITWS 

(USA) 

Wolfson et 

al., 1994 
Aviation    

GANDOLF 

(GB) 

Pierce et al., 

2000 

Convective cells, 

rain 

nowcasting. 

Hydrology 

180 
Suitable to cases of intense 

convective precipitation 

Not suitable to cases of organized 

convection (e.g. fronts, rain bands). 

Unrealistic dissipation 

characteristics and synchronized 

pulsing of convective precipitation 

fields may occur. Losses of spatial 

performance with decreasing sub-

catchment size. Unable to predict 

the development of convection 

from clear air, except in conditions 

where there is significant 

convergence in the lower 

troposphere 

WDSS 

(USA) 

Eilts et al., 

1996 
Severe weather 120 

Very good estimation of 

convection cell locations. Low 

track errors for the most 

intense cells  

/ŀƴΩǘ ǇǊŜŘƛŎǘ ǊŀƛƴŦŀƭƭ Ǌŀƛƴ ǊŀǘŜΦ High 

errors for weak cells 

SWIRLS 

(Hong 

Kong) 

Li et al., 2000 Heavy Rainfall 180 

Real-time adjustment of the 

Z-R relation. Includes an area 

and a cell tracker 

Difficulties in combining TREC 

vectors across different weather 

situations or spatial scales for echo 

movement extrapolation. Absence 

of wind fields and  ground clutter 

problems above 1 km. 

Low displacement errors in 
rapidly moving echoes 
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ANC 

(USA) 

Mueller et al. 

2000 
Thunderstorms 60 

Ability to identify and 

characterize boundary layer 

convergence lines. Increase of 

accuracy by manually 

inputting the position of 

boundaries. Low 

displacement errors in rapidly 

moving echoes. Includes an 

area and a cell tracker. 

Probably the most successful 

system in  severe weather.  

Complexity. Boundary detection 

algorithm needs training. Many 

different forms of data input. The 

configuration of weight for data of 

different temporal and spatial 

scales is a complex issue. 

Forecaster role of is important. 

Errors in: clouds not moving with 

the steering-level winds, severe 

storms becoming right movers or 

developing a bow, boundaries 

stalling or accelerating and initial 

storm motions being tied to a 

forcing feature such as terrain or 

boundaries 

WDSS-II 

(USA) 

Lakshmanan, 

2002 

Severe weather 

warnings 
 

Automated algorithms 

operate on data from 

multiple sources providing 

information with high 

temporal resolution and 

spatial coverage 

Scarcely documented in the 

literature. Changing the range   

of reflectivity to  define clusters 

can  produce  a  wide  range  of  

realizations 

CARDS 

(Canada) 

Joe et al., 

2002 
Severe weather 90 

Very good temporal and 

intensity performance of 

episodes of severe storms 

and heavy rainfall. 

Computationally cheap 

Scarcely documented in 

the literature 

TIFS 

(Australia) 
Bally, 2004 

Interactive 

modiŬcation of 

cell forecasts 

60 

Better warnings in relation to 

raw forecasting systems 

products 

Scarcely documented in 

the literature 

S-PROG 

(Australia) 
Seed, 2003 

Rainfall 

nowcasting. 

Hydrology 

60 Computationally cheap 

High displacement errors in rapidly 

moving echoes. Less successful in 

situations in which large severe 

storms move with a velocity that is 

significantly different from the 

mean field advection. Under-

estimates peak rain/reflectivity   

rates. Assumption that rain rates 

are log-normally distributed. Not 

suitable for fronts and extreme 

events. Use of a single advection 

vector over the entire field 

MAPLE 

(Canada) 

Turner et al., 

2004 
Rainfall 480 

Use of forecast filters 

provides better results  

Continental-scale prediction. 

Coarse resolution. Lack of 

predictability of small scales 

associated with higher intensities. 

The total area for which 

precipitation is predicted increases 

with increasing forecast lead time. 

Data and parameters are not 

optimized for very short term 

forecast. Low efficiency compared 
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to other systems at the Beijing 

Demonstration Project 

STEPS 

(GɰΣ 

Australia) 

Seed et al., 

2005 

Rainfall. 

Hydrology 
360 

One of the most advanced 

QPF systems. Highly effective 

in weak rainfall 

Assumption that rain rates are log-

normally distributed. Not suitable 

for fronts and extreme events. 

SWIRLS-II 

(Hong 

Kong) 

Yeung et al., 

2009 
Severe weather 

360, 

540 (NWP) 

Produces combined nowcasts 

of thunderstorms, gust fronts, 

hail and lightning. Includes an 

area and a cell tracker  

Scarcely documented in 

the literature in terms of efficiency 

THESPA 

(Australia) 

Dance et al., 

2010 
Thunderstorms 60 

Computationally cheap. 

Accepts other systems output 

as input. Favorable 

performance was shown 

when the algorithm 

parameters determined using 

data of different areas  

Assumption that the standard 

deviation of errors in speed and 

direction of motion are roughly 

constant over the lifetime of the 

storms  

NORA 

(Switzerland) 

Panziera et 

al., 2011 

Orographic 

precipitation 
60 

The observed precipitation 

fields have by construction 

realistic statistical spaceςtime 

properties  

Requires a significant historical 

record in order to record extreme 

events and training for each 

location. Assumes historical record 

with temporal and spatial 

resolution that will record the 

phenomena  

COALITION 

(Switzerland) 

Nisi et al., 

2012 
Thunderstorms 60 

Suitable for short time 

nowcasts (5 to 20 min.) 

Many different forms of data input. 
Cannot be used for long term 

forecasting 

NOWTELL 

(USA) 

Wilson and 

Roberts, 

2013 

Thunderstorms 60 

Using different sets of 

heuristic logic for different 

weather regimes. Ability to 

identify and characterize 

boundary layer convergence 

lines. Increase of accuracy by 

manually inputting the 

position of boundaries. Low 

displacement errors in fast 

moving echoes. 

Many different forms of data input. 

Similar difficulties are expected as 

those of the system which is a 

revised version (ANC)  

iCAST [ɳ] 

(USA) 

Sills et al., 

2013 
Thunderstorms 30 

Examines numerous 

approaches of construction 

and data analysis  

Many different forms of data input 

 

Precipitation and thunderstorm nowcasting 

Thunderstorms nowcasting refers to severe weather warnings for heavy rain, strong winds, 

lightning and hail ς άǘŀƪŜ ŀŎǘƛƻƴ ǘȅǇŜ ǿŀǊƴƛƴƎǎέΦ Precipitation nowcasting is focused on getting the 

precipitation occurrence and intensity correct and so even light precipitation is a concern. In fact, 

systems like STEPS, MAPLE consider thunderstorms as high frequency noise that they filter out and 

replace in a stochastic fashion in the case of STEPS and totally in the case of MAPLE to just nowcast 

the large scales. MAPLE is more aimed at very short term forecasting (6 hours) (Dr. P. Joe, Acting 

Research Manager & Research Scientist, Environment Canada, 2014, priv. comm.). 
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Statistical approach ï Verification ï Artificial Intelligence 

Wilson et al. (2010) states that objective techniques are not well suited for evaluating rare 

events and assessing the usefulness of nowcasting guidance information to forecasters. For 

example, if a squall line were approaching the area of interest and dissipated just before reaching 

it and the nowcasting system did not even nowcast that a squall line would occur, this would be 

considered a failure of the system. If the forecasting system does not capture the general character 

and distribution of the present precipitation pattern, the forecaster will not have confidence in the 

forecast. Stephenson et al. (2008) and Roberts et al. (2007), add that comprehensive, comparative, 

statistical analysis often obscure or dilute the actual accuracy for the high-impact rare events. 

As to Dr. P. Joe (Acting Research Manager & Research Scientist, Environment Canada, 2014, 

priv. comm.) the problem is ANN or Data Mining systems such as  NORA (Panziera et al., 2011), is 

that they are (i) statistical in nature and (ii) empirical. For the types of decisions made with 

nowcasts, statistics do not apply to individual thunderstorms and to first order statistics which aim 

to get the mean correct. Severe weather developing from thunderstorms (strong winds including 

ǘƻǊƴŀŘƻŜǎ ŀƴŘ ŘƻǿƴōǳǊǎǘǎΣ ƘŜŀǾȅ ǊŀƛƴΣ ƭƛƎƘǘƴƛƴƎ ŀƴŘ Ƙŀƛƭύ ŀǊŜ άǊŀǊŜ ŜǾŜƴǘǎέ ŀƴŘ ƘŜƴŎŜ ŀǘ the tails 

of the distribution. Statistical techniques need an underlying dataset that is robust, stable and large. 

Such a data set is unavailable - it takes a long time - decades. Also, the data has to capture the 

phenomena. Hourly observations will often miss the downburst which starts and ends within an 

hour. The observations are space like 40km apart and the phenomena is 1 km in size and so typical 

observation systems of most met services which are designed to observe the synoptic scale (i.e. for 

fƻǊŜŎŀǎǘǎ ƻŦ ǘƻƳƻǊǊƻǿΩǎ ǿŜŀǘƘŜǊύ ǿƛƭƭ Ƴƛǎǎ them. The second issue Dr. tΦ WƻŜ ƳŜƴǘƛƻƴǎ ƛǎ άŎŀǳǎŀƭƛǘȅέΦ 

Statistical techniques aim to evaluate the mean properly. A needed but not sufficient condition of 

empirical nowcast systems. It can be cynically said that optimizing for statistical skill scores (CSI, 

HSS, etc ς balancing hits vs misses and evaluating against something like persistence, climatology, 

etc) is like aiming for ŀƴ ά.έ ƛƴ ǎŎƘƻƻƭ ƻǊ ƳŜŘƛƻŎǊƛǘȅΦ 

 

Suggestions 

A holistic approach 

The sequence of action according to Dr. P. Joe (Acting Research Manager & Research 

Scientist, Environment Canada, 2014, priv. comm.) should be understand (i) the weather, (ii) the 

observations, (iii) the presentation of the information, (iv) the end user need. 

So, the goal is how to make the most out of expertise, knowledge and encapsulate it in a 

system ς that system will have humans and machines. 

Probabilistic forecasts - Uncertainty 

Forecast errors will continue to exist. As to Reyniers (2008) and Dr. M. Reyniers (Royal 

Meteorological Institute of Belgium, Observations Dept., 2014, priv. comm.), further development 

should concentrate on the prediction of the accuracy instead of on the prediction itself. 
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Quantification of the uncertainty, involves an ensemble strategy. The challenge is to get the right 

dispersion on the ensemble. And even one step further, to quantify the dispersion uncertainty. 

Adding to the above, Pierce et al. (2012), trow that the future lies in using ensembles or other 

techniques to convey the uncertainty in the current forecast to the users. Further research on 

quantifying forecast errors and understanding how they depend on location and meteorological 

situation is required before it is possible to demonstrate that the spread in a nowcast ensemble 

fully represents the uncertainty. There is also a need to develop probabilistic nowcasting systems 

that do not only forecast rainfall, but are used to forecast end-user impacts, for example the traffic 

capacity of an air-corridor, or the water level in a river. 

 

Other points of interest 

w Substantial improvements will depend on understanding the roles of inadequately 

observed phenomena such as gravity waves, local variations in kinematic and 

thermodynamic variables, and precipitation microphysics (Wilson et al. (2010). 

w According to L. Nisi (Satellite Meteorologist, MeteoSwiss, Radar, Satellite, Nowcasting 

division, 2014, priv. comm.), nowcasting systems should be able to take the best available 

observations (e.g. from different sources, sensors) and merge them in order to provide the 

best possible short range forecast. High temporal and spatial resolutions are very 

important for critical decisions (for example: a thunderstorm is approaching the airport. 

Should the airport be closed? When, for how long?). 

w In the future, one can envision very specific warnings or nowcasts issued at lower 

thresholds that may affect specific users requiring tailored communication techniques and 

technologies (Keenan et al. 2003; Schumacher et al. 2010). 

w The importance of the way to communicate risks to end-users was emphasized by Dr. M. 

Reyniers (Royal Meteorological Institute of Belgium, Observations Dept., 2014, priv. 

comm.). This aspect has been neglected too long by scientists working in this field. 

Nowcasting scientist should therefore communicate with e.g. sociologists. Such a project is 

functional in Belgium: PLURISK, which goes further than the nowcasting alone. Concluding, 

Joe et al. (2012) point out that an important aspect of the detail of the warning is the ability 

to use the information by the end-user, which is often the public. The public may not know 

how to react. Given the "cry wolf" syndrome, there needs to be an education process. 

 

 

 

 

 

 

 

http://www.kuleuven.be/hydr/plurisk
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ǑǓǌǒǎǋǎǂǐǀǔǈǄǑ 

ABI Advanced Baseline Imager  

ACARS Aircraft Communications Addressing and Reporting System  

ADDS Aviation Digital Data Service  

ANN  Artificial Neural Networks 

AMDAR Aircraft Meteorological Data Relay 

ASR Airport Surveillance Radar 

ATReC Atlantic THORPEX Regional Campaign  

AWC Aviation Weather Center  

AWOS/ASOS Automated Weather and Surface Observing Systems 

B08FDP Beijing 2008 Forecast Demonstration Project 

BJANC Beijing Auto-Nowcaster 

BMB Beijing Meteorological Bureau 

BRINGO Buoyancy-supported Rimed Ice Nugget and Graupel Overhang 

CAMS Chinese Academy of Meteorological Sciences 

CaPE Convection and Precipitation/Electrification experiment 

CAPE Convective Available Potential Energy 

CAPPI Constant Altitude Plan Position Indicator  

CARDS CAnadian Radar Decision Support 

CASCADE  Catchment Assessment System Concerned with the Adequate 

Dissemination of Effective flood warnings 

CII Combined Instability Index  

CIN Convective Inhibition 

CINDE Convection Initiation and Downburst Experiment 

CMA China Meteorological Administration 

COPS Convective and Orographically ɹnduced Precipitation Study 

COSMIC Constellation Observing System for Meteorology, Ionosphere and Climate 

CRA Contiguous Rain Area 
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CSI Critical Success Index 

CSIP Convective Storm Initiation Project 

DELITE  Detection of cloud Electrification and Lightning based on Isothermal 

Thunderstorm Echoes 

DIAL Differential Absorption Lidar 

DRW Doppler radial wind 

ECMWF European Center for Medium range Weather Forecasting 

EC-RTT Executive Council Research Task Team 

EnKF Ensemble Kalman Filter  

EUMETCAL European Meteorological Computer Assisted Learning 

FAA Federal Aviation Administration 

FDP Forecast Demonstration Project 

FEMA Federal Emergency Management Agency  

FRONTIERS Forecasting Rain Optimized using New Techniques of Interactively 

Enhanced Radar and Satellite 

FROST-2014 Forecasting and Research: the Olympic Sochi Testbed - 2014 

FSL Forecast Systems Laboratory 

GANDOLF  Generating Advanced Nowcasts for Deployment in Operational Land 

Surface Flood Forecast 

GIFS Global Interactive Forecast System 

GLM Geostationary Lightning Mapper  

GOES-R Geostationary Operational Environmental Satellite  

GPM Global Precipitation Measurement  

GRAPES ς SWIFT Global ς Regional Assimilation Prediction System ς Severe Weather 

Integrated Forecasting Tool 

HWT Hazardous Weather Testbed 

iCAST  Interactive Convective Analysis and Storm Tracking 

ICSU International Council for Science 

IEM Isolated Event Model 

IHOP International H2O Project 
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INCA  Integrated Nowcasting through Comprehensive Analysis 

IPY International Polar Year 

IRDR Integrated Research on Disaster Risk 

ITWS Integrated Terminal Weather System 

LAPS Local Analysis and Prediction System 

LFM Local Forecast Model 

LLWAS Low Level Wind Shear Alert System 

MADIS Meteorological Assimilation Data Ingest System  

MAP D Mesoscale Alpine Project Demonstration 

MAPLE McGill Algorithm for Precipitation Nowcasting by Lagrangian 

Extrapolation 

MDCRS Meteorological Data Collection and Reporting System 

MHEWS Multi-Hazard Early Warning System 

MOS Model Output Statistics  

MOVA Multi-scale Optical flow by Variational Analysis 

MCS Mesoscale Convective Systems 

MSG Meteosat Second Generation 

NCAR National Center for Atmospheric Research 

NDP Nowcasting Demonstration Project 

NESDIS National Environmental Satellite, Data, and Information Service 

NEXRAD                            Next Generation Weather Radar 

NHM Non-Hydrostatic Model 

NNEW Next Generation Network Enabled Weather  

NOAA National Oceanic and Atmospheric Administration 

NORA Nowcasting of Orographic Rainfall by means of Analogues 

NSSL National Severe Storms Laboratory 

NSSL National Severe Storms Laboratory 

NWP Numerical weather prediction 

NWS National Weather Service 
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OOM Object-Oriented Model 

OWSO Olympic Weather Support Office 

p.d.f. probability density function 

PLAN Personalized Localized Alerting Network  

PPI Plan Position Indicator 

QPE Quantitative Precipitation Estimation 

QPF Quantitative Precipitation Forecast 

R&D Research & Development 

RAMS Regional Atmospheric Modeling System 

RDPs Research Development Projects 

RMSE Root Mean Square Errors 

SDS-WAS Sand - Dust Storm Warning Advisory Assessment System 

SERA Societal and Economic Research and Applications 

SEVIRI Spinning Enhanced Visible and Infrared Imager 

SHARP Short-term Automatic Radar Prediction 

SNOW V10 Science Nowcasting Olympic Weather for Vancouver 2010 

SPIDASS SWIRLS Panel for Integrated Display of Alerts on Severe Storms 

S-PROG                             Spectral Prognosis 

STEPS                                Short-Term Ensemble Prediction System  

SWIRLS  Short-range Warning of Intense Rainstorms in Localized Systems 

T- PARC ¢Ihwt9· tŀŎƛŬŎ !ǎƛŀƴ wŜƎƛƻƴŀƭ /ŀƳǇŀƛƎƴ 

TAMDAR Tropospheric Airborne Meteorological Data Reporting  

TDWR Terminal Doppler Weather Radar 

THESPA Thunderstorm Environment Strike Probability Algorithm 

THORPEX The Observing-System Research and Predictability Experiment 

TIGGE THORPEX Interactive Grand Global Ensemble 

TITAN  Thunderstorm Identification, Tracking, Analysis and Nowcasting 

TRMM Tropical Rainfall Measuring Mission  
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UAV Unmanned Aerial Vehicle 

VDRAS Variational Doppler Radar Assimilation System 

VET Variational echo tracking  

VIL Vertically Integrated Liquid 

WCRP (World Climate Research Programme 

WDSS Warning Decision Support System 

WDSS ʃˊˇʶʽʵˇˉˇʽʹˍʽˁˈ ʅˏˋˍʹ˃ʰ ʇˉˇˋˍʺˊʽ˅ʹˌ ɮˉˇ˒ʱˋʶ˖˄ όWarning Decision 

Support System) 

WDSS-II Warning Decision Support System ς Integrated Information 

WGNE Working Group on Numerical Experimentation 

WMO World Meteorological Organization 

WoF Warn-on-Forecast  

WRF/RUC Rapid Update Cycle Weather Research and Forecasting  

WSDOT Washington State Department of Transportation  

WSR-88D Winter Storms Reconnaissance - 88 Doppler 

WWRP World Weather Research Programme 

YOTC Year of Tropical Convection 
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1 ɳɹʅɮɱʍɱɶ 

ǄǈǑǀǂǗǂǆ 

 

ȷɜŰɘəŮɑɛŮɜɞ ȺɟɔŬůɑŬɠ 

ɶ ˉʰˊˇˏˋʰ ˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˉˊʰʴ˃ʰˍʶˏʶˍʰʽ ˍˇ ʶˎˊˏ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌ ˃ʶ ˍʹ˄ ʱ˃ʶˋʹ (nowcast) ˁʰʽ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ˃ˇˊ˒ʺ ˍʹˌΣ ʶ˅ʶˍʱʸˇ˄ˍʰˌ 

ˍʽˌ ˍʶ˔˄ʽˁʷˌΣ ˍʽˌ ʶ˒ʰˊ˃ˇʴʷˌ ˁʰʽ ˍʰ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ ˍʹ˄ ˎ˂ˇˉˇʽˇˏ˄, ˃ʶ ˍʹ˄ ʶˉʽˉˊˈˋʻʶˍʹ ˋˎ˄ʽˋˍ˗ˋʰ 

ˍʹˌ ˃ʶ˂˂ˇ˄ˍʽˁʺˌ ˁʰˍʶˏʻˎ˄ˋʹˌ ̱ ˖˄ ʰ˄˖ˍʷˊ˖ ʸʹˍʹ˃ʱˍ˖˄Φ 

ɶ ʶˊʴʰˋʾʰ ˃ˉˇˊʶʾ ˄ʰ ˔˖ˊʽˋˍʶʾ ˋʶ ˍʷˋˋʶˊʰ ˋˁʷ˂ʹΦ ʆˇ ˉˊ˗ˍˇ ˋˁʷ˂ˇˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʽʰ 

ʻʶ˖ˊʹˍʽˁʺ ʶˉʽˋˁˈˉʹˋʹ ˍˇˎ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏ ˁʰʽ ˍʶ˔˄ʽˁˇˏ ˎˉˇʲʱʻˊˇˎ ˍʹˌ ʱ˃ʶˋʹˌ ˁʰʽ 

ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ˉˊˈʴ˄˖ˋʹˌΦ ʅˍˇ ˉˊ˗ˍˇ ˎˉˇˋˁʷ˂ˇˌΣ ʵʾ ʵʶˍʰʽ ʷ˃˒ʰˋʹ ˋˍˇ˄ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍ˖˄ 

ˁʰˍʰʽʴʾʵ˖˄Φ ɮ˄ʰ˂ˏˇ˄ˍʰʽ ˇʽ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ʵʽʷʴʶˊˋʹˌΣ ˍˇ ʵˇ˃ʽˁˈ ˋˍˇʽ˔ʶʾˇ ˁʰʽ ˇʽ ˍˏˉˇʽ ʲʱˋʶʽ ˍˇˎ ˍˊˈˉˇˎ 

ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˁʰʽ ˍʹˌ ʵˇ˃ʺˌ ˍʹˌΦ ʅˍˇ ʵʶˏˍʶˊˇ ˎˉˇˋˁʷ˂ˇˌΣ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˇʽ ˍʶ˔˄ʽˁʷˌ ˉˇˎ 

ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ʰˉˈ ˍʰ ˋˏʴ˔ˊˇ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌΦ ɳˉʽˋʹ˃ʰʾ˄ˇ˄ˍʰʽ ˇʽ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ˉˊˇˋˉʱʻʶʽʰ ˋˎ˄ʶˊʴʰˍʽˁ˗˄ ˃ʶʻˇʵˇ˂ˇʴʽ˗˄ ˖ˌ ʰˉˈˊˊˇʽʰ 

ʽʵʾ˖ˌ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʽˁʺˌ ʶ˅ʷ˂ʽ˅ʹˌΣ ˍʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˁʰˍʰ˄ˈʹˋʹˌ ˁʰʽ ˍʹˌ ˋˎ˄ʶ˔˗ˌ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹˌ 

ˎˉˇ˂ˇʴʽˋˍʽˁʺˌ ʽˋ˔ˏˇˌΦ  

ʆˇ ʵʶˏˍʶˊˇ ˋˁʷ˂ˇˌ ʶ˅ʶˍʱʸʶʽ ˍʽˌ ʶ˒ ʰˊ˃ˇʴʷˌ ˍʹˌ ˋˏʴ˔ˊˇ˄ʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌ ˁʰʻ˗ˌ 

ˁʰʽ ʶ˄ʶˊʴˇˏˌ ˍˇ˃ʶʾˌ ʷˊʶˎ˄ʰˌ. ɾʶˍʰ˅ˏ ˍ˖˄ ˃ʶʻˈʵ˖˄ ˉˇˎ ˉˊʰʴ˃ʰˍʶˏˇ˄ˍʰʽ ʶʾ˄ʰʽ ʶˁʶʾ˄ʹ ˍˇˎ 

˔ʰ˃ʹ˂ˈˍʶˊˇˎ ˁˈˋˍˇˎˌΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ˂ʽʴˈˍʶˊ˖˄ ʰˉˈ ˍʰ ˁʰʻʽʶˊ˖˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰΣ ʷ˄ʰ˄ ˍˇ˃ʷʰ ˉˇˎ 

ˉʰˊˇˎˋʽʱʸʶʽ ʷ˖ˌ ˋʺ˃ʶˊʰ ʽˋ˔˄ʺ ʰ˄ʱˉˍˎ˅ʹΦ ɴ˃˒ʰˋʹ ʵʾʵʶˍʰʽ ˋˍʽˌ ʶ˒ʰˊ˃ˇʴʷˌ ˍˇˎ ʃʰʴˁˇˋ˃ʾˇˎ 

ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ɴˊʶˎ˄ʰˌ (WWRP) ˉˇˎ ʻʶˋˉʾˋˍʹˁʶ ʰˉˈ ˍˇ˄ ʃʰʴˁˈˋ˃ʽˇ 

ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ʁˊʴʰ˄ʽˋ˃ˈ (WMO). ʆʰ ɳˊʶˎ˄ʹˍʽˁʱ ʃˊˇʴˊʱ˃˃ʰˍʰ ˍˇˎ WMO ʰˉˇˍʶ˂ˇˏ˄ ˋʹ˃ʶʾʰ 

ʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ˁˇʽ˄ˈˍʹˍʰˌ ʵʽˈˍʽ ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ 

ʱ˃ʶˋʹ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˁʰʽ˄ˇˍˇ˃ʾʰˌΦ  

ʅˍˇ ˍˊʾˍˇ ˋˁʷ˂ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰ˄ʰ˂ˎˍʽˁʺ ʰ˄ʰ˒ˇˊʱ ˋʶ ˋˎˋˍʺ˃ʰˍʰ ʱ˃ʶˋʹˌ 

ˁʰʽ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ˉˊˈʴ˄˖ˋʹˌ ʶˁˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍʰ ˉˊ˗ˍʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʰ ʲʺ˃ʰˍʰ ˍʹˌ 

ʶˉʽ˔ʶʽˊʹˋʽʰˁʺˌ ˃ˇˊ˒ʺˌ ˍˇˎˌ ʷ˖ˌ ˋʺ˃ʶˊʰ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˃ʷˊˇˎˌ ʰˎˍ˗˄ ˋʶ ˋˎ˄ʶˊʴʰˍʽˁʷˌ 

˃ʶ˂ʷˍʶˌ ˉʶˊʾˉˍ˖ˋʹˌ ˉˇˎ ˁʰ˂ˇˏ˄ˍʰʽ ɾʶ˂ʷˍʶˌ ɳˉʾʵʶʽ˅ʹˌ όCƻǊŜŎŀǎǘ 5ŜƳƻƴǎǘǊŀǘƛƻƴ tǊƻƧŜŎǘǎ ς C5tΩǎύ 

ˍˇˎ ʃʰʴˁˈˋ˃ʽˇˎ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ɴˊʶˎ˄ʰˌ όWWRP). ʆʰ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ 

ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ʴʽʰ ʰ˄ʰ˒ˇˊʱ ˋˍˇ ˉˊ˗ˍˇ ˎˉˇˋˁʷ˂ˇˌ ˉˊˇʷˁˎ˕ʰ˄ ˃ʶˍʰ ʰˉˈ ʶˁˍʶ˄ʺ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ 

ʰ˄ʰʸʺˍʹˋʹ ˁʰʽ ʶˁ˒ˊʱʸˇˎ˄ ˍʹ˄ ˁˎˊʾʰˊ˔ʹ ˍʱˋʹ ˉˇˎ ʶˉʽˁˊʰˍʶʾ ˁʰˍʱ ˍʰ ʵʽʶʻ˄ʺ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉˊˈˍˎˉʰ 

ʰ˂˂ʱ ˋʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ʵʶ˄ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ʶˁˉˊˇˋ˖ˉˇˏ˄ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˎ˒ʽˋˍʱ˃ʶ˄˖˄ 

ˋˎˋˍʹ˃ʱˍ˖˄ ˉʰʴˁˇˋ˃ʾ˖ˌΦ  

ʆˇ ˍʷˍʰˊˍˇ ˁʰʽ ˍʶ˂ʶˎˍʰʾˇ ˋˁʷ˂ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʷ˔ʶʽ ˖ ̩ˋˍˈ˔ˇ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍ˖˄ ˃ʶ˂˂ˇ˄ˍʽˁ˗˄ 

ˁʰˍʶˎʻˏ˄ˋʶ˖˄ ˋʶ ʻʷ˃ʰˍʰ ʱ˃ʶˋʹˌ ˁʰʽ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌΦ ɳ˅ʶˍʱʸˇ˄ˍʰʽ 

ʶ˄ʵʶ˂ʶ˔˗ˌ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʹ˄ ˃ʶˍʱʵˇˋʹ ˍ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʰˉˈ ˍʽˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌΣ ˍʰ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

2 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

˃ʷˋʰ ˃ʰʸʽˁʺˌ ʶ˄ʹ˃ʷˊ˖ˋʹ̩Σ ˍˇ ʵʽʰʵʾˁˍˎˇ ˁ ʰʽ ̱ ʰ ʰˍˇ˃ʽˁʱ ˃ʷˋʰ ˉ˂ʹˊˇ˒ˈˊʹˋʹˌ όˈˉ˖ˌ ˍʰ smartphones 

ʴʽʰ ˍʰ ˇˉˇʾʰ ˉˊˇˍʶʾ˄ˇ˄ˍʰʽ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʶˌ ʶ˒ʰˊ˃ˇʴʷˌ). ɾʶ˂ʶˍʱˍʰʽ ʹ ˋˎ˃ʲˇ˂ʺ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʽˁʺˌ 

ʶ˅̫˂ ʽ˅ʹˌ ˖ˌ ˁʽ˄ʹˍʺˊʽˇˎ ˃ˇ˔˂ˇˏ ˋˍʹ˄ ʶʽˋʰʴ˖ʴʺΣ ˃ʾ˅ʹ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˄ʷ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄Φ ʆʷ˂ˇˌΣ 

ˉˊˇˋʶʴʴʾʸʶˍʰʽ ʹ ʷ˂˂ʶʽ˕ʹ ˍʹˌ ˁˇʽ˄˖˄ʽˇ˂ˇʴʽˁʺˌ ˋˎ˄ʽˋˍ˗ˋʰˌ ˉˇˎ ʻʰ ʲˇʹʻˇˏˋʶ ˋˍʹ˄ ʰ˒ˇ˃ˇʾ˖ˋʹ ˍ˖˄ 

˃ʶˍʰʲˇ˂˗˄ ˁʰʽ ʹ ʰ˄ˍʰˉˈˁˊʽˋʹ ˍʹˌ ˁˇʽ˄˖˄ʾʰˌ ̀ ʶ ʰˎˍʷˌ. 

 

ȹɘɎɟɗɟɤůɖ ȺɟɔŬůɑŬɠ 

ɶ ʶˊʴʰˋʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽΣ ʶˁˍˈˌ ʰˉˈ ˍʹ˄ ˉʰˊˇˏˋʰ ʶʽˋʰʴ˖ʴʺΣ ˇˁˍ˗ ɼʶ˒ʱ˂ʰʽʰ ˁʰʽ ˍʷˋˋʶˊʰ 

ʃʰˊʰˊˍʺ˃ʰˍʰΦ 

ʅˍˇ 1ˇ ɼʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʽʰ ˋˏ˄ˍˇ˃ʹ ʰ˄ʰˋˁˈˉʹˋʹ ˍʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌ 

ʰˉˈ ˍʹ˄ ʰˊ˔ʰʽˈˍʹˍʰ ʷ˖ˌ ˋʺ˃ʶˊʰΣ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰ˄ʰ˂ˏʶˍʰʽ ʹ ʶ˄˄ˇʽʰ ˍʹˌ ʱ˃ʶˋʹˌ όnowcast) ˁʰʽ 

ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ˉˊˈʴ˄˖ˋʹˌΣ ˁˏˊʽʶˌ ˔ˊʺˋʶʽˌ ˍʹˌ ˁʰʽ ʲʰˋʽˁʱ ʶˊʴʰ˂ʶʾʰ ˉˊˇˌ ʶˉʾˍʶˎ˅ʹ ˍˇˎ ˋˁˇˉˇˏ 

ʰˎˍˇˏ. 

ʅˍˇ н ̌ɼʶ˒ʱ˂ʰʽˇ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˇˊʽˋ˃ʷ˄ʰ ʻʷ˃ʰˍʰ ˉˇˎ ʱˉˍˇ˄ˍʰʽ ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ 

ˍʹˌ ʰˍ˃ˇˋ˒ʰʾˊʰˌ ˁʰʽ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ʻʶ˖ˊʹˍʽˁˈ ˒ˎˋʽˁˈ ˎˉˈʲʰʻˊˇ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄Φ  

ʅˍˇ о ̌ɼʶ˒ʱ˂ʰʽˇ ˉˊˇˋʶʴʴʾʸʶˍʰʽ ˍˇ ʻʶ˖ˊʹˍʽˁˈ ˎˉˈʲʰʻˊˇ ˍ˖˄ ˍʶ˔˄ʽˁ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ʰˉˈ ˋˎˋˍʺ˃ʰˍʰ nowcasting. 

ʆˇ пˇ ɼʶ˒ʱ˂ʰʽˇ ˉˊʰʴ˃ʰˍʶˏʶˍʰʽ ʶ˒ʰˊ˃ˇʴʷˌ ˍˇˎ ˋˏʴ˔ˊˇ˄ˇˎ nowcastingΦ ɮ˄ʰ˂ˏʶˍʰʽ ʹ 

ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌΣ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʲʰˋʽˁʱ ʴ˄˖ˊʾˋ˃ʰˍʰ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎΣ ʵʽʁ́ ʶˎ˄ʱˍʰʽ 

ʹ ˔ˊʺˋʹ ˍˇˎ ˃ʶ ˂ʽʴˈˍʶˊʰ ʵʶʵˇ˃ʷ˄ʰΣ ˈˉ˖ˌ ʶˉʾˋʹˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍˇ˃ʶʾˌ ʶ˄ʶˊʴʺˌ ʷˊʶˎ˄ʰˌ ˁʰʽ 

ɾʶ˂ʷˍʶˌ ̱ ˇˎ ʃʰʴˁˇˋ˃ʾˇˎ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ɴˊʶˎ˄ʰˌ όWWRP). 

ʅˍˇ рˇ ɼʶ˒ʱ˂ʰʽˇ  ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˋˎˋˍʺ˃ʰˍʰ nowcasting ˍ̟ ˄ ˇˉˇʾ˖˄ ʹ ʶˉʽ˂ˇʴʺ ʵʽʷʻʶˍʶ ˍˇ 

ˁˊʽˍʺˊʽˇ ˍʹˌ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈˍʹˍʰˌ ˍʹˌ ˁˏˊʽʰˌ ˍʱˋʹˌ ˍʹˌ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ˉˊˈʴ˄˖ˋʹˌ ˎʵʰˍ˖ʵ˗˄ 

ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄Σ ʰˉˈ ˍʰ ˉˊ˗ˍʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʰ ʲʺ˃ʰˍʰ ʶˉʽ˔ʶʽˊʹˋʽʰˁʺˌ ˃ˇˊ˒ʺˌ ˃ʷ˔ˊʽ 

ˋʺ˃ʶˊʰΦ 

ʅˍˇ с ̌ɼʶ˒ʱ˂ʰʽˇ ʵʽʶˊʶˎ˄ʱˍʰʽ ʹ ˉˊˇˋʷʴʴʽˋʹ ˋˎ˄ʶˊʴʰˍʽˁ˗˄ ˃ʶ˂ʶˍ˗˄ ˉʶˊʾˉˍ˖ˋʹˌ ʶ˒ʰˊ˃ˇʴ˗˄ 

ˋˎˋˍʹ˃ʱˍ˖˄ ƴƻǿŎŀǎǘƛƴƎΣ ʽʵʾ˖ˌ ˖ˌ ʶ˒ʰˊ˃ˇʴ˗˄ ɾʶ˂ʶˍ˗˄ ɳˉʾʵʶʽ˅ʹˌ όForecast Demonstration 

Projects ð FDPõsύ ˍˇˎ ʃʰʴˁˈˋ˃ʽˇˎ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ɴˊʶˎ˄ʰˌ όWWRP).  

ʆˇ т ̌ ɼʶ˒ʱ˂ʰʽˇ ʱˉˍʶˍʰʽ ˍ˖˄ ˉˊˇˇˉˍʽˁ˗˄ ʶ˅ʷ˂ʽ˅ʹˌ ˍˇˎ nowcasting ʰˉˈ ˍʹ ˋˁˇˉʽʱ ˍ˖˄ 

ˍʶ˔˄ˇ˂ˇʴʽˁ˗˄ ʶ˅ʶ˂ʾ˅ʶ˖˄ ˁʰʽ ˍʹˌ ʰ˄ˍʰˉˈˁˊʽˋʹˌ ˍʹˌ ˁˇʽ˄˖˄ʾʰˌ ˋʶ ʷ˄ʰ ˄ʷˇΣ ˋˏʴ˔ˊˇ˄ˇ ˉˊˈˍˎˉˇ 

ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌΦ  

ʅˍˇ у ̌ ɼʶ˒ʱ˂ʰʽˇ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˍʰ ˁˏˊʽʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ʵʽʰˍˎˉ˗˄ˇ˄ˍʰʽ 

ˉˊˇˍʱˋʶʽˌ ˋ˔ʶˍʽˁʷˌ ˃ ʶ ̱̔ˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉˊˇʴ˄˗ˋʶʽˌ ˁ ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˋʹ˃ʶʾʰ ʶˋˍʾʰˋʹˌ ʁ ˄˗ ˋˎ˃ʲʱ˂˂ˇˎ˄ 

ˁʰʾˊʽʰ ˋˍʰ ˉʰˊʰˉʱ˄˖ ˇʽ ˍˇˉˇʻʶˍʺˋʶʽˌ ˉ˂ʺʻˇˎˌ ʶˉʽˋˍʹ˃ˈ˄˖˄ nowcasting ˍˇˎ ˉʰʴˁˇˋ˃ʾˇˎ 

ˋˍʶˊʶ˗˃ʰˍˇˌ. 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǄǈǑǀǂǗǂǆ 3 

ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ǈ ʁ̄ ʽ˔ʶʽˊʶʾˍʰʽ ˄ʰ ʴʾ˄ʶʽ ˃ʽʰ ˋˏ˄ʵʶˋʹ ˃ʶ ˍˇ nowcasting ̄ ʷˊʰ˄ ˍʹˌ ˃ʶˍʰʴ˖ʴʺˌΣ ˃ʶ 

ˍʹ˄ ʰ˄ʰ˒ˇˊʱ ʲʰˋʽˁ˗˄ ʶˊʴʰ˂ʶʾ˖˄ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌΦ  

ʆˇ ʃʰˊʱˊˍʹ˃ʰ ǈǈ ʶʾ˄ʰʽ ʷ˄ʰ ˋˎ˄ˇˉˍʽˁˈ ˂ʶ˅ʽˁˈΣ ˋˍˇ ˇˉˇʾˇ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ʲʰˋʽˁʷˌ ʷ˄˄ˇʽʶˌ ˁʰʽ 

ˇˊʽˋ˃ˇʾ ̄ ˇˎ ʰˉʰ˄ˍ˗˄ˍʰʽ ˋˍˇ ˁʶʾ˃ʶ˄ˇ ˍʹˌ ʶˊʴʰˋʾʰˌΦ 

ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ǈǈǈ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˇˊʽˋ˃ˇʾ ˋˍʰˍʽˋˍʽˁ˗˄ ˈˊ˖˄ ˁʰʻ˗ˌ ˁʰʽ ʷ˄ʰ ˍˎˉˇ˂ˈʴʽˇ 

ˇˊʽˋ˃ʷ˄˖˄ ʵʶʽˁˍ˗˄ ʶˉʰ˂ʺʻʶˎˋʹˌ ˉˇˎ ʰˉʰ˄ˍ˗˄ˍʰʽ ˋˍˇ ˁʶʾ˃ʶ˄ˇ ˍʹˌ ʶˊʴʰˋʾʰˌΦ 

ʆʷ˂ˇˌΣ ˋˍ̌ ʃʰˊʱˊˍʹ˃ʰ ǈV h˄ʰ˒ʷˊˇ˄ˍʰʽ ̌ ʽ ˁˏˊʽʶˌ ˃ ʶˍʰʲ˂ʹˍʷˌ ̱ ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ ̱ ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

WDSS-II .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

4 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 
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ǉǄǔǀǊǀǈǎ 1: ǑǓǌǒǎǋǎ ǈǑǒǎǐǈǉǎ ð ǎǐǈǑǋǎǑ 5 

ǉǄǔǀǊǀǈǎ 1: ǑǓǌǒǎǋǎ ǈǑǒǎǐǈǉǎ ð ǎǐǈǑǋǎǑ 

 

ʅˍˇ ˉˊ˗ˍˇ ˁʶ˒ʱ˂ʰʽˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʽʰ ˋˏ˄ˍˇ˃ʹ 

ʰ˄ʰˋˁˈˉʹˋʹ ˍʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌΣ ʰˉˈ ˍʹ˄ ʰˊ˔ʰʽˈˍʹˍʰ ʷ˖ˌ ˋʺ˃ʶˊʰΣ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 

ʰ˄ʰ˂ˏʶˍʰʽ ʹ ʶ˄˄ˇʽʰ ˍʹˌ ʱ˃ʶˋʹˌ όnowcastύ ˁʰʽ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ˉˊˈʴ˄˖ˋʹˌΣ ˇʽ ˔ˊʺˋʶʽˌ ˍʹˌ ˁʰʽ 

ˇˊʽˋ˃ʷ˄ʰ ʲʰˋʽˁʱ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍˇ˄ ˋˁˇˉˈ ʰˎˍˈΦ 

 

1.1. ȽůŰɞɟɘəɐ ȷɜŬŭɟɞɛɐ ɀŮŰŮɤɟɞɚɞɔɘəɐɠ Ʉɟɧɔɜɤůɖɠ 

ɶ ʴʹ ˉʶˊʽʲʱ˂˂ʶˍʰʽ ʰˉˈ ʷ˄ʰ ˋˍˊ˗˃ʰ ʰʷˊʰ ˍˇ ˇˉˇʾˇ ˇ˄ˇ˃ʱʸʶˍʰʽ ʰˍ˃ˈˋ˒ʰʽˊʰΣ ˉˇˎ ˋˎ˃˃ʶˍʷ˔ʶʽ 

ˋˍʽˌ ˁʽ˄ʺˋʶʽˌ ˍʹˌΦ ɾʷˋʰ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˋˎ˃ʲʰʾ˄ˇˎ˄ ˉˇ˂˂ʱ ˒ˎˋʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˍʰ ˇˉˇʾʰ 

ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰΦ ɶ ˇ˄ˇ˃ʰˋʾʰ ˉˊˇʺ˂ʻʶ ʰˉˈ ˍʹ˄ ʰˊ˔ʰʾʰ ʶ˂˂ʹ˄ʽˁʺ ˂ʷ˅ʹ 

ζ˃ʶˍʷ˖ˊʰη ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˇˍʽʵʺˉˇˍʶ ʲˊʾˋˁʶˍʰʽ ˋˍˇ˄ ˇˎˊʰ˄ˈΦ ʁ ˁ˂ʱʵˇˌ ˍʹˌ ʶˉʽˋˍʺ˃ʹˌ ˇ ˇˉˇʾˇˌ 

ʰˋ˔ˇ˂ʶʾˍʰʽ ˃ʶ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʰˎˍʱ ˇ˄ˇ˃ʱʸʶˍʰʽ ɾʶˍʶ˖ˊˇ˂ˇʴʾʰ. 

ɮˉˈ ˍʹ˄ ˉˊ˗ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ʶ˃˒ʰ˄ʾˋˍʹˁʶ ˇ ʱ˄ʻˊ˖ˉˇˌ ʶˉʱ˄˖ ˋˍʹ ʴʹ ʱˊ˔ʽˋʶ ˄ʰ ʵʷ˔ʶˍʰʽ ˋˍʹ˄ 

ˁʰʻʹ˃ʶˊʽ˄ʺ ˍˇˎ ʸ˖ʺ ˍʽˌ ʶˉʽʵˊʱˋʶʽˌ ˍ˖˄ ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄Φ ɾʽʰ ʽˋ˔ˎˊʺ ˁʰˍʰʽʴʾʵʰ ˃ˉˇˊˇˏˋʶ ˄ʰ 

ˉˊˇˁʰ˂ʷˋʶʽ ˉ˂ʹ˃˃ˏˊʰΣ ˄ʰ ˁʰˍʰˋˍˊʷ˕ʶʽ ˍʹ ˋˇʵʶʽʱ ʺ ˄ʰ ˉ˄ʾ˅ʶʽ ʰ˄ʻˊ˗ˉˇˎˌΦ ɱʽΩ ʰˎˍˈ ˁʰʽ ˇʽ ˉˊ˗ˍˇʽ 

ζ̒ ʶ̌ηʾ ̄ ˇˎ ˂ʱˍˊʶ˕ʶ ʺˍʰ˄ ʻʶˇʾ ˉˇˎ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ʶ˂ʷʴ˔ˇˎ˄ ˍʰ ʲʾʰʽʰ ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰΦ 

ɼʰˍʱ ˍʹ˄ ʰˊ˔ʰʽˈˍʹˍʰ ˇʽ ʵʽʱ˒ˇˊˇʽ ˂ʰˇʾ ʰˉʷʵʽʵʰ˄ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄-ˁʰʽˊʽˁ˗˄ 

˒ʰʽ˄ˇ˃ʷ˄˖˄ ˋˍˇˎˌ ʻʶˇˏˌΦ ɶ ɳ˂˂ʹ˄ʽˁʺ ˃ˎʻˇ˂ˇʴʾʰ ʰˉˇˍʶ˂ʶʾ ˍˇ˄ ʰʵʽʱ˕ʶˎˋˍˇ ˃ʱˊˍˎˊʰ ˋˏ˃˒˖˄ʰ ˃ʶ 

ˍ̌ ˄ ˇˉˇʾˇ ˋˍˇ˄ ɳ˂˂ʹ˄ʽˁˈ ˔˗ˊˇ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍʷˍˇʽ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ʰˉˇʵʾʵˇ˄ˍʰ˄ ˋˍˇˎˌ ʻʶˇˏˌΣ ˃ʶ 

ˁˇˊˎ˒ʰʾˇ ˍˇ ʻʶˈ ɲʽʰ όɵʶˏˌύ4Φ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ʰˊ˔ʰʾʰ ʶ˂˂ʹ˄ʽˁʺ ˃ˎʻˇ˂ˇʴʾʰ ˁˏˊʽˇˌ ˍ˖˄ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ʻʶ˖ˊˇˏ˄ˍʰ˄ ˇ ɲʾʰˌΦ ɲʽʷ˃ʶ˄ʶ ˋˍˇ˄ ʰʽʻʷˊʰΣ ˍˇ˄ ˒˖ˍʶʽ˄ˈ ˍˈˉˇ ʶˉʱ˄˖ 

ʰˉˈ ˍʹ ʴʺʽ˄ʹ ʰˍ˃ˈˋ˒ʰʽˊʰ ˉˇˎ ʵʶ˄ ˍʰˊʰʸˈˍʰ˄ ʰˉˈ h ˄ʷ˃ˇˎˌ ˁʰʽ ʻˏʶ˂˂ʶˌ ˁʰʽ ʰˉˈ ʶˁʶʾ ʶ˅ˇˎˋʾʰʸʶ ˍˇ˄ 

ˇˎˊʰ˄ˈΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ˍʰ ʶˉʾʻʶˍʰ ˄ʶ˒ʶ˂ʹʴʶˊʷˍʹˌΣ ˁʶ˂ʰʽ˄ʶ˒ʺˌΣ ʰʽʴʾˇ˔ˇˌΣ ˁʶˊʰˏ˄ʽˇˌΣ 

ˍʶˊˉʽˁʷˊʰˎ˄ˇˌΣ ˎ˕ʽʲˊʶ˃ʷˍʹˌΣ ˁʰˍʰʽʲʱˍʹˌΣ ʰˉˇʵʾʵˇ˄ˍʰ˄ ˋʶ ʰˎˍˈ˄Φ ɳ˃˒ʰ˄ʽʸˈˍʰ˄ ˁˏˊʽˇˌ ˍ˖˄ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄Σ ʂ˃ʲˊʽˇˌΣ ʇʷˍʽˇˌΣ ɾʰʽ˃ʱˁˍʹˌ5Φ ɮ˅ʽˇˋʹ˃ʶʾ˖ˍʶˌ ʶʾ˄ʰʽ ˇʽ ʶˁ˒ˊʱˋʶʽˌ 

ζʅʹ˃ʶʾʰ ˍ˖˄ ɼʰʽˊ˗˄η6 ˁʰʽ ˇʽ άɮ˂ˁˎˇ˄ʾʵʶˌ ʹ˃ʷˊʶˌέ7Φ ʆʰ ʵˏˇ ʰˎˍʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰΣ ʰ˂˂ʱ ˁʰʽ 

ʴʶ˄ʽˁˈˍʶˊʰ ʹ ˉˊˇˋʶˁˍʽˁʺ ˉʰˊʰˍʺˊʹˋʹ ˍ˖˄ ˒ˎˋʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄Σ ʵʽʰ˃ˈˊ˒˖ˋʶ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ 

˔ˊˈ˄ˇˎ ˋ˔ʶˍʽˁʷˌ ˉʰˊˇʽ˃ʾʶˌ ˁʰʽ ˉʰˊʰʵˈˋʶʽˌΣ ˉˇ˂˂ʷˌ ʶˁ ˍ˖˄ ˇˉˇʾ˖˄ ʵʽʰˋ˗ʻʹˁʰ˄ ˃ʷˋ˖ ˍ˖˄ ʰˊ˔ʰʾ˖˄ 

ˁʶʽ˃ʷ˄˖˄ όˉΦ˔Φ ɶʅɹʁɲʁʅκ ζɴˊʴʰ ϧ ɶ˃ʷˊʰʽη).  

ʁʽ ʰˊ˔ʰʾˇʽ ɴ˂˂ʹ˄ʶˌ ˒ʽ˂ˈˋˇ˒ˇʽ ˁʰʽ ʰˋˍˊˇ˄ˈ˃ˇʽ ˃ʶˍʱ ʰˉˈ ˋˎˋˍʹ˃ʰˍʽˁʺ ˉʰˊʰˍʺˊʹˋʹ ˍ˖˄ 

ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄Σ ʱˊ˔ʽˋʰ˄ ˄ʰ ʰˉˇʵʾʵˇˎ˄ ˍʹ ʴʷ˄ʶˋʹ ʰˎˍ˗˄ ˋʶ ˒ˎˋʽˁʱ ʰʾˍʽʰΣ ʶˊ˔ˈ˃ʶ˄ˇʽ ʷˍˋʽ ˋʶ 

ʰˉʶˎʻʶʾʰˌ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ ˂ʰʿˁʺ ˁʰʽ ʻˊʹˋˁʶˎˍʽˁʺ ˉʰˊʱʵˇˋʹ όʊʶʽʵʱˌΣ 2010). 

                                                           
4 ʃʹʴʺΥ ɳɾʇ. 
5 (url). 
6 ɶ ʰˊ˔ʺ ˍʹˌ ˒ˊʱˋʹˌ ʰˎˍʺˌ ˈˋˇ ˁʰʽ ʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ʲˊʾˋˁʶˍʰʽ ˋˍʽˌ ʰˊ˔ʰʽˈˍʹˍʶˌ Ψʵʽˇˋʹ˃ʾʶˌΩ όʺ 
Ψʵʽˇˋʹ˃ʶʾʰˌΩҐ ʅʹ˃ʶʾʰ ˍˇˎ ɲʽˈˌύΣ ʵʹ˂ʰʵʺ ˒ˎˋʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉˇˎ ˉˊˇˁʰ˂ˇˏˋʶ ˇ ɲʾʰˌ όurl). 
7 ʁʽ ʰʾʻˊʽʶˌ ʹ˃ʷˊʶˌ ˋˍʰ ˃ʷˋʰ ˍˇˎ ˔ʶʽ˃˗˄ʰ ˁʰ˂ˇˏ˄ˍʰʽ Ψɮ˂ˁˎˇ˄ʾʵʶˌΩΣ ʰˉˈ ˍˇ ˈ˄ˇ˃ʰ ˍʹˌ Ψɮ˂ˁˎˈ˄ʹˌΩ ˁˈˊʹˌ 
ˍˇˎ ɮʾˇ˂ˇˎ ˉˇˎ ˁˎʲʶˊ˄ˇˏˋʶ ˍˇˎˌ ʰ˄ʷ˃ˇˎˌ όurl). 

http://www.hnms.gr/hnms/greek/meteorology/full_story_html?dr_url=%2Fdocs%2Fmisc%2FArxaia
http://www.theogonia.gr/theoi/theoid/Dias.htm
http://www.hnms.gr/hnms/greek/meteorology/full_story_html?dr_url=%2Fdocs%2Fmisc%2FArxaia
http://www.hnms.gr/hnms/greek/meteorology/full_story_html?dr_url=%2Fdocs%2Fmisc%2FArxaia
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ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

6 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ɹˋˍˇˊʽˁʱΣ ʹ ʰ˄ʰʴˁʰʽˈˍʹˍʰ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ˍˇˎ ˁʰʽˊˇˏ ˋˎ˄ʰ˄ˍʱˍʰʽ ʽʵʽʰʾˍʶˊʰ ˋˍʹ˄ ʰˊ˔ʰʾʰ 

ɮʻʹ˄ʰʿˁʺ ˁˇʽ˄˖˄ʾʰΦ ɮˉˈ ˍˇˎˌ ˔ˊˈ˄ˇˎˌ ˍˇˎ ʵʽʱˋʹ˃ˇˎ ʰˋˍˊˇ˄ˈ˃ˇˎ ɾʷˍ˖˄ˇˌ όрˇˌ ˉΦʋΦ ʰʽ˗˄ʰˌύΣ 

ʱˊ˔ʽˋʶ ˄ʰ ʵʽʰ˒ʰʾ˄ʶˍʰʽ ˃ʾʰ ˋˇʲʰˊʺ ˍʱˋʹ ʴʽʰ ʶˁˍʷ˂ʶˋʹ ˋˎˋˍʹ˃ʰˍʽˁ˗˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ 

ˉʰˊʰˍʹˊʺˋʶ˖˄Σ ˇʽ ˇˉˇʾʶˌ ʰˉˇˍʷ˂ʶˋʰ˄ ʰˋ˒ʰ˂ʶʾˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ʶ˅ʰʴ˖ʴʺ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ 

ˋ˔ʶˍʽˁʱ ˃ʶ ˍʽˌ ˁʰˍʱ ˍʹ˄ ʶˉˇ˔ʺ ʶˁʶʾ˄ʹ ˁ˂ʽ˃ʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˋˍʹ˄ ɳ˂˂ʱʵʰΦ ʆʽˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˍˇˎˌ 

ʰˎˍʷˌΣ ˇʽ ɮˊ˔ʰʾˇʽ ˒ʽ˂ˈˋˇ˒ˇʽ ˍʽˌ ʶˁˍʶ˂ˇˏˋʰ˄Σ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˃ʰˊˍˎˊʾʰ ˍˇˎ ɸʶˈ˒ˊʰˋˍˇˎ ˁʰʽ 

ʱ˂˂˖˄Σ ˋʶ ʵʽʱ˒ˇˊʶˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ˔˗ˊʰˌ ˁʰʽ ˋʶ ˎ˕ʹ˂ʱ ˁʰˍʱ ˉˊˇˍʾ˃ʹˋʹ ˋʹ˃ʶʾʰ ʷ˅˖ ʰˉˈ ˍʽˌ ˉˈ˂ʶʽˌ, 

ˍʰ ˁʰ˂ˇˏ˃ʶ˄ʰ ζˉʰˊʰˍʹˊʹˍʺˊʽʰηΦ ɮ˄ˍʽˁʶʽ˃ʶ˄ʽˁˈˌ ˋˁˇˉˈˌ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄Σ ʺˍʰ˄ ʹ ˋˏ˄ˍʰ˅ʹ ˍ˖˄ 

ˉʰˊʰˉʹʴ˃ʱˍ˖˄Φ ʆˇ ˉʰˊʱˉʹʴ˃ʰ ʺˍʰ˄ ʷ˄ʰ ʶʾʵˇˌ ʰˋˍˊˇ˄ˇ˃ʽˁˇˏ ʹ˃ʶˊˇ˂ˇʴʾˇˎ ˔ʰˊʰʴ˃ʷ˄ˇˎ ˋʶ 

ˉʷˍˊʽ˄ʶˌΣ ʺ ˅ˏ˂ʽ˄ʶˌ ˉʽ˄ʰˁʾʵʶˌ ˉˇˎ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰ˄ ʰˋˍˊˇ˄ˇ˃ʽˁʱ ˁʰʽ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʴʽʰ 

ˈ˂ʶˌ ˍʽˌ ʹ˃ʷˊʶˌ ˍˇˎ ˃ʺ˄ʰΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ˁʰʻʹʴʹˍʺ ˃ʶˍʶ˖ˊˇ˂ˇʴʾʰˌ ɶΦ ɾʰˊʽˇ˂ˈˉˇˎ˂ˇΣ ˉ˂ʱʽ ˋˍˇ 

ˁʶʾ˃ʶ˄ˇ ˉˇˎ ʷʵʽ˄ʶ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˍˇˎ ˁʰʽˊˇˏ ˎˉʺˊ˔ʶ ˃ʽʰ ˇˉʺ ˉˇˎ ˉʰˊʾˋˍʰ˄ʶ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʹ˃ʷˊʰ 

ˍˇˎ ˃ʺ˄ʰΦ ɱʽʰ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ʹ ˉˊˇˌ ˃ʶ˂ʷˍʹ ʹ˃ʷˊʰΣ ˍˇˉˇʻʶˍˇˏˋʰ˄ ̫ ˄ʰ˄ ˉʱˋˋʰ˂ˇ ̀ ˍʹ˄ ˇˉʺ8Φ ʅʶ ʰˎˍˈ 

ʰˁˊʽʲ˗ˌ ˇ˒ʶʾ˂ʶˍʰʽ ˁʰʽ ʹ ˇ˄ˇ˃ʰˋʾʰ ˉʰˊʱˉʹʴ˃ʰ ˍˇˎ ʹ˃ʶˊˇ˂ˇʴʾˇˎ9Φ ɶ ˉˊˈʴ˄˖ˋʹ ˍˇˎ ˁʰʽˊˇˏ ʺˍʰ˄ 

ʰ˄ʰʴˁʰʾʰ ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ɮʻʹ˄ʰʿˁʺˌ ɲʹ˃ˇˁˊʰˍʾʰˌ ˈˉˇˎ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˃ʷˊˇˌ ˍ˖˄ ʰˉˇ˒ʱˋʶ˖˄ 

ˉʰʾˊ˄ˇ˄ˍʰ˄ ʰˉʶˎʻʶʾʰˌ ʰˉˈ ˍˇ˄ ˂ʰˈ όʶˁ ˁ˂ʹˋʾʰ ˍˇˎ ʵʺ˃ˇˎύ ˉˊʱʴ˃ʰ ˉˇˎ ˋʺ˃ʰʽ˄ʶ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˍˇˎ 

˂ʰˇˏ ˋˍ ̌ˏ ˉʰʽʻˊˇΦ  

ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʰˉˈ ˍˇ˄ рˇ  ˉΦ ʋΦ ʰʽ˗˄ʰΣ ˋˍʹ˄ ʰˊ˔ʰʾʰ ɳ˂˂ʱʵʰ ʱˊ˔ʽˋʰ˄ ˄ʰ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ 

ˋˎˋˍʹ˃ʰˍʽˁʱ ˍʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˁʰʽ ˄ʰ ʵʾʵˇ˄ˍʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʰ ʰˉˈ ʰˎˍʱ ˒ˎˋʽˁʺ 

ʶˊ˃ʹ˄ʶʾʰΦ ɼˇˊˏ˒˖ˋʹ ʰˎˍ˗˄ ˍ˖˄ ˉˊˇˋˉʰʻʶʽ˗˄ ʻʶ˖ˊʶʾˍʰʽ ˍˇ ʲʽʲ˂ʾˇ ˒ˎˋʽˁʺˌ ˒ʽ˂ˇˋˇ˒ʾʰˌ ˍˇˎ 

ɮˊʽˋˍˇˍʷ˂ʹ ˍʰ ζɾʶˍʶ˖ˊˇ˂ˇʴʽˁʱηΣ ˍˇ опл ˉΦʋΦ ʆʰ ˍʷˋˋʶˊʰ ʲʽʲ˂ʾʰ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˍʰ 

ζɾʶˍʶ˖ˊˇ˂ˇʴʽˁʱη ʻʶ˖ˊˇˏ˄ˍʰʽ ˖ˌ ˍˇ ˉˊ˗ˍˇ ˉ˂ʺˊʶˌ ʶʴ˔ʶʽˊʾʵʽˇ ˍʹˌ ɾʶˍʶ˖ˊˇ˂ˇʴʾʰˌ ˋˍʹ˄ ʽˋˍˇˊʾʰ 

ˍʹˌ ʰ˄ʻˊ˖ˉˈˍʹˍʰˌ ˁʰʽ ʺˍʰ˄ ˋ˔ʶʵˈ˄ ʹ ˃ˇ˄ʰʵʽˁʺ ˉʹʴʺ ʴ˄˗ˋʹˌ ʴʽʰ ʵˏˇ ˔ʽ˂ʽʶˍʾʶˌΦ ʅˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 

ʷˊʴˇ ˉʰˊˇˎˋʽʰʸˈˍʰ˄ ˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ʴ˄˗ˋʹˌ ʴʽʰ ˍˇ˄ ˁʰʽˊˈ ˁʰʽ ˍˇ ˁ˂ʾ˃ʰ ˃ʷ˔ˊʽ ʶˁʶʾ˄ʹ ˍʹ˄ ʶˉˇ˔ʺ ˁʰʻ˗ˌ 

ˁʰʽ ˋˍˇʽ˔ʶʾʰ ʰˋˍˊˇ˄ˇ˃ʾʰˌΣ ʴʶ˖ʴˊʰ˒ʾʰˌ ˁʰʽ ˔ʹ˃ʶʾʰˌ. ʅˍˇ ʷˊʴˇ ˍˇˎ ɮˊʽˋˍˇˍʷ˂ʹ ʱˊ˔ʽˋʶ ˄ʰ ʵʾʵʶˍʰʽ 

ˋˎ˄ʷ˔ʶʽʰ ʰˉˈ ˍˇ˄ мсˇ  ˃ Φ ʋΦ ʰʽ˗˄ʰΣ ˈˍʰ˄ ˋˉˇˎʵʰʾˇʽ ʶˉʽˋˍʺ˃ˇ˄ʶˌ ˋˍʹ ʵˎˍʽˁʺ ɳˎˊ˗ˉʹ ˃ʶ ˍʹ˄ ʶˉʽ˄ˈʹˋʹ 

ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˇˊʴʱ˄˖˄ ˈˉ˖ˌ ˍˇˎ ʻʶˊ˃ˇ˃ʷˍˊˇˎ ˋˍʰ ˍʷ˂ʹ ˍˇˎ мсˇ  ˎh ʽ˗˄ʰ ˁʰʽ ˍˇˎ ʲʰˊˇ˃ʷˍˊˇˎ 

ˍˇ мспо ˉˊˇ˔˗ˊʹˋʰ˄ ˋˍʹ˄ ˂ʺ˕ʹ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˁʰʽˊˇˏΦ ɾʶ ˍʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˁʰʽ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌΣ ˍʹˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˉʾʶˋʹˌΣ ˍʹˌ ʵʽʶˏʻˎ˄ˋʹˌ ˁʰʽ ˍʹˌ ʷ˄ˍʰˋʹˌ 

ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰʽ ˍ˖˄ ʱ˂˂˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ʱˊ˔ʽˋʶ ʹ ˋˎˋˍʹ˃ʰˍʽˁʺ ˃ʶ˂ʷˍʹ ˍ˖˄ 

˒ˎˋʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˁʰʽ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ ʰʽˍʽ˗˄ ˉˇˎ ˍʰ ˉˊˇˁʰ˂ˇˏ˄Φ ɶ ˁʰˍʱˁˍʹˋʹ ˍʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ 

ʴ˄˗ˋʹˌ ʷʵ˖ˋʶ ˍʹ˄ ʰ˄ʰʴˁʰʾʰ ˗ʻʹˋʹ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˍˇˎ ˁʰʽˊˇˏΣ ˉˇˎΣ ˖ˋˍˈˋˇΣ ʴʽʰ ˉˇ˂˂ʱ ˔ˊˈ˄ʽʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰ˄ ˃ʶ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˉˊʰˁˍʽˁ˗˄ ˁʰ˄ˈ˄˖˄ ˁʰʽ ˎˉˇˁʶʽ˃ʶ˄ʽˁ˗˄ ʶˁˍʽ˃ʺˋʶ˖˄ 

όɵʽʰˁˈˉˇˎ˂ˇˌΣ 2009̃ ɼʰˍˋʰ˒ʱʵˇˌ ˁʰʽ ɾʰˎˊˇ˃ʰˍʾʵʹˌΣ 2010). 

ʆˇ˄ мф ̌ʰʽ˗˄ʰ ˅ʶˁʾ˄ʹˋʶ ʹ ˔ʱˊʰ˅ʹ ˋˎ˄ˇˉˍʽˁ˗˄ ˔ʰˊˍ˗˄Φ ʅˍʹ ˃ʰˁˊʱ ʽˋˍˇˊʾʰ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ˍˇˎ 

ˁʰʽˊˇˏ ˋˍʰʻ˃ˈˌ ˎˉʺˊ˅ʶ ʹ ʽʵʷʰ ˍˇˎ ɱʶˊ˃ʰ˄ˇˏ Heinrich Wilhelm Brandes ̱ ˇ мунл ˄ʰ ˁʰˍʰ˔˖ˊʾˋʶʽ ˍʽˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ̱ ˇˎ ˁʰʽˊˇˏ ˉʱ˄˖ ˋʶ ˔ʱˊˍʹΦ ʆˇ ˉˊˈʲ˂ʹ˃ʰ ʴʽʰ ˍˇ˄ BrandesΣ ˈˉ˖ˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʴʽʰ 

ˍˇ˄ ɮ˃ʶˊʽˁʰ˄ˈ William Charles RedfieldΣ ʺˍʰ˄ ˈˍʽ ˇʽ ˉʰˊʰˍʹˊʺˋʶʽˌ ʰˉˈ ˍʽˌ ʵʽʱ˒ˇˊʶˌ ˉʶˊʽˇ˔ʷˌ 

ʰˊʴˇˉˇˊˇˏˋʰ˄ ʽʵʽʰʾˍʶˊʰ ˁʰʽΣ ˈˍʰ˄ ʷˊ˔ˇ˄ˍʰ˄Σ ˍʰ ʲʰˊˇ˃ʶˍˊʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ʶʾ˔ʰ˄ ʰˉˇ˃ʰˁˊˎ˄ʻʶʾΦ ʆʹ 

˂ˏˋʹ ˁʰʽ ˍʹ˄ ʰˉʰˊ˔ʺ ˍʹˌ ˋˏʴ˔ˊˇ˄ʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌ ʷʵ˖ˋʶ ʹ ʰ˄ʰˁʱ˂ˎ˕ʹ ˍˇˎ 

                                                           
8 (url). 
9 ̄ ʰˊʰˉʺʴ˄ˎ˃ʽΥ ˋ˒ʹ˄˗˄˖ ˋˍˇ ˉ˂ʱʽΦ  

http://www.hnms.gr/hnms/greek/meteorology/full_story_html?dr_url=%2Fdocs%2Fmisc%2FArxaia


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 1: ǑǓǌǒǎǋǎ ǈǑǒǎǐǈǉǎ ð ǎǐǈǑǋǎǑ 7 

ˍʹ˂ʷʴˊʰ˒ˇˎ ˍˇ мфорΦ ʃˊʽ˄ ʰˉˈ ʰˎˍˈΣ ˍˇ ˍʰ˔ˏˍʶˊˇ ˉˇˎ ˍʰ ʰˉ̌˃ ʰˁˊˎˋ˃ʷ˄ʰ ʵʶ˂ˍʾʰ ˁʰʽˊˇˏ ʻʰ 

˃ˉˇˊˇˏˋʰ˄ ˄ʰ ˍʰ˅ʽʵʷ˕ˇˎ˄ ʺˍʰ˄ ˉʶˊʾˉˇˎ мсл ƪƳ ʰ˄ʱ ʹ˃ʷˊʰΣ ʰ˂˂ʱ ˁʰˍʱ ˁʰ˄ˈ˄ʰ ʺˍʰ˄ сл-120 km 

ʰ˄ʱ ʹ˃ʷˊʰ όʶʾˍʶ ʰˉˈ ˅ʹˊʱ ʺ ʰˉˈ ʻʱ˂ʰˋˋʰύΦ ɾʷ˔ˊʽ ˍʰ ˍʷ˂ʹ ˍʹˌ ʵʶˁʰʶˍʾʰˌ ˍˇˎ муплΣ ˇ ˍʹ˂ʷʴˊʰ˒ˇˌ 

ʶˉʷˍˊʶ˕ʶ ˋˍʽˌ ʰ˄ʰ˒ˇˊʷˌ ˍ˖˄ ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ʰˉˈ ˃ʽʰ ʶˎˊʶʾʰ ˉʶˊʽˇ˔ʺ ˄ʰ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋ˔ʶʵˈ˄ 

ˋˍʽʴ˃ʽʰʾʰ. ʆˇ мупу ʵʹ˃ˇˋʽʶˏʶˍʰʽ ˋˍʹ˄ ʲˊʶˍʰ˄ʽˁʺ ʶ˒ʹ˃ʶˊʾʵʰ Daily News ˍ̌  ˉˊ˗ˍˇ ˍʹ˂ʶʴˊʰ˒ʽˁˈ 

ʹ˃ʶˊʺˋʽˇ ʵʶ˂ˍʾˇ ˁʰʽˊˇˏΦ ʆ́ ˄ у ́ ɮˎʴˇˏˋˍˇˎ мурм ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˋˍʹ˄ ɮʴʴ˂ʾʰ ˇ ˉˊ˗ˍˇˌ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈˌ ˔ʱˊˍʹˌ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎΦ ɽʾʴˇ ʰˊʴˈˍʶˊʰΣ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ɼˊʽ˃ʰʿˁˇˏ 

ʃˇ˂ʷ˃ˇˎΣ ˇʽ ˃ʶʴʱ˂ʶˌ ʸʹ˃ʽʷˌ ˉˇˎ ˉˊˇ˅ʷ˄ʹˋʶ ʹ ˁʰˁˇˁʰʽˊʾʰ ˋˍˇ˄ ʰʴʴ˂ʽˁˈ ˁ ʰʽ ˍˇ ʴʰ˂˂ʽˁˈ ˋˍˈ˂ˇ ˍʹ˄ мпʹ 

ɿˇʶ˃ʲˊʾˇˎ мурп ˋˍˇ˄ ɳˏ˅ʶʽ˄ˇ ʃˈ˄ˍˇ ʷˁʰ˄ʰ˄ ˍˇ ɱʱ˂˂ˇ ʇˉˇˎˊʴˈ ˍ˖˄ ʅˍˊʰˍʽ˖ˍʽˁ˗˄ ˄ʰ ˊ˖ˍʺˋʶʽ ˍˇ˄ 

ˍˈˍʶ ʵʽʶˎʻˎ˄ˍʺ ˍˇˎ ɮˋˍʶˊˇˋˁˇˉʶʾˇˎ ˍˇˎ ʃʰˊʽˋʽˇˏ Urbain Jean Joseph Le Verrier, ʁ ʱ ˄́  ˁʰˁˇˁʰʽˊʾʰ 

ʶˁʶʾ˄ʹ ˃ˉˇˊˇˏˋʶ ˄ʰ ʶʾ˔ʶ ˉˊˇʲ˂ʶ˒ʻʶʾΦ ʁ Le VerrierΣ ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ʰˉˈ нлл ˁʰʽ ˉ˂ʷˇ˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌ ˍʹˌ ɳˎˊ˗ˉʹˌΣ ʶʾʵʶ ˈˍʽ ʹ ˁʰˁˇˁʰʽˊʾʰΣ 

ˉˊˇʶˊ˔ˈ˃ʶ˄ʹ ʰˉˈ ˍˇ˄ ɮˍ˂ʰ˄ˍʽˁˈΣ ʶʾ˔ʶ ʵʽʰˍˊʷ˅ʶʽ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ʶ˄ˈˌ ʲʰˊˇ˃ʶˍˊʽˁˇˏ ˔ʰ˃ʹ˂ˇˏ ˋ˔ʶʵˈ˄ 

ˈ˂ʹ ˍʹ ɱʹˊʰʽʱ ɷˉʶʽˊˇΣ ˉˊʽ˄ ˒ʻʱˋʶʽ ̀ ˍˇ˄ ɳˏ˅ʶʽ˄ˇ ʃˈ˄ˍˇΦ ɶ ˉˊˈˍʰˋʺ ̱̌ ˎ ʺˍʰ˄ ˉʶˊʾˉˇˎ ʹ ʶ˅ʺˌΥ ζΧ ʰ˄ 

ˎˉʺˊ˔ʶ ˃ʽʰ ʇˉʹˊʶˋʾʰ ˉˇˎ ʻʰ ˉ˂ʹˊˇ˒ˇˊˇˏˋʶ ˍˇ ˋˍˈ˂ˇ ʴʽʰ ˍʹ˄ ʱ˒ʽ˅ʹ ˍʹˌ ˁʰˁˇˁʰʽˊʾʰˌ ʻʰ ʶʾ˔ʰ˄ 

ʰˉˇ˒ʶˎ˔ʻʶʾ ˇʽ ʰˉ˗˂ʶʽʶˌΧηΦ ɶ ʵʽʰˉʾˋˍ˖ˋʹ ˍʹˌ ˃ʶʴʱ˂ʹˌ ʰ˅ʾʰˌ ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ 

ʶʾ˔ʶ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʶ ˍˇ˄ ˉ˂ʷˇ˄ ʰʵʽʰ˃˒ʽˋʲʺˍʹˍˇ ˍˊˈˉˇ ˁʰʽ ˍʰ ʶˉˈ˃ʶ˄ʰ ˔ˊˈ˄ʽʰ ʰˁˇ˂ˇˏʻʹˋʶ ʹ 

ʾʵˊˎˋʹ ˍ˖˄ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ʇˉʹˊʶˋʽ˗˄ ɱʰ˂˂ʾʰˌΣ ʁ˂˂ʰ˄ʵʾʰˌΣ ɾʶʴʱ˂ʹˌ ɰˊʶˍʰ˄ʾʰˌ ˁʰʽ ʱ˂˂˖˄ ˔˖ˊ˗˄ 

όɵʽʰˁˈˉˇˎ˂ˇˌΣ 2009̃ ɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004̃ url). To 1860 o Robert FitzRoy 

˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ ˄ʷˇ ˋˏˋˍʹ˃ʰ ˍʹ˂ʷʴˊʰ˒ˇˎ ʴʽʰ ˍ ́ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˁʰʻʹ˃ʶˊʽ˄˗˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ʰˉˈ 

ˈ˂ʹ ˍʹ˄ ɮʴʴ˂ʾʰ ˁʰʽ ˉʰˊʱʴʶʽ ˍˇˎˌ ˉˊ˗ˍˇˎˌ ˋˎ˄ˇˉˍʽˁˇˏˌ ˔ʱˊˍʶˌΦ ɳˉʾˋʹˌΣ ʶˉʽ˄ˈʹˋʶ ˍˇ˄ ˈˊˇ 

ζˉˊˈʴ˄˖ˋʹ ˁʰʽˊˇˏη ˁʰʽ ʵʹ˃ˇˋʾʶˎˋʶ ˍʽˌ ˉˊ˗ˍʶˌ ʹ˃ʶˊʺˋʽʶˌ ˉˊˇɹ˄ ˗ˋʶʽˌ ˍˇ ʾʵʽˇ ʷˍˇˌΦ ɮˉˈ ˍˇ˄ 

ɮˏʴˇˎˋˍˇ ˍˇˎ мусм ʵʹ˃ˇˋʽʶˏˇ˄ˍʰ˄ ˋʶ ˍʰˁˍʽˁʺ ʲʱˋʹΦ O FitzRoy ʁ ˃ˉ˄ʶˏˋˍʹˁʶ ˍʹ˄ ʽʵʷʰ ˍʹˌ ˁʰʽˊʽˁʺˌ 

ˉˊˈʴ˄˖ˋʹˌ ʰˉˈ ˃ʽʰ ˋ˒ˇʵˊʺ ˁʰˍʰʽʴʾʵʰ ˉˇˎ ˉˊˇˁʱ˂ʶˋʶ ˍʹ˄ ʰˉ˗˂ʶʽʰ ˍˇˎ ˉ˂ˇʾˇˎ άRoyal Charterέ 

όɳʽˁ. 1.1.). ʍˋˍˈˋˇΣ ʵʶ˔ˈ˃ʶ˄ˇˌ ˁ ˊʽˍʽˁʺ ɹ ʽʰ ˍʹ˄ ˍʶ˔˄ʽˁʺ ̱ ˇˎ ʰˉˈ ˃ʶˊʾʵʰ ̱ ˇˎ ˍˏˉˇˎ ̄ ˇˎ ˉˊˇˋˉʰʻˇˏˋʶ 

˄ʰ ̀ˎ ˋ˔ʶˍʾˋʶʽ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˃ʶ ˍʹ˄ ʶˉʽˊˊˇʺ ˍʹˌ ˋʶ˂ʺ˄ʹˌΣ ʱ˂ ˂˖˄ ˇˎˊʱ˄ʽ˖˄ ˋ˖˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ 

ʹ˂ʽʰˁ˗˄ ˁʹ˂ʾʵ˖˄Σ ˇ FitzRoy h ˎˍˇˁˍˇ˄ʶʾ ˍˇ мусрΦ ʅˍʽˌ ɶʃɮΣ ˍˇ ˒ʻʽ˄ˈˉ˖ˊˇ ˍˇˎ мутн, ́  ʶ˃ˉʽˋˍˇˋˏ˄ʹ 

ˋˍʹ ˔ˊʹˋʽ˃ˈˍʹˍʰ ˁʰʽˊʽˁ˗˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʺˍʰ˄ ˍˈˋˇ ˎ˕ʹ˂ʺ ˉˇˎ уф ʰʴˊˇˍʽˁʷˌ ˁˇʽ˄˖˄ʾʶˌ ˁʰʽ оу 

ʵʽˇʽˁʹˍʽˁʱ ˋˎ˃ʲˇˏ˂ʽʰ ʶ˃ˉˇˊʾˇˎ ˁʰʽ ʶ˃ˉˇˊʽˁʱ ʶˉʽ˃ʶ˂ʹˍʺˊʽʰ ˈˊʽˋʰ ˄˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ʶˉʽˍˊˇˉʷˌ ˄ʰ 

ʶˉʽˁˇʽ˄˖˄ˇˏ˄ ˃ʶ ˍʹ˄ ʅˍˊʰˍʽ˖ˍʽˁʺ  ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ʇˉʹˊʶˋʾʰ ˍ˖˄ ɶʃɮ. ɲ̔ ʰ˄̫˃ ˇ˄ˍʰ˄ ʴʶ˄ʽˁ ɦʵʶ˂ˍʾ h

ˁʰʽˊˇˏ ̱ˊʶʽˌ ˒ˇˊʷˌ ˍʹ˄ ʹ˃ʷˊʰ ʴʽʰ ˍʽˌ ˉʶˊʽ˒ʷˊʶʽʶˌ ˍʹˌ ˔˗ˊʰˌ, ˁʰʽ ʶʽʵʽˁʷˌ ˉˊˇʶʽʵˇˉˇʽʺˋʶʽˌ ˋʶ 

ˉʶˊʽˇ˔ʷˌ ˉˇˎ ʰˉʶʽ˂ˇˏ˄ˍʰ ˄h ˉˈ ˁˏ˃ʰˍʰ ˕ˏ˔ˇˎˌ ˁ ʰʽ ˉʰʴʶˍˇˏˌ (Craft, 2001). 

ɮˉˈ ˍʽˌ ʰˊ˔ʷˌ ˍˇˎ нлˇ  ˎʰʽ˗˄ʰ ˁʰʽ ˂ʾʴˇ ˄˖ˊʾˍʶˊʰ Σ ʱˊ˔ʽˋʶ ˄ʰ ʴʾ˄ʶˍʰʽ ʰ˄ˍʽ˂ʹˉˍˈ ˈˍʽ ʹ ˉˊˈʴ˄˖ˋʹ 

ˁʰʽˊˇˏ ˁʰʽ ʹ ʰ˂˂ʰʴʺ ˍʹˌ ˉʰˊˇˏˋʰˌ ˁʰˍʱˋˍʰˋʹˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ʶʾ˄ʰʽ ʷ˄˄ˇʽʶˌ ʰˉˇ˂ˏˍ˖ˌ 

ˍʰˎˍˈˋʹ˃ʶˌΦ ʆˇ ˁˊʾˋʽ˃ˇ ˋʹ˃ʶʾˇ ʶʾ˄ʰʽ ˇ ˍˊˈˉˇˌ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ʰ˂˂ʱʸʶʽ ʹ ˁʰˍʱˋˍʰˋʹ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ 

ʵʹ˂ʰʵʺ ˇʽ ˒ˎˋʽˁˇʾ ˄ˈ˃ˇʽ ˉˇˎ ʵʽʷˉˇˎ˄ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌΦ ʆ ̌муфлΣ ˇ ɮ˃ʶˊʽˁʰ˄ˈˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˌ 

Cleveland Abbe h ˄ʰʴ˄˗ˊʽˋʶ ˈˍʽ ʹ ζ˃ ʶˍʶ˖ˊˇ˂ˇʴʾʰ ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˎʵˊˇʵˎ˄ʰ˃ʽˁʺˌ 

ˁʰʽ ˍʹˌ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʺˌ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰηΦ ʅˍʹ˄ ʶˊʴʰˋʾʰ ˍˇˎΣ ζ́  ˒ˎˋʽˁʺ ʲʱˋʹ ˁʰʽˊʽˁ˗˄ 

ˉˊˇʴ˄˗ˋʶ˖˄ ˃ʶʴʱ˂ʹˌ ʶ˃ʲʷ˂ʶʽʰˌη, ̌  Abbe ̄ ˊˈˍʶʽ˄ʶ ˃ʽʰ ˃ʰʻʹ˃ʰˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ʴʽʰ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ. 

ɳ˅ʷ˒ˊʰˋʶ ˍʹ˄ ʶ˂ˉʾʵʰ ˈˍʽ ˇʽ ʶˉʽˋˍʺ˃ˇ˄ʶˌ ˉˇˎ ˃ʶ˂ʶˍˇˏ˄ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ̒  hζh ˄ʰˉˍˏ˅ˇˎ˄ ʴˊʰ˒ʽˁʷˌΣ 

ʰ˄ʰ˂ˎˍʽˁʷˌ ʺ ʰˊʽʻ˃ʹˍʽˁʷˌ ˃ʶʻˈʵˇˎˌη ɹ ʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄. 

http://en.wikipedia.org/wiki/Weather_forecasting
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ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

 

ǩȇȈȖȋŭ 1.1.: Ƕȍ òRoyal Charteró ȂȐȆȀŰűȅȈů Űů Ȋȇŭ Ȇȗůȉȉŭ űȍ 1859, ůȋȆŭȎȎȗȋȍȋűŭȏ űȅȋ 

ȈŭȆȇǾȎȓŰȅ űȅȏ ŰȗȃȑȎȍȋȅȏ ȈŭȇȎȇȈǿȏ ɵȎȖȃȋȓŰȅȏ (url). 

  

ʆˇ мфнл ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʹ ʻʶ˖ˊʾʰ ˍ˖˄ ʰʶˊʾ˖˄ ˃ʰʸ˗˄ ˁʰʽ ˍ˖˄ ˃ʶˍ˖ˉʽˁ˗˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ ʰˉˈ ˍˇ 

ɿˇˊʲʹʴˈ Vilhelm Bjerknes. ʁ Bjerknes ˁʰʻˈˊʽˋ ʁʷ˄ʰ ˉˊˈʴˊʰ˃˃ʰ ʵˏˇ ʲ́˃ʱ̱˖˄ ʴʽʰ ˇˊʻˇ˂ˇʴʽˁʺ 

ˉˊˈʴ˄˖ˋʹ: ʷ˄ ʰ ʵʽʰʴ˄˖ˋˍʽˁˈ ʲʺ˃ʰΣ ˋˍˇ ˇˉˇʾˇ ˁʰʻˇˊʾʸʶˍʰʽ ʹ ʰˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ̃ˁʰʽ ʷ˄ʰ ˉˊˇʴ˄˖ˋˍʽˁˈ ʲʺ˃ʰΣ ˁʰˍʱ ˍˇ ˇˉˇʾˇ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ 

˄ˈ˃ˇʽ ˍʹˌ ˁʾ˄ʹˋʹˌ ʴʽʰ ˄ʰ ˎˉˇ˂ˇʴʽˋ̱ʶʾ  ́˃ʶˍʰʲˇ˂ʺ ˍ́  ̩ˁʰˍʱˋˍʰˋʹˌ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΦ ʆˇ 

мфпл ˅ʶˁʾ˄ʹˋʶ ʹ ˁʰˍʰʴˊʰ˒ʺ ˍʹˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʺˌ ˁʰˍʱˋˍʰˋʹˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˃ʶ ˍʹ 

˔ˊʺˋʹ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˃ˉʰ˂ˇ˄ʽ˗˄ ˉˇˎ ˋˎ˄ʶ˔ʾʸʶˍʰʽ ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˍ˖˄ ˊʰʵʽˇʲˇ˂ʾʵ˖˄ 

(radiosonde) (Lynch, 2008̃ ɵʽʰˁˈˉˇˎ˂ˇˌΣ 2009̃ ɼʰˍˋʰ˒ʱʵˇˌ ˁʰʽ ɾʰˎˊˇ˃ʰˍʾʵʹˌΣ 2010).   

ɶ ˃ʶˍʶ˖ˊˇ˂ˇʴʾʰ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˁˎˊʾ˖ˌ ˃ʶ ˍʹ˄ ˉʰˊʱ˂˂ʹ˂ʹ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ˎˉˇ˂ˇʴʽˋˍ˗˄Φ ʆˇ мфпф 

ˋˍˇ ˉ˂ʰʾˋʽˇ ʰ˄ʱˉˍˎ˅ʹˌ ˍˇˎ ˉˊ˗ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ENIAC (Electrical Numerical 

Integrator and Calculatorύ ˇʽ J. Charney, R. Fjortoft ˁʰʽ J. Von Neumann ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʰ˄ ˍʽˌ 

ˉˊ˗ˍʶˌ ˍʷˋˋʶˊʽˌ нп-˖ˊʁ ̩ˉˊ̌ʴ˄˗ˋʶʽˌ ˃ʶ ˔ˊʺˋʹ ʰˊʽʻ˃ʹˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄Φ ɼʱʻʶ ʶˁˍʷ˂ʶˋʹ ̝ ˊʶʽʰʸˈˍʰ˄ 

ˉʶˊʾˉˇˎ нп ˗ˊʶˌ ˎ ˉˇ˂ˇʴʽˋ˃˗˄ ̃ɻ ʹ˂ʰʵʺΣ ʹ ˇ˃ʱʵʰ ʺˍʰ˄ ˃ˈ˄ˇ ˋʶ ʻʷˋʹ ˄ʰ ˋˎ˃ʲʰʵʾˋʶʽ ˃ʶ ˍʽˌ ˁʰʽˊʽˁʷˌ 

ˋˎ˄ʻʺˁʶˌ. ʆˇ мфрп ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˉˊ˗ˍʶˌ ˍʰˁˍʽˁʷˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ˉˊˇʴ˄˗ˋʶʽˌ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ 

˔ˊˈ˄ˇ ʰˉˈ ˍʹ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ʇˉʹˊʶˋʾʰ ˍʹˌ ʅˇˎʹʵʽˁʺ ̩ʃˇ˂ʶ˃ʽˁʺ ̩ɮʶˊˇˉˇˊʾʰˌΦ ʆˇ ʻʶ˖ˊʹˍʽˁˈ 

ˎˉˈʲʰʻˊˇ ˎˉʺˊ˔ʶ ʰˉˈ ˍˇ мфмм ˈˍʰ˄ ˇ L. F. Richardson ʶʽˋʺʴʰʴʶ ˍʽˌ ʶˉˍʱ ʲʰˋʽˁʷˌ ˉˊˇʴ˄˖ˋˍʽˁʷˌ 

ʶ˅ʽˋ˗ˋʶʽˌ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ ʆˇ мфсл ˇ ˉˊ˗ˍˇˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈˌ ʵˇˊˎ˒ˈˊˇˌ Tiros 

I  ˍʷʻʹˁʶ ˋʶ ˍˊˇ˔ʽʱ ˁʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ʷʻʶˋʶ ˍʽˌ ʲʱˋʶʽˌ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ʵˇˊˎ˒ˇˊʽˁʺˌ 

˃ʶˍʶ˖ˊˇ˂ˇʴʾʰˌΦ ʁʽ ʵˇˊˎ˒ˈˊˇʽ ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰ ˉˊˇˋ˒ʷˊˇˎ˄ ˉˇ˂ˏˍʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ˁʰˍʰʴˊʰ˒ʺˌ 

ˋˍˇʽ˔ʶʾ˖˄ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ ˈˉ˖ˌ ʶʽˁˈ˄ʶˌ ˋˍˇ ˇˊʰˍˈ ˁʰʽ ˍˇ ˎˉʷˊˎʻˊˇ ˒ʱˋ˃ʰΣ ˃ʶˍˊʺˋʶʽˌ ˍʹˌ 

ʵʽʰʻʷˋʽ˃ʹˌ ˎʴˊʰˋʾʰˌ ˋˍʰ ˄ʷ˒ʹΣ ʰˉˇˍˏˉ˖ˋʹ ˍ˖˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄Σ ˍʹˌ ʷ˄ˍʰˋʹˌ ˁʰʽ ˍʹˌ ʵʽʶˏʻˎ˄ˋʹˌ 

ˍ˖˄ ʰ˄ʷ˃˖˄ ˋʶ ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ ˉ˂ʰ˄ʺˍʹ όɼʰˍˋʰ˒ʱʵˇˌ ˁʰʽ ɾʰˎˊˇ˃ʰˍʾʵʹˌΣ 2010̃ Lynch, 2008̃ url). 

 

 

 

http://en.wikipedia.org/wiki/File:StateLibQld_1_186783_Royal_Charter_(ship).jpg
http://en.wikipedia.org/wiki/Timeline_of_meteorology


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 1: ǑǓǌǒǎǋǎ ǈǑǒǎǐǈǉǎ ð ǎǐǈǑǋǎǑ 9 

1.2. Nowcasting 

1.2.1. Ƀɟɘůɛɧɠ 

ɶ hˁˊʽʲʺˌ ˁʰʽ ʰ˅ʽˈˉʽˋˍʹ ˉˊˈʴ˄˖ˋʹ ˁʰʽˊˇˏ ʴʽʰ ˉʶˊʾˇʵˇ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˃ʁ ˊ̔ˁ ʷˌ ˗́ ʶˌΣ 

ʰ˄ʰ˒ʷˊʶˍʰʽ ̀ ˍʹ ˃ʶˍʶ˖ˊˇ˂ˇʴʾʰ ̟ ˌ nowcasting (Wilson et al., 1998̃ Tafferner and Forster, 2012). 

ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʹ ̀ˏ ˄ʻʶˍʹ ʰˉˇˋˍˇ˂ʺ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˒̫ ˊʶʽ ʶʽˌ ˉʷˊʰˌ ˍˇ nowcasting, 

ʵʾʵʶˍʰʽ ˇ ̌ ˊʽˋ˃ˈˌ ˍˇˎ ʰˉˈ ˍˇ˄ Conway (1998): ζ̱ ˇ nowcasting ʶʾ˄ʰʽ ʹ ˉˊˈʴ˄˖ˋʹ, 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˍʹ˄ ˍˇˉʽˁʺ ˂ʶˉˍˇ˃ʷˊʶʽʰΣ ˃ʶ ˁʱʻʶ ˃ʷʻˇʵˇΣ ˃ʽʰˌ ˉʶˊʽˈʵˇˎ ʶˁˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍˇ 

ˉʰˊˈ˄ ʷ˖ˌ ˂ʾʴʶˌ ˗́ ʶˌ ˋˍˇ ˃ʷ˂˂ˇ˄˜ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˃ʽʰ ʰ˄ ʰ˂ˎˍʽˁʺ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ˍˊʶ˔ˇˎˋ˗˄ 

ˁʰʽˊʽˁ˗˄ ̀ ˎ˄ʻʹˁ˗˄ηΦ 

ʁ Sene (2013), h ˄ʰ˒ʷˊʶʽ ˈˍʽ ˍˇ nowcasting ʶʾ˄ʰʽ ˃ʽʰ ˍʶ˔˄ʽˁʺ ˃ʶ ˃h ˁˊʱ ʽˋˍˇˊʾʰΣ ˋˍʹ˄ ˇˉˇʾʰ ʹ 

ˁʾ˄ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˍ˖˄ ˄ʶ˒˗˄Σ ˍʹˌ ˇ˃ʾ˔˂ʹˌ ˁʰʽ ʱ˂ ˂˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ 

ˁʰˍʱ ˍˇ˄ ˍˊʷ˔ˇ˄ˍʰ ̝ ˊˈ˄ˇΣ ˉˊˇʶˁʲʱ˂ ˂ʶˍʰʽ (extrapolated)10 ̀ ˍˇ ˃ʷ˂˂ˇ˄ ̀ ˍʹˊʽʸˈ˃ʶ˄ʹ ̀ ʶ ̄hˊˇˏˋʶˌ ˁ ʰʽ 

ˉˊˈˋ˒ʰˍʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ ʺ ɻˇˊˎ˒ˇˊʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˁʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ˁʰʻˇʵʹʴʶʾˍʰʽ ʰˉˈ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ˇ˄ˍʷ˂˖˄ ˁʰʽ ˉʰˊʰˍʹˊʺˋʶ˖˄ ʰˉˈ ʱ˂˂ʶˌ ˉʹʴʷˌ όʴʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰ, h ˉˈ ˋˎˋˍʺ˃ʰˍʰ h ˄ʾ˔˄ʶˎˋʹˌ ́ ˂ʶˁˍˊʽˁ˗˄ ʁ ˁˁʶ˄˗ˋʶ˖˄). 

ɮˉˈ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ ̌ ˊʽˋ˃ˇˏˌ ʁ ʾ˄ʰʽ ʶ˃˒ʰ˄ʷˌ ̍ ˍʽ ʵʶ˄ ˎˉʱˊ˔ʶʽ h ˎˋˍʹˊʺ ɻ ʽʱˁˊʽˋʹ h ˄ʱ˃ʶˋʰ ̀ ˍˇ 

nowcasting ˁ ʰʽ ˋˍʹ˄ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ̄ ˊˈʴ˄˖ˋʹ (short term forecasting). ɮʵˊˇ˃ʶˊ˗ˌΣ ˍˇ nowcasting 

ʶʾ˄h̔ ʰ˄ˍʽ˂ʹˉˍ ̍˖ˌ ̄́ ˇʶˁʲˇ˂ʺ ˍ˖˄ ˉʰˊʰˍʹˊʹ˃ʷ˄˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍˇˎ ˁʰʽˊˇˏ ˋˍˇ ˃ʷ˂˂ˇ˄, ʁ ʾˍʶ 

ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˍʹ ʻʷˋʹ ˁʰʽκʺ ˍʹ˄ ʷ˄ˍʰˋʹΣ ʶ˄˗ ʹ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ˉˊˈʴ˄˖ˋʹ ˉˊˇˇˊʾʸʶˍʰʽ ʴʽʰ ˔ˊʺˋʹ 

ʰˊʽʻ˃ʹˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄. ɳˉʾˋʹˌΣ ˍˇ nowcasting ˉʶˊʽˁ˂ʶʾʶʽ ˔ˊˇ˄ʽˁˈ ʶˏˊˇˌΣ ʰˉˈ ˍʹ˄ ˉʰˊˇˏˋʰ ˋˍʽʴ˃ʺ 

˃ʷ˔ˊʽ ˍˇ ˉˇ˂ˏ ˁˇ˄ˍʽ˄ ̍˃ʷ˂˂ˇ˄Σ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʽʰ ˗́ ʰ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Σ ʶ˄˗ ʹ 

ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ˉˊˈʴ˄˖ˋʹ (short term forecasting) ˃ˉˇˊʶʾ ˄ʰ ˒̱ ʱ˄ʶʽ ʷ˖ˌ ˍʽˌ мн hr ʰ˄ʰ˂ˈʴ˖ˌ ˍˇ 

˒ʰʽ˄ˈ˃ʶ˄ˇ ˉˇˎ ˃ʁ˂ʶˍʱˍʰʽΦ ɳʾ˄ʰʽ ʶˉʾˋʹˌ ˉˊˇ˒ʰ˄ʷˌΣ ˈˍʽ ʷ˄ʰ ʶˉʽ̱ˎ ˔ʷˌ nowcast ʶ˄ˈˌ ˁʰʽˊʽˁˇˏ 

ʶˉʶʽˋˇʵʾˇˎ ʻʰ ˎ̄ ˇˋˍʹˊʽ˔ʻʶʾ ˁʰ˂ˏˍʶˊʰ ʰˉˈ ʷ˄ʰ˄ ˋˎ˄ʵˎʰˋ˃ˈ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʰ˂ʴˇˊʾʻ˃˖˄ 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ʰ˄ˍʽ˃ʶˍ˖ˉʽˋˍʶʾ  ́ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ (Tafferner et al., 

2008). 

ɮ˄ʱ˂ˇʴʰ ˃  ʁ̱ ˇ ʰˉʰʽˍˇˏ˃ʶ˄ˇ ̄ ˊˇʴ˄˖ˋˍʽˁ ̍ʁ ˏˊˇˌΣ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ NWP ɻ ˏ˄ʰˍʰʽ ˄ ʰ ˋˎ˃ʲʱ˂˂ʶʽ ˋˍʹ˄ 

ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ̄ ˊˈʴ˄˖ˋʹ. 

ʆˇ ʅ˔ʺ˃ʰ 1.1. ʶʾ˄ʰʽ ʶ˄ʵʶʽˁˍʽˁ ̍ʴʽʰ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˋ̱ ˇ˄ ˉʰˊˈ˄ˍʰ ˔ˊˈ˄ˇ. ɶ hˉ˂ʺ ˉˊˇʶˁʲˇ˂ʺ ˍ˖˄ 

ˉʰˊˈ˄ˍ˖˄ ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ẖ˄ ʽ˃ʶˍ˖ˉʾˋʶʽ ˍʰ˔ʷ˖ˌ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ʰ ˁʰʽˊʽˁʱ 

ˋˎˋˍʺ˃ʰˍʰ, ̔ ʵʽʰʾˍʶˊʰ ˋʶ ˃̔ˁˊʺ ˁ˂ʾ˃ʰˁʰΣ ˖ˌ ʶˁ ˍˇˏˍˇˎΣ ʹ ʰˁˊʾʲʶʽʰ ˍˇˎ nowcast ˃ʶʽ˗˄ʶˍʰʽ ˊʰʴʵʰʾʰ 

ʺʵʹ ʶ˄ˍˈˌ ˍʹˌ ˉˊ˗ˍʹˌ ˗́ ʰˌΦ ɳʵ˗ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍˇ ˈˍʽ ˇʽ ˁʰˍʰʽʴʾʵʶˌΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ, ʷ˔ˇˎ˄ 

ˍˎˉʽˁʺ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˃ˈ˄ˇ 30 ˂ ʶˉˍ˗˄Σ ˍˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʻʰ ʰ˄ʰˉˍˎ˔ʻʶʾ ʶˁˍʶ˄ʷˋˍʶˊʰ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 

ˍʹˌ ˉʰˊˇˏˋʰˌ ɻ ʽˉ˂˖˃ʰˍʽˁʺˌ ʁ ˊʴʰˋʾʰˌ. ʅʰ˒˗ˌ ˁ ʰʻˇˊʽˋ˃ʷ˄ʰ (explicit) ˃ ˇ˄ˍʷ˂ʰ ˁ ʰˍʰʽʴʾʵ˖˄, ɻ ʹ˂ʰʵʺ, 

˃ˇ˄ˍʷ˂ʰ NWP ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ ˉʶˊʾˉˇˎ 1 km ʺ ˃ʽˁˊˈˍʶˊʹΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ h˒ ˇ˃ˇʾ˖ˋ ́

ʵʶʵˇ˃ʷ˄˖˄ (data assimilation) ˃ ʷˋʹˌ ˁ ˂ʾ˃ʰˁʰˌ ̫ ˔ˇˎ˄ ʁ ˉʽʵʶʾ˅ʶʽ ̍ ˍʽ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ ʰ ̄́ˇˋˇ˃ˇʽ˗ˋˇˎ˄ 

                                                           
10 ʃˊˇʶˁʲˇ˂ʺΥ ʹ ʶ˄ʷˊʴʶʽʰ ˁʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇˏ ˉˊˇʶˁʲʱ˂˂˖Σ ˉˊˇʷˁˍʰˋʹΣ ˉˊˇʶ˅ˇ˔ʺ˜ ʷ˄ʰ ˍ˃ʺ˃ʰ ˉˇˎ 
ʶˁˍʶʾ˄ʶˍʰʽ ˉʷˊʰ ʰˉˈ ˍʰ ˈˊʽʰ ˍ˖˄ ʴʶʽˍˇ˄ʽˁ˗˄ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄Φ ɶ ˂ʷ˅ʹ ˃ʰˊˍˎˊʶʾˍʰʽ ʰˉˈ ˍˇ муфп ˋˍˇ˄ ɱΦ 
ɮΦ ʃʰˉʰʲʰˋʽ˂ʶʾˇˎ όurl  ̃url). 

http://greek_greek.enacademic.com/140093/%CF%80%CF%81%CE%BF%CE%B5%CE%BA%CE%B2%CE%BF%CE%BB%CE%AE
http://www.iatronet.gr/iatriko-lexiko/provoli-proekvoli-proexoxi.html
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ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

10 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʶˉʽˍˎ˔˗ˌ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ˁʰˍʰʽʴʾʵ˖˄Φ ʆʰ ˃ˇ˄ˍʷ˂ʰ ʰˎˍʱ ˃ˉˇˊˇˏ˄ ˄ʰ hˎ ˅ʺˋˇˎ˄ ˍʹ˄ ʰˁˊʾʲʶʽʰ ʽʵʾ˖ˌ ˃ʶˍʰ 

ʰˉˈ ˃ʽʰ ˗ˊʰ ̄́ ˈʴ˄˖ˋʹˌ ˁʰʽ ˄ʰ ˁʰ˂ˏ˕ˇˎ˄ ˍˇ ̝ɦ ˋ˃ʰ ˃ʶˍʰ˅ˏ ˍʹˌ ˉˊˇʶˁʲˇ˂ʺˌ ˁʰʽ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ 

˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌΦ  ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˍˇ ɦ˃ʶˋˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˃ʷ˔ˊʽ ˉʶˊʾˉˇˎ 60 ˂ ʶˉˍʱΣ ˇʽ ˍʶ˔˄ʽˁʷˌ 

ˉˊˇʶˁʲˇ˂ʺˌ ʶʾ˄ʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˔ˊʺˋʽ˃ʶˌ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˍʰ ˉˊˇʿˈ˄ˍʰ/ˉʰˊʱʴ˖ʴʰ ˋʰ˒˗ˌ 

ˁʰʻˇˊʽˋ˃ʷ˄˖˄ (explicit) ˃ˇ˄ˍʷ˂˖˄ ˁʰˍʰʽʴʾʵ˖˄ ˁʰʻˎˋˍʶˊˇˏ˄ ˂ˇʴ˖ ˍˇˎ ʰˉʰʽˍˇˏ˃ʶ˄ˇˎ ˔ˊˈ˄ˇˎ ʴʽʰ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ̱ ˖˄ ʵʶʵˇ˃ʷ˄˖˄, h ˒ˇ˃ˇʾ˖ˋʹˌ ˁ ʰʽ ˉˊˈʴ˄˖ˋʹˌ. 

 

ǵȑǿȊŭ 1.1.: ǳȍŰȍűȇȈǿ ůȈűȀȊȅŰȅ űȅȏ ŭȈȎȀȂůȇŭȏ ɵȎȖȃȋȓŰȅȏ ȓȏ ŰȐȋǽȎűȅŰȅ űȍȐ 

ɵȎȍȃȋȓŰűȇȈȍȗ ůȗȎȍȐȏ ȃȇŭ ȊůűŭȃȓȃȇȈǿ ȂȎȍȑȖɵűȓŰȅ ȑȓȎȇȈǿȏ ȈȉȀȊŭȈŭȏ ȉȀȃȓȋ ȑȇȉȇȍȊǾűȎȓȋ 

(ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Wilson et al. [1998]) 

ʆʰ ʷ˃ˉʶʽˊʰ ˋˎˋˍʺ˃ʰˍʰ όexpert systemsύ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍʰ ˁʰ˂ˏˍʶˊʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˁʰʻ˗ˌ ˋˎ˄ʵˎʱʸˇˎ˄ ˉ˂ʺʻˇˌ ˉʰˊʰˍʹˊʹˋʽʰˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ ʰ˂ʴˇˊʾʻ˃ˇˎˌ nowcasting 

ˁʰʽ ʶ˅ʰʴˈ˃ʶ˄ʰ ʰˊʽʻ˃ʹˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ όNWPύ ˃ʶ ʶ˅ʶ˂ʽʴ˃ʷ˄ˇ ˍˊˈˉˇΦ 

ɲʽʰˁˊʾ˄ˇ˄ˍʰʽ ˄ hˎˉʶˊˍʶˊˇˏ˄ ʰˉˈ ʱ˂˂ʶˌ ˍʶ˔˄ʽˁʷˌ, ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˃ˉˇˊˇˏ˄ ˄ hʶ˄ˋ˖˃ʰˍ˗˄ˇˎ˄ 

ˉˊˇʴ˄˗ˋʶʽˌ h ˉˈ:  

w ˍʶ˔˄ʽˁʷˌ ̄ ˊˇʶˁʲˇ˂ʺˌ, 

w ˃ˇ˄ˍʷ˂ʰ ʁ ˎˊʶʾʰˌ ˁ ˂ʾ˃ʰˁʰˌ, 

w ˃ˇ˄ˍʷ˂ʰ ˃ ʷˋʹˌ ˁ ˂ʾ˃ʰˁʰˌ, 

w explicit h ˊʽʻ˃ʹˍʽˁʱ ˃ ˇ˄ˍʷ˂ʰ, 

w ˋˍʰˍʽˋˍʽˁʷˌ ̱ ʶ˔˄ʽˁʷˌ ˁ ʰʽ 

w ˍʽˌ ˉʽˇ ˉˊˈˋ˒ʰˍʶˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ʴ˄˗ˋʶʽˌ ˒ˎˋʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˁʰˍʰʴˊʰ˒ˇˏ˄ ʁ ˉʰˊˁ˗ˌ h ˉˈ ˃ˇ˄ˍʷ˂ʰ h ˂˂ʱ ʁ ʾ˄ʰʽ ˉʰˊʰˍʹˊʺˋʽ˃ʶˌ ̀ ˍʰ ˋʶˍ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

 

1.2.2. ȺűŬɟɛɞɔɏɠ  

ʃˊˇʴ˄˗ˋʶʽˌ ʰˎˍˇˏ ˍˇˎ ̱ˏ ˉˇˎ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄̱ʽˁʷˌ ʴʽʰ ˂ʺ˕ʹ ʰˉˇ˒ʱˋʶ˖˄ 

(ɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004̃ Mass, 2012̃ Tafferner and Forster, 2012̃ Wilson and 

Mueller, 1993̃ Wilson et al., 1998̃ Wilson et al., 2004̃ url̃  url), ̀ ˔ʶˍʽˁʷˌ ˃ :ʁ 

http://meetingorganizer.copernicus.org/EGU2013/session/12396
http://www.hep.upatras.gr/class/download/geo_sim_til/Numerical_models_for%20weather_prediction.pdf


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 1: ǑǓǌǒǎǋǎ ǈǑǒǎǐǈǉǎ ð ǎǐǈǑǋǎǑ 11 

w ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ̱ ʹˌ ʸ˖ʺˌ ˁ ʰʽ ˍʹˌ ˉʶˊʽˇˎˋʾʰˌ (ʵʹ˃ˈˋʽʰ h ˋ˒ʱ˂ʶʽʰ), 

w ˍʽˌ ˎˉʹˊʶˋʾʶˌ ̫ ˁˍʰˁˍʹˌ h ˄ʱʴˁʹˌ ˁ ʰʽ ˉˊˇʶʽʵˇˉˇʽʺˋʶ˖˄ όʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʁ ˁˍʱˁˍ˖˄ ˁ ʰʽˊʽˁ˗˄ 

˒ʰʽ˄ˇ˃ʷ˄˖˄), 

w ˎˉʰʾʻˊʽʶˌ h ʻ˂ʹˍʽˁʷˌ, ɻ ʹ˃ˈˋʽʶˌ ˁ ʰʽ ˕ˎ˔ʰʴ˖ʴʽˁʷˌ ɻ ˊʰˋˍʹˊʽˈˍʹˍʶˌ, 

w ˍˇ˄ ˁʰˍʰˋˁʶˎʰˋˍʽˁ ̍ˁ ˂ʱʵˇ, 

w ˍʽˌ ʶˉʽ˔ʶʽˊʺˋʶʽˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˍˇ˄ ʴʶ˄ʽˁˈˍʶˊˇ ʶ˄ʶˊʴʶʽʰˁ ̍ ʶ˒ˇʵʽʰˋ˃ˈ 

(ʲʽˇ˃ʹ˔ʰ˄ʾʰ), 

w ˍʽˌ ʶ˄ʰʷˊʽʶˌ ˃ʶˍʰ˒ˇˊʷˌ (ˊˎʻ˃ʽˋˍʽˁʷˌ ʰˊ˔ʷˌ ˉˍʺˋʶ˖˄, ʵʽʰ˔ʶʽˊʽˋˍʷˌ ʶ˂ʷʴ˔ˇˎ ʶ˄ʰʷˊʽʰˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˁΦ˂ˉΦύ, 

w ˍʽˌ ˔ʶˊˋʰʾʶˌ ˃ ʶˍʰ˒ˇˊʷˌ, 

w ˍʽˌ ˄ʰˎˍʽ˂ʽʰˁʷˌ ˃ ʶˍʰ˒ˇˊʷˌ, 

w ˍˇ ʶ˃ˉˈˊʽˇ, 

w ˍʹ ɹʁ˖ˊʴʾʰ, 

w ˍʹ˄ ʰ˂ʽʶʾʰ, 

w ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ʵʰˋʽˁ˗˄ ̄ ʶˊʽˇ˔˗˄ h ˉˈ ˁʰˍʰˋˍˊˇ˒ʽˁʷˌ ̄ ˎˊˁʰʴʽʷˌ, 

w ˍʹ˄ ʶ˄ʹ˃ʷˊ˖ˋʹ ʴʽʰ ˋ˒ˇʵˊʷˌ ̱ ˇˉʽˁʷˌ ˁ ʰˍʰʽʴʾʵʶˌ, 

w ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˎ ˉˇʵˇ˃˗˄, ̱ ʶ˔˄ʽˁ˗˄ ̫ ˊʴ˖˄, ̌ ʽˁʽˋˍʽˁʺ ̩ɻ ˊʰˋˍʹˊʽˈˍʹˍʰˌ, 

w ˍʹ ˂̋˕ʹ ˃ ʷˍˊ˖˄ ̄ ˊˇˋˍʰˋʾʰˌ ˁ ʰʽ ˉˊˇ˒ˏ˂ʰ˅ʹˌ ̀ ʶ ˉ˂ʹ˃˃ˎˊʽˁʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ, 

w ˍʹ˄ ˉˊˈʴ˄˖ˋʹ  ̄ ˇʽˈˍʹˍʰ ̩̱ ˇˎ ʰʷˊʰ (ʵʽʰˋˉˇˊʱ ˁ ʰʽ ɻ ʽʱ˔ˎˋʹ h ʶˊʾ˖˄ ́ ˏˉ˖˄), 

w ˍʹ˄ ˎʵˊˇ˂ˇʴʾʰ, 

w ˍʹ ɻ́˃ˈˋʽʰ ˎ ʴʶʾʰ, 

w ˍʽˌ ˁʰʻʹ˃ʶˊʽ˄ ʷˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ (ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˁˇʽ˄˖˄ʽˁ˗˄ ʶˁʵʹ˂˗ˋʶ˖,˄ ˍʰ˅ʽʵʽ˗˄ 

ʰ˄ʰ˕ˎ˔ʺˌ, ́ ˏʻ˃ʽˋʹ ̒ ʷˊ˃ʰ˄ˋʹˌ, ʁ ˄ʵˎ˃ʰˋʾʰ, ̞ ˎ˔ʰʴ˖ʴʾʰΣ ˁΦʰΦύ. 

ʅˍ̩̔ ʶˉʽ˔ʶʽˊʹˋʽʰˁʷˌ όoperationalύ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌΣ ˍˇ nowcasting ʶʾ˄ʰʽ ˋˎ˄˗˄ˎ˃ˇ 

˃ʶ ˍʹ˄ ˉʰˊˇ˔ʺ ˎˉʹˊʶˋʽ˗˄ ˉˊˇʶʽʵˇˉˇʾʹˋʹˌ ˃ˈ˄ˇ˄ ʴʽʰ ʻʶˊʽ˄ʱ ʶˉʽˁʾ˄ʵˎ˄ʰ ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰΦ ʂ˃˖ˌΣ 

ʵʶ˄ ˂ʶʽˍˇˎˊʴˇˏ˄ ˈ˂ʶˌ ˇʽ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌ ˁʰˍΩ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΦ ɲʽʰˁˊʾ˄ˇ˄ˍʰʽ ʶˉʾˋʹˌ ˍʰ 

ˋˍˇʽ˔ʶʾʰ ˍʹˌ ʷˊʶˎ˄ʰˌ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹˌ όJoe, 2014)11. 

1.2.3. ȸŬůɘəɎ ȺɟɔŬɚŮɑŬ 

ɼʱˉˇʽʰ ̡ ʰˋʽˁʱ ʁ ˊʴʰ˂ʶʾʰ nowcasting h ˄ʾ˔˄ʶˎˋʹˌ ˃ ʶˍʰʴ˖ʴʽˁ˗˄ ˁ ʰˍʰʽʴʾʵ˖˄Σ ʶʾ˄ʰʽ ˍʰ ˉʰˊʰˁʱˍ˖: 

w ˊʰ˄ˍʱˊ ˁ ʰʽˊˇˏ, 

w ˊʰʵʽˇʲˇ˂ʾʵʶˌ12 (ˊʰʵʽˇʲˇ˂ʾˋʶʽˌ), 

w ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇʾ ̀ ˍʰʻ˃ˇʾ, 

w ˉʰˊʰˍʹˊʺˋʶʽˌ ˎ ʴˊʰˋʾʰˌ όˁʰʽ ˖ˌ оD ̄ ʶʵʾˇ) h ˉˈ GPS, 

w ʰ˄ʽ˔˄ʶˎˍʷˌ/ʰʽˋʻʹˍʺˊʶˌ ́ ˂ʶˁˍˊʽˁ˗˄ ʁ ˁˁʶ˄˗ˋʶ˖˄, 

w ʵˇˊˎ˒ˇˊʽˁʷˌ ʁ ʽˁˈ˄ʶˌ (˄ʶ˒ˇˁʱ˂ˎ˕ʹύ ˁʰʽ ʰ˄ʶ˃ˇ˂ˇʴʽˁʷ̩  ̄h ˊʰˍʹˊʺˋʶʽˌ (wind profilers)13, 

                                                           
11 (Acting Research Manager & Research Scientist, Environment Canada, 2014, ˉˊˇˋ˖ˉʽˁʺ ʁ ˉʽˁˇʽ˄˖˄ʾʰ). 
12 ɶ ˊʰʵʽˇʲˇ˂ʾʵʰ ʶʾ˄ʰʽ ˃ʽʰ ˋˎˋˁʶˎʺ ˉˇˎ ˉˊˇˋʰˊˍʱˍʰʽ ˋʶ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˃ˉʰ˂ˈ˄ʽʰΣ ˃ʶˍˊʱ ʵʽʱ˒ˇˊʶˌ 
ʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˈˉ˖ˌΣ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹΣ ˎ˕ˈ˃ʶˍˊˇΣ ʴʶ˖ʴˊʰ˒ʽˁʺ ʻʷˋʹΣ ʻʶˊ˃ˇˁˊʰˋʾʰΣ 
ˋ˔ʶˍʽˁʺ ˎʴˊʰˋʾʰΣ ˍʰ˔ˏˍʹˍʰ ˁʰʽ ˁʰˍʶˏʻˎ˄ˋʹ ʰ˄ʷ˃ˇˎ ˁʰʽ ˍʽˌ ʰˉˇˋˍʷ˂˂ʶʽ ˋʶ ʷ˄ʰ ˋˍʰʻʶˊˈ ʵʷˁˍʹ όurl). 
13 ʆˇ profiler όʺ wind profilerύ ʶʾ˄ʰʽ ʷ˄ʰ ʶʾʵˇˎˌ ˉʰˊʰˍʹˊʹˍʽˁˇˏ ʶ˅ˇˉ˂ʽˋ˃ˇˏ ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˊʰ˄ˍʱˊ ʺ ʹ˔ʹˍʽˁʱ ˁˏ˃ʰˍʰ όSODARύ ʴʽʰ ˄ʰ ʰ˄ʽ˔˄ʶˏˋʶʽ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˁʰʽ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˍˇˎ 
ʰ˄ʷ˃ˇˎ ˋʶ ʵʽʱ˒ˇˊʰ ˎ˕ˇ˃ʶˍˊʽˁʱ ʶˉʾˉʶʵʰ όurl). 

http://en.wikipedia.org/wiki/Radiosonde
http://en.wikipedia.org/wiki/Wind_profiler


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

12 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

w ʶʽʵʽˁʱ ɻ ʾˁˍˎʰ ˃ ʶ̱ʶ˖ˊˇ˂ˇʴʽˁ˗˄ ̀ ˍʰʻ˃˗˄ (mesonetworks)14. 

 ɳ˄˗Σ ʱ˂˂ʶˌ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ, ʶʾˍʶ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ʶʾˍʶ ˋʶ ʁ̄ ʾˉʶʵˇ ʷˊʶˎ˄ʰˌ, 

ʶʾ˄ʰʽΥ ʹ ̒ʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ʰʷˊʰ όˁʰʽ ˖ˌ оD ˉʶʵʾˇ), ʹ hˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹ, ʹ ̀˔ʶˍʽˁʺ ˎʴˊʰˋʾʰΣ ʹ 

ˍʰ˔ˏˍʹˍʰ ˁʰʽ ʹ ˁʰˍʶˏʻˎ˄ˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ (3D  ˉʶʵʾˇ)Σ ˍˇ ˔ʰ˂ʱʸʽΣ ʹ ʵˊʰˋˍʹˊʽˈˍʹˍʰ ʹ˂ʶˁˍˊʽˁ˗˄ 

ʶˁˁʶ˄˗ˋʶ˖˄Σ ʹ ʲʱˋʹ ˍˇˎ ˄ʷ˒ˇˎˌΣ ʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹ, ʹ ɾʶˍʰʴ˖ʴʽˁʺ ɲʽʰʻʷˋʽ˃ʹ ɲˎ˄ʹˍʽˁʺ ɳ˄ʷˊʴʶʽʰ 

(CAPE)15, ʹ helicity (ʶ˂ʽˁˈˍʹˍʰ16Σ ˇ ʵʶʾˁˍʹˌ ʰˋˍʱʻʶʽʰˌ lifted index17, ʹ ˊˇ ̋ˎʴˊʰˋʾʰˌ ˋʶ ˁh ˍ˗ˍʶˊʰ 

ʶˉʾˉʶʵʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰ,̩ (low level moisture fluxes), ˇ ˂ɹ̌̍ ˌ ʰ˄ʱ˃ʽ˅ʹˌ (mixing ratio)18, ˇ 

ζʵˎ˄ʰ˃ʽˁˈ̩  ̱̀ ˊˇʲʽ˂ʽˋ˃ˈˌη όpotential vorticity)19, ˍˇ ˁhˍʰˁˊʹ˃˄ʾˋʽ˃ˇ ˄ʶˊˈ (precipitable water), ˍˇ 

warm cloud depth20, ʹ ɻʽʱˍ˃ʹˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ (wind shear), ʹ ζ̀ ˏʴˁ˂ʽˋʹη (convergence) ˁʰʽ ʹ 

ζh ˉ̍ˁ˂ʽˋʹη όdivergence)21Σ ʹ ʶʵʰ˒ʽˁʺ ˎ ʴˊʰˋʾʰΣ ʹ ˇˊʰˍˈˍʹˍʰΣ ˁΦʰΦ  

 

ɼ˂ʶʾ˄ˇ˄ˍʰˌΣ ˁʱˉˇʽˇʽ ʶˎˊˏˍʶˊˇʽ  ˔ˊʺˋʽ˃ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ʶʾ˄ʰʽΥ ʹ ˍˇˉˇʴˊʰ˒ʾʰΣ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˁʰʽ ʹ 

ʶʴʴˏˍʹˍʰ ˋˍʹ˄ ʰˁˍʺΦ 

                                                           
14 ɲʾˁˍˎˇ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˋˍʰʻ˃˗˄ όʺ ˃ʶˋˇʵʾˁˍˎˇΣ mesonetύ ʶʾ˄ʰʽ ʷ˄ʰ ʵʾˁˍˎˇ όˋˎ˄ʺʻ˖ˌύ 
ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄˖˄ ˋˍʰʻ˃˗˄Σ ˋ˔ʶʵʽʰˋ˃ʷ˄˖˄ ˄ʰ ˉʰˊʰˍʹˊˇˏ˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˃ʷˋʹˌ 
ˁ˂ʾ˃ʰˁʰˌ όurl). 
15 H CAPE ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˃ʷˍˊˇ ˍˇˎ ˉˇˋˇˏ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ʵʽʰˍʾʻʶˍʰʽ ʴʽʰ ˃ʶˍʰʴ˖ʴʺΦ ʅ˔ʶˍʾʸʶˍʰʽ ʱ˃ʶˋʰ 
˃ʶ ˍʹ ˃ʷʴʽˋˍʹ ʵˎ˄ʹˍʽˁʺ ˁʰˍʰˁˈˊˎ˒ʹ ˍʰ˔ˏˍʹˍʰ ˋʶ ʷ˄ʰ ʰ˄ˇʵʽˁˈ ˊʶˏ˃ʰΦ ɴˍˋʽΣ ˎ˕ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ 
ˎˉˇʵʶʽˁ˄ˏˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˉʽʻʰ˄ˈˍʹˍʶˌ ʴʽʰ ʷ˄ˍˇ˄ʰ ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ όurl  ̃urlΣ ɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ώ2013]). 
ɮ˄ʰˉʰˊʽˋˍʱ ˍʹ˄ ʰˋˍʱʻʶʽʰ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁʰʽ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʷ˄ˍʰˋʹ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ 
όɾʰˎˊˇ˃ʰˍʾʵʹˌΣ 2003). 
16 ɶ helicity όʶ˂ʽˁˈˍʹˍʰύΣ ʶʾ˄ʰʽ ˃ʽʰ ʽʵʽˈˍʹˍʰ ʶ˄ˈˌ ˁʽ˄ˇˏ˃ʶ˄ˇˎ ˊʶˎˋˍˇˏ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍʱ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ˄ʰ 
ʰ˄ʰˉˍˎ˔ʻʶʾ ʶ˂ʽˁˇʶʽʵʺˌ ˊˇʺ όhelical flowύΦ ɳʾ˄ʰʽ ʰ˄ʱ˂ˇʴʹ ˍʹˌ ʽˋ˔ˏˇˌ ˍʹˌ ˊˇʺˌΣ ˍˇˎ ˁʰˍʰˁˈˊˎ˒ˇˎ 
ʵʽʰˍ˃ʹˍʽˁˇˏ ʰ˄ʷ˃ˇˎ ˁʰʽ ˍʹˌ ˉʶˊʽˋˍˊˇ˒ʺˌ ˍʹˌ ˊˇʺˌ όˋˍˊˇʲʽ˂ʽˋ˃ˈˌΣ vorticity). H ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ʶ˂ʽˁˈˍʹˍʰ 
ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍˇ ˁʰˍʰˁˈˊˎ˒ˇ ˉˊˇ˒ʾ˂ ˍˇˎ ʰ˄ʷ˃ˇˎ ˋˍˇ ˁʰˍ˗ˍʶˊˇ ˍ˃ʺ˃ʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ όˋˎ˄ʺʻ˖ˌΣ 
ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ʷ˖ˌ ˁʰʽ о km ˏ ˕ˇˌύΣ ˁʰʽ ˃ʶˍˊʱˍʰʽ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˁʾ˄ʹˋʹ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ όurl). 
17 ʁ ʵʶʾˁˍʹˌ ʰˋˍʱʻʶʽʰˌ όLIύ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˁˇʽ˄ˈ ˃ʷˍˊˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ʰˋˍʱʻʶʽʰˌΦ ɶ ˍʽ˃ʺ ˍˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ 
˃ʶ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˉˇˎ ˇ ʰʷˊʰˌ ˁˇ˄ˍʱ ˋˍˇ ʷʵʰ˒ˇˌ ʻʰ ʶʾ˔ʶ ʶʱ˄ ˎ˕˖˄ˈˍʰ˄ ˋʶ ˁʱˉˇʽˇ 
ˎ˕ʹ˂ˈˍʶˊˇ ʶˉʾˉʶʵˇ όˋˎ˄ʺʻ˖ˌΣ ˉʶˊʾˉˇˎ мулллft [~5500mϐύ ˁʰʽ ˋˏʴˁˊʽˋʹ ʰˎˍʺˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˃ʶ ˍʹ˄ 
ˉˊʰʴ˃ʰˍʽˁʺ ˍʹˌ ˍʽ˃ʺ ˋˍˇ ʶˉʾˉʶʵˇ ʰˎˍˈΦ ɮˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌΣ ˎˉˇʵʹ˂˗˄ˇˎ˄ ʰˋˍʱʻʶʽʰ ς ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ 
ʵʶʽˁ˄ˏˇˎ˄ ˎ˕ʹ˂ˈˍʶˊʹ ʰˋˍʱʻʶʽʰΣ ˁʰʽ ˈˋˇ ʽˋ˔ˎˊˈˍʶˊʰ ʶʾ˄ʰʽ ˍʰ ʰ˄ˇʵʽˁʱ ˊʶˏ˃ʰˍʰΣ ˍˈˋˇ ˉʽˇ ˉʽʻʰ˄ʺ ʶʾ˄ʰʽ ʹ  
ʰ˄ʱˉˍˎ˅ʹ ˁʰˍʰʽʴʾʵ˖˄ όurl). 
18 ɶ ʰ˄ʰ˂ˇʴʾʰ ˍˇˎ ʲʱˊˇˎˌ ˍ˖˄ ˎʵˊʰˍ˃˗˄ ʶ˄ˍˈˌ ˁʰʻˇˊʽˋ˃ʷ˄ˇˎ ˈʴˁˇˎ όˈˉ˖ˌ ʷ˄ʰ ˍʶ˃ʱ˔ʽˇ ʰʷˊʰύΣ ˉˊˇˌ ˍˇ 
ʲʱˊˇˌ ˍˇˎ ˅ʹˊˇˏ ʰʷˊʰ ˉˇˎ ˉʶˊʽʷ˔ʶˍʰʽ ˋˍˇ˄ ʾʵʽˇ ˈʴˁˇ όurl). 
19 ʁ ζʵˎ˄ʰ˃ʽˁˈˌ ˋˍˊˇʲʽ˂ʽˋ˃ˈˌη όpotential vorticityύ ʶʾ˄ʰʽ ˃ʽʰ ˉˇˋˈˍʹˍʰ ˉˇˎ ʶʾ˄ʰʽ ʰ˄ʱ˂ˇʴʹ ˃ʶ ˍˇ 
ˋˍʽʴ˃ʽʰʾˇ ˉˊˇʿˈ˄ όdot productύ ˍˇˎ ˋˍˊˇʲʽ˂ʽˋ˃ˇˏ ˁʰʽ ˍʹˌ ʵʽʰˋˍˊ˖˃ʱˍ˖ˋʹˌ όǎǘǊŀǘƛŦƛŎŀǘƛƻƴύ ˉˇˎΣ 
ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ʷ˄ʰ ʵʷ˃ʰ ʰʷˊʰ ʺ ˏʵʰˍˇˌΣ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰʲ˂ʹʻʶʾ ˃ˈ˄ˇ ˃ʶ ʵʽʰʲʰˍʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌ ώˁʰˍʱ ˍʹ 
ʵʽʰʲʰˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹΣ ˇ ˍʶ˂ʶˋˍʺˌ ˁʽ˄ʹˍʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˍ˖˄ ˉˎˊʺ˄˖˄ ˍ˖˄ ˃ˇˊʾ˖˄ ʶʾ˄ʰʽ ʵʽʰʴ˗˄ʽˇˌ 
(url)] ʺ ʵʽʰʵʽˁʰˋʾʶˌ ˍˊʽʲʺˌ όfrictional processes) (urlύΦ ɲʽʰʵˊʰ˃ʰˍʾʸʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ 
ˋˍˊˇʲʽ˂ʽˋ˃ˇˏ ˋˍʹ˄ ˁˎˁ˂ˇʴʷ˄ʶˋʹ όcyclogenesisύ ώˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʺ ʰˏ˅ʹˋʹ ˍʹˌ ʷ˄ˍʰˋʹˌ ʶ˄ˈˌ ˁˎˁ˂˗˄ʰ ʺ ˃ʽʰˌ 
ˏ˒ʶˋʹˌ όurlύϐΣ ʽʵʾ˖ˌ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ˉˇ˂ʽˁˇˏ ˃ʶˍ˗ˉˇˎ όpolar front) [̱ ˇ ˉˇ˂ʽˁˈ ˃ʷˍ˖ˉˇ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ 
ʹ˃ʽ˃ˈ˄ʽ˃ˇΣ ʹ˃ʽˋˎ˄ʶ˔ʷˌ ˃ʷˍ˖ˉˇ ˉˇˎ ʵʽʰ˔˖ˊʾʸʶʽ ˍʽˌ ˍˊˇˉʽˁʷˌ ʰʷˊʽʶˌ ˃ʱʸʶˌ ʰˉˈ ˍʽˌ ˉˇ˂ʽˁʷˌ όurlύϐΦ ɳʾ˄ʰʽ 
ʶˉʾˋʹˌ ˉˇ˂ˏ ˔ˊʺˋʽ˃ˇ ʴʽʰ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ʶʽˋ˔˖ˊʺˋʶ˖˄ ˍˇˎ ˋˍˊʰˍˇˋ˒ʰʽˊʽˁˇˏ ʰʷˊʰ ʲʰʻʽʱ ˃ʷˋʰ ˋˍʹ˄ 
ˍˊˇˉˈˋ˒ʰʽˊʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ jet streak όˋʹ˃ʶʾʰ ʺ ˉʶˊʽˇ˔ʷˌ ώζˊʱʲʵˇʽηϐ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶʴʾˋˍ˖˄ 
ˍʰ˔ˎˍʺˍ˖˄ ˍˇˎ ʰ˄ʷ˃ˇˎ ˃ʷˋʰ ˋʶ ʷ˄ʰ˄ ʰʶˊˇ˔ʶʾ˃ʰˊˊˇ ώWŜǘ {ǘǊŜŀƳϐ ώurl]). 
20 ɳʾ˄ʰʽ ʹ ˉʶˊʽˇ˔ʺ ˍˇˎ ˄ʷ˒ˇˎˌ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʰʵʽˁʰˋʾʰ collision-coalescence όˋˏʴˁˊˇˎˋʹˌ ς 
ˋˎ˄ʷ˄˖ˋʹˌύ όRyan and Vitale, 2008ύΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ˋˏʴˁˊˇˎˋʹˌ ς ˋˎ˄ʷ˄˖ˋʹˌ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ˋʹ˃ʰ˄ˍʽˁˈ 
˃ʹ˔ʰ˄ʽˋ˃ˈ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˋˍʰʴˇ˄ʽʵʾ˖˄ ʲˊˇ˔ʺˌ ˋʶ ʻʶˊ˃ˈˍʶˊʰ ˄ʷ˒ʹ ό˃ʶ ʻʶˊ˃ˇˁˊʰˋʾʰ ˁˇˊˎ˒ʺˌ ˎ˕ʹ˂ˈˍʶˊʹ 
ʰˉˈ -мрϲ/ύ όurl). 
21 ɶ ˋˏʴˁ˂ʽˋʹ ˁʰʽ ʹ ʰˉˈˁ˂ʽˋʹ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˋˍˇ ʶˉˈ˃ʶ˄ˇ ɼʶ˒ʱ˂ʰʽˇΦ 

http://en.wikipedia.org/wiki/Mesonet
http://www.weatheronline.gr/reports/wxfacts/CAPE---Convective-Available-Potential-Energy.htm
http://forecast.weather.gov/glossary.php?word=cape
http://forecast.weather.gov/glossary.php?word=helicity
http://forecast.weather.gov/glossary.php?word=lifted+index
http://forecast.weather.gov/glossary.php?word=mixing+ratio
http://en.wikipedia.org/wiki/Diabatic
http://en.wikipedia.org/wiki/Potential_vorticity
http://forecast.weather.gov/glossary.php?word=cyclogenesis+
http://forecast.weather.gov/glossary.php?word=polar+front+
http://forecast.weather.gov/glossary.php?word=jet+streak
http://www.physics.byu.edu/faculty/christensen/physics%20137/Figures/Precipitation/Collision-Coalescence%20Process.htm


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ǉǄǔǀǊǀǈǎ 2: ǋǄǒǄǗǐǎǊǎǂǈǉǎ ǓǏǎǁǀǇǐǎ N OWCASTING  

 

ʅˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˇˊʽˋ˃ʷ˄ʰ ʻʷ˃ʰˍʰ ˉˇˎ ʱˉˍˇ˄ˍʰʽ ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ 

ʵʽʶˊʴʰˋʽ˗˄ ˍʹˌ ʰˍ˃ˇˋ˒ʰʾˊʰˌ ˁʰʽ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ʻʶ˖ˊʹˍʽˁˈ ˒ˎˋʽˁˈ ˎˉˈʲʰʻˊˇ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˍ˖˄ 

ˉˊˇʴ˄˗ˋʶ˖˄Φ  

ɼˊʽˍʺˊʽˇ ˍˇˎ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ʵʽʰʵʽˁʰˋʽ˗˄ ˃ʶˍʰʴ˖ʴʺˌ ʰˉˇˍʶ˂ʶʾ ˇ ʲʰʻ˃ˈˌ ʽˋˇˊˊˇˉʾʰˌ ˍʹˌ 

ʰˍ˃ˇˋ˒ʰʾˊʰˌΦ 

 

2.1. ȷŰɛɞůűŬɘɟɘəɐ ȽůɞɟɟɞˊɑŬ  

ɮ˄ ˋʶ ʷ˄ʰ ˍ˃ʺ˃ʰ ʰʷˊʰ ʵˇʻʶʾ ˃ʽʰ ˁʰˍʰˁˈˊˎ˒ʹ ˗ʻʹˋʹ ˉˊˇˌ ˍʰ ʶˉʱ˄˖, ˍˈˍʶ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˋˎ˃ʲˇˏ˄ ˍʰ ʶ˅ʺˌΥ όύh ˍˇ ˍ˃ʺ˃ʰ ʰʷˊʰ ˄ʰ ʴʾ˄ʶʽ ʻʶˊ˃ˈˍʶˊˇ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁʰʽ ˁʰˍΩ ʶˉʷˁˍʰˋʹ ˄ʰ 

ʰˉˇˁˍʺˋʶʽ ˃ʽˁˊˈˍʶˊʹ ˉˎˁ˄ˈˍʹˍΣh ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ʰˉˇˁˍʺˋʶʽ ʻʶˍʽˁʺ ʱ˄˖ˋʹ ˁʰʽ ˄ʰ ʰˊ˔ʾˋʶʽ ˄ʰ 

ʰ˄ˎ˕˗˄ʶˍʰʽ (ʰˋˍʰʻʺˌ ʰˍ˃ˈˋ˒ʰʽˊʰ). ( )̡ ʆ̌  ˍ˃ʺ˃ʰ ʰʷˊʰ ˄ʰ ˉʰˊʰ˃ʶʾ˄ʶʽ ˋˍʹ˄ ʾʵʽʰ ʻʶˊ˃ˇˁˊʰˋʾʰΣ 

ʷ̝ ˇ˄ˍʰˌ ʵʹ˂ʰʵʺ ˍʹ˄ ʾʵʽʰ ˉˎˁ˄ˈˍʹˍʰ ˃ʶ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˃ʹ˄ ˎˉʱˊ˔ʶʽ ʱ˄ ˖ˋʹ ˁʰʽ 

ˍˇ ˍ˃ʺ˃ʰ ʰʷˊʰ ˄ ʰ ˉʰˊʰ˃ʶʾ˄ʶʽ ˋˍʹ ˄ʷʰ ̱ ˇˎ ʻʷˋʹ (ˇˎʵʷˍʶˊʹ h ˍ˃ˈˋ˒ʰʽˊʰ). ( )ɹ ʆ̌  ˍ˃ʺ˃ʰ ʰʷˊʰ ˄ ʰ ʴʾ˄ʶʽ 

˕ˎ˔ˊˈˍʶˊˇ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ, ʱ́ ʰ ˄ʰ ʰˉˇˁˍʺˋʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˉˎˁ˄ˈˍʹˍʰ ˁʰʽ ˄ʰ ʲˎʻʽˋˍʶʾ 

ʶˉʽˋˍˊʷ˒ˇ˄ˍʰˌ ˋˍʹ˄ ʰˊ˔ʽˁʺ ˍˇˎ ʻʷˋʹ (ʶˎˋˍʰʻʺˌ ʰˍ˃ˈˋ˒ʰʽˊʰύΦ ɮ˄ˍʾˋˍˇʽ˔ʰΣ ʶʱ˄ ˋʶ ʷ˄ʰ ˍ˃ʺ˃ʰ ʰʷˊʰ 

ʵ̌ ʻʶʾ ˃ʽʰ ˉˊˇˌ ˍʰ ˁʱˍ˖ ˁʰˍʰˁˈˊˎ˒ʹ ˗ʻʹˋʹ ˍˈˍʶ ˋʶ ʰˋˍʰʻʺ ʰˍ˃ˈˋ˒ʰʽˊʰ ˍˇ ˍ˃ʺ˃ʰ ʴʾ˄ʶˍʰʽ 

˕ˎ˔ˊˈˍʶˊˇ ˁʰʽ ˉˎˁ˄ˈˍʶˊˇ ˋʶ ̝̀ʷˋʹ ˃ʶ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˍˇˎ ˁʰʽ ʲˎʻʾʸʶˍʰʽΣ ˋʶ ˇˎʵʷˍʶˊʹ ʰˍ˃ˈˋ˒ʰʽˊʰ 

ˍˇ ˍ˃ʺ˃ʰ ʰʷˊʰ ˉʰˊʰ˃ʷ˄ʶʽ ˋˍʰʻʶˊΣ̍ ʶ˄˗ ˋʶ ʶˎˋˍʰʻʺ ʰˍ˃ˈˋ˒ʰʽˊʰ ˍˇ ˍ˃ʺ˃ʰ ʴʾ˄ʶˍʰʽ ʻʶˊ˃ˈˍʶˊˇ 

ʷ̝ ˇ˄ˍʰˌ ˃ʽˁˊˈˍʶˊʹ ˉˎˁ˄ˈˍʹˍʰ ʰˉˈ ˍˇ ̄ʁˊʽʲʱ˂˂ˇ˄, ʶˉʽˋˍˊʷ˒ˇ˄ˍʰˌ ˋˍʹ˄ ʰˊ˔ʽˁʺ ˍˇˎ ʻʷˋʹ (ˍʹ ̫̒ˋʹ 

ʽˋˇˊˊˇˉʾʰˌύ όɼ˖˂ʷˍˋʹˌΣ 2010). 

 

ǵȑǿȊŭ 2.1.: ǵȗȃȈȎȇŰȅ űȅȏ ŭűȊȍŰŲŭȇȎȇȈǿȏ ȇŰȍȎȎȍɵȀŭȏ  Ȋů űȅȋ ȇŰȍȎȎȍɵȀŭ ůȋȖȏ ŭȋűȇȈůȇȊǾȋȍȐ 

ɵȍȐ űůȉůȀ Ȑɵȍ ȈŭȆůŰűȘȏ ȂŭȎȗűȅűŭȏ. ǧȐűǾȏ ȍȇ űȎůȇȏ ȈŭűŭŰűǽŰůȇȏ ůȀȋŭȇ ŭȋǽȉȍȃůȏ Ȋů űȇȏ 

ŭȋűȀŰűȍȇȑůȏ ȈŭűŭŰűǽŰůȇȏ ɵȍȐ ůɵȇȈȎŭűȍȗȋ Űűȅȋ ŭűȊȖŰŲŭȇȎŭ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ 

ˉˊ˖ˍˈˍˎˉˇ) 

 

http://eesc.columbia.edu/courses/ees/climate/lectures/atm_phys.html


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

14 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

w ɲʶʾˁˍʶˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˋˍʰʻʶˊˈˍʹˍʰˌ ʺ ʰˋˍʱʻʶʽʰˌ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʹ 

ɾʶˍʰʴ˖ʴʽˁʺ ɲʽʰʻʷˋʽ˃ʹ ɲˎ˄ʹˍʽˁʺ ɳ˄ʷˊʴʶʽʰ όCAPEύΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ 

ˋˎˋˍʺ˃ʰˍʰ nowcasting ̍ ˉ˖ˌ ˍˇ COALITION  (Nisi et al., 2012). 

ɶ ˁh ˍʱˋˍʰˋʹ ̔ ˋˇˊˊˇˉʾʰˌ ̱ ʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ʁ ʾ˄h ʽ ˎˉʶˏʻˎ˄ʹ ɹ ʽʰ ˍˇ˄ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ̀ ˎʴˁʶˁˊʽ˃ʷ˄˖˄ 

ˍˏˉ˖˄ ˄ʶ˒˗˄ ˍʰ ˇˉˇʾʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾΦ ʃˊˈˋ˒ˇˊˇ ˉʶʵʾˇ ʴʽʰ ˍˇ˄ 

ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍˇˎˌ ˎ˒ʾˋˍʰˍʰʽ ˋʶ ʷ˄ʰ ʰˋˍʰʻʷˌ ˉʶˊʽʲʱ˂˂ˇ˄Φ 

 

2.2. Ɂɏűɖ  

ʁ ˎʴˊˈˌ ʰʷˊʰˌ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ˕ˎ˔ʻʶʾΣ ʶʾˍʶ ˃ʶ ʰˁˍʽ˄ˇʲˇ˂ʾʰΣ ʶʾˍʶ ˃ʶ ˃ʶˍʰ˒ˇˊʱ ˋʶ ˕ˎ˔ˊˈˍʶˊʹ 

ˉʶˊʽˇ˔ʺΣ ʶʾˍʶ ˃ʶ ʰʵʽʰʲʰˍʽˁʺ ʶˁˍˈ˄˖ˋʹΦ ʂˍʰ˄ ˈ˃˖ˌΣ ˃ʶ ˃ʽʰ ʰˉˈ ˍʽˌ ˉʰˊʰˉʱ˄˖ ʵʽʰʵʽˁʰˋʾʶˌΣ ʹ 

ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ˃ʶʽ˖ʻʶʾ ˁʱˍ˖ ʰˉˈ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ˋʹ˃ʶʾˇˎ ʵˊˈˋˇˎ όʻʶˊ˃ˇˁˊʰˋʾʰ ʴʽʰ ˍʹ˄ 

ˇˉˇʾʰ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˁˇˊʶˋ˃ˈˌ22Σ ʶʱ˄ ˇʽ ˎʵˊʰˍ˃ˇʾ ˕ˎ˔ʻˇˏ˄ ˔˖ˊʾˌ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˉʾʶˋʹˌ ˁʰʽ ˍˇˎ 

˂ˈʴˇˎ ʰ˄ʱ˃ʽ˅ʹˌ ώɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 2013ϐύΣ ˍˈˍʶ ˃ʷˊˇˌ ˍ˖˄ ˎˉʰˊ˔ˈ˄ˍ˖˄ ˋʶ ʰˎˍˈ˄ ˎʵˊʰˍ˃˗˄ 

ˋˎ˃ˉˎˁ˄˗˄ˇ˄ˍʰʽΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˃ʶˍʰʲʰʾ˄ˇˎ˄ ʰˉˈ ˍʹ˄ ʰʷˊʽʰ ˁʰˍʱˋˍʰˋʹ ˋˍʹ˄ ˎʴˊʺ ʺ ˋˍʶˊʶʺ ˁʰʽ 

ˋ˔́˃ʰˍʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ˂ʶˉˍˈˍʰˍʰ ˋˍʰʴˇ˄ʾʵʽʰ ʶ˄ʵʶʽˁˍʽˁʺˌ ˃ʷˋʹˌ ʵʽʰ˃ʷˍˊˇˎ мл ˖ˌ ол ˃Ƴ 

ʺ ˃ʽˁˊˇʾ ˉʰʴˇˁˊˏˋˍʰ˂˂ˇʽ όʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˉˇˎ ʶˉʽˁˊʰˍʶʾύ. ɼʱʻʶ ˇˊʰˍˈ ˋˏ˄ˇ˂ˇ ʰˉˈ 

ˎʵˊˇˋˍʰʴˇ˄ʽʵʾʰ ʺ ˉʰʴˇˁˊˎˋˍʱ˂˂ˇˎˌ ˉˇˎ ʰʽ˖ˊʶʾˍʰʽ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˂ʷʴʶˍʰʽ ˄ʷ˒ˇˌ. ɱʽʰ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʹ ˋˎ˃ˉˏˁ˄˖ˋʹ ˍ˖˄ ˎʵˊʰˍ˃˗˄ ʰˉʰʽˍʶʾˍʰʽ ʹ ʵʽʶˊʴʰˋʾʰ ˍʹˌ ˉˎˊʹ˄ˇˉˇʾʹˋʹˌ23 

όɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004̃ ɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 2002). 

ʃˊˇˋʻʷˍˇ˄ˍʰˌ ˋˍʰ ˉʰˊʰˉʱ˄˖Σ ˇ ˈˊˇˌ ˄ʷ˒˖ˋʹ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ˉˇˋˇˋˍˈ ˍʹˌ ʷˁˍʰˋʹˌ ˍˇˎ 

ˇˎˊʰ˄ʾˇˎ ʻˈ˂ˇˎ ˉˇˎ ʶʾ˄ʰʽ ˁʰ˂ˎ˃˃ʷ˄ˇˌ ˃ʶ ˄ʷ˒ʹ. ɳˁ˒ˊʱʸʶˍʰʽ ʵʽʶʻ˄˗ˌ ˋʶ ˈʴʵˇʰ ˁʰ˂ˎ˃˃ʷ˄ˇˎ 

ˇˎˊʰ˄ˇˏ. ɲʹ˂ʰʵʺ ˄ʷ˒˖ˋʹ ˃ʹʵʷ˄ (0) ʵʹ˂˗˄ʶʽ ʰʾʻˊʽˇ ˇˎˊʰ˄ˈ όˇˎˊʰ˄ˈˌ ˍʶ˂ʶʾ˖ˌ ʰˁʱ˂ˎˉˍˇˌ ʰˉˈ 

˄ʷ˒ʹύ ʶ˄˗ уκу ˄ʷ˒˖ˋʹ ʵʹ˂˗˄ʶʽ ˇˎ́ʰ˄ˈ ʶ˄ˍʶ˂˗ˌ ˄ʶ˒ˇˋˁʶˉʺ (ˇˎˊʱ˄ʽˇˌ ʻˈ˂ˇˌ ˍʶ˂ʶʾ˖ˌ 

ˁʰ˂ˎˉˍˈ˃ʶ˄ˇˌ ʰˉˈ ˄ʷ˒ʹύΦ ɳʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˈˍʽ ʹ ˄ʷ˒˖ˋʹ ˋˎ˄ʵʷʶˍʰʽ ʱ˃ʶˋʰ ˃ʶ ˍʹ˄ ʹ˂ʽˇ˒ʱ˄ʶʽʰ 

ʵʹ˂ʰʵʺ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˍʹˌ ʹ˃ʷˊʰˌ ˉˇˎ ˇ ʺ˂ʽˇˌ ʶʾ˄ʰʽ ˇˊʰˍˈˌ ˁʰʽ ʰ˄ʶ˃ˉˈʵʽˋˍʰ ˒ˍʱ˄ʶʽ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ̱ ˇˎ ʶʵʱ˒ˇˎˌ ́  ʶ˄ʷˊʴʶʽʱ ̱ ˇˎ όɵɦ˄ʹˌ.a). 

 

2.2.1. ɇŬɝɘɜɧɛɖůɖ 

ʆʰ ˄ʷ˒ʹ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˒ˎˋʽˁʺ ʵʽʶˊʴʰˋʾʰ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˍˇˎˌ ʵʽʰʽˊˇˏ˄ˍʰʽ ˋʶ ˄ʷ˒ʹ ˋˎ˄ˇˉˍʽˁ˗˄ 

ʵʽʰˍʰˊʰ˔˗˄Σ ʰ˄ˇʵʽˁ˗˄ ˊʶˎ˃ʱˍ˖˄Σ ˇˊˇʴˊʰ˒ʽˁʱ ˁʰʽ ˃ʶˍ˖ˉʽˁʱ όʃ˄ʶˎ˃ʰˍʽˁˈˌΣ 2003ύΦ ʆˇ ˃ʷʴʽˋˍˇ ˏ˕ˇˌ 

                                                           
22 ɶ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʺ ˁʰˍʱˋˍʰˋʹ ˉˇˎ ˇʽ ˎʵˊʰˍ˃ˇʾ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ʽˋˇˊˊˇˉʾʰ ˃ʶ ʴʶʽˍˇ˄ʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ˄ʶˊˇˏ 
ˋʶ ˎʴˊʺ ʺ ˋˍʶˊʶʱ ˃ˇˊ˒ʺΣ ˋʶ ˍˊˈˉˇ ˗ˋˍʶ ʹ ˃ʱʸʰ ˄ʶˊˇˏ ˉˇˎ ʶ˅ʰˍ˃ʾʸʶˍʰʽ ˄ʰ ʽˋˇˋˁʶ˂ʾʸʶʽ ʰˎˍʺ ˉˇˎ 
ˋˎ˃ˉˎˁ˄˗˄ʶˍʰʽ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 2013). 
23 ɶ ʵˊʱˋʹ ʶʽʵʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄ όˉˎˊʺ˄ʶˌύ ˁʰˍʱ ˍʹ˄ ˎʴˊˇˉˇʾʹˋʹ ˍ˖˄ ˎʵˊʰˍ˃˗˄ ˋˍʰ ˄ʷ˒ʹΦ ɶ ˎʴˊˇˉˇʾʹˋʹ 
ʰˉʰʽˍʶʾ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʵʽʶˉʽ˒ʱ˄ʶʽʰˌ ˃ʶˍʰ˅ˏ ˍʹˌ ˎʴˊʺˌ ˁʰʽ ˍʹˌ ʰʷˊʽʰˌ ˒ʱˋʹˌ ˁʰʽ ʱˊʰ ˍʹ˄ ˏˉʰˊ˅ʹ 
ˎʴˊˇˋˁˇˉʽˁ˗˄ ˉˎˊʺ˄˖˄Φ ɶ ʵʽʶˊʴʰˋʾʰ ʷ˔ʶʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ 
ʵˎˋˁˇ˂ˈˍʶˊʰ ʰ˄ ˇ ˉˎˊʺ˄ʰˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˃ˈˊʽʰ ˄ʶˊˇˏ όˇ˃ˇʴʶ˄ʺˌ ˉˎˊʹ˄ˇˉˇʾʹˋʹύΦ ɮ˄ˍʾʻʶˍʰ ʹ 
ʵʽʶˊʴʰˋʾʰ ʶˎ˄ˇʶʾˍʰʽ ʰ˄ ˇ ˉˎˊʺ˄ʰˌ ʷ˔ʶʽ ʵʽʰ˒ˇˊʶˍʽˁʺ ˉˊˇʷ˂ʶˎˋʹ ˈˉ˖ˌ ˋˁˈ˄ʹΣ ˉˊˇʿˈ˄ˍʰ ˁʰˏˋʹˌΣ 
ˁˊˏˋˍʰ˂˂ˇʽ ʱ˂ʰˍˇˌ όʶˍʶˊˇʴʶ˄ʺˌ ˉˎˊʹ˄ˇˉˇʾʹˋʹύ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 2002). 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˍ˖˄ ˄ʶ˒˗˄ ʵʶ˄ ˅ʶˉʶˊ˄ʱ ˍʰ мр YƳ όɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004). ɲʽʰˁˊʾ˄ˇ˄ˍʰʽ 

ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˏ˕ˇˌ, ˍʷˋˋʶˊʽˌ ˇ˃ʱʵʶˌ ˄ʶ˒˗˄Υ ˍʰ ˁʰˍ˗ˍʶˊʰ όʺ ˔ʰ˃ʹ˂ʱύΣ ˍʰ ˃ʷˋʰΣ ˍʰ ʰ˄˗ˍʶˊʰ όʺ 

ˎ˕ʹ˂ʱύ ˁʰʽ ˍʰ ˁʰˍʰˁˈˊˎ˒ʹ ̩h ˄ʱˉˍˎ˅ʹˌ όʃʾ˄. 2.1., ʅ˔Φ 2.2.).  

 

ǳȀȋŭȈŭȏ 2.1.: ǲȇ ȂŭŰȇȈǾȏ ȍȊǽŮůȏ ȋůŲȘȋ Ȋů űȇȏ ŮȇůȆȋůȀȏ ȍȋȍȊŭŰȀůȏ Ȉŭȇ űŭ ŰȗȊȂȍȉǽ űȍȐȏ 

(ǳȅȃǿ: ǨȀȃȈȉŭȏ, 2007) 

 

w ʆʰ ˎ̞ ʹ˂ʱ ˄ʷ˒ʹ ʵʽʰʻʷˍˇˎ˄ ʴʶ˄ʽˁʱ ˂ʶˉˍʺ ˃ˇˊ˒ʺΣ ˉˊˇ˃ʹ˄ˏˇˎ˄ ˍˇ˄ ʶˊ˔ˇ˃ˈ ʻʶˊ˃ˇˏ 

˃ʶˍ˗ˉˇ2ˎ4 ˁʰʽ ʵʶ˄ ˉʰˊʱʴˇˎ˄ ʲˊˇ˔ʺΦ ɲʹ˃ʽˇˎˊʴˇˏ˄ ˃ʶˊʽˁʺ ʺ/ˁʰʽ ʴʶ˄ʽˁʺ ˄ʷ˒˖ˋʹ ˋʶ 

˃ʶʴʱ˂ʰ ˏ˕ʹ. 

w ʆʰ ˃ʁ ˋʰʾʰ ˄ʷ˒ʹ ʶʾ˄ʰʽ ʰ˄ˇʽ˔ˍˈ˔ˊ˖˃ʰΣ ˁʰʽ ʵʶ˄ ˉʰˊʱʴˇˎ˄ ʲˊˇ˔ʺΦ ʆʰ ˃ʶ˄ altocumulus 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˖ˌ ζʵʽʱ˔ˎˍʶˌ ˍˇˏ˒ʶˌη ʺ ˁʰʽ ˋʶ ˇˊʴʱ˄˖ˋʹΣ ʶ˄˗ ˍʰ altostratus ʶʾ˄h ʽ 

ʵʽʱ˔ˎˍʰ ˋʶ ˃ʶʴʱ˂ʹ ʁ ˉʽ˒ʱ˄ʶʽʰ. 

w ʆʰ ̝h ˃ʹ˂ʱ ˄ʷ˒ʹ ʶʾ˄ʰʽ ˄ʷ˒ʹ ʲˊˇ˔ʺˌΦ ʆʰ ˃ʶ˄ stratus ʶʾ˄ʰʽ ʴˁˊʾʸʰΣ ʵʹ˃ʽˇˎˊʴˇˏ˄ ʴʶ˄ʽˁʺ 

˄ʷ˒˖ˋʹ ˁʰʽ ˈ˃ʲˊˇʽ ̋  h̀ ʻʶ˄ʺˌ ̡ ˊˇ˔ʺ ʶʾ˄ʰʽ ˋˏ˄ʹʻʶˌ ˒ʰʽ˄ˈ˃ʶ˄ˇΦ ʆʰ nimbostratus ʁ ʾ˄ʰʽ 

˄ʷ˒ʹ ˋˎ˄ʶ˔ˇˏˌ ˋˍʰʻʶˊʺˌ ʲˊˇ˔ʺˌ ʺ ˁʰʽ ˔ʽˇ˄ʽˇˏ ˁ ʰʽ ʵʹ˃ʽˇˎˊʴˇˏ˄ ʴʶ˄ʽˁʺ ˄ʷ˒˖ˋʹ. 

w ɱʽʰ ˄ʰ ʰ˄ʰˉˍˎ˔ʻʶʾ ʷ˄ʰ ˄ʷ˒ˇˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ʰˉʰʽˍʶʾˍʰʽ ʻʶˊ˃ʽˁʺ ʶ˄ʷˊʴʶʽʰ 

ʰˉˈ ˍˇ ʷʵʰ˒ˇˌΦ ɶ ʶ˄ʷˊʴʶʽʰ ʰˎˍʺΣ ˃ʶ ˃ˇˊ˒ʺ ʻʶˊ˃ˇˏ ˊʶˏ˃ʰˍˇˌΣ ʰ˄ʷˊ˔ʶˍʰʽ ˉˊˇˌ ˍʰ 

                                                           
24 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

16 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʶˉʱ˄˖ ˃ʷ˔ˊʽ ˄ʰ ˎʴˊˇˉˇʽʹʻʶʾΦ ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʻʶˊ˃ʽˁˈ ˄ʷ˒ˇˌ ˍˏˉˇˎ 

cumulus25. ʆˇ ̝̀ ʺ˃ʰ ζɦˁ˃˖˄ʰη ʺ ζʰ˃ˇ˄ʽˇˏη ˋˍʹ˄ ˁˇˊˎ˒ʺ ˍˇˎ cumulonimbus, 

ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇˎˌ ʽˋ˔ˎˊˇˏˌ ʰ˄ʷ˃ˇˎˌ ˍʹˌ ˁʰˍ˗ˍʶˊʹˌ ˋˍˊʰˍˈˋ˒ʰʽˊʰˌ (ɵʱ˄ʹˌ.a). 

 

ǵȑǿȊŭ 2.2.: ǩȀŮȅ ǰůŲȘȋ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȍȐ ǨȀȃȈȉŭ, 2007) 

 

w ʆʰ ˋˎˋˍʺ˃ʰˍʰ nowcasting ˁʰˍʰʽʴʾʵ˖˄ ʷ˔ˇˎ˄ ˖ˌ ˋˍˈ˔ˇ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ 

ˋ˖ˊʶʽˍˈ˃ˇˊ˒˖˄ ˄ʶ˒˗˄ ʶ˄˗ ˍʰ nowcast ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʶˋˍʽʱʸˇˎ˄ ˋˍʹ˄ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹ ˉˇˎ ˉˊˇˁʰ˂ʶʾˍʰʽ ʰˉˈ ʵʽʰˋˍˊ˖˃ʰˍʽˁʱ όstratiform) ˄ʷ˒ʹ ˃ʶ ˃ʽˁˊʺ 

ˁʰˍʰˁˈˊˎ˒ʹ ʰ˄ʱˉˍˎ˅ʹΦ 

ɮˁˇ˂ˇˏʻ˖ˌΣ ʶ˅ʹʴʶʾˍʰʽ ̌  ˊˈ˂ˇˌ ˍ˖˄ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ ˁʰʽ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ ʰˋˎ˄ʷ˔ʶʽʰˌ ʺ ˃ʶˍ˖ˉʽˁ˗˄ 

ʶˉʽ˒ʰ˄ʶʽ˗˄ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶ˄ˈˍʹˍʰΦ  

 

2.3. ȷɏɟɘŮɠ ɀɎɕŮɠ  

ʁ ̍́ ˇˌ ζʰʷˊʽʰ ˃ ʱʸʰη ̀́ ˃ʰʾ˄ʶʽ ̀ ˍʹ ʴ˂˗ˋˋʰ ̱ ˖˄ ɾʶˍʶ˖ˊˇ˂ˈʴ˖˄ ̫ ˄ʰ ˎˉʶˊ˃ʶʴʷ̒ ʶˌ ˋ˗˃ʰ h ʷˊˇˌ 

ˍˇ ˇˉˇʾˇ ̄ ʰˊˇˎˋʽʱʸʶʽ ̌ ˊʽʸˈ˄ˍʽʰ ̌ ˃ˇʽˇʴʷ˄ʶʽʰ, ˁ ˎˊʾ˖ˌ ̟ ˌ ˉˊˇˌ ˍʹ˄ ʻʶˊ˃ˇˁˊʰˋʾʰ ˁ ʰ̔ ̱́ ˄ ˎʴˊʰˋʾʰ. 

ʁʽ ˁʰˍʰˁˈˊˎ˒ʶˌ ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʽ ˎʴˊʰˋʾʰˌ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ ˇʽ ʾʵʽʶˌ ˋʶ ˈ˂ʹ ˍʹ˄ 

ʷˁˍʰˋʹ ˉˇˎ ˁʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ʹ ʻʶ˖ˊˇˏ˃ʶ˄ʹ ʰʷˊʽʰ ˃ʱʸʰΦ ɶ ˇˊʽʸˈ˄ˍʽʰ ʷˁˍʰˋʹ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ мллл ʺ 

ˁʰʽ ˉʶˊʽˋˋˈˍʶˊʰ kmΦ ɾʽʰ ʵʹ˂ʰʵʺ  h ʷˊʽʰ ˃ ʱʸʰ ˃ ˉˇˊʶʾ ˄ ʰ ˁh ˂ˏˉˍʶʽ ̫ ˄ʰ ˃ʶʴʱ˂ˇ ˃ ʷˊˇˌ ˃ ʽʰˌ ʹˉʶʾˊˇˎ 

                                                           
25 (url). 

http://www.paragliding.org/book/el/6-7.htm


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 2: ǋǄǒǄǗǐǎǊǎǂǈǉǎ ǓǏǎǁǀǇǐǎ NOWCASTING 17 

ʺ ˁʰʽ ʶ˄ˈˌ ˖ˁʶʰ˄ˇˏΦ ɾʶ ˍʽˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˍ˖˄ ʰʷˊʽ˖˄ ˃ʰʸ˗˄, ʴʶ˄ʽˁʱ, ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʽˋˇ˃ʶˊʺˌ 

ˁʰˍʰ˄ˇ˃ʺ ̱ ʹˌ ʶ˄ʷˊʴʶʽʰˌ ̀ ˍˇ˄ ˉ˂ʰ˄ʺˍʹ όɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004). 

ʅʶ ˁʱʻʶ ʰʷˊʽʰ ˃ʱʸʰ ʽʵʽʰʾˍʶˊʹ ˋʹ˃ʰˋʾʰ ʷ˔ˇˎ˄Υ ʰύ ʹ ˉˇˋˈˍʹˍʰ ˍ˖˄ ˎʵˊʰˍ˃˗˄ ς όˎʴˊʰˋʾʰύ ς ̄ ˇˎ 

˃ʶˍʰ˒ʷˊʶʽΣ ʵʽˈˍʽ ʰˉˈ ˍʹ˄ ˉˇˋˈˍʹˍʰ ʰˎˍʺ ˍ˖˄ ˎʵˊʰˍ˃˗˄ ʻʰ ʶ˅ʰˊˍʹʻʶʾ ˍˇ ˉˇˋˈ ˍ˖˄ ˎʵʰˍ˖ʵ˗˄ 

ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄ ˉˇˎ ʵˏ˄ʰˍʰʽ ˄ʰ ʰ˒ʺˋʶʽ ˉʶˊ˄˗˄ˍʰˌ ʶ̄ ʱ˄˖ ʰˉˈ ʵʽʱ˒ˇˊʶˌ ˉʶˊʽˇ˔ʷˌ ˁʰʽ ʲύ ʹ 

ʻʶˊ˃ˇˁˊʰˋʾʰ ˍʹˌΣ ˁʰʽ ˃ʱ˂ʽˋˍʰ ʹ ˁʰˍʰˁˈˊˎ˒ʹ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʴʽʰˍʾ ʰˎˍʺ ʶʾ˄ʰʽ ˋˎ˄ʵʶʵʶ˃ʷ˄ʹ ʱ˃ʶˋʰ ˃ʶ 

ˍˇ ʶʾʵˇˌ ˍʹˌ ʽˋˇˊˊˇˉʾʰˌ ˍʹˌ ʰʷˊʽʰˌ ˃ʱʸʰˌ ˁʰʽ ˁʰˍΩ ʶˉʷˁˍʰˋʹ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˉˇˎ ˁʰ˂ˏˉˍʶʽ ˃ʽʰ 

ˉʶˊʽˇ˔ʺ26. 

w ʁʽ ˁʽ˄ʺˋʶʽˌ ˍ˖˄ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ ˎˉˇ ˍʹ ˃ˇˊ˒ʺ ʰ˄ʶ˃ˇ˂ˇʴʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʴˊʰ˃˃˗˄ 

ˋˏʴˁ˂ʽˋʹˌ όʶˁˍʶ˄ʷˋˍʶˊʰ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ύΣ ʰˉˇˍʶ˂ˇˏ˄ ʲʰˋʽˁʺ 

ˉˊˇʴ˄˖ˋˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇ ˋʶ ˉ˂ʺʻˇˌ ˋˎˋˍʹ˃ʱˍ˖˄ nowcasting. 
 

2.3.1. ɉŬɟŬəŰɖɟɘůŰɘəɎ ï ɇŬɝɘɜɧɛɖůɖ 

ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ʴʶ˄ʽˁʱΣ ˍ˖˄ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ ˉˊʷˉʶʽ ˄ʰ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ˍˊʾʰ ˁ ˎˊʾ˖ˌ ̀ ˍˇʽ˔ʶʾʰ ̱ ˇˎˌΥ )h 

ʹ ̄́ ʴʺ, ̡ ύ ʹ ʵʽʰʵˊˇ˃ʺ ˁ ʰʽ ύɹ ʹ ʹ˂ʽˁʾʰ ̱ ˇˎˌΦ 

ʃʹʴʺ ˃ʽʰˌ ʰʷˊʽʰˌ ˃ʱʸʰˌ ˇ˄ˇ˃ʱʸʶˍʰʽ ʹ ̄ʁ ˊʽˇ˔ʺ ʶ̄ ʱ˄˖ ˋˍʹ˄ ˇˉˇʾʰ ˋ˔ʹ˃ʰˍʾˋˍʹˁʶ ˁʰʽ ʰˉˈ ˍʹ˄ 

ˇˉˇʾʰ ̄ ʺˊʶ ˒ ˎˋʽˁʱ ˍʰ ˁˏ́ ʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ̱ ʹˌΦ 

ɲʽʰʵˊˇ˃ʺ ̌ ˄ˇ˃ʱʸʶˍʰʽ ʹ ̱ ˊˇ˔ʽʱ ̄ ˇˎ ʰˁˇ˂ˇˏʻʹˋʶ ˃ ʷ˔ˊʽ ˄ ʰ ˒̱ʱˋʶʽ ̀ ˍʹ˄ ˉʶˊʽˇ˔ʺ ̄ ˇˎ ʶ˅ ʶˍʱʸʶˍʰʽ, 

ˉˊˇʶˊ˔ˈ˃ʶ˄ʹ h ˉˈ ˍʹ˄ ˉʰˊʰˉʱ˄˖ ɻ ʽʰʵˊˇ˃ʺ ̱ ʹˌΦ 

ɶ˂ʽˁʾʰ ʶʾ˄ʰʽ ˇ ˔ˊˈ˄ˇˌ ˉˇˎ ˃ʶˋˇ˂ʰʲʶʾ ʴʽʰ ˁʱ˄ʶʽ ʹ ̀ˎ ʸʹˍˇˏ˃ʶ˄ʹ ˃ʱʸʰ ̱ ʹ˄ ˉʰˊʰˉʱ˄˖ ɻ ʽʰʵˊˇ˃ʺ 

ˍʹˌΦ 

ʁʽ ʰʷˊʽʶˌ ˃ʱʸʶˌ ˍʰ˅ʽ˄ˇ˃ˇˏ˄ˍʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˉʹʴʺ ˁʰʽ ˍʹ˄ ʵʽʰʵˊˇ˃ʺ ˍˇˎˌΦ ɲʽʰˁˊʾ˄ˇ˄ˍʰʽ ˇʽ 

ˉˇ˂ʽˁʷˌ όP), ̌ ʽ ˍˊˇˉʽˁʷˌ όT)Σ ˇʽ ʰˊˁˍʽˁʷˌ όɮύ ˁʰʽ ˇʽ ʽˋʹ˃ʶˊʽ˄ʷˌ όɳύ ˉˇˎ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ̀ ʶ ̒h˂ʱˋˋʽʶˌ όɾύ 

ˁʰʽ ʹ̄ ʶʽˊ˖ˍʽˁʷˌ (C) (ɵʱ˄ʹˌ.b). 

 

2.3.2. ȺˊɘűɎɜŮɘŮɠ ŬůɡɜɏɢŮɘŬɠ ï ɀɏŰɤˊŬ  

ʂˍʰ˄ ʵˎˇ ʰʷˊʽʶˌ ˃ʱʸʶˌ ˃ʶ ɻ̔ ʰ˒ˇˊʶˍʽˁʱ ʻʶˊ˃ˇˎʴˊˇ˃ʶˍˊʽˁ ɦ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʷ˂ʻˇˎ˄ ˁʰ̱ʱ ˍʹ˄ 

ˁʾ˄ʹˋʹ ˍˇˎˌ ˋʶ ʶˉʰ˒ʺ, ̱ ˈˍʶ ʶʽˋ˔˖ˊˇˏ˄ ʹ ˃ʽʰ ʶ˄ˍˈˌ ˍʹˌ ʱ˂ ˂ʹˌ ˃ʷ˔ˊʽ ˋʶ ̡ɦʻˇˌ 15 ς 50 km ̄ ʶˊʾˉˇˎ. 

ɴˍˋʽΣ ʹ ˃ʶˍʰ˅ˏ ̱ ˇˎˌ ʵʽʰ˔˖ˊʽˋˍʽˁʺ ʁ ˉʽ˒ʱ˄ʶʽʰ ʁ ʾ˄ʰʽ ˃ʽʰ ζʶˉʽ˒ʱ˄ʶʽʰ h ˋˎ˄ʷ˔ʶʽʰˌη ʹ ˇˉˇʾʰ ̌ ˄ˇ˃ʱʸʶˍʰʽ 

˃ʶˍ˖ˉʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ. ʅˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰΣ ˁʱʻʶ ˃ʶˍ˖ˉʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ʶʾ˄ʰʽ ˃ʽʰ ˋˍʶ˄ʺ ˃ʶˍʰʲʰˍʽˁʺ 

ʸ˗˄ʹ, h ˄ʱ˃ʶˋʰ ˋʶ ʵˎˇ ˉˇ˂ˏ ˃ʶʴʱ˂˖˄ ʵʽʰˍʱˋʶ˖˄ ʰʷˊʽʶˌ ˃ʱʸʶˌΦ ɶ ˍˇ˃ʺ ˃ʽʰˌ ˃ʶˍ˖ˉʽˁʺˌ ʶˉʽ˒ʱ˄ʶʽʰˌ 

˃ʶ ʷ˄ʰ ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇ ʶʾ˄ʰʽ ˃ʽʰ ʴˊʰ˃˃ʺ ˉˇˎ ˂̫ ʴʶˍʰʽ ˃ʷˍ˖ˉˇ όɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ 

ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004). ʁʽ ʷ˄˄ˇʽʶˌ ζ˃ʶˍ˖ˉʽˁʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌη ˁʰʽ ζ˃ʷˍ˖ˉˇη ʻʰ ʻʶ˖ˊˇˏ˄ˍʰʽ 

ˍʰˎˍˈˋʹ˃ʶˌ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ  

ɶ ˏˉʰˊ˅ʹ ʶ˄ˈˌ ˃ʶˍ˗ˉˇˎ ʵʽʰˊˁʶʾ ˍˈˋˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΣ ˈˋˇ ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ˍˇ 

ʵʹ˃ʽˇˏˊʴʹˋʰ˄ ʵʶ˄ ˃ʶˍʰʲʱ˂˂ˇ˄ˍʰʽΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʶʱ˄ ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ʶ˅ʰˋʻʶ˄ʺˋˇˎ˄ ʺ ʶˁ˂ʶʾ˕ˇˎ˄ 

                                                           
26 (url). 

http://www.paragliding.org/book/el/6-7.htm


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

18 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˍʶ˂ʶʾ˖ˌΣ ˇʽ ʰʷˊʽʶˌ ˃ʱʸʶˌ ʰ˄ʰ˃ʶʽʴ˄ˏˇ˄ˍʰʽ ˁʰʽ ˍˇ ˃ʷˍ˖ˉˇ ʵʽʰ˂ˏʶˍʰʽΦ ɶ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ˁʰ˂ʶʾˍʰʽ 

˃ʶˍ˖ˉˇʵʽʱ˂ˎˋʹ όʆˋʰˁʾˊʹˌΣ 1995). 

ɳˉˇ˃ʷ˄˖ˌΣ ˇʽ ˃ʶˍ˖ˉʽˁʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˁʰʽ ˍʰ ˃ʷˍ˖ˉʰ ˃ˉˇˊˇˏ˄ ˄ʰ ̒ʶ˖ˊʹʻˇˏ˄ 

ˇˊʽʰˁʷˌκˋˎ˄ˇˊʽʰˁʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌ (boundary layersύ ˉˇˎ ʵʽʰ˔˖ˊʾʸˇˎ˄ ʰʷˊʽʶˌ ˃ʱʸʶˌ ʵʽʰ˒ˇˊʶˍʽˁʺˌ 

ˉˎˁ˄ˈˍʹˍʰˌΦ ʆˇ мфмуΣ ˇʽ ɿˇˊʲʹʴˇʾ ʶˉʽˋˍʺ˃ˇ˄ʶˌ V. Bjerknes ˁʰʽ H. Solberg ʷʵʶʽ˅ʰ˄ ˈˍʽ ˍʰ ˃ʷˍ˖ˉʰ 

ʷ˔ˇˎ˄ ˁʰ˄ˇ˄ʽˁ ̍ˁˏˁ˂ˇ ʸ˖ʺˌ όɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004ύΦ ɽˇʴ˖ ˍˇˎ ˈˍʽ ʲˊʾˋˁˇ˄ˍʰʽ 

ˋʶ ˁʾ ˄ʹˋʹ, ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʷˋʰ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˁʱˉˇʽʰ ˁ˂ʾˋʹ ˉˊˇˌ ˍˇ ʷʵʰ˒ˇˌΦ ʁ ˕ˎ˔ˊˈˍʶˊˇˌ 

ʰʷˊʰˌ ̟ ˌ ̡h ˊˏˍʶˊˇˌ, ̱ ʶʾ˄ʶʽ ˄ ʰ ʁ̔ ˋ˔˖ˊʺˋʶʽ ˃ ʶ ˍʹ ˃ˇˊ˒ʺ ̀ ˒ʺ˄ʰˌ ˁ ʱˍ˖ h ˉˈ ˍˇ˄ ʻʶˊ˃.̍ 

 

ǵȑǿȊŭ 2.3.: ǶȎȇŮȇǽŰűŭűȅ ŭɵůȇȈȖȋȇŰȅ űȅȏ ŮȍȊǿȏ ȆůȎȊȍȗ ȊůűȘɵȍȐ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ 

ɵȎȓűȖűȐɵȍ űȍȐ ŬůȇŮǽ, 2010) 

 

 

ǵȑǿȊŭ 2.4.: ǶȎȇŮȇǽŰűŭűȅ ŭɵůȇȈȖȋȇŰȅ űȅȏ ŮȍȊǿȏ ȒȐȑȎȍȗ ȊůűȘɵȍȐ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ 

ɵȎȓűȖűȐɵȍ űȍȐ ŬůȇŮǽ, 2010) 

 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 2: ǋǄǒǄǗǐǎǊǎǂǈǉǎ ǓǏǎǁǀǇǐǎ NOWCASTING 19 

ɲʽʰˁˊʾ˄ˇ˄ˍʰʽ ˍʷˋˋʶˊʰ ʲʰˋʽˁʱ ʶʾʵʹΦ ʂˍʰ˄ ˁʰˍʱ ˍʹ˄ ˁʾ˄ʹˋʹ ˍˇˎ ˃ʶˍ˗ˉˇˎΣ ʰˁˇ˂ˇˎʻʶʾ ˇ ʻʶˊ˃ˈˌ 

ʰʷˊʰˌ ˍˇ˄ ˕ˎ˔ˊˈ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎΣ ˍˈˍʶ ˍˇ ˃ʷˍ˖ˉˇ ˁʰ˂ʶʾˍʰʽ ʻʶˊ˃ˈ όʅ˔. нΦоΦύΦ ɮ˄ˍʾˋˍˇʽ˔ʰΣ ˈˍʰ˄ 

ʰˁˇ˂ˇˎʻʶʾ ˇ ˕ˎ˔ˊˈˌ ʰʷˊʰˌ ˍˇ˄ ʻʶˊ˃ˈΣ ˍˈˍʶ ˍˇ ˃ʷˍ˖ˉˇ ˇ˄ˇ˃ʱʸʶˍʰʽ ˕ˎ˔ˊˈ όʅ˔. нΦпΦύΦ ʂˍʰ˄ ʷ˄ʰ 

˃ʷˍ˖ˉˇ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶʽ ˇˎˋʽʰˋˍʽˁʺ ˃ʶˍʰˁʾ˄ʹˋʹ ˁʰ˂ʶʾˍʰʽ ˋˍʱˋʽ˃ˇ ˁʰʽ ˍʷ˂ˇˌ ˈˍʰ˄ ʷ˄ʰ ˕ˎ˔ˊˈ 

˃ʷˍ˖ˉˇ ˋˎ˄ʰ˄ˍʱ ˁʰˍʱ ˍʹ˄ ˃ʶˍʰˁʾ˄ʹˋʺ ˍˇˎ ʷ˄ʰ ʻʶˊ˃ˈΣ ˇ ʻʶˊ˃ˈˌ ʰʷˊʰˌ ʶˁˍˇˉʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˍʰ ʵˎˇ ˃ʷˍ˖ˉʰ ˋˎ˄ʶ˄˗˄ˇ˄ˍʰʽ ˋʶ ʷ˄ʰΣ ˍˇ ˇˉˇʾˇ ˇ˄ˇ˃ʱʸʶˍʰʽ 

ζˋˎ˄ʶˋ˒ʽʴ˃ʷ˄ˇη όoccluded frontύ όɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004). 

w ʅˍʰ ʻʶˊ˃ʱ ˃ʷˍ˖ˉʰΣ ˂ˈʴ˖ ˍʹˌ ʰˋˍʱʻʶʽʰˌ ˍˇˎ ʰʷˊʰ ˉˇˎ ʰ˄ʷˊ˔ʶˍʰʽΣ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ʵʽʱ˒ˇˊʰ 

ʶʾʵʹ ˄ʶ˒˗˄Φ 

w ʅˍʰ ˕ˎ˔ˊʱ ˃ʷˍ˖ˉʰΣ ˇ ʻʶˊ˃ˈˌ ʰʷˊʰˌ ˉˇˎ ʰ˄ʷˊ˔ʶˍʰʽ ˕ˏ˔ʶˍʰʽ ʴˊʺʴˇˊʰ ʰʵʽʰʲʰˍʽˁʱ ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˇʴˁ˗ʵʹ ˄ʷ˒ʹ ˁʰʽ ˄ʰ ʵʾʵˇˎ˄ ʲˊˇ˔ʷˌΦ ɳˉʾˋʹˌΣ ˄ʷ˒ʹ ʰ˄ˇʵʽˁ˗˄ 

ˊʶˎ˃ʱˍ˖˄ ʵˏ˄ʰ˄ˍʰʽ ˄ʰ ˋ˔ʹ˃ʰˍʽˋˍˇˏ˄ ˃ˈ˄ˇ ˉʾˋ˖ ʰˉˈ ˍˇ ˃ʷˍ˖ˉˇ ˁʰʽ ˋʶ ʰˉˈˋˍʰˋʹ ʰˉϥ ʰˎˍˈΦ 

w ʅˍʰ ˋˎ˄ʶˋ˒ʽʴ˃ʷ˄ʰ ˃ʷˍ˖ˉʰΣ ʹ ˄ʷ˒˖ˋʹ ˁʰʽ ˇ ˁʰʽˊˈˌ ˉˇˎ ʻʰ ˉˊˇˁˏ˕ʶʽ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ 

ˁʰʻˇˊʽˋˍʶʾ ˃ʶ ʰˁˊʾʲʶʽʰΦ ʇʶˍˈˌ ˉʱ˄ˍ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʶˍʱ ˍʹ ʵʽʱʲʰˋʹ ˍˇˎ ʶˉʽ˒ʰ˄ʶʽʰˁˇˏ 

˃ʶˍ˗ˉˇˎ ˉʱ˄˖ ʰˉˈ ˃ʾʰ ˉʶˊʽˇ˔ʺ όʃ˄ʶˎ˃ʰˍʽˁˈˌΣ 2003). 

ɶ ̫ˁˍʰˋʹ, ˇˊʽʸˈ˄ˍʽʰ ˁʰʽ ˁʰˍʰˁˈˊˎ˒ʰ ˁʰʽ ˍˇ ˉ˂ʱˍˇˌ ˍʹˌ ˃ʶˍʰʲʰˍʽˁʺˌ ʸ˗˄ʹˌ ˍ˖˄ ˃ʶˍ˗ˉ˖˄, 

ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˃ʷˋʰ ˋʶ ˃ʁ ʴʱ˂ʰ ˈ́ ʽʰΦ ɱʶ˄ʽˁʱΣ ʷ˄ʰ ˃ʷˍ˖ˉˇ ˃ˉˇˊʶʾ ˄ʰ ̒ʁ ˖ˊʹʻʶʾ ˋʹ˃ʰ˄ˍʽˁ ̍ʰˉˈ 

ˋˎ˄ˇˉˍʽˁʺˌ ̄ ˂ʶˎˊʱˌΣ ˈˍʰ˄ ʶˁˍʶʾ˄ʶˍʰʽ ̱ ˇˎ˂ʱ˔ʽˋˍˇ˄, ˃ ʷ˔ˊʽ ̱ ʹ ˋˍʱʻ˃ʹ ̱ ˖˄ урл mb (millibars) ̄ ʶˊʾˉˇˎ 

ˁʰʽ ʷ˔ʶʽ ˃ʺˁˇˌ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ 350 kmΦ ʆˇ ˉ˂ʱˍˇˌ ˍˇˎ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ˁˎ ˃ʰʾ˄ʶˍʰʽ ʰˉˈ р ʷ̟ ˌ рл km 

όɾʰˁˊˇʴʽʱ˄˄ʹˌ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ, 2004). 

w ʆʰ ˃̫ ˍ˖ˉʰ ʵʶ˄ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸˇ˄ˍʰʽ ʶ˅ʾˋˇˎ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ʰˉˈ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ 

ʶ˒ʰˊ˃ˈʸˇˎ˄ ˍʶ˔˄ʽˁʷˌ ˒ʰˋ˃ʰˍʽˁ˗˄ ʰ˂ʴˇˊʾʻ˃˖˄ όʶˉʶ˅ʹʴˇˏ˄ˍʰʽ ˋˍˇ ʶˉˈ˃ʶ˄ˇ 

ˁʶ˒ʱ˂ʰʽˇύΦ 

ʅˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˍˇ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄.  

 

2.4. ȾŬŰŬɘɔɑŭŮɠ 

ʃˇ˂˂ʱ ʰˍ˃ˇˋ˒ʰʽˊʽˁʱ ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˁʰʽ ʵʽʰˍʰˊʰ˔ʷˌ ˋˎ˃ʲʰʾ˄ˇˎ˄ ˋˍʹ˄ ˍˊˇˉˈˋ˒ʰʽˊʰ ˁʰʽ 

ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ ˃ʶʴʱ˂ ́ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ʰˋˍʱʻʶʽʰΣ ˂ˈʴ˖ ˎˉʶˊʰʵʽʰʲʰˍʽˁ˗˄ ˁʰˍʰˁˈˊˎ˒˖˄ 

ʻʶˊ˃ˇʲʰʻ˃ʾʵ˖˄ ˁʰʽ ˃ʶʴʱ˂˖˄ ˉˇˋˇˍʺˍ˖˄ ˎʵˊʰˍ˃˗˄Φ hʽ ʵʽʰˍʰˊʰ˔ʷˌ ʰˎˍʷˌ ʷ˔ˇˎ˄ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ 

ˇˊʽʸˈ˄ˍʽʰ ʷˁˍʰˋʹ ˁʰʽ ˃ʶʴʱ˂ʹ ˁʰˍʰˁˈˊˎ˒ʹ ʰ˄ʱˉˍˎ˅ʹΦ ʅˍʽˌ ʵʽʰˍʰˊʰ˔ʷˌ ʰˎˍʷˌ ʰ˄ʺˁˇˎ˄ ˇʽ ˁʰˍʰʽʴʾʵʶˌ 

ˁʰʽ ˇʽ ˋʾ˒˖˄ʶˌ όʃ˄ʶˎ˃ʰˍʽˁˈˌΣ 2003). 

w ʅˎˋˍʺ˃ʰˍʰ nowcasting ˉˇˎ ʶ˅ʶʽʵʽˁʶˏˇ˄ˍʰʽ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ʰˁˊʰʾ˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ 

˒ʰʽ˄ˇ˃ʷ˄˖˄Σ ʷ˔ˇˎ˄ ˖ˌ ˁˏˊʽˇ ˉʶʵʾˇ ʵˊʱˋʹˌ ˍˇˎˌ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Φ 

 

2.4.1. Ƀɟɘůɛɧɠ 

ʁʽ ˁʰˍʰʽʴʾʵʶˌ ʰˉˇˍʶ˂ˇˏ˄ ʷ˄ʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˃ʶ ʲʾʰʽʰ ʶˁʵʺ˂˖ˋʹΣ ˁˏˊʽʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˇˉˇʾʰˌ ʶʾ˄ʰʽ ˇʽ ʹ˂ʶˁˍˊʽˁʷˌ ʶˁˁʶ˄˗ˋʶʽˌΣ ˇʽ ʽˋ˔ˎˊˇʾ ˁʰʽ ˊʽˉʰʾˇʽ ʱ˄ʶ˃ˇʽΣ ʹ ˊʰʴʵʰʾʰ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

20 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʲˊˇ˔ˈˉˍ˖ˋʹ ˁʰʽ ˋˎ˔˄ʱ ʹ ˔ʰ˂ʰʸˈˉˍ˖ˋʹΦ ʃʰˊˈ˂ˇ ˉˇˎ ˂ʾʴʰ ˃ˈ˄ˇ ˄ʷ˒ʹ ˁʰˍʰˁˈˊˎ˒ʹˌ ʰ˄ʱˉˍˎ˅ʹˌ 

ʶ˅ʶ˂ʾˋˋˇ˄ˍʰʽ ˋʶ ˁʰˍʰʽʴʾʵʶˌΣ ˈ˂ʰ ˍʰ ˁʰˍʰʽʴʽʵˇ˒ˈˊʰ ˄ʷ˒ʹ ʶʾ˄ʰʽ ˄ʷ˒ʹ ˁʰˍʰˁˈˊˎ˒ʹˌ ʰ˄ʱˉˍˎ˅ʹˌΦ ɾˈ˄ˇ 

ˇʽ ˋ˖ˊʶʽˍˇ˃ʶ˂ʰ˄ʾʶˌ όCbύ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʰˊʱʴˇˎ˄ ˁʰˍʰʽʴʾʵʶˌΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍˇˎˌ ˋ˖ˊʶʾˍʶˌ όCuύ ˁʰʽ 

ˍˇˎˌ ˋˎ˃ˉʰʴʶʾˌ ˋ˖ˊʶʾˍʶˌ ό/ǳ ŎƻƴύΣ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ ˉˇˎ ˍˇ ˔ʰˊʰˁˍʹˊʾʸʶʽ ʰˋʻʶ˄ʺˌ 

ʰ˄ˇʵʽˁʺ ˃ʶˍʰ˒ˇˊʱΣ ˇʽ ˋ˖ˊʶʽˍˇ˃ʶ˂ʰ˄ʾʶˌ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋʶ ˋˎ˄ʻʺˁʶˌ ʷ˄ˍˇ˄ʹˌ ʰ˄ˇʵʽˁʺˌ ˃ʶˍʰ˒ˇˊʱˌ 

(ʊˈˊʹˌ, 2006). 

 

2.4.2. ȹɞɛɘəɧ ůŰɞɘɢŮɑɞ 

ɼʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ Thunderstorm (Byers and Braham, 1949ύ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ 

ˍʹˌ CƭƻǊƛŘŀ ˁʰʽ ˍˇˎ hƘƛƻ ʵʽʶ˅ʺ˔ʻʹˋʰ˄ ˉʰˊʰˍʹˊʺˋʶʽˌ ˁʰˍʰʽʴʾʵ˖˄ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ʰʶˊˇˋˁʰ˒˗˄ 

ʷˊʶˎ˄ʰˌ ˁʰʽ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΦ ɮˉˇˁʰ˂ˏ˒ʻʹˁʶ ˍˈˍʶ ˉ˖ˌ ˁˇʽ˄ˈ ʴ˄˗ˊʽˋ˃ʰ ˈ˂˖˄ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ ʶʾ˄ʰʽ 

ˈˍʽ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˃ʾʰ ˍˇˎ˂ʱ˔ʽˋˍˇ ˃ˇ˄ʱʵʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ʰ˄ʱˉˍˎ˅ʹˌΣ ˉˇˎ 

ˇ˄ˇ˃ʱˋˍʹˁʶ ˁˏˍˍʰˊˇ όcellύ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˖ˌ ʹ ʲʰˋʽˁʺ ʵˇ˃ʽˁʺ ˃ˇ˄ʱʵʰ ˃ʽʰˌ ˁʰˍʰʽʴʾʵʰˌΦ ɴ˄ʰ 

ˁʰˍʰʽʴʽʵˇ˒ˈˊˇ ˄ʷ˒ˇˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ˋˎ˔˄ʱ ʰˉˈ ʷ˄ʰ ˉ˂ʺʻˇˌ ˁˎˍˍʱˊ˖˄ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋˍʱʵʽʰ 

ʰ˄ʱˉˍˎ˅ʹˌΦ ʆˇ ˁˏˍˍʰˊˇ ʶʾ˄ʰʽ ˃ʽʰ ʵˎ˄ʰ˃ʽˁʺ ˉʶˊʽˇ˔ʺ ˋ˔ʶˍʽˁʱ ʽˋ˔ˎˊ˗˄ ˁʰˍʰˁˈˊˎ˒˖˄ ˁʽ˄ʺˋʶ˖˄ όˍʱ˅ʹˌ 

˃ʶʴʷʻˇˎˌ ˉˇ˂˂˗˄ ƳκǎύΣ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ˍˎˉʽˁʺ ʰ˄ˇʵʽˁʺ ˍʰ˔ˏˍʹˍʰ ˋˎ˄ˇˉˍʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ˉˇˎ ʶʾ˄ʰʽ 

˂ʾʴʶˌ ʵʶˁʱʵʶˌ ŎƳκǎ όCƻƻǘŜΣ 1985ύΦ ʆˇ ˁˏˍˍʰˊˇ ʶʾ˄ʰʽ ˃ʽʰ ʵˎ˄ʰ˃ʽˁʺ ˇ˄ˍˈˍʹˍʰ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ 

˃ʽʰ ˋˎ˃ˉʰʴʺ ˉʶˊʽˇ˔ʺ ˋ˔ʶˍʽˁʱ ʽˋ˔ˎˊʺˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ˁʾ˄ʹˋʹˌ ʰʷˊʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰʴ˄˖ˊʽˋˍʶʾ ˋˍˇ 

ˊʰ˄ˍʱˊ ʰˉˈ ˍˇ˄ ˈʴˁˇ ˍʹˌ ˋ˔ʶˍʽˁʱ ʷ˄ˍˇ˄ʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉˇˎ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ hˎ ˍˈ ό.ǊƻǿƴƛƴƎΣ 1977). 

ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˉʱ˄ˍ˖ˌ ˈˍʽ ˍʰ ˁˏˍˍʰˊʰ ˈˉ˖ˌ ˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ˁʰˍʰˁˈˊˎ˒ʶˌ ʰʷˊʽʶˌ ˁʽ˄ʺˋʶʽˌ ˁʰʽ ˍʰ 

ˁˏˍˍʰˊʰ ˈˉ˖ˌ ˇˊʾʸˇ˄ˍʰʽ ˋˍˇ ˊʰ˄ˍʱˊ ʰˉˈ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˎʶˍˇˏ ʵʶ˄ ˍʰˎˍʾʸˇ˄ˍʰʽ ˉʱ˄ˍˇˍʶ όʊˈˊʹˌ, 

2006). 

w ɶ ˃ˇˊ˒ʺ ˍ˖˄ ˁˎˍˍʱˊ˖˄ ˉˇˎ ʵʽʰʻʷˍˇˎ˄ ˇʽ ˁʰˍʰʽʴʾʵʶˌΣ ʰˉˇˍʶ˂ʶʾ ˍʹ ʲʱˋʹ ˃ʽʰˌ ʰˊ˔ʺˌ κ 

ˍʁ ˔˄ʽˁʺˌ nowcasting ˉˇˎ ʻʰ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋˍˇ ʶˉˈ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇΣ ˍʹˌ ʽ˔˄ʹ˂ʱˍʹˋʹˌ 

ˁˎˍˍʱˊ˖˄ όcell tracking). 

2.4.3. ȷɜɎˊŰɡɝɖ 

ʁʽ ʲʰˋʽˁʷˌ ˉˊˇːˉˇʻʷˋʶʽˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ ʶˎ˄ˇʿˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁʰˍʰʽʴʾʵ˖˄ 

ʶʾ˄ʰʽΥ 

w ʹ ˏˉʰˊ˅ʹ ˋʹ˃ʰ˄ˍʽˁʺˌ ˎʴˊʰˋʾʰˌ ̀ ˍʰ ˁʰˍ˗ˍʶˊʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁʱ ˋˍˊ˗˃ʰˍʰΣ 

w ʹ ˏˉʰˊ˅ʹ ʰˋˍʱʻʶʽʰˌ ˎ ˉˈ ˋˎ˄ʻʺˁʹ ˋˍʰ ˎ˕ʹ˂ʱ ʶˉʾˉʶʵʰ ˁʰʽ 

w ʹ ˏˉʰˊ˅ʹ ʰ˄ˎ˕˖ˍʽˁˇˏ ˃ʹ˔ʰ˄ʽˋ˃ˇˏ ̄ ˇˎ ʻʷˍʶʽ ˍˇ˄ ʰʷˊʰ ˋʶ ˁʾ˄ʹˋʹΦ 

ɮˁˈ˃ʰ ˁʰʽ ʶʱ˄ ʹ ʰˍ˃ˈˋ˒ʰʽˊʰ ʶʾ˄ʰʽ ʰˋˍʰʻʺˌΣ ʰˉʰʽˍʶʾˍʰʽ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ʵʽʷʴʶˊˋʹˌ ˍʹˌ ʰ˄ˇʵʽˁʺˌ 

˃ʶˍʰ˒ˇˊʱˌ ˉˇˎ ˇʵʹʴʶʾ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁʰˍʰʽʴʾʵ˖˄ όʊˈˊʹˌ, 2006). 

 

 

 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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2.4.4. ȺɚŮɨɗŮɟɖ əŬɘ ŮɝŬɜŬɔəŬůɛɏɜɖ Ŭɜɞŭɘəɐ ɛŮŰŬűɞɟɎ 

ɶ ʵʽʱʵˇˋʹ ʻʶˊ˃ˈˍʹˍʰˌ ˋˍʹ ˒ˏˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍˊʶʽˌ ˍˊˈˉˇˎˌΥ ˃ʶ ʰʴ˖ʴʺΣ ˃ʶ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰʽ ˃ʶ ʰ˄ˇʵʽˁʱ ˊʶˏ˃ʰˍʰ όconvectionύΦ ɶ ˃ʶˍʰʴ˖ʴʺκʰ˄ˇʵʽˁʺ ˃ʶˍʰ˒ˇˊʱ ˃ˉˇˊʶʾ ˄ʰ 

ˇ˒ʶʾ˂ʶˍʰʽ ˋʶ ˃ʹ˔ʰ˄ʽˁʷˌ ʵˎ˄ʱ˃ʶʽˌ ʺ ˋʶ ʵˎ˄ʱ˃ʶʽˌ ʱ˄˖ˋʹˌΦ ɶ ʵʶˏˍʶˊʹ ˉʶˊʾˉˍ˖ˋʹ ˉʰˊʰˍʹˊʶʾˍʰʽ 

ʷˉʶʽˍʰ ʰˉˈ ʷ˄ˍˇ˄ʹ ʶʵʰ˒ʽˁʺ ʻʷˊ˃ʰ˄ˋʹ ʺ ʷˉʶʽˍʰ ʰˉˈ ˕ˏ˅ʹ ˋˍʰ ʰ˄˗ˍʶˊʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁʱ ˋˍˊ˗˃ʰˍʰΦ 

ɶ ʁ˂ ʶˏʻʶˊʹ ʰ˄ˇʵʽˁʺ ˃ʶˍʰ˒ˇˊʱ h ˄ʰ˒ʷˊʶˍʰʽ ˋʶ ʰʷˊʽʰ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ʻʶˊ˃ʰʾ˄ˇ˄ˍʰʽ ʰˊ˔ʽˁʱ ˂ˈʴ˖ 

ˍʹˌ ʶˉʰ˒ʺˌ ˍˇˎˌ ˃ʶ ˍʹ ˋˎˋˋ˖ˊʶˎ˃ʷ˄ʹ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʻʶˊ˃ˈˍʹˍʰ ˉˇˎ ˋ˔ʶˍʾʸʶˍʰʽ ˁˎˊʾ˖ˌ ˃ʶ ˍˇˉʽˁʷˌ 

ʰ˄˖˃ʰ˂ʾʶˌ ζ́ ˂ʽʰˋ˃ˇˏη όƛƴǎƻƭŀǘƛƻƴύ ˂ˈʴ˖ ʵʽʰ˒ˇˊ˗˄ ʰ˄ʰˁ˂ʰˋˍʽˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌ ˍˇˎ ʶʵʱ˒ˇˎˌΦ ʂˍʰ˄ 

ʷ˄ʰ ʰʷˊʽˇ ʵʶʾʴ˃ʰ ˁʰˍʰˋˍʶʾ ˎˉʷˊʻʶˊ˃ˇ ʰˉˇˁˍʱ ˎ˕ʹ˂ˈˍʶˊʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˁʰʽ ˃ʽˁˊˈˍʶˊʹ ˉˎˁ˄ˈˍʹˍʰ 

˂ˈʴ˖ ʵʽʰˋˍˇ˂ʺˌΣ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ˄ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ʰʷˊʰΦ ʆˇ ʻʶˊ˃ˈˍʶˊˇΣ ʰˊʰʽˈˍʶˊˇ ˁʰʽ 

ʰˋˍʰʻʷˋˍʶˊˇ ʵʶʾʴ˃ʰ ʰˊ˔ʾʸʶʽ ˄ʰ ʰ˄ˎ˕˗˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʽ ʰ˄ˍʽˁʰʻʾˋˍʰˍʰʽ ʰˉˈ ˕ˎ˔ˊˈˍʶˊˇ 

ˁʰʽ ˉˎˁ˄ˈˍʶˊˇ ʰʷˊʰ ˉˇˎ ˋˎʴˁ˂ʾ˄ʶʽ ˉˊˇˌ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ˎˉʶˊʻʷˊ˃ʰ˄ˋʹˌ όˋˏʴˁ˂ʽˋʹύΦ ʆˇ ʰˋˍʰʻʷˌ 

ʵʶʾʴ˃ʰ ʻʰ ˋˎ˄ʶ˔ʾˋʶʽ ˄ʰ ʰ˄ʷˊ˔ʶˍʰʽ ˈˋˇ ˉʰˊʰ˃ʷ˄ʶʽ ʻʶˊ˃ˈˍʶˊˇ ˁʰʽ ʰˊʰʽˈˍʶˊˇ ʰˉˈ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ 

ʂˍʰ˄ ˇʽ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˁʰʽ ˇʽ ˉˎˁ˄ˈˍʹˍʶˌ ʵʶʾʴ˃ʰˍˇˌ ˁʰʽ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʶ˅ʽˋ˖ʻˇˏ˄Σ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ 

ʽˋˇˊˊˇˉʾʰ ˁʰʽ ˇ ʰʷˊʰˌ ʰˉˇˁ˂ʾ˄ʶʽ ˇˊʽʸˇ˄ˍʾ˖ˌ όʰˉˈˁ˂ʽˋʹύ όʊˈˊʹˌΣ 2006ύΦ ɶ ˋˏʴˁ˂ʽˋʹ ˁʰʽ ʹ ʰˉˈˁ˂ʽˋʹ 

˃ʶ˂ʶˍ˗˄ˍʰʽ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ˉʰˊʱʴˊʰ˒ˇΦ  

ɳ˅ʰ˄ʰʴˁʰˋ˃ʷ˄ʹ ʰ˄ˇʵʽˁʺ ˃ʶˍʰ˒ˇˊʱ ʶʾ˄ʰʽ ʹ ˁʰˍʰˁˈˊˎ˒ʹ ˃ʶˍʰ˒ˇˊʱ ʶ˄ʷˊʴʶʽʰˌ ˃ʶ ˍˎˊʲ˗ʵʶʽˌ 

ˋˍˊˇʲʾ˂ˇˎˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˁˎˊʾ˖ˌ ˃ʶ ʶ˃ˉˈʵʽʰ ˋˍʹ ˋˍˊ˖ˍʺ ˊˇʺ ˍˇˎ ʰʷˊʰΦ ʃʰˊʰˍʹˊʶʾˍʰʽ ʶˉʾˋʹˌ ˁʰʽ 

ˁʰˍʱ ˃ʺˁˇˌ ʶ˄ʶˊʴ˗˄ ˃ʶˍ˗ˉ˖˄Σ ˍʰ ˇˉˇʾʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˈˊʽʰ ʰʶˊʾ˖˄ ˃ʰʸ˗˄ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˁʰʽ ˉˎˁ˄ˈˍʹˍʶˌΦ ɶ ʽˋ˔ˎˊʺ ˇˊˇʴˊʰ˒ʽˁʺ ˁʰʽ ˃ʶˍ˖ˉʽˁʺ ˃ʶˍʰˍˈˉʽˋʹ ˉʰˊʱʴʶʽ ʷ˄ʰ ʽˋ˔ˎˊˈΣ 

ˋˍʰʻʶˊˈ ʰ˄ˇʵʽˁˈ ˊʶˏ˃ʰ ˁʰʽ ʶʾ˄ʰʽ ˎˉʶˏʻˎ˄ʹ ʴʽʰ ˍʹ˄ ʰ˄ʱ˃ʽ˅ʹ ʰʷˊʰ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʺ ʻʶˊ˃ˇˁˊʰˋʾʰΣ 

ˎʴˊʰˋʾʰ ˁʰʽ ˉˎˁ˄ˈˍʹˍʰ ʰˉˈ ˍʰ ʰ˄˗ˍʶˊʰ ˁʰʽ ˍʰ ˁʰˍ˗ˍʶˊʰ ʶˉʾˉʶʵʰ όʊˈˊʹˌ, 2006). 

 

2.4.5. ȷɜɡɣɤŰɘəɞɑ ɛɖɢŬɜɘůɛɞɑ 

ɶ ˁʰˍʰˁˈˊˎ˒ʹ ˁʾ˄ʹˋʹ ˍˇˎ ʰʷˊʰ ʶʾ˄ʰʽ ˉʱ˄ˍˇˍʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˁʱˉˇʽˇˎ ʰ˄ˎ˕˖ˍʽˁˇˏ ˃ʹ˔ʰ˄ʽˋ˃ˇˏΦ 

ɼʰˍʱ ˍˇ˄ ʊˈˊʹ (2006ύΣ ˍʷˍˇʽˇʽ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

ɮ˄ˇʵʽˁʺ ˃ʶˍʰ˒ˇˊʱ ό˃ʶˍʰʴ˖ʴʺύΦ ʃˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ˈ˃ˇʽʰ ʻʷˊ˃ʰ˄ˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌΦ ɶ ʷ˄ˍˇ˄ʹ 

ʻʷˊ˃ʰ˄ˋʹ ˃ˉˇˊʶʾ ˍˇˉʽˁʱ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ʱ˄ˇʵˇ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋʶ ˍʽ˃ʷˌ 

˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰ ʰ˄ˇʵʽˁʺˌ ˃ʶˍʰ˒ˇˊʱˌΦ ʆˈˍʶ ˇ ʰʷˊʰˌ ˁʰʻʾˋˍʰˍʰʽ ʰˊʰʽˈˍʶˊˇˌ ʰˉˈ ˍˇ˄ 

ˉʰˊʰˁʶʾ˃ʶ˄ˇ ˕ˎ˔ˊˈˍʶˊˇ ʰʷˊʰ ˁʰʽ ʰˊ˔ʾʸʶʽ ˄ʰ ʰ˄ʷˊ˔ʶˍʰʽΦ ʆˇ ʰʾˍʽˇΣ ˂ˇʽˉˈ˄Σ ʶʾ˄ʰʽ ʻʶˊ˃ʽˁˈΦ 

ɾʶˍ˖ˉʽˁʺ ʰ˄ˏ˕˖ˋʹΦ ʃˊˇˁʰ˂ʶʾˍʰʽ ʰˉˈ ˃ʽʰ ˋ˒ʺ˄ʰ ˕ˎ˔ˊˇˏ ʰʷˊʰ ˉˇˎ ʶ˅ʰ˄ʰʴˁʱʸʶʽ ˍˇ 

ʻʶˊ˃ˈˍʶˊˇ ʰʷˊʰ ˋʶ ʱ˄ˇʵˇ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ˁ˂ʾˋʹˌ ˍʹˌ ˃ʶˍ˖ˉʽˁʺˌ ʶˉʽ˒ʱ˄ʶʽʰˌΦ ʆˇ ʰʾˍʽˇΣ ˋˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺΣ ʶʾ˄ʰʽ ʵˎ˄ʰ˃ʽˁˈΦ 

ʁˊˇʴˊʰ˒ʽˁʺ h ˄ˏ˕˖ˋʹ όʅ˔. 2.5.). ʃˊˇˁʰ˂ʶʾˍʰʽ ʰˉˈ ˁʱˉˇʽˇ ʶ˅ʷ˔ˇ˄ ˍˇˉˇʴˊʰ˒ʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ 

όˉΦ˔Φ ˃ʽʰ ˇˊˇˋʶʽˊʱύ ʺ ʰˉˈ ˁʶˁ˂ʽ˃ʷ˄ˇ ʷʵʰ˒ˇˌΦ ɼʰˍʱ ˍʹ˄ ˎˉʶˊˉʺʵʹˋʹ ˍˇˎ ˒ˎˋʽˁˇˏ ʶ˃ˉˇʵʾˇˎ ʹ ʰʷˊʽʰ 

˃ʱʸʰ ˎ˒ʾˋˍʰˍʰʽ ʰʵʽʰʲʰˍʽˁʺ ʶˁˍˈ˄˖ˋʹ ˁʰʽ ˕ˏ˅ʹΦ ʆˇ ʰʾˍʽˇ ʵʹ˃ʽˇˎˊʴʾʰˌ ʶʾ˄ʰʽ ˃ʹ˔ʰ˄ʽˁˈΦ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

22 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

 

ǵȑǿȊŭ 2.5.: ǩȋŮůȇȈűȇȈȖ ŰȈŭȎȀŲȅȊŭ ȍȎȍȃȎŭŲȇȈǿȏ ůɵȀŮȎŭŰȅȏ Űűȅȋ ŭȋȗȒȓŰȅ űȍȐ 

ŭǾȎŭ.(ǭȍȐűŰȍȃȇǽȋȋȅȏ Ȉŭȇ ǱŭȋȆȖɵȍȐȉȍȏ, 1999) 

 

ʅˏʴˁ˂ʽˋʹΦ ʃˊˇˁʰ˂ʶʾˍʰʽ ʰˉˈ ˋˎˋˋ˗ˊʶˎˋʹ ʰʷˊʰ ˋʶ ˃ʽʰ ˉʶˊʽˇ˔ʺ ˁˇ˄ˍʱ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰΣ ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇ˄ ʶ˅ʰ˄ʰʴˁʰˋ˃ˈ ˍʹˌ ˉʶˊʾˋˋʶʽʰˌ ˍˇˎ ʰʷˊʰ ˋʶ ʱ˄ˇʵˇ ʺ ˁʱʻˇʵˇΦ ɼʰʽ ˋ ʁʰˎˍʺ˄ ˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˍˇ ʰʾˍʽˇ ʶʾ˄ʰʽ ˃ʹ˔ʰ˄ʽˁ ̍ όʲʰˊˇ˃ʶˍˊʽˁʱ ˔ʰ˃ʹ˂ʱύ όʊˈˊʹˌΣ 2006). ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ʹ 

ˋˏʴˁ˂ʽˋʹ ˋʶ ʷ˄ʰ ˇˊʽʸˈ˄ˍʽˇ ˉʶʵʾˇ ʰ˄ʷ˃ˇˎ ʵʶʽˁ˄ˏʶʽ ˈˍʽ ˉʶˊʽˋˋˈˍʶˊˇˌ ʰʷˊʰˌ ʶʽˋʷˊ˔ʶˍʰʽ ˋʶ ˃ʽʰ 

ʵʶʵˇ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ʰˉˈ ˈΣˍʽ ʶ˅ʷˊ˔ʶˍʰʽ ˋˍˇ ʶˉʾˉʶʵˇ ʰˎˍΦ̍ ɱʽʰ ˄ʰ ʰ˄ˍʽˋˍʰʻ˃ʽˋˍʶʾ ʹ ˉˊˇˁˏˉˍˇˎˋʰ 

ζ̄ ʶˊʾˋˋʶʽʰηΣ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁˏ˕ʶʽ ˁʰˍʰˁˈˊˎ˒ʹ ˁʾ˄ʹˋʹ ̃ʶʾˍʶ ʰ˄ˇʵʽˁˇˏ ʶ˅ʰ˄ʰʴˁʰˋ˃ˇˏ (upward 

forcing) ʶʱ˄ ʹ ˋˏʴˁ˂ʽˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ ˔ʰ˃ʹ˂ʱ ʶˉʾˉʶʵʰ όʅ˔Φ нΦсΦύ, ʶʾˍʶ ˁʰʻˇʵʽˁˇˏ 

όζˎ̄ ˇ˔˗ˊʹˋʹηΣ subsidence) ʶʱ˄ ʹ ˋˏʴˁ˂ʽˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ ˎ˕ʹ˂ʱ ʶˉʾˉʶʵʰΦ ʁ ʰ˄ˇʵʽˁˈ̩  

ʶ˅ʰ˄ʰʴˁʰˋ˃ˈˌ h ˉˈ ˋˏʴˁ˂ʽˋʹ ˔ʰ˃ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ ʰˎ˅ʱ˄ʶʽ ˍˇ ʵˎ˄ʰ˃ʽˁ ̍ɹ ʽʰ ʰ˄ʱˉˍˎ˅ʹ ˁʰˍʰʽʴʾʵʰˌ27.   

 

ǵȑǿȊŭ 2.6.: ǩȀŮȅ ŭűȊȍŰŲŭȇȎȇȈǿȏ ȈȐȈȉȍŲȍȎȀŭȏ, űȖŰȍ Űűȅȋ ůɵȇŲǽȋůȇŭ ȖŰȍ Ȉŭȇ ȈŭȆǝ ȗȒȍȏ, Ȋů 

űȅȋ ůɵȀŮȎŭŰȅ ůȋȖȏ ȂŭȎȍȊůűȎȇȈȍȗ ȑŭȊȅȉȍȗ (Ǫǽȋȅȏ.b) 

                                                           
27 (url). 

http://forecast.weather.gov/glossary.php?word=convergence


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ɮˉˈˁ˂ʽˋʹ όʅ˔Φ нΦсΦύΦ ɶ ʶˉʷˁˍʰˋʹ ʺ ʶ˅ʱˉ˂˖ˋʹ ʶ˄ˈˌ ʵʽʰ˄ˎˋ˃ʰˍʽˁˇˏ ˉʶʵʾˇˎ˜ ˋˎ˄ʺʻ˖ˌ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˇˊʽʸˈ˄ˍʽˇˎˌ ʰ˄ʷ˃ˇˎˌΦ ɳʾ˄ʰʽ ˍˇ ʰ˄ˍʾʻʶˍˇ ˍʹˌ ˋˏʴˁ˂ʽˋʹˌΦ ɶ ʰˉˈˁ˂ʽˋʹ ˋˍʰ ʰ˄˗ˍʶˊʰ 

ʶˉʾˉʶʵʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ʶ˄ʽˋ˔ˏʶʽ ˍʹ˄ ʰ˄ˇʵʽˁʺ ˁʾ˄ʹˋʹΣ ˁʰʽ ˖ˌ ʶˁ ˍˇˏˍˇˎΣ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ʴʽʰ ʰ˄ʱˉˍˎ˅ʹ 

ˁʰˍʰʽʴʾʵʰˌ όʶʱ˄ ˁʰʽ ʱ˂˂ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ʶˉʾˋʹˌΣ ʶʾ˄ʰʽ ʶˎ˄ˇʿˁˇʾύ28.  

 

2.4.6. ȹɖɛɘɞɡɟɔɑŬ əŬɘ Ůɝɏɚɘɝɖ ɛɘŬɠ əŬŰŬɘɔɑŭŬɠ 

ʅˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ʶ˅ʷ˂ʽ˅ʹ ˃ʽʰˌ ˁʰˍʰʽʴʾʵʰˌ, ɻ ʽʰˁˊʾ˄ˇ˄ˍʰʽ ˍˊʶʽˌ ˒ʱˋʶʽˌΣ ʹ ˒ʱˋʹ ˍʹˌ ʰ˄ʱˉˍˎ˅ʹˌ 

ʺ ˋ˖ˊʶʾˍʹΣ ʹ ˒ʱˋʹ ̱ ʹˌ ˖ˊʾ˃ʰ˄ˋʹˌ ˁ ʰʽ ʹ ˒ʱˋʹ ̱ ʹˌ ʶ˅ʰˋʻʷ˄ʹˋʹˌ ̋  ɻ̔ ʱ˂ˎˋʹˌ όʅ˔. 2.7.).  

ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ˁʰˍʱ ˍˇˎˌ ɾʰˁˊˇʴʽʱ˄˄ʹ ˁʰʽ ʅʰ˔ˋʰ˃ʱ˄̌ ʴ˂ˇˎ (2004), ˇʽ ˒ʱˋʶʽˌ ʶˉʶ˅ʹʴˇˏ˄ˍʰʽ 

˖ˌ ʁ˅ ʺˌ: 

ʊʱˋʹ ̱ ʹˌ h ˄ʱˉˍˎ˅ʹˌ (initiation or cumulus stage) 

ɶ ˒ɦ̀ʹ ʰˎˍʺ ʰˊ˔ʾʸʶʽ ˈ̱ ʰ˄ ʶ˅ʰʽˍʾʰˌ ˁʱˉˇʽʰˌ ʰʽˍʾʰˌ, ˃ ʱʸʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇˏ ʰʷˊʰ ʰ˄ʰʴˁʰˋˍʶʾ ˄ʰ 

ˁʽ˄ʹʻʶʾ ˁ ʰˍʰˁˈˊˎ˒ʰ ̀ ʶ ˉʶˊʽˇ˔ʺ ̄ ˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ̫ ˄ˍˇ˄ʹ h ˋˍʱʻʶʽʰ. ɮˊ˔ʾʸʶʽ ˄ ʰ ̝̀ʹ˃ʰˍʾʸʶˍʰʽ ˄ ʶ˒ʽˁˈ̩  

ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˍˏˉˇˎ cumulusΣ ˃ʶ ˁˏ́ʽˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ ̍ˍˇ ʽˋ˔ˎˊ ̍ʰ˄ˇʵʽˁˈ ˊʶˏ˃ʰΦ ɶ ˍʰ˔ˏˍʹˍʰ ˍˇˎ 

ʰ˄ˇɻ̔ ˁˇˏ ˊʶˏ˃ʰˍˇˌ ʰˎ˅ʱ˄ʶʽ ˃ʶ ˍˇ ˏ˕ˇˌ ˁʰʽ ˋˍʹ˄ ˁˇˊˎ˒ʺ (topύ ˍˇˎ ˄ʷ˒ˇˎˌ, ˒ˍʱ˄ʶʽ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ 

ˍʹ˄ ˍʽ˃ʺ ˍ˖˄ нлm/sΦ ɶ ʶˉʽˍʰ˔ˎ˄ˈ˃ʶ˄ʹ ʰˎˍʺ ˁʾ˄ʹˋʹ ʷ˔ʶʽ ˖ˌ h̄ ˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʷ˄ˍˇ˄ʹ ˕ˏ˅ʹ ˁʰʽ ˍʹ˄ 

ˍʰˎˍˈ˔ˊˇ˄ʹ ʵʽʶʾˋʵˎˋʹ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇˏ ʰʷˊʰ ʰˉˈ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˋˍˇ ̝̠ˊˇ ˍˇˎ ˄ʁ˒ʽˁˇ ˏ

ˋ˔ʹ˃ʰˍʽˋ˃ˇˏΦ ʁ ˋˎ˄ʵˎʰˋ˃ˈˌ h ˎˍ˗˄ ̱ ˖˄ ʵˎˇ ʵʽʰʵʽˁʰˋʽ˗˄ ̫ ˔ʶʽ ̟ ˌ h̄ ˇˍʷ˂ʶˋ˃ʰ ̱ ʹ˄ ˍʰ˔ˏˍʰˍʹ h ˏ˅ʹˋʹ 

ˍʹˌ ˃ʱʸʰˌ ˍˇˎ ˄ʷ˒ˇˎˌ ˉˇˎ ʹ ˁˇˊˎ˒ʺ ˍˇˎ ˋˍʹ ˒ʱˋʹ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ˒̱ ʱˋʶʽ ˋˍˇ ˏ˕ˇˌ ˍ˖˄ мл km. 

ʃʽˋˍʶˏʶˍʰʽ ˈˍʽ ʹ ʵʽʶʾˋʵˎˋʹ ʰˊ˔ʾʸʶʽ ˈˍʰ˄ ˇ ˄ʶ˒ʽˁˈˌ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʷ˔ʶʽ ˒ˍʱˋʶʽ ˋˍˇ ʶˉʾˉʶʵˇ 

ˉʰʴˇˉˇʾ́ˋʹˌ όfreezing levelύΦ ɼʰˍʱ ˍʹ ˒ʱˋʹ ʰˎˍʺΣ ˇ ˄ʶ˒ʽˁˈˌ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʶʾ˄ʰʽ ʻʶˊ˃ˈˍʶˊˇˌ ʰˉˈ ˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄Φ ʆˇ ˍʷ˂ˇˌ ̱ ʹˌ ˒ʱˋʹˌ ̫ ˊ˔ʶˍʰʽ 15 ς 20 ˂ ʶˉˍʱ ˃ ʶˍʰ ʰˉˈ ˍʹ˄ ʷ˄ʰˊ˅ʺ ̱ ʹˌΦ 

 

ʊʱˋʹ ̱ ʹˌ ̟ ˊʾ˃ʰ˄ˋʹˌ (growth or mature stage) 

ɶ ˒ʱˋʹ ʰˎˍʺ ʰˊ˔ʾʸʶʽ ˃ʶ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ʲˊˇ˔ʺˌ ˎˉˇ ˍʹ ˃ˇˊ˒ʺ ˈ˃ʲˊˇˎ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ 

ʶʵʱ˒ˇˎˌΣ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˇʽ ˎʵˊˇˋˍʰʴˈ˄ ʶˌ ʷ˔ˇˎ˄ ˃ʶʴʶʻˎ˄ʻʶʾ ˍˈˋˇ ˉˇ˂ˏ ˉˇˎ ˍˇ ʰ˄ˇʵʽˁ ̍ˊʶˏ˃ʰ 

ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʁ˃ ˉˇʵʾˋʶʽ ˍʶ˂ʽˁʱ ˍʹ˄ ˉˍ˗ˋʹ ˍˇˎˌ ˋˍˇ ʷʵʰ˒ˇˌΦ ɴ˄ʰ ʱ˂˂ˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ ̍ˍʹˌ ˒ʱˋʹˌ 

ʰˎˍʺˌ ʶʾ˄ʰʽ ʹ ʶ˃˒ʱ˄ʽˋʹ ˁʰʻˇʵʽˁˇˏ ˊʶˏ˃ʰˍˇˌ ʵʾˉ˂ʰ ˋˍˇ ʰ˄ˇʵʽˁ ̍ˊʶˏ˃ʰ ˉˇˎ ˍ˗ˊʰ ʷ˔ʶʽ ʰˉˇˁˍʺˋʶʽ 

ʰˁˈ˃ʰ ˃ ʶʴʰ˂ˏˍʶˊʶˌ ̱ ʽ˃ʷˌ ̄ ˇˎ ˅ʶˉʶˊ˄ˇˏ˄ ˁ ʰʽ ˍʰ ол m/sΦ ɶ ˍʰ˔ˏˍʹˍʰ ̱ ˇˎ ˁʰʻˇʵʽˁˇˏ ́ ʶˏ˃ʰˍˇˌ ʁ ʾ˄ʰʽ 

ˋ˔ʶˍʽˁʱ ˃ʽˁˊʺ ˁʰʽ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˈˍʽ ʵʽʰʻʷˍʶʽ ˍˇ ˃ʽˋ ̍˃ʷʴʶʻˇ ̩ʰˉˈ ʶˁʶʾ˄ʹ ˍˇˎ ʰ˄ˇʵʽˁˇˏ ˊʶˏ˃ʰˍˇˌ. 

ʃʰˊʱ˂˂ʹ˂ʰ ˃ʶ ˍʽˌ ˎʵˊˇˋˍʰʴˈ˄ʶˌ, ˒ ˍʱ˄ˇˎ˄ ˋˍˇ ʷʵʰ˒ˇˌ ˁʰʽ ˉʰʴˇˁˊˏˋˍʰ˂˂ˇʽ ˔ʽˇ˄ʽˇˏ ˉˊˇʶˊ˔ˈ˃ʶ˄ˇʽ 

ʰˉˈ ˍʽˌ ˕ˎ˔ˊˈˍʶˊʶˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ˄ʷ˒ˇˎˌ (ˉʶˊʽˇ˔ʷˌ ˃ʶ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʺ ʻʶˊ˃ˇˁˊʰˋʾʰύ ˉˇˎ ˈ˃˖ˌ ʵʶ˄ 

˃ˉˇˊˇˏ˄ ˄ʰ ˒̱ ʱˋˇˎ˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ̱ ˇˎ ʶʵɦ˒ˇˎˌ ʶˉʶʽʵʺ ʹ ̒ʁ ˊ˃ˇˁˊʰˋʾʰ ˁˇ˄ˍʱ ̀ ˍˇ ʷʵʰ˒ˇˌ ʶʾ˄ʰʽ 

ʰˊˁʶˍʱ ˎ˕ʹ˂ʺ. ɮˉˇˍʷ˂ʶˋ˃ʰ ʰˎˍˇˏ ʶʾ˄ʰʽΣ ˍˇ ˁʰʻˇʵʽˁ ̍ˊʶˏ˃ʰ ˄ʰ ˒̱ ʱ˄ʶʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ 

ʶʵʱ˒ˇˎˌ ˖ˌ ̞ˎ ˔ˊʺ ˁʰʽ ˎʴˊʺ ʰʷˊʽʰ ˃ʱʸʰΣ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ʽˋ˔ˎˊʺˌ ˁʰʽ ʰˉˈˍˇ˃ʹˌ ˊʽˉʺˌ, 

ʵʽʰˋˁˇˊˉʾʸˇ˄ˍʰˌ ˍʽˌ ʲˊˇ˔ˇˋˍʰʴˈ˄ ʶˌ ˋˍˇ ˔˗ˊˇ ˁʱˍ˖ ʰˉˈ ˍˇ ˄ʷ˒ˇˌ ˃ʶ ˃ʁ ʴʱ˂ʹ ˋ˒ˇʵˊˈˍʹˍʰ. ʃˇ˂˂ʷˌ 

˒ˇˊʷˌΣ ˇʽ ʲˊˇ˔ˇˋˍʰʴˈ˄ʶˌ ̀ ˎ˄ˇʵʶˏˇ˄ˍʰʽ ˁ ʰʽ ʰˉˈ ˔ʰ˂ʱʸʽ, ɻ ʹ˂ʰʵʺ ̡ ˊˇ˔ˇˋˍʰʴˈ˄ʶˌ ̄ ˇˎ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ 

                                                           
28 (url). 

http://forecast.weather.gov/glossary.php?word=divergence


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

24 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˍˇˎ ʰ˄ˇʵʽˁˇˏ ˁʰʽ ˁʰʻˇʵʽˁˇˏ ˊʶˏ˃ʰˍˇˌ ʲˊʷʻʹˁʰ˄ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˋˍˇ˄ ˔˗ˊˇ ˍˇˎ ˄ʷ˒ˇˎˌ ˉʱ˄˖ ʰˉˈ 

ˍˇ ʁ̄ ʾˉʶʵˇ ˉʰʴˇˉˇʾʹˋʹˌ ˗ˋˍʶ ˄ʰ ̄ʰʴ˗ˋˇˎ˄ ˁʰˍʱ ʵʽʰʵˇ˔ʽˁˇˏˌ ˒˂ˇʽˇˏˌ. ɼʱˍ˖ ʰˉˈ ˍˇ ˔˗ˊˇ ˍʹˌ 

ˁʰˍʰʽʴʾʵʰˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʽʰ ʷ˄ˍˇ˄ʹ ˉˍ˗ˋʹ ˍˈˋˇ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˈ̀ ˇ ˁʰʽ ˍʹˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ 

ˉʾʶˋʹˌ ˉˇˎ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˃ʶ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ ̍ˍˊˈˉˇ ˋˍʰ ʴˊʰ˒ʺ˃ʰˍʰ ˍˇˎ ʻʶˊ˃ˇʴˊʱ˒ˇˎ ˁʰʽ ˍˇˎ 

ʲʰˊˇʴˊʱ˒ˇˎΦ ɶ ʁʽˁˈ˄ʰ ˍ́ ˌ ˁhˍʰʽʴʾʵʰˌ ˁʰˍʱ ˍʹ ˒ʱˋʹ ˍʹˌ ˖ˊʾ˃ʰ˄ˋʹˌ ʹ ̌̄ ˇʾʰ ʵʽʰˊˁʶʾ ˉʶˊʾˉˇˎ 30 

˂ʶˉˍʱ ̀ ˎ˃ˉ˂ʹˊ˗˄ʶˍʰʽ ˃ ʶ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ́ ˂ʶˁˍˊʽˁ˗˄ ʁ ˁˁʶ˄˗ˋʶ˖˄Φ ɶ ˋʶ ˏ˕ˇˌ h ˄ʱˉˍˎ˅ʹ ̱ ˇˎ ˄ʶ˒ʽˁˇˏ 

ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˃ ˉˇˊʶʾ ˄ ʰ ˒̱ʱˋʶʽ ˃ ʷ˔ˊʽ ̱ ˇ ˏ˕ˇˌ ̱ ˖˄ мр km. 

 

ǵȑǿȊŭ 2.7.: ŬǽŰůȇȏ ůȌǾȉȇȌȅȏ Ȋȇŭȏ ȈŭűŭȇȃȀŮŭȏ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ˉˊ˖ˍˈˍˎˉˇ) 

 

ʊʱˋʹ ˍʹˌ ʶ˅ʰˋʻʷ˄ʹˋʹˌ ʺ ʵʽʱ˂ˎˋʹˌ όdissipating stage) 

ʅˍʹ ˒ʱˋʹ ʰˎˍʺ ˍˇ ʰ˄ˇʵʽˁˈ ˊʶˏ˃ʰ ʷ˔ʶʽ ʶ˅ʰˋʻʶ˄ʺˋʶʽ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʶˉʽˁˊʱˍʹˋʹ ˍˇˎ 

ˁʰʻˇʵʽˁˇˏ ˊʶˏ˃ʰˍˇˌ ˁˎˊʾ˖ˌ ˋˍˇ ˁʰˍ˗ˍʶˊˇ ˍ˃ʺ˃ʰΦ ɳ˅ʰʽˍʾʰˌ ʰˁˊʽʲ˗ˌ ˍʹˌ ʶ˅ʰˋʻʷ˄ʹˋʹˌ ˍˇˎ ʰ˄ˇʵʽˁˇˏ 

ˊʶˏ˃ʰˍˇˌΣ ʹ ˁˇˊˎ˒ʺ ˍˇˎ ˄ʶ˒ʽˁˇˏ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ʰˊ˔ʾʸʶʽ ˄ʰ ˉʰˊʰˋˏˊʶˍʰʽ ʰˉˈ ˍʹ˄ ˁˎˁ˂ˇ˒ˇˊʾʰ ˍʹˌ 

ʰ˄˗ˍʶˊʹˌ ˍˊˇˉˈˋ˒ʰʽˊʰˌ ˃ʶ ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʽʱ˂ˎˋʹ ˍʹˌ ˁˇˊˎ˒ʺˌΦ ɶ ʲˊˇ˔ʺ ˉˇˎ ˋˎ˄ʶ˔ʾʸʶʽ ˄ʰ 

ˉʷ˒ˍʶʽ ˋˍˇ ˋˍʱʵʽˇ ʰˎˍˈ ʷ˔ʶʽ ʶ˅ʰˋʻʶ˄ʾˋʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˁʰʽ ʴˊʺʴˇˊʰ ˋˍʰ˃ʰˍʱΦ ɼʱˍ˖ ʰˉˈ ˍˇ ˄ʶ˒ʽˁˈ 

ˋ˔ʹ˃ʰˍʽˋ˃ˈ ʶˉʽˁˊʰˍʶʾ ʱˉ˄ˇʽʰ ʶ˄˗ ʹ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹ ʴˊʺʴˇˊʰ ʰˊ˔ʾʸʶʽ ˁʰʽ ʰ˄ʶʲʰʾ˄ʶʽΦ ʁ ˄ʶ˒ʽˁˈˌ 

ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʴˊʺʴˇˊʰ ʵʽʰ˂ˏʶˍʰʽ ʺ ʵʽʰˋˉʱˍʰʽ ˋʶ ˃ʽˁˊˈˍʶˊʰ ˄ʷ˒ʹΦ  

ʅʹ˃ʰ˄ˍʽˁˈ ˉ˂ʺʻˇˌ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ nowcasting ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʰˊ˔ʷˌ κ ˍʶ˔˄ʽˁʷˌ ʴʽʰ 

˄ʰ ˉˊˇʴ˄˗ˋʶʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹΣ ˍʹ˄ ˖ˊʾ˃ʰ˄ˋʹ ˁʰʽ ˍʹ˄ ʶ˅ʰˋʻʷ˄ʽˋʹ ʺ ʵʽʱ˂ˎˋʹ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Φ 

 

2.4.7. ɇɨˊɞɘ ɛŮ ɓɎůɖ Űɞɜ Űɟɧˊɞ ůɢɖɛŬŰɘůɛɞɨ  

ɮ˄ʱ˂ˇʴʰ ˍˇˎ ˍˊˈˉˇˎ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˍˇˎˌ ˇʽ ˁʰˍʰʽʴʾʵʶˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋˍʽˌ ˃ʶˍ˖ˉʽˁʷˌ ˁʰʽ ˋˍʽˌ 

ˁʰˍʰʽʴʾʵʶˌ ʰʷˊʽʰˌ ˃ʱʸʰˌ όʅ˔Φ нΦуΦύΦ hʽ ˃ʶˍ˖ˉʽˁʷˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ˁʰʽ ʵˎ˄ʰ˃ʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌΦ ɳˉʾˋʹˌΣ ˇʽ 

ˁʰˍʰʽʴʾʵʶˌ ʰʷˊʽʰˌ ˃ʱʸʰˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ˁʰʽ ʻʶˊ˃ʽˁʷˌ όʃ˄ʶˎ˃ʰˍʽˁˈˌΣ 2003). 

http://www.geography.hunter.cuny.edu/tbw/wc.notes/10.thunderstorms.tornadoes/thunderstorm_stages.htm


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ǵȑǿȊŭ 2.8. ǭŭűǽűŭȌȅ ȈŭűŭȇȃȀŮȓȋ ŭȋǽȉȍȃŭ Ȋů űȍ ɵůȎȇȂǽȉȉȍȋ űȍȐȏ 

 

( )h ɾʶˍ˖ˉʽˁʷˌ ˁ ʰˍʰʽʴʾʵʶˌ (frontal thunderstorms) 

ɮ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋˍˇ ˈˊʽˇ ˋˎ˄ʱ˄ˍʹˋʹˌ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʰʶˊʾ˖˄ ˃ʰʸ˗˄ όʻʶˊ˃˗˄ ˁʰʽ ˕ˎ˔ˊ˗˄ ʺ 

ˎʴˊ˗˄ ˁʰʽ ˅ʹˊ˗˄ύΣ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ʶˍ˖ˉʽˁʺˌ ˋˏʴˁ˂ʽˋʹˌΣ ʶˁʶʾ ˈˉˇˎ ˕ˎ˔ˊˈˍʶˊʶˌ ʰʷˊʽʶˌ ˃ʱʸʶˌ 

ˋˎ˄ʰ˄ˍˇˏ˄ ʻʶˊ˃ʷˌ ˁʰʽ ˎʴˊʷˌΣ ʶ˅ʰ˄ʰʴˁʱʸˇ˄ˍʱˌ ˍʶˌ ˋʶ ʰ˄ˏ˕˖ˋʹΦ ɶ ˃ʶˍ˖ˉʽˁʺ ʰ˄ˏ˕˖ˋʹ ʵʶ˄ 

ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʹ˃ʶˊʺˋʽʰ ʵʽʰˁˏ˃ʰ˄ˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌΣ ʴʽϥ ʰˎˍˈ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˁʵʹ˂˖ʻˇˏ˄ 

ˇˉˇʽʰʵʺˉˇˍʶ ˗ˊʰ ˍʹˌ ʹ˃ʷˊʰˌΦ ɼʽ˄ˇˏ˄ˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ˃ʶˍ˗ˉˇˎ ˁʰʽ ʵʽʰ˂ˏˇ˄ˍʰʽ ˈˍʰ˄ ʰˎˍˈ 

ʰˉˇ˃ʰˁˊˎ˄ʻʶʾΦ ʆʷˍˇʽʶˌ ˁʰˍʰʽʴʾʵʶˌ ˃ˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ʰˉˈ ˃ʶʴʱ˂ʰ ˁˏ˃ʰˍʰ 

ʲʰˊˏˍʹˍʰˌΣ ʰˉˈ ˃ʷˍ˖ˉʰ ʻʰ˂ʱˋˋʽʰˌ ʰˏˊʰˌ ʺ ʰˉˈ ˍʹ˄ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˊʽˉʰʾ˖˄ ˃ʶˍ˗ˉ˖˄ ʴʶʽˍˇ˄ʽˁ˗˄ 

ˁˎˍˍʱˊ˖˄Φ 

(i) ɼʰˍʰʽʴʾʵʶˌ ʻʶˊ˃ˇˏ ˃ʶˍ˗ˉˇˎΦ ʅˍˇ ʻʶˊ˃ˈ ˃ʷˍ˖ˉˇ ʹ ʻʶˊ˃ʺ ˃ʱʸʰ ˇ˂ʽˋʻʰʾ˄ʶʽ ˉʱ˄˖ ʰˉˈ ˍʹ˄ 

˕ˎ˔ˊʺ ˃ʱʸʰΦ I ˃ʶˍ˖ˉʽˁʺ ˁ˂ʾˋʹ ʶʾ˄ʰʽ ˃ʽˁˊʺ ˁʰʽ ˇ˂ˈˁ˂ʹˊʹ ʹ ʻʶˊ˃ʺ ʰʷˊʽʰ ˃ʱʸʰ ʰ˄ˎ˕˗˄ʶˍʰʽ ˁʰʽ 

˒ʻʱ˄ʶʽ ˋˍʹ ˋˍʱʻ˃ʹ ˋˎ˃ˉˏˁ˄˖ˋʹˌΣ ˇˉˈˍʶ ʰˊ˔ʾʸʶʽ ˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʵʽʰˋˍˊ˖˃ʰˍʽˁ˗˄ όstratiform) 

˄ʶ˒˗˄Σ ˍʰ ˇˉˇʾʰ ˁʰ˂ˏˉˍˇˎ˄ ˃ʶʴʱ˂ʹ ʷˁˍʰˋʹΦ ʂˍʰ˄ ʹ ʻʶˊ˃ʺ ˃ʱʸʰ ʵˎ˄ʹʻʶʾ ˄ʰ ˒ʻʱˋʶʽ ˋˍˇ ʶˉʾˉʶʵˇ 

ʶ˂ʶˏʻʶˊʹˌ ˃ʶˍʰ˒ˇˊʱˌΣ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˃ʹ˔ʰ˄ʽˁ˗˄ ʺ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁ˗˄ ʰʽˍʾ˖˄Σ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ 

ˁʰˍʰʽʴʾʵʰΦ 

 

ǵȑǿȊŭ 2.9.: ŪȎŭȊȊǿ ŰȗȃȈȉȇŰȅȏ ȓȏ ŮȐȋŭȊȇȈǿ ŭŰȐȋǾȑůȇŭ (ŮůȌȇȖ ŰȈǾȉȍȏ) (ǳȅȃǿ: ŬůȇŮǽȏ, 2010) 

ɼɮʆɮɹɱɹɲɳʅ

ɮʷˊʽʰˌ ɾʱʸʰˌ

ɾʶˍʰʴ˖ʴʽˁʷˌ

ʺ 
ˁʰˍʰˁˈˊˎ˒ʹˌ

˃ʶˍʰ˒ˇˊʱˌ

ʁˊˇʴˊʰ˒ʽˁʷˌ

ɾʶˍ˖ˉʽˁʷˌ

ʁˊʽʸˈ˄ˍʽʰˌ

ɾʶˍʰ˒ˇˊʱˌ 
όˋˎ˄ʰʴ˖ʴʺˌύ

ɸʶˊ˃ˇˏ

ɾʶˍ˗ˉˇˎ

ʌˎ˔ˊˇˏ

ɾʶˍ˗ˉˇˎ

ʃˊˇ˃ʶˍ˖ˉʽˁʷˌ

ʺ ʴˊʰ˃˃ʺˌ

˂ʰʾ˂ʰˉʰˌ



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

26 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

 (ii) ɼʰˍʰʽʴʾʵʶˌ ˕ˎ˔ˊˇˏ ˃ʶˍ˗ˉˇˎΦ I ˃ʶˍ˖ˉʽˁʺ ˁ˂ʾˋʹ ˋˍˇ ˕ˎ˔ˊˈ ˃ʷˍ˖ˉˇ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʶʴʱ˂ʹΣ ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ʹ ˋˍʱʻ˃ʹ ˋˎ˃ˉˏˁ˄˖ˋʹˌ ˁʰʽ ʹ ˋˍʱʻ˃ʹ ʶ˂ʶˏʻʶˊʹˌ ˃ʶˍʰ˒ˇˊʱˌ ˄ʰ ʶʾ˄ʰʽ ˁˇ˄ˍʱΣ ˇˉˈˍʶ 

ˇ˂ˈˁ˂ʹˊʹ ʹ ʰʷˊʽʰ ˃ʱʸʰ ˃ˉˇˊʶʾ ˄ʰ ˒ʻʱˋʶʽ ˍʹ ˋˍʱʻ˃ʹ ʶ˂ʶˏʻʶˊʹˌ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ˄ʰ ˋ˔ʹ˃ʰˍʾˋʶʽ ˄ʷ˒ʹ 

ˁʰˍʰˁˈˊˎ˒ʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ˁʰʽ ˁʰˍʰʽʴʾʵʶˌΦ 

(iii) ɼʰˍʰʽʴʾʵʶˌ ˉˊˇ˃ʶˍ˖ˉʽˁʷˌ ʺ ʴˊʰ˃˃ʺˌ ˂ʰʾ˂ʰˉʰˌ (pre-frontal)Φ ʅ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˋˍʽˌ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ˁʰˍʱ ˍʽˌ ˇˉˇʾʶˌ ʷ˄ʰ ˕ˎ˔ˊˈ ˃ʷˍ˖ˉˇ ˁʽ˄ʶʾˍʰʽ ˍʰ˔ˏˍʰˍʰ ˁʰʽ ˇ ʰʷˊʰˌ ʶ̄ ʱ˄˖ ʰˉˈ ˍˇ 

ˇˊʽʰˁˈκˋˎ˄ˇˊʽʰˁˈ ˋˍˊ˗˃ʰ ʷ˔ʶʽ ˁʰ˄ˇ˄ʽˁʺ ˍʰ˔ˏˍʹˍʰΣ ʶ˄˗ ˁˇ˄ˍʱ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ʶʾ˄ʰʽ 

ʶ˂ʰˍˍ˖˃ʷ˄ʹ ˂ˈʴ˖ ˍˊʽʲʺˌΦ 

( )̡ ɼʰˍʰʽʴʾʵʶˌ h ʷˊʽʰˌ ˃ ʱʸʰˌ (air mass thunderstorms) 

ɳʾ˄ʰʽ ˁʰˍʰʽʴʾʵʶˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˃ʷˋʰ ˋˍʰ ˈˊʽʰ ˃ʽʰˌ ʰʷˊʽʰˌ ˃ʱʸʰˌΦ ɲʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶΥ 

1) ɾʶˍʰʴ˖ʴʽˁʷˌ ʺ ˁʰˍʰʽʴʾʵʶˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ˃ʶˍʰ˒ˇˊʱˌΦ ʅ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˈˍʰ˄ ˎ˒ʾˋˍʰˍʰʽ 

ʰ˄ʱˉˍˎ˅ʹ ˁʰˍʰˁˈˊˎ˒ʹˌ ˃ʶˍʰ˒ˇˊʱˌ ʰʷˊʰ ˂ˈʴ˖ ʰˋˍʱʻʶʽʰˌ ˁʰʽ ʰˏ˅ʹˋʹˌ ˍʹˌ ˎʴˊʰˋʾʰˌ ˃ʶ ˍˇ ˏ˕ˇˌΣ 

ʰ˂˂ʱ ʰˉˇˎˋʽʱʸʶʽ ʰ˄ˎ˕˖ˍʽˁˈ ʰʾˍʽˇΦ ɳʾ˄ʰʽ ʵʽʱˋˉʰˊˍʶˌΣ ˂ˈʴ˖ ˍʹˌ ʰ˄ˇ˃ˇʽˈ˃ˇˊ˒ʹˌ ʻʷˊ˃ʰ˄ˋʹˌ ˍʹˌ 

ʴʺʽ˄ʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌΦ I ˎˉʶˊʻʷˊ˃ʰ˄ˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˍ˖˄ ˁʰˍ˖ˍʷˊ˖˄ ˋˍˊ˖˃ʱˍ˖˄ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ 

ˍˇ ʰˉˈʴʶˎ˃ʰΣ ˁʰˍʱ ˍʹ ʻʶˊ˃ʺ ˉʶˊʾˇʵˇ ˍˇˎ ʷˍˇˎˌΣ ʶʾ˄ʰʽ ʰˊˁʶˍʺ ˄ʰ ʵˊʱˋʶʽ ˖ˌ ʰ˄ˎ˕˖ˍʽˁˈ ʰʾˍʽˇ ˃ʷ˔ˊʽ 

ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˁʰˍʰʽʴʾʵʰˌΣ ʽʵʽʰʾˍʶˊʰ 

ʶ̄ ʱ˄˖ ʰˉˈ ˍʹ˄ ˅ʹˊʱΦ hʽ ˁʰˍʰʽʴʾʵʶˌ ʰˎˍʷˌ ˁʰ˂ˇˏ˄ˍʰʽ ˁʰʽ ʰˉˇʴʶˎ˃ʰˍʽ˄ʷˌ ʺ ʻʶˊ˃ʽˁʷˌ. 

2) ʁˊˇʴˊʰ˒ʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌ όʺ ̱̀ ʱˋʽ˃ʶˌ, stationary). ʅ̝ ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˂ˈʴ˖ ʰˋˍʱʻʶʽʰˌ ˁʰʽ 

ʰˎ˅ʹ˃ʷ˄ʹˌ ˎʴˊʰˋʾʰˌ ˋˍʹ˄ ʰʷˊʽʰ ˃ʱʸʰΦ ʅ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˋʶ ˃ʽʰ ˋˍʱˋʽ˃ʹ ʴˊʰ˃˃ʺ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ 

ˇˊˇˋʶʽˊʱˌΦ ¢ˇ ʰ˄ˎ˕˖ˍʽˁˈ ʰʾˍʽˇ ʶʾ˄ʰʽ ˍʰ ˈˊʹ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ ˍʹ˄ ʶ˅ʰ˄ʰʴˁʰˋ˃ʷ˄ʹ ʰ˄ˏ˕˖ˋʹ ˍʹˌ 

ʰʷˊʽʰˌ ˃ʱʸʰˌ ˁʰʽ ˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΦ ɮˎˍʷˌ ̌ ʽ ˁʰˍʰʽʴʾʵʶˌ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˋˍʽˌ ˉˊˇˋʺ˄ʶ˃ʶˌ 

ˉ˂ʶˎˊʷˌ ˍ˖˄ ʲˇˎ˄˗˄ ˁʰʽ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˈ˂ʶˌ ˍʽˌ ʶˉˇ˔ʷˌΦ 

w ʁʽ ˇˊˇʴˊʰ˒ʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌ ʺ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ ˇˊˇʴˊʰ˒ʽˁʺ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹ ˃ʶ˂ʶˍ˗˄ˍʰʽ ʰˉˈ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ƴƻǿŎŀǎǘƛƴƎ ˈˉ˖ˌ ˍˇ NORA 

(Panziera et al., 2011) ˁʰʽ ˍˇ COALITION  (Nisi et al., 2012), ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ 

ɳ˂ʲʶˍʽˁ˗˄ ɯ˂ˉʶ˖˄Φ 

3) ɼʰˍʰʽʴʾʵʶˌ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰ˒ˇˊʱˌ. ʅ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʰˋˍʱʻʶʽʰ ˉˇˎ ˉʰˊʱʴʶˍʰʽ ˃ʶ 

˃ʶˍʰ˒ˇˊʱ ʻʶˊ˃ˈˍʹˍʰˌ ʰˉˈ ˇˊʽʸˈ˄ˍʽʰ ˁʾ˄ʹˋʹ όadvectionύ ˋ˔ʶˍʽˁ˗ˌ ˕ˎ˔ˊˈˍʶˊʹˌ ʰʷˊʽʰˌ ˃ʱʸʰˌ ˋʶ 

ˎ˕ʹ˂ˈˍʶˊʰ ʶˉʾˉʶʵʰ ʺ ˋ˔ʶˍʽˁ˗ˌ ʻʶˊ˃ˈˍʶˊʹˌ ˋʶ ˉʽˇ ˔ʰ˃ʹ˂ʱ ʶˉʾˉʶʵʰ ʺ ˁʰʽ ˋˎ˄ʵˎʰˋ˃ˈ ˍ˖˄ ʵˎˇ 

ʰˎˍ˗˄ ˋˎ˄ʻʹˁ˗˄29. ɶ ʵʽʷ˂ʶˎˋʹ ˕ˎ˔ˊˇˏ ʰʷˊʰ ʶˉʱ˄˖ ʰˉˈ ˋ˔ʶˍʽˁʱ ʻʶˊ˃ʺ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʻʽˋˍʱ ˍˇ˄ 

ʰʷˊʰ ʰˋˍʰʻʷˋˍʶˊˇΣ ʴʽʰˍʾ ʰˎˍˈˌ ʻʶˊ˃ʰʾ˄ʶˍʰʽ ʰˉˈ ˁʱˍ˖Φ ɴ˄ʰ ʶʾʵˇˌ ˍˇˎˌ ʶʾ˄ʰʽ ˇʽ ʰ˄˗ˍʶˊʶˌ ʺ 

˄ˎˁˍʶˊʽ˄ʷˌ ˁʰˍʰʽʴʾʵʶˌΣ ˇʽ ˇˉˇʾʶˌ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˈˍʰ˄ ˎ˒ʾˋˍʰ˄ˍʰʽ ʰˋˍʱʻʶʽʰ ˁʰʽ ˎʴˊʰˋʾʰ ˃ʶ ˍʹ˄ 

ʰˏ˅ʹˋʹ ˍˇˎ ˏ˕ˇˎˌ ˃ʷˋʰ ˋˍʹ˄ ʰ̱ ˃ˈˋ˒ʰʽˊʰΣ ʶ˄˗ ˋˎ˄ˎˉʱˊ˔ʶʽ ˁʰʽ ˁʱ˂ˎ˕ʹ ˍˇˎ ˇˎˊʰ˄ˇˏ ˃ʶ ˔ʰ˃ʹ˂ʱ 

˄ʷ˒ʹ ˍʽˌ ˄ˎ˔ˍʶˊʽ˄ʷˌ ˗ˊʶˌΣ ˇˉˈˍʶ ˍʰ ˔ʰ˃ʹ˂ʱ ˋˍˊ˗˃ʰˍʰ ˍʹˌ ʰ̱ ˃ˈˋ˒ʰʽˊʰˌ ʵʽʰˍʹˊˇˏ˄ˍʰʽ ʻʶˊ˃ˈˍʶˊʰ 

ˍ˖˄ ʰ˄˖ˍʷˊ˖˄  όʃ˄ʶˎ˃ʰˍʽˁˈˌΣ 2003̃ ʊˈˊʹˌ, 2006). 

 

                                                           
29 (url). 

http://glossary.ametsoc.org/wiki/Advective_thunderstorm
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2.4.8. ɇɨˊɞɘ ɛŮ ɓɎůɖ Űɖ ŭɞɛɐ  

ɾʽʰ ʵʶˏˍʶˊʹ ˁʰˍʱˍʰ˅ʹ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ ʴʾ˄ʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʹ ʵˇ˃ʺ ˍˇˎˌΦ ɴˍˋʽΣ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ 

ˉˊ˖ˍʰˊ˔ʽˁʱ ʵˏˇ ʶʾʵʹ ˁˎˍˍʱˊ˖˄ ˁʰˍʰʽʴʾʵʰˌΥ ˍʰ ˋˎ˄ʺʻʹ ˁˏˍˍʰˊʰ ˁ ʰʽ ˍʰ ˎˉʶˊˁˏˍˍʰˊʰ όʅ˔Φ нΦмлΦύ 

 

ǵȑǿȊŭ 2.10.: ǭŭűǽűŭȌȅ ȈŭűŭȇȃȀŮȓȋ Ȋů ȂǽŰȅ űȅ ŮȍȊǿ űȍȐȏ. 

 

ʆʰ ˋˎ˄ʺʻʹ ˁˏˍˍʰˊʰ ʶʾ˄ʰʽ ʲˊʰ˔ˏʲʽʰ ˁˏˍˍʰˊʰ ˁʰʽ ˇʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ˁʰˍʰʽʴʾʵʶˌ ˋʶ ʵʶʵˇ˃ʷ˄ʹ 

ˋˍʽʴ˃ʺ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˃ʽʰ ʵʽʰʵˇ˔ʺ ˍʷˍˇʽ˖˄ ˁˎˍˍʱˊ˖˄ ˋʶ ʵʽʱ˒ˇˊʰ ˋˍʱʵʽʰ ʶ˅ʷ˂ʽ˅ʹˌΦ ʅʶ ˉˊ˗ˍʹ 

ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʱ ʰˉˇˍʶ˂ˇˏ˄ ˁ˂ʶʽˋˍʱ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ ˃ʶˍʰˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ˍˇ ˃ʷˋˇ ˍˊˇˉˇˋ˒ʰʽˊʽˁˈ 

ʱ˄ʶ˃ˇ ό²ŜƛǎƳŀƴ ŀƴŘ YƭŜƳǇΣ 1984).  

ʆʰ ˎˉʶˊˁˏˍˍʰˊʰ ʶʾ˄ʰʽ ʽˋ˔ˎˊˈˍʶˊʰ ˁʰʽ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ ˃ʶ ʶˎ˄ˇʿˁʺ ˁʰˍʰˁˈˊˎ˒ʹ 

ˁʰˍʰ˄ˇ˃ʺ ʻʶˊ˃ˇˁˊʰˋʾʰˌΣ ˎʴˊʰˋʾʰˌ ˁʰʽ ʰ˄ʷ˃ˇˎ ό.ǊƻǿƴƛƴƎ ŀƴŘ [ǳŘƭŀƳΣ 1962ύΦ ʆˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ 

ˍˇˎˌ ʶʾ˄ʰʽ ˃ʽʰ ʶˎˊʶʾʰˌ ˁ˂ʾ˃ʰˁʰˌ ʷ˄ˍˇ˄ʹ ˁˎˁ˂ˇ˒ˇˊʾʰ ˋʶ ˋ˔ʶʵˈ˄ ʰ˃ʶˍʱʲ˂ʹˍʹ ˁʰˍʱˋˍʰˋʹΣ ˃ʶ ˍˇ 

ʰ˄ˇʵʽˁˈ ˁʰʽ ˍˇ ˁʰʻˇʵʽˁˈ ˊʶˏ˃ʰ ˄ʰ ˋˎ˃ʲʽ˗˄ˇˎ˄ ʴʽʰ ˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ ɮˉˇˍʶ˂ˇˏ˄ ʷ˄ʰ 

ʰ˄ˇʽ˔ˍˈ ˋˏˋˍʹ˃ʰ ˉˇˎ ʵʽʰʵʾʵʶˍʰʽ ˋˎ˄ʶ˔˗ˌ ˋˎ˄ˍʹˊ˗˄ˍʰˌ ʰˎˍʺ˄ ˍʹ˄ ˁˎˁ˂ˇ˒ˇˊʾʰΣ ˋʶ ʵʽʶˏʻˎ˄ˋʹ ˉˇˎ 

˃ˉˇˊʶʾ ˄ʰ ʰˉˇˁ˂ʾ˄ʶʽ ʰˉˈ ˍˇ ˃ʷˋˇ ˍˊˇˉˇˋ˒ʰʽˊʽˁˈ ʱ˄ʶ˃ˇ ˉˊˇˌ ˍʰ ʵʶ˅ʽʱ όSRύ ʺ ˉˊˇˌ ˍʰ ʰˊʽˋˍʶˊʱ όSL) 

ˍˇˎ όaŀǊǿƛǘȊΣ 1972a). 

ɲʶˎˍʶˊʶˎˈ˄ˍ˖ˌΣ ʹ ˒ˏˋʹ ˃ʽʰˌ ˁʰˍʰʽʴʾʵʰˌ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ ʰˊʽʻ˃ˈΣ ˍˇ˄ ˍˏˉˇ ˁʰʽ ˍʹ˄ 

ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˁˎˍˍʱˊ˖˄ ʰˉˈ ˍʰ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾˍʰʽΦ ɮ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰʽ ˍˊʶʽˌ ˁʰˍʹʴˇˊʾʶˌΥ 

˃ˇ˄ˇˁˎˍˍʰˊʽˁʷˌ, ˉˇ˂ˎˁˎˍˍʰˊʽˁʷˌ ˁʰʽ ʴˊʰ˃˃ʷˌ ˂ʰʾ˂ʰˉʰˌΦ ɶ ˃ˇ˄ˇˁˎˍˍʰˊʽˁʺ ˁʰˍʰʽʴʾʵʰ ˃ˉˇˊʶʾ ˄ʰ 

ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ʲˊʰ˔ˏʲʽˇ ˋˏ˄ʹʻʶˌ ˁˏˍˍʰˊˇ ʺ ʷ˄ʰ ˃ʰˁˊˈʲʽˇ ˎˉʶˊˁˏˍˍʰˊˇΦ ɶ ˉˇ˂ˎˁˎˍˍʰˊʽˁʺ 

ˁʰˍʰʽʴʾʵʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ˄ ʰˊʽʻ˃ˈ ˁˎˍˍʱˊ˖˄ ˋʶ ˋˏ˃ˉ˂ʶʴ˃ʰΣ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʶʾ˄ʰʽ ˈ˂ʰ 

ˋˎ˄ʺʻʹΣ ˔˖ˊʾˌ ˄ʰ ʰˉˇˁ˂ʶʾˇ˄ˍʰʽ ˍʰ ˎˉʶˊˁˏˍˍʰˊʰΦ ʆʰ ʵʽʰʵˇ˔ʽˁʱ ˁˏˍˍʰˊʰ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋˍʹ 

ʵʶ˅ʽʱ ˉ˂ʶˎˊʱ ˖ˌ ˉˊˇˌ ˍʹ ʵʽʶˏʻˎ˄ˋʹ ˍʹˌ ˁʾ˄ʹˋʹˌΦ ɮˎˍˈ ˁʱ˄ʶʽ ˍʹ˄ ˁʰˍʰʽʴʾʵʰ ˄ʰ ʵʽʰʵʾʵʶˍʰʽ ˉˊˇˌ ˍʰ 

ʵʶ˅ʽʱ ̟ ˌ ˋˏ˄ˇ˂ˇ ˁʰˍʱ ʷ˄ʰ ʵʽʰˁˊʽˍˈ ˍˊˈˉˇΦ ɶ ʴˊʰ˃˃ʺ ˂ʰʾ˂ʰˉʰˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˋˎ˄ʺʻʹ ˁˏˍˍʰˊʰ ʺ 

ˁʰʽ ʰˉˈ ˎˉʶˊˁˏˍˍʰˊʰΣ ʵʽʰˍʶˍʰʴ˃ʷ˄ʰ ˁʰˍʱ ˃ʺˁˇˌ ˃ʽʰˌ ʴˊʰ˃˃ʺˌΣ ˉˇˎ ʵʶ˄ ʰ˂˂ʹ˂ʶˉʽʵˊˇˏ˄ 

ʰ˄ˍʰʴ˖˄ʽˋˍʽˁʱ ʵʽʶˁʵʽˁ˗˄ˍʰˌ ˍˇ˄ ʾʵʽˇ ʻʶˊ˃ˈ ˁʰʽ ˎʴˊˈ ʰʷˊʰ όʊˈˊʹˌ, 2006ύΦ ɶ ˁʰˍʱˍʰ˅ʹ ʰˎˍʺ 

˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 2.11. 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

28 
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ǏǐǎǎǏǒǈǉǄǑ 

 

ǵȑǿȊŭ 2.11.: ǭŭűǽűŭȌȅ ȈŭűŭȇȃȀŮȓȋ Ȋů ȂǽŰȅ űȍȋ ŭȎȇȆȊȖ, űȍȋ űȗɵȍ Ȉŭȇ űȅȋ ȈŭűŭȋȍȊǿ űȓȋ 

ȈȐűűǽȎȓȋ 

 

ǵȑǿȊŭ 2.13.: ǭŭűǽűŭȌȅ ȊȍȋȍȈȐűűŭȎȇȈȘȋ ȈŭűŭȇȃȀŮȓȋ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȍȐ 

Foote [1985]) 
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ɾʽʰ ˍˊʾˍʹ ˁʰˍʱˍʰ˅ʹ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʰˉˈ ˍˇ˄ CƻƻǘŜ ό1985ύΣ ˋˍʹ˄ ˇˉˇʾʰ 

˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˁˎˍˍʱˊ˖˄ ό˃ˇ˄ˇˁˎˍˍʰˊʽˁʷˌΣ ˉˇ˂ˎˁˎˍˍʰˊʽˁʷˌύΣ ˇ ˔ˊˈ˄ˇˌ ʸ˖ʺˌ 

ˍˇˎˌ όʲˊʰ˔ˏʲʽʶˌΣ ˃ʰˁˊˈʲʽʶˌύΣ ˇ ˍˊˈˉˇˌ ʰ˄ʱˉˍˎ˅ʹˌ ˁʰʽ ʵʽʱʵˇˋʺˌ ˍˇˎˌ όˍˎ˔ʰʾˇˌΣ ˁʰ˄ˇ˄ʽˁˈˌΣ ʰˋʻʶ˄ʺˌΣ 

ʵʽʰˁˊʽˍʺΣ ˋˎ˄ʶ˔ʺˌ ʵʽʱʵˇˋʹύ ˁʰʽ ʹ ˔˖ˊʽˁʺ ˍˇˎˌ ˇˊʴʱ˄˖ˋʹ όʰ˄ˇˊʴʱ˄˖ˍʶˌΣ ˋˎ˃ˉʰʴʺ ˋˎ˃ˉ˂ʷʴ˃ʰˍʰΣ 

ʴˊʰ˃˃ʽˁʺ ˇˊʴʱ˄˖ˋʹύΦ ɶ ˁʰˍʱˍʰ˅ʹ ʰˎˍʺ ʵʾʵʶˍʰʽ ˋˍʰ ʅ˔ʺ˃ʰˍʰ нΦмо ˁʰʽ нΦмпΦ 

 

ǵȑǿȊŭ 2.14.: ǭŭűǽűŭȌȅ ɵȍȉȐȈȐűűŭȎȇȈȘȋ ȈŭűŭȇȃȀŮȓȋ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ 

űȍȐ Foote [1985]) 

 

ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ˃ʽʰ ˃ˇ˄ˇˁˎˍˍʰˊʽˁʺ όsingle cellύ ˁʰˍʰʽʴʾʵʰ όɳʽˁˈ˄ʰ нΦмΦύ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˍˇ 

ˋ˔ʹ˃ʰˍʽˋ˃ˈ ʶ˄ˈˌ ˃ˈ˄ˇ ʰ˄ˇʵʽˁˇˏ ˊʶˏ˃ʰˍˇˌ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ˁʰʻˇʵʽˁˈΦ ɳˎ˄ˇʶʾˍʰʽ ʰˉˈ ˍʹ˄ 

ʷ˄ˍˇ˄ʹ ʰˋˍʱʻʶʽʰ ˁʰʽ ˍʹ˄ ʰˋʻʶ˄ʺ ˁʰˍʰˁˈˊˎ˒ʹ ʵʽʱˍ˃ʹˋʹ όғ мл m s-1 ˁʱˍ˖ ʰˉˈ 4 kmύΦ ɾˉˇˊʶʾ ˄ʰ 

ˉʰˊʱʴʶʽ ʽˋ˔ˎˊˇˏˌ ʰ˄ʷ˃ˇˎˌ ʺ ˁʰʻˇʵʽˁʷˌ ˃ʽˁˊˇˊʽˉʷˌ όmicroburstsύΦ ʅˎ˄ʺʻ˖ˌ ʷ˔ʶʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

30 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ όϤ ол minύ ˁʰʽ ˁʽ˄ʶʾˍʰʽ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˍˇ ˃ʷˋˇ ʱ˄ʶ˃ˇ ˋˍʰ ˁʰˍ˗ˍʶˊʰ у ƪƳ όIƻƭǘƻƴΣ 

2004ύΦ ʅ˔ʹ˃ʰˍʾʸʶˍʰʽ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ ˃ʶ ʰˋʻʶ˄ʺ ʶ˅ʰ˄ʰʴˁʰˋ˃ˈ ˁʰʽ ˎˉˇʲˇʹʻʶʾˍʰʽ ˁˎˊʾ˖ˌ ʰˉˈ ˍʹ 

ˋ˖ˊʶʽˍˇʴˈ˄ˇ ʰˋˍʱʻʶʽʰΣ ˉʰˊʱ ʰˉˈ ˍˇ˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ ʱ˄ʶ˃ˇΦ ɮ˄ʰ˒ʷˊʶˍʰʽ ˖ˌ ˁʰˍʰʽʴʾʵʰ ʰʷˊʽʰˌ 

˃ʱʸʰˌΣ ʴʽʰˍʾ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ˃ʷˋʰ ˋˍʹ˄ ʾʵʽʰ ʰʷˊʽʰ ˃ʱʸʰ ˃ʶ ˂ʾʴˇ-ˉˇ˂ˏ ˇˊʽʸˈ˄ˍʽʰ ˇ˃ˇʽˇʴʷ˄ʶʽʰΦ ʆˇ 

ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄ˇ ˍ˃ʺ˃ʰ ˍʹˌ ʷ˔ʶʽ ˃ˇˊ˒ʺ ˉˎˊʴʾˋˁ˖˄ ˃ʶ ʵʽʱ˃ʶˍˊˇ м-о ƪƳ ˂ˈʴ˖ ˍ˖˄ ʰ˄ˇʵʽˁ˗˄ 

ˊʶˎ˃ʱˍ˖˄Φ ʃʱ˄˖ ˋˍˇˎˌ ˉˎˊʴʾˋˁˇˎˌ ˎˉʱˊ˔ˇˎ˄ ˉˊˇʶ˅ˇ˔ʷˌ ˃ʽˁˊˈˍʶˊʹˌ ʵʽʰ˃ʷˍˊˇˎ όмлл-нлл ƳύΦ ʆˈˋˇ 

ˋˍˇˎˌ ˉˎˊʴʾˋˁˇˎˌ ˈˋˇ ˁʰʽ ˋˍʽˌ ˉˊˇʶ˅ˇ˔ʷˌ ˇ ʰʷˊʰˌ ʰˁˇ˂ˇˎʻʶʾ ˉʶˊʽˋˍˊˇ˒ʽˁʺ ˁʾ˄ʹˋʹΣ ˉˇˎ ʷ˔ʶʽ ˖ˌ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ̱ ʹ ʵʽʶʾˋʵˎˋʹ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏ ʰʷˊʰΦ 

 

ʁʽ ̄̌ ˂ˎˁˎˍˍʰˊʽˁʷˌ όmulticellύ ˁʰˍʰʽʴʾʵʶˌ ʶʾ˄ʰʽ ˉʽˇ ʷ˄ˍˇ˄ʶˌ ˁʰʽ ˃ʰˁˊˈʲʽʶˌ ʰˉˈ ˍʽˌ 

˃ˇ˄ˇˁˎˍˍʰˊʽˁʷˌΣ ˂ʽʴˈˍʶˊˇ ˈ˃˖ˌ ʰˉˈ ˍʽˌ ˎˉʶˊˁˎˍˍʰˊʽˁʷˌΦ ɳˎ˄ˇˇˏ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˃ʷˍˊʽʰ ˁʰˍʰˁˈˊˎ˒ʹ 

ʵʽʱˍ˃ʹˋʹ όϤмл ς 20 m s-1 ˁʱˍ˖ ʰˉˈ п ƪƳύΦ ʋʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ˉˇ˂˂ʰˉ˂ʱ ʰ˄ˇʵʽˁʱ ˊʶˏ˃ʰˍʰ ˉˇˎ 

ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ˄ʷʰ ˁˏˍˍʰˊʰΣ ˁʰʻ˗ˌ ˁʱʻʶ ˁʰʻˇʵʽˁˈ ˊʶˏ˃ʰ ˋˎ˄ʶˉʽˁˇˎˊˇˏ˃ʶ˄ˇ ʰˉˈ ˎʶˍˈ ʵʽʰ˂ˏʶʽ ˍˇ 

ˉˊˇʴʶ˄ʷˋˍʶˊˇ ˁˏˍˍʰˊˇΦ ʃʰˊˈˍʽ ˍʰ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˁˏˍˍʰˊʰ ʷ˔ˇˎ˄ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ϤолminΣ ʹ ʵʽʱˊˁʶʽʰ 

ʸ˖ʺˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ h ˊˁʶˍ˗˄ ˖ˊ˗˄ όMiller and Fankhauser, 1983̃ Holton, 2004). 

 

ǩȇȈȖȋŭ 2.1.: ǶȐɵȇȈǿ ȊȍȋȍȈȐűűŭȎȇȈǿ ȈŭűŭȇȃȀŮŭ (url) 

 

ɶ ʶˁˊˇʺ ˕ˎ˔ˊˇˏ ʰʷˊʰ ʰˉˈ ˁʱʻʶ ʵʽʰ˂ˎˈ˃ʶ˄ˇ ˁˏˍˍʰˊˇ ʵʹ˃ʽˇˎˊʴʶʾ ˉˊˇːˉˇʻʷˋʶʽˌ ʴʽʰ ˍʹ˄ 

ʰ˄ʱˉˍˎ˅ʹ ˄ʷ˖˄ όʻˎʴʰˍˊʽˁ˗˄ ʺ ˍˊˇ˒ˇʵˇˍˇˏ˄ˍ˖˄ύ ˁˎˍˍʱˊ˖˄ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ˃ˉˊˇˋˍʽ˄ʺˌ ˉ˂ʶˎˊʱˌ ˍʹˌ 

ʶˁˊˇʺˌ όˍˇˎ ˊʽˉʰʾˇˎ ˃ʶˍ˗ˉˇˎ, gust frontύΣ ˁʰˍʱ ˍʹ ʵʽʶˏʻˎ˄ˋʹ ˍʹˌ ˁʾ˄ʹˋʹˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ό{aύΦ ʆʰ 

ʴʶʽˍˇ˄ʽˁʱ ʰ˄ˇʵʽˁʱ ˊʶˏ˃ʰˍʰ ʰ˄ˍʰʴ˖˄ʾʸˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˎʴˊʰˋʾʰ ˍ˖˄ ˔ʰ˃ʹ˂˗˄ ʶˉʽˉʷʵ˖˄Φ ʅˍʽˌ ˁʰˍʰʽʴʾʵʶˌ 

ʰˎˍʷˌ ˎ˒ʾˋˍʰˍʰʽ ˁʱˉˇʽˇˌ ʲʰʻ˃ˈˌ ˇˊʴʱ˄˖ˋʹˌ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌΣ ˍʰ ʰˎˍˇˍʶ˂ʺ ʰ˄ˇʵʽˁʱ ˁʰʽ ˁʰʻˇʵʽˁʱ 

ˊʶˏ˃ʰˍʰ ˈ˃˖ˌ ʰ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰʽ ˈˉ˖ˌ ʰˁˊʽʲ˗ˌ ˁʰʽ ˋˍʽˌ ˃ˇ˄ˇˁˎˍˍʰˊʽˁʷˌ όaŀǊǿƛǘȊΣ 1972b). ʁʽ 

http://www.erh.noaa.gov/rnk/SKYWARNonline_files/800x600/slide19.png


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˉˇ˂ˎˁˎˍˍʰˊʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʷ˄ʰ˄ ʰˊʽʻ˃ˈ ˁˎˍˍʱˊ˖˄Σ ˃ʶ ˍʰ ʵʽʰʵˇ˔ʽˁʱ ˁˏˍˍʰˊʰ ˄ʰ 

ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋˍʹ ʵʶ˅ʽʱ ˉ˂ʶˎˊʱ ˖ˌ ˉˊˇˌ ˍʹ˄ ˁʾ˄ʹˋʹΦ ɮˎˍˈ ˁʱ˄ʶʽ ˍʹ˄ ˁʰˍʰʽʴʾʵʰ ˄ʰ 

ʵʽʰʵʾʵʶˍʰʽ ˖ˌ ˋˏ˄ˇ˂ˇ ˉˊˇˌ ˍʰ ʵʶ˅ʽʱ ˍˇˎ ˃ʷˋˇˎ ˍˊˇˉˇˋ˒ʰʽˊʽˁˇˏ ʰ˄ʷ˃ˇˎ όˋˍˇ ɰˈˊʶʽˇ ɶ˃ʽˋ˒ʰʾˊʽˇύ 

˃ʶ ʵʽʰˁˊʽˍʱ ʲʺ˃ʰˍʰ όʱ˂˃ʰˍʰύΣ ˁʰʻ˗ˌ ˍʰ ʰˎˍˇˍʶ˂ʺ ˁˏˍˍʰˊʰ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˁʰʽ ʵʽʰ˂ˏˇ˄ˍʰʽΦ ʆʷ˂ˇˌΣ ʹ 

ˍˎˉʽˁʺ ˍʹˌ ʵˇ˃ʺ ˃ˉˇˊʶʾ ˄ʰ ʶˊ˃ʹ˄ʶˎˍʶʾ ˃ʶ ʵˎˇ ˍˊˈˉˇˎˌΥ όʰύ ˖ˌ ˉʶˊʽʴˊʰ˒ʺ ʶ˄ˈˌ ˋˍʽʴ˃ʽˈˍˎˉˇˎ ˍʹˌ 

ˁʰˍʰʽʴʾʵʰˌ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʱ ˁˏˍˍʰˊʰ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋˍʱʵʽʰ ʶ˅ʷ˂ʽ˅ʹˌ όʻʶ˗ˊʹˋʹ 

EulerύΣ ʺ όʲύ ˖ˌ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʶ˅ʷ˂ʽ˅ʹˌ ʶ˄ˈˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˁˎˍˍʱˊˇˎ ˉˇˎ ʴʶ˄˄ʽʷˍʰʽ 

ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ˊʽˉʰʾˇˎ ˃ʶˍ˗ˉˇˎ ˁʰʽΣ ˁʽ˄ˇˏ˃ʶ˄ˇ ˃ʷˋʰ ˋˍʹ˄ ˁʰˍʰʽʴʾʵʰΣ ʵʽʷˊ˔ʶˍʰʽ ʰˉˈ ˍʰ 

ʵʽʰʵˇ˔ʽˁʱ ˋˍʱʵʽʰ ʶ˅ʷ˂ʽ˅ʺˌ ˍˇˎ όʻʶ˗ˊʹˋʹ Lagrange) (ʊˈˊʹˌ, 2006). 

ɶ ɹˊʰ˃˃ʺ ˂ʰʾ˂ʰˉʰˌ όsquall lineύ ʰˉˇˍʶ˂ʶʾ ˍˏˉˇ ˉˇ˂ˎˁˎˍˍʰˊʽˁʺˌ ˁʰˍʰʽʴʾʵʰˌΦ ɮˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 

˃ʽʰ ʴˊʰ˃˃ʺ ˁʰˍʰʽʴʾʵ˖˄ ˃ʶ ʷ˄ʰ ˋˎ˄ʶ˔ʷˌΣ ˁʰ˂ʱ ʰ˄ʰˉˍˎʴ˃ʷ˄ˇ ˊʽˉʰʾˇ ˃ʷˍ˖ˉˇ ˋˍˇ ˃ˉˊˇˋˍʽ˄ˈ ʱˁˊˇ ˍʹˌ 

ʴˊʰ˃˃ʺˌΦ ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰʽ˄ʾʶˌ ˎʶˍˇˏ ˉˇˎ ˁʰˍʱ ʷ˄ʰ ˃ʷˊˇˌ ˍˇˎˌ ˍˇˎ˂ʱ˔ʽˋˍˇ ʶʾ˄ʰʽ ˋ˖ˊʶʽˍˇʴʶ˄ʶʾˌΣ 

ʶ˄˗ ʰˉˇˁ˂ʶʾˇ˄ˍʰʽ ˇʽ ˃ʶˍ˖ˉʽˁʷˌ ʸ˗˄ʶˌ ˎʶˍˇˏΦ ɾˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ ˃ʺˁˇˌ ʶˁʰˍˇ˄ˍʱʵʶˌ ʺ ˔ʽ˂ʽʱʵʶˌ 

˔ʽ˂ʽˈ˃ʶˍˊʰ ˁʰʽ ˄ʰ ʵʽʰˊˁˇˏ˄ ˉˇ˂˂ʷˌ ˗ˊʶˌΦ ɳ˃ˉʾˉˍˇˎ˄ ʶˉˇ˃ʷ˄˖ˌ ˋˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍ˖˄ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ 

ˋ˖ˊʶʽˍˈ˃ˇˊ˒˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ όMesoscale Convective Systems, MCSύΦ ɶ ʽʵʶʰˍʺ ʵʽʵʽʱˋˍʰˍʹ ˁʾ˄ʹˋʹ 

ˍˇˎ ʰʷˊʰ ˖ˌ ˉˊˇˌ ˍʹ ʴˊʰ˃˃ʺ ˂ʰʾ˂ʰˉʰˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʶʾˋˇʵˇ ˋˍʰ ˁʰˍ˗ˍʶˊʰ ʶˉʾˉʶʵʰ ˁʰʽ ʷ˅ˇʵˇ ˋˍʰ 

ʰ˄˗ˍʶˊʰΣ ˁʰˍʱ ˍʹ ʵʽʶˏʻˎ˄ˋʹ ˍʹˌ ˁʾ˄ʹˋʹˌΦ ɶ ˋˎ˄ʽˋˍ˗ˋʰ ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰˍʱ ˍʹ ʵʽʶˏʻˎ˄ˋʹ ˍʹˌ ˁʾ˄ʹˋʹˌ 

ʰˎ˅ʱ˄ʶʽ ˍʰ˔ˏˍʰˍʰ ˃ʶ ˍˇ ˏ˕ˇˌΦ ɶ ʴˊʰ˃˃ʺ ˂ʰʾ˂ʰˉʰˌ ˁʽ˄ʶʾˍʰʽ ˃ʶ ˃ʽʰ ˍʰ˔ˏˍʹˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍˇˎ 

ʰ˄ʷ˃ˇˎ ˋˍʹ ˃ʷˋʹ ˍˊˇˉˈˋ˒ʰʽˊʰΦ ɳˉˇ˃ʷ˄˖ˌΣ ˉˊˇ˂ʰ˃ʲʱ˄ʶʽ ˍˇ˄ ʰʷˊʰ ˍˇˎ ˉˊˇˁʰˍʰʽʴʽʵʽˁˇˏ 

ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˋˍʰ ˁʰˍ˗ˍʶˊʰ ʶˉʾˉʶʵʰΣ ʶ˄˗ ʵˊʰ ˖ˌ ʷ˄ʰ ʴʽʴʰ˄ˍʽʰʾˇΣ ʲˊʰʵʷ˖ˌ ˁʽ˄ˇˏ˃ʶ˄ˇ ˒ˊʱʴ˃ʰ 

ˋˍˇˎˌ ʰ˄ʷ˃ˇˎˌ ˍʹˌ ʰ˄˗ˍʶˊʹˌ ˍˊˇˉˈˋ˒ʰʽˊʰˌΦ ʆˇ ˁʰˍ˗ˍʶˊˇ ˎˉˇ˄ʶ˒ʽˁˈ ˋˍˊ˗˃ʰ ʻʶˊ˃ˇˏ ˁʰʽ ˎʴˊˇˏ 

ʰʷˊʰ ˁʰ˂ˏˉˍʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ʰˉˈ ˃ʽʰ ʰˋʻʶ˄ʺ ʰ˄ʰˋˍˊˇ˒ʺ ˉˇˎ ʶ˃ˉˇʵʾʸʶʽ ˍʹ ʴʶ˄ʽˁʶˎ˃ʷ˄ʹ ʰ˄ˇʵʽˁʺ 

˃ʶˍʰ˒ˇˊʱ ˋˍˇ ˉˊˇˁʰˍʰʽʴʽʵʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Φ  

 

ǩȇȈȖȋŭ 2.2.: ǲɵűȇȈǿ Ȉŭȇ ŰȑȅȊŭűȇȈǿ ŭɵůȇȈȖȋȇŰȅ ɵȍȉȐȈȐűűŭȎȇȈǿȏ ȈŭűŭȇȃȀŮŭȏ (urlǉ 

ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ˉˊ˖ˍˈˍˎˉˇ) 

 

http://www.erh.noaa.gov/rnk/SKYWARNonline_files/images/image62.png
http://ww2010.atmos.uiuc.edu/guides/mtr/svr/type/clstr/gifs/cyc2.gif


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

32 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʅˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ʽˋ˔ˎˊˇˏˌ ʰ˄ʷ˃ˇˎˌΦ ɶ ʴˊʰ˃˃ʺ ˂ʰʾ˂ʰˉʰˌ ˍˊˇˉˇˉˇʽʶʾ ˍˇ ˃ʶʴʱ˂ʹˌ 

ˁ˂ʾ˃ʰˁʰˌ ˉʶˊʽʲʱ˂˂ˇ˄ ˍʹˌΣ ˃ʶˍʰ˒ʷˊˇ˄ˍʰˌ ˃ʶʴʱ˂ʶˌ ˉˇˋˈˍʹˍʶˌ ʰʷˊʰ ˎ˕ʹ˂ʺˌ ʶ˄ʷˊʴʶʽʰˌ ˉˊˇˌ ˍʰ ˉʱ˄˖Σ 

ʰ˄ˍʽˁʰʻʽˋˍ˗˄ˍʰˌ ˍˇ˄ ˃ʶ ˕ˎ˔ˊˈ ʰʷˊʰ ˔ʰ˃ʹ˂ʺˌ ʶ˄ʷˊʴʶʽʰˌ ˍˇˎ ˁʰʻˇʵʽˁˇˏ ˊʶˏ˃ʰˍˇˌΦ ʆˇ ʰ˄ˇʵʽˁˈ ˁʰʽ ˍˇ 

ˁʰʻˇʵʽˁˈ ˊʶˏ˃ʰ ˂ʰ˃ʲʱ˄ˇˎ˄ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˈ ˊˈ˂ˇ ˋˍʹ ˋˎ˄ˍʺˊʹˋʹ ˍʹˌ ʴˊʰ˃˃ʺˌ ˂ʰʾ˂ʰˉʰˌ ʴʽʰ ˃ʶʴʱ˂ˇ 

˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ ʂˍʰ˄ ˎˉʱˊ˔ʶʽ ʰˊˁʶˍʺ ˎʴˊʰˋʾʰΣ ˋˎ˃ˉˏˁ˄˖ˋʹ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʶʾ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ 

˃̄ ˊˇˋˍʽ˄ˇˏ ʱˁˊˇˎ ˍˇˎ ˊʽˉʰʾˇˎ ˃ʶˍ˗ˉˇˎΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˁˎ˂ʽ˄ʵˊʽˁˇˏ ʺ ˍˇ˅ˇʶʽʵˇˏˌ 

˄ʷ˒ˇˎˌ (Cotton and Anthes, 1989̃ Houze, 1993̃ Musk, 1989). 

ʁʽ ˎ̄ ʶˊˁˎˍˍʰˊʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌ ʺ ˎˉʶˊˁˏˍˍʰˊʰ όsupercellsύ ʶʾ˄ʰʽ ˇʽ ʲʽʰʽˈˍʶˊʶˌ ˁʰˍʰʽʴʾʵʶˌ ˁʰʽ 

ˋˎ˄ˇʵʶˏˇ˄ˍʰʽ ʰˉˈ ʽˋ˔ˎˊˈˍʰˍˇˎˌ ʰ˄ʷ˃ˇˎˌΣ ˔ʰ˂ʱʸʽ ˃ʶʴʱ˂ˇˎ ˃ʶʴʷʻˇˎˌ ˁʰʽ ʰˋʻʶ˄ʶʾˌ ʷ˖ˌ ʽˋ˔ˎˊˈˍʰˍˇˎˌ 

ˋʾ˒˖˄ʶˌ. ɲʽʰʻʷˍˇˎ˄ ʷ˄ʰ ˃ʶʴʱ˂ʹˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ʷˁˍʰˋʹˌΣ ʶˉʾ˃ˇ˄ˇΣ ˉʶˊʽˋˍˊʶ˒ˈ˃ʶ˄ˇ ʰ˄ˇʵʽˁˈ ˊʶˏ˃ʰ 

όˁˎˁ˂˗˄ʰˌ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌύΦ ɳ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˉʰ˄ʽˈˍʶˊʰΣ ʷ˔ˇˎ˄ ʰˋˎ˄ʺʻʽˋˍʰ ˃ʶʴʱ˂ˇ ˔ˊˈ˄ˇ ʸ˖ʺˌ όʰˊˁʶˍʷˌ 

˗ˊʶˌύ ˁʰʽ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˅ʶ˔˖ˊʽˋˍʱ ˇˉˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˊʰ˄ˍʱˊΦ ɶ ʵʽʱʵˇˋʺ ˍˇˎˌ 

ʶʾ˄ʰʽ ˋˎ˄ʶ˔ʺˌ ˁʰʽ ʰˎˍˇˍˊˇ˒ˇʵˇˍˇˏ˃ʶ˄ʹ ό.ǊƻǿƴƛƴƎ ŀƴŘ CƻƻǘŜ, 1976ύΦ ʆʰ ˎˉʶˊˁˏˍˍʰˊʰ όʅ˔Φ 2.15., ɳʽˁ. 

2.3.), ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ʷ˄ʰ ˁˎˊʾʰˊ˔ˇ ʰ˄ˇʵʽˁˈ ˊʶˏ˃ʰΣ ˋ˔ʶʵˈ˄ ˋˍʱˋʽ˃ˇ ˋˍˇ ˔ˊˈ˄ˇΣ ˉˇˎ ʶ˄ʽˋ˔ˏʶʽ ˍʹ˄ 

ˇˊʴʱ˄˖ˋʹΣ ˍʹ ˋˎ˄ˍʺˊʹˋʹ ˁʰʽ ˍʹ ˋ˒ˇʵˊˈˍʹˍʱ ˍˇˎˌΣ ʰˉˈ ʷ˄ʰ ˅ʶ˔˖ˊʽˋˍˈ ˁʰʻˇʵʽˁˈ ˊʶˏ˃ʰΣ ʰˉˈ ʵʽʱʵˇˋʹ 

ˉˊˇˌ ˍʰ ʵʶ˅ʽʱ ˍˇˎ ˃ʷˋˇˎ ˍˊˇˉˇˋ˒ʰʽˊʽˁˇˏ ʰ˄ʷ˃ˇˎΣ ʰˉˈ ˁʰ˂ʱ ˁʰʻˇˊʽˋ˃ʷ˄ʹ ˉʶˊʽˋˍˊˇ˒ʺ ˍˇˎ ʰ˄ˇʵʽˁˇˏ 

ˊʶˏ˃ʰˍˇˌ ʴˏˊ˖ ʰˉˈ ˁʰˍʰˁˈˊˎ˒ˇ ʱ˅ˇ˄ʰΣ ʰˉˈ ˃ʶʴʱ˂ʹ ˍʱˋʹ ʴʽʰ ʵʹ˃ʽˇˎˊʴʾʰ ˋʽ˒˗˄˖˄ ˁʰʽ ʰˉˈ ˃ʽʰ 

ʰʴˁʽˋˍˊˇʶʽʵʺ ˉˊˇˋʱˊˍʹˋʹ ˋˍˇ ˉʶʵʾˇ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˉˇˎ ˉʶˊʽˍˎ˂ʾʴʶˍʰʽ ˁˎˁ˂˖˄ʽˁʱ ʴˏˊ˖ ʰˉˈ ˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˍˇˎ ʰ˄ˇʵʽˁˇˏ ˊʶˏ˃ʰˍˇˌ (ʊˈˊʹˌ, 2006).  

 

ǵȑǿȊŭ 2.15.: ǧɵȉȍɵȍȇȅȊǾȋȅ ŭɵůȇȈȖȋȇŰȅ űȓȋ ȈȐȎȇȖűůȎȓȋ ȑŭȎŭȈűȅȎȇŰűȇȈȘȋ Ȋȇŭȏ ȈȉŭŰȇȈǿȏ 

ȐɵůȎȈȐűűŭȎȇȈǿȏ ȈŭűŭȇȃȀŮŭȏ ɵȍȐ ŰȐȋȍŮůȗůűŭȇ ŭɵȖ ŭȋůȊȍŰűȎȖȂȇȉȍȐȏ. ǫ ȈŭűŭȇȃȀŮŭ 

ɵŭȎŭűȅȎůȀűŭȇ ŭɵȖ űŭ ǰǧ Ȉŭȇ ȈȇȋůȀűŭȇ ɵȎȍȏ Ǩǧ. (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ˉˊ˖ˍˈˍˎˉˇ) 

 

http://www.meteoclub.gr/themata/egkyklopaideia/4104-thunderstorms-part-d


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 2: ǋǄǒǄǗǐǎǊǎǂǈǉǎ ǓǏǎǁǀǇǐǎ NOWCASTING 33 

ʅˎ˃ˉ˂ʷʴ˃ʰˍʰ ˉˇ˂ˎˁˎˍˍʰˊʽˁ˗˄ ʺ ˎˉʶˊˁˎˍˍʰˊʽˁ˗˄ ˁʰˍʰʽʴʾʵ˖˄ ˇˊʴʰ˄˗˄ˇ˄ˍʰʽ ˋˎ˔˄ʱ ˁʰˍʱ ˃ʺˁˇˌ 

ʴ́ ʰ˃˃˗˄ ˂ʰʾ˂ʰˉʰˌ ˁʰʽ ʵˏ˄ʰ˄ˍʰʽ ˄ʰ ˁʽ˄ˇˏ˄ˍʰʽ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʺ ˁʰˍʶˏʻˎ˄ˋʹ ʰˉˈ ˍʽˌ ˃ʶ˃ˇ˄˖˃ʷ˄ʶˌ 

ˁʰˍʰʽʴʾʵʶˌ όIƻƭǘƻƴΣ 2004). 

 

ǩȇȈȖȋŭ 2.3.: ǷɵůȎȈȐűűŭȎȇȈǿ ȈŭűŭȇȃȀŮŭ Űűȅ ǯȍȋűǽȋŭ űȓȋ ǫǳǧ, 2010 (url) 

 

w ɶ ɻˇ˃ʺ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Σ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ, ʵʽʰʵˊʰ˃ʰˍʾʸʶʽ ˇˎˋʽʰˋˍʽˁ ̍ˊˈ˂ˇ ˋˍʹ 

ʵʽʱˊˁʶʽʱ ˍˇˎˌ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍ˖˄ ˃ʶʻˈʵ˖˄ nowcasting ˉˇˎ 

ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ʶˁˍʶ˄ʷˋˍʶˊʰ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ ϠпΦм. 

 

2.5. Ɇɢɏůɖ ȾɚɑɛŬəŬɠ ɀɐəɞɡɠ əŬɘ ɉɟɧɜɞɡ ȷŰɛɞůűŬɘɟɘəɩɜ ūŬɘɜɞɛɏɜɤɜ  

ʂ̄ ˖ˌ h˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˉˊ˖ˍˏˍʶˊʰΣ ˇ ˁˏˁ˂ˇˌ ʸ˖ʺˌ ˃ʽʰˌ ˁʰˍʰʽʴʾʵʰˌ ʶʾ˄ʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ˃ʽˁˊˈˍʶˊˇˌ ʰˉˈ ˃ʾʰ ˗ˊʰΣ ʶ˄˗ ˇʽ ʷ˄ˍˇ˄ʶˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʰˊʰ˃ʶʾ˄ˇˎ˄ ʴʽʰ 

˃ʽʰ ʹ˃ʷˊʰ ʺ ˉʶˊʽˋˋˈˍʶˊˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʶˉˇ˔ʺˌ ˍ˖˄ ˃ˇˎˋ˗˄˖˄ ˁʰʽ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ̡ ˊʰʵʷ˖ˌ 

ˁʽ˄ˇˏ˃ʶ˄˖˄ ˍˊˇˉʽˁ˗˄ ˁˎˁ˂˗˄˖˄Φ ʅʶ ʴʶ˄ʽˁʷˌ ʴˊʰ˃˃ʷˌΣ ʶˎˊˏˍʶˊʹˌ ˁ˂ʾ˃ʰˁʰˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʶʾ˄ʰʽ ˉˊˇʲ˂ʷ˕ʽ˃ʰ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ʰˉˈ ˃ʶˍʰʴ˖ʴʽˁʱ ʶˉʶʽˋˈʵʽʰ 

ˉʶˊʽˇˊʽˋ˃ʷ˄ʹˌ ˁ˂ʾ˃ʰˁʰˌ όʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ, ʅ.̝ 2.16.ύΦ ʍˋˍˈˋˇ, ̌ ʽ ˃ʶˍʰʴ˖ʴʽˁʷˌ ˁ ʰˍʰʽʴʾʵʶˌ (convective 

storms) ˃ˉˇˊˇˏ˄ ˄ʰ ̀ˎ ˋ˔ʶˍʽˋˍˇˏ˄ ˃ʶ ̝h ˊʰˁˍʹˊʽˋˍʽˁʱ ʶˎˊˏˍʶˊ˖˄ ˁ˂ʽ˃ʱˁ˖˄ ˉˊˇˁʰ˂˗˄ˍʰˌ 

ʶˉʶʽˋˈʵʽʰ ʷ˄ˍˇ˄ʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍˇˉʽˁʱ ˁʱˍʽ ˍˇ ̄̌̌ ʾˇ ʶʾ˄ʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ʵˎˋ˔ʶˊʷˌ ˄ʰ ̄́ ˇʴ˄˖ˋˍʶʾ 

(Sene, 2013). 

ɼʱˉˇʽʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˖ˌ ˉˊˇˌ ˍˇ ʅ˔ʺ˃ʰ нΦм6Φ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

w ɶ ˃ʶˍʰʴ˖ʴʽˁʺ ˁ˂ʾ˃ʰˁʰ (convective-scaleύ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ˈˍʰ˄ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʷ˔ʶʽ 

˔˖ˊʽˁʺ ʵʽʱˋˍʰˋʹ ˍʹˌ ˍʱ˅ʶ˖ˌ ̱̟ ˄ 1-н ƪƳΦ ɮˎˍʺ ʹ ˉˊˇˋʷʴʴʽˋʹ ˋˎ˔˄ʱ ˉʰˊʷ˔ʶʽ ˋʹ˃ʰ˄ˍʽˁʷˌ 

ʲʶ˂ˍʽ˗ˋʶʽˌ ˋˍʹ˄ ʰˁˊʾʲʶʽʰ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ όSene, 2013). 

http://inapcache.boston.com/universal/site_graphics/blogs/bigpicture/ngipc_11_19/n02_sean-heavey.jpg


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

34 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

w ɶ ˃ʷˋʹ ˁ˂ʾ˃ʰˁʰ όmesoscaleύ ζˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉˇˎ ʷ˔ˇˎ˄ ˇˊʽʸˈ˄ˍʽʶˌ 

ˁ˂ʾ˃ʰˁʶˌ ˉˇˎ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ʰˉˈ ˃ʶˊʽˁʱ ʷ˖ˌ ˃ʶˊʽˁʷˌ ʶˁʰˍˇ˄ˍʱʵʶˌ ˔ʽ˂ʽˈ˃ʶˍˊʰΣ 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Σ ˍ˖˄ ʴˊʰ˃˃˗˄ ˂ʰʾ˂ʰˉʰˌΣ ˃ʶˍ˗ˉ˖˄Σ ʸ˗˄ʶˌ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˋʶ ˍˊˇˉʽˁˇˏˌ ˁʰʽ ˎˉʶˊ-ˍˊˇˉʽˁˇˏˌ όextratropicalύ ˁˎˁ˂˗˄ʶˌΣ ˁʰʽ 

ˍˇˉˇʴˊʰ˒ʽˁ˗ˌ ʵʹ˃ʽˇˎˊʴˇˏ˃ʶ˄ʰ ˁʰʽˊʽˁʱ ˋˎˋˍʺ˃ʰˍʰΣ ˈˉ˖ˌ ˍʰ ˇˊˇʴˊʰ˒ʽˁʱ ˁˏ˃ʰˍʰ 

(mountain waves)30 ˁʰʽ  ́ʻʰ˂ʱˋˋʽʰ ˁʰʽ ʰˉˈʴʶʽˇ ̩ʰˏˊʰ όsea and land breezes)31η όAMS, 

2012). 

 

ǵȑǿȊŭ 2.16.: ǵȑȅȊŭűȇȈǿ ŭɵůȇȈȖȋȇŰȅ űȅȏ ŰȑǾŰȅȏ ȈȉȀȊŭȈŭȏ ȊǿȈȍȐȏ Ȉŭȇ ȑȎȖȋȍȐ 

ŭűȊȍŰŲŭȇȎȇȈȘȋ ŲŭȇȋȍȊǾȋȓȋ. Ƕȍ ȖȎȇȍ ɵȎȍȃȋȓŰȇȊȖűȅűŭȏ ůɵȇ űȍȐ ɵŭȎȖȋűȍȏ ůȀȋŭȇ ŮȐȍ 

ŲȍȎǾȏ űȅ ȑȎȍȋȇȈǿ ȈȉȀȊŭȈŭ, ŭȉȉǽ Ůȗȋŭűŭȇ ȋŭ ŲȆǽŰůȇ Ȉŭȇ űȇȏ űȎůȇȏ ŲȍȎǾȏ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ 

űȍ ɵȎȓűȖűȐɵȍ űȍȐ Persson, 2013) 

 

                                                           
30 ʁˊˇʴˊʰ˒ʽˁʱ ˁˏ˃ʰˍʰ ʶʾ˄ʰʽ ˍʰ ʲʰˊˎˍʽˁʱ ˁˏ˃ʰˍʰ όʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ ʵʽʰˍʰˊʰ˔ʷˌ ˃ʽˁˊʺˌ ˁ˂ʾ˃ʰˁʰˌύ ˍʰ ˇˉˇʾʰ 
ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʰˉˈ ˍʰ ˈˊʹ όDurran, 1990̃ ɼ˖˂ʷˍˋʹˌΣ 2010). 
31 ɶ ʻʰ˂ʱˋˋʽʰ ˁʰʽ ʹ ʰˉˈʴʶʽˇˌ ʰˏˊʰ ʰ˄ʺˁˇˎ˄ ˋˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍ˖˄ ʹ˃ʶˊʺˋʽ˖˄ ʰ˄ʷ˃˖˄Σ ˉˇˎ 
ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʵʽʰ˒ˇˊʱˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰ˄ʱ˃ʶˋʰ ˋˍʹ˄ ˅ʹˊʱ ˁʰʽ ˋˍʹ ʻʱ˂ʰˋˋʰΦ ɸʰ˂ʱˋˋʽʰ 
ʰˏˊʰ όsea breezeύ ˇ˄ˇ˃ʱʸʶˍʰʽ ˇ ˍˇˉʽˁˈˌ ʹ˃ʶˊʺˋʽˇˌ ʱ˄ʶ˃ˇˌ ˇˉˇʾˇˌ ˉ˄ʷʶʽ ˋˍʽˌ ˉʰˊʰʻʰ˂ʱˋˋʽʶˌ ˉʶˊʽˇ˔ʷˌ 
ˁʰʽ ʷ˔ʶʽ ˁʰˍʶˏʻˎ˄ˋʹ ʰˉˈ ˍʹ ʻʱ˂ʰˋˋʰ ˉˊˇˌ ˍʹ˄ ˅ʹˊʱΦ ɮ˄ʰˉˍˏˋˋʶˍʰʽ ˃ʶˍʰ˅ˏ ˅ʹˊʱˌ ˁʰʽ ʻʱ˂ʰˋˋʰˌ ˃ʶˍʱ 
ˍʹ˄ ʰ˄ʰˍˇ˂ʺ ˍˇˎ ʹ˂ʾˇˎΦ ɼʰˍʱ ˍʹ  ʵʽʱˊˁʶʽʰ ˍʹˌ ˄ˏ˔ˍʰˌ ʹ ˒ˇˊʱ ˍˇˎ ʰ˄ʷ˃ˇˎ ʰ˄ˍʽˋˍˊʷ˒ʶˍʰʽ ҡʶ ˒ˇˊʱ ˉ˂ʷˇ˄ 
ʰˉˈ ˍʹ˄ ˅ʹˊʱ ˉˊˇˌ ˍʹ ʻʱ˂ʰˋˋʰΦ ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʰˎˍˈ ˇ˄ˇ˃ʱʸʶˍʰʽ ʰˉˈʴʶʽˇˌ ʰˏˊʰ όland breezeύ ˁʰʽ ʹ 
ʷ˄ˍʰˋʹ ˁʰʽ ˍˇ ˏ˕ˇˌ ˍʹˌ ʶʾ˄ʰʽ ˋʰ˒˗ˌ ˃ʽˁˊˈˍʶˊʶˌ ʰˉˈ ʰˎˍʷˌ ˍʹˌ ʻʰ˂ʱˋˋʽʰˌ ʰ˒ˇˏ ˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˒ˇˊʷˌ 
ʵʶ˄ ˅ʶˉʶˊ˄ʱʶʽ ˍʰ м-н ɾˉˇ˒ˈˊ ˁʰʽ ˍʰ млл m h ˄ˍʾˋˍˇʽ˔ʰ όurl  ̃url). 

http://www.astrosparalio.gr/uploads/breeze.pdf
http://www.meteo.gr/pdf/8alassia_aura.pdf
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2.6. ɆɡɜɗɐəŮɠ ȷɜɎˊŰɡɝɖɠ ȷəɟŬɑɤɜ ȾŬɘɟɘəɩɜ ūŬɘɜɞɛɏɜɤɜ 

ʆʰ hˁˊʰʾʰ ˁ ʰʽˊʽˁʱ ˒ ʰʽ˄ˈ˃ʶ˄ʰ ̄ ˊˇˁˏˉˍˇˎ˄ ˃ ʷˋ˖ ˃ ʽʰˌ ˉˇ˂ˏˉ˂ˇˁʹˌ h ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ɻ ʽʰ˒ˈˊ˖˄ 

ˉʰˊʰ˃ʷˍˊ˖˄Σ ˈˉˇˎ ˍˇˉʽˁʷˌ ʁ ˉʽˊˊˇʷˌΣ ˈˉ˖ˌ ˍʹˌ ʵʽʰʻʷˋʽ˃ʹˌ ˎ ʴˊʰˋʾʰˌΣ ˍʹˌ ʹ˂ʽʰˁʺˌ h ˁˍʽ˄ˇʲˇ˂ʾʰˌ ˁ ʰʽ 

ˍʹˌ ˇˊˇʴˊʰ˒ʽˁʺˌ h ˄ˏ˕˖ˋʹˌ, ̌ ˊʽˋ˃ʷ˄ʶˌ ˒ ˇˊʷˌ ʰ˂˂ʹ˂ʶˉʽʵˊˇˏ˄ ˃ʶ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʶˎˊʶʾʰˌ ˁ ˂ʾ˃ʰˁʰˌΣ 

ˍˇ ̌̄ˇʾˇ ʻ hˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋʶ ʶˎ˄ˇʿˁʺ ˁʰˍʱˋˍʰˋʹ ʴʽʰ ˄ʰ ˎˉˇˋˍʹˊʾ˅ʶʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʰˎˍ˗˄ ˍ˖˄ 

ʵʽʰˍʰˊʰ˔˗˄Φ 

 ʅ˒ˇʵˊʱ ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰΣ ˈˉ˖ˌ ˇʽ ˁʰˍʰʽʴʾʵʶˌ ˁʰʽ ˍʰ ˋ˔ʶˍʽʸˈ˃ʶ˄ʰ ˃ʶ hˎ ˍʷˌ ˁʰʽˊʽˁʱ 

˒ʰʽ˄ˈ˃ʶ˄ʰΣ ˍˇ ˔ʰ˂ʱʸʽΣ ʹ ́˂ ʶˁˍˊʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʰ (ˁʶˊʰˎ˄ˇʾ), ˇʽ ʽˋ˔ˎˊˇʾ ʱ˄ʶ˃ˇ ̔ˁʰʽ ˋʾ˒˖˄ʶˌ, ˍˇ 

ˉʷˊʰˋ˃ʰ ˃ʶˍ˗ˉ˖˄ ˋˎ˄ˇʵʶˎˈ˃ʶ˄ʰ ˃ ʁˊʽˉʷˌ ʰ˄ʷ˃˖ ˄ˁʰʽ ʽˋ˔ˎˊʺ ʲˊˇ˔ˈˉˍ˖ˋʹ ˉˇˎ ˇʵʹʴˇˏ˄ ˋʶ 

ʶˁˍʶˍʰ˃ʷ˄ʶˌ ˉ˂ʹ˃˃ˏˊʶˌ ʺ ˋʶ ̱̌ ˉʽˁʷˌ ˉ˂ʹ˃˃ˏ ˊʶˌ ˂ʶˁʰ˄˗˄ ʰˉˈˍˇ˃ʹˌ ʰˉˈˁˊʽˋʹˌ (localized flash 

floods), ˃ˉˇˊˇˏ˄ ˄ʰ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˁʰˍʰˋˍˊʶˉˍʽˁʱ. ɲˎˋˍˎ˔˗ˌΣ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ʵˎ̀˔ʶˊʷˌ ˄ʰ 

ˉˊˇʲ˂ʶ˒ʻˇˏ˄ ʹ  ʶ˃˒ʱ˄ʽˋʹΣ ʹ ɻʽʰʵˊˇ˃ʺΣ  ́ʷ˄ˍʰˋʹΣ ʹ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ʹ ʶ˅ʰˋʻʷ˄ʹˋʹ ʰˎˍ˗˄ ˍ˖˄ 

ˁʰʽˊʽˁ˗˄ ˒ ʰʽ˄ˈ˃ʶ˄˖ ˄(Tafferner and Forster, 2012). 

ɳˉʾˋʹˌΣ ʰˁˊʰʾʰ ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋʶ ˈ˂ʰ ˍʰ ʶʾʵʹ ˋ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˃ʶʴʶʻ˗˄Σ ˋˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ, h ˉˈ ˃ʽˁˊʺˌ ˁ˂ʾ˃ʰˁʰˌ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˁˏ ˍˍʰˊʰ ˃ʶ ʵʽʱ˃ʶˍˊˇ ˉʶˊʾˉˇˎ н km 

ʷ˖ˌ ˉ̌ ˂ˎˁˎˍˍʰˊʽˁ ɦˋˎ˃ˉ˂ʷʴ˃ʰˍʰ ˁʰˍʰʽʴʾʵʰ ̩˃ʶʴʷʻˇˎˌ 100 km. ɶ ʵ̔ɦ ˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎˌ ˁˎ˃ʰʾ˄ʶˍʰʽ 

ʰˉˈ ˉʶˊʾˉˇˎ нл ˂ʶˉˍʱ ʴʽʰ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˁˏˍˍʰˊʰ ʷ˖ˌ ˁʰʽ ʰˊˁʶˍʷˌ ˗ˊʶˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˁʽ˄ˇˏ˃ʶ˄˖˄ 

ʴˊʰ˃˃˗˄ ˁʰˍʰʽʴʾʵʰΦ̩ ɳˉʽˉ˂ʷˇ˄Σ ˍʰ ˋˎˋˍʺ˃ʰˍʰ ʰˎˍʱ ʵʶ˄ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋˍʰʻʶˊʱ ˃ʁ  ˃ʽʰ ʴˊʰ˃˃ʽˁʺ 

˂ˇʴʽˁʺ ʰˉˈ ˉʶˊʽˇˊʽˋ˃ʷ˄ʰ ʷ˖ˌ ʶˎˊʶʾʰ ̃ʹ h˄ ʱˉˍˎ˅ ̋ˍˇˎˌ ˇ˒ʶʾ˂ʶˍʰʽ ˋʶ ˃ʽʰ ʰʽ˒˄ʾʵʽʰ ʰˋˍʱʻʶʽʰΣ ˈˍʰ˄ 

ʷ˄ʰ ˇˊʽˋ˃ʷ˄ˇ ˁʰˍ˗˒˂ʽ ʷ˔ʶʽ ˎˉʶˊʲ˂ʹʻʶʾΦ ɾʶˍʱ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ, ʶʴˁʰʻʽʵˊˏˇ˄ˍʰʽ ˇʽ ʵʽʶˊʴʰˋʾʶˌ ˍʽˌ 

˄ʷ˒˖ˋʹ ̩ˁʰʽ ˍʹ ̩ʲˊˇ˔ˈˉˍ˖ˋʹ ̩ˇʽ ̌̄ˇʾʶˌ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ˄ ʵˎ˄ʰ˃ʽˁʺ ʵˇ˃ʺ ˍʹˌ ˁʰˍʰʽʴʾʵʰ,̩ ˉˇˎ 

ʰ˂˂ʹ˂ʶˉʽʵˊʱ ʶˁ ˄ʷˇˎ ˃ʶ ˍʹ˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ˊˇʺΦ 

ʆˇˉʽˁʷˌ ˇˊˇʴˊʰ˒ʽˁʷˌ ʶˉʽˊˊˇʷˌ ʰˉˈ ˂ˈ˒ˇˎˌ ˁʰʽ ˇˊʶʽ˄ʷˌ ˉʶˊʽˇ˔ʷˌ ˃ˉˇˊˇˏ˄ ʶˉʾˋʹˌ ˄ʰ ʷ˔ˇˎ˄ 

ˋʹ˃ʰ˄ˍʽˁʺ ʶˉʾʵˊʰˋʹ ˋ̱ ʹ˄ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺΣ ˍʹ ʻʷˋʹ ˁʰʽ ˍʹ˄ ʷˁˍʰˋʹ ˍ˖˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄Σ ʶ˄ ˃ʷˊʶʽ 

ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ʷʵʰ˒ˇˌ ˍʹˌ ʶ˄ˍˇ˄ˈˍʶˊʹˌ ˁ˂ʾˋʹˌ όSene, 

2013). 

w ʃ˂ʺʻˇˌ ˋˎˋˍ˃́ʱˍ̟˄ nowcasting ʷ˔ʶ̔ ˋ˔ʶʵʽʰˋˍʶʾ ʴʽʰ ˉˊˇʶʽʵˇˉˇʽʺˋʶʽˌ ʰˁˊʰʾ˖˄ 

ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄.  
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ǉǄǔǀǊǀǈǎ 3: ǀǐǕǄǑ N OWCASTING 

 

ʅˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ʰ˄ʰ˂ˏʶˍʰʽ ˍˇ ʻʶ˖ˊʹˍʽˁˈ ˎˉˈʲʰʻˊˇ ˍ˖˄ ˍʶ˔˄ʽˁ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ʰˉˈ ˋˎˋˍʺ˃ʰˍʰ Nowcasting. 

 

3.1. Ⱥɛɛɞɜɐ Lagrange (Lagrangian persistence) 

ɮˉˇˍʶ˂ʶʾ  ˍʹ˄ ʰˉ˂ˇˏˋˍʶˊʹ ˃ˇˊ˒ʺ ˉˊˈʴ˄˖ˋʹˌ ˉˇˋˇˍʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ (Quantitative 

Precipitation Forecast, QPF)32Σ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ ˉʽˇ ζʁ ˎˉʰʻʺηΣ ʶʱ˄ ʹ ˍˊʷ˔ˇˎˋʰ ʶʽˁˈ˄ʰ ʶ˄ˈˌ ˊʰ˄ˍʱˊ 

˂ʹ˒ʻʶʾ ˖ˌ ˉˊˈʲ˂ʶ˕ʹΦ ɮˎˍˈ ˍˇ ʶʾʵˇˌ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ ʰˉˇˁʰ˂ʶʾˍʰʽ ʶ˃˃ˇ˄ʺ Euler (Eulerian 

persistence) ˁʰʽ ˋˎ˄ʺʻ˖ˌ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˃ˈ˄ˇ ˖ˌ ˉˊˈʴ˄˖ˋʹ ʰ˄ʰ˒ˇˊʱˌ ̃ ʹ ʽˁʰ˄ˈˍʹˍʰ ˃ʽʰˌ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˉˊˈʴ˄˖ˋʹˌ ˋˎʴˁˊʾ˄ʶˍʰʽ ˋˎ˔˄ʱ ˃ʶ ˍʹ˄ ʁ ˃˃ˇ˄ʺ Euler. ɳ˄˗Σ ˃ʽʰ ˉˊˈʴ˄˖ˋʹ ˋˍʹ˄ ˇˉˇʾʰ 

ˍˇ ˉʶʵʾˇ ˁʰˍʰˁˊʺ˃˄ʽˋʹ ̩˃ ʶˍʰ˒ʷˊʶˍʰʽ ̌ ˊʽʸˈ˄ˍʽʰ (advected) h ˉˈ ʷ˄ʰ ˉʶʵʾˇ ˍʰ˔ˏˍʹˍʰˌ όʵʽʰ˄ˎˋ˃ʰˍʽˁˈ 

ˉʶʵʾˇύΣ ʰ˒ʺ˄ˇ˄ˍʰˌ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʷ˄ˍʰˋʹ ʰ˃ʶˍʱʲ˂ʹˍʹΣ ˇ˄ˇ˃ʱʸʶˍʰʽ ʶ˃˃ˇ˄ʺ Lagrange: 

ὨὙ

Ὠὸ
ḳπ                                                                      σȢρ 

ˈˉˇˎ  R (x, y),  ́ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍˇ ˋʹ˃ʶʾˇ x (ȄΣ ȅύΦ ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˅ʾˋ˖ˋʹΣ ˍ ̌dR / dt 

ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ʶʾ˄ʰʽ ˇʽ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ʵʶʵˇ˃ʷ˄˖˄ ˊˇʺˌ όˉʶʵʾˇ Lagrange). H ɳ˅ Φ ό3.1.ύ ˃ˉˇˊʶʾ ˄ʰ 

ʰ˄ʰˉˍˎ˔ʻʶʾ ̀ ʶ ˋˍʰʻʶˊʷˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ʶʽˁˈ˄ʰˌ ̟ :̩ 

  

‬Ὑ

‬ὼ

‬ὼ

‬ὸ

‬Ὑ

‬ώ

‬ώ

‬ὸ

‬Ὑ

‬ὸ
π  

ό
‬Ὑ

‬ὼ
ὺ
‬Ὑ

‬ώ

‬Ὑ

‬ὸ
π                                                           σȢς 

○  ɳὙ Ὑ π                                                                    σȢσ 

˃ʶ v Ґ όǳΣ Ǿύ ˍˇ ˉʶʵʾˇ ˍʰ˔ˏˍʹˍʰˌΦ ʅˍʹ˄ ʶ˅ʾˋ˖ˋʹ ʰˎˍʺΣ ˍˇ ˉʶʵʾˇ ˍʹˌ ʷ˄ˍʰˋʹˌ ̡ ˊˇ˔ˈˉˍ˖ˋʹˌ w ʶʾ˄ʰʽ 

ʴ˄˖ˋˍ ̍ʰˉˈ ˍʹ ˋʱˊ˖ˋʹ ˍˇˎ ˊʰ˄ˍʱˊΣ ˁʰʽ ˉˊʷˉʶʽ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍʶʾ ʹ ˍʰ˔ˏˍʹˍʰ v ˍˇˎ ˉʶʵʾˇˎΦ ʅˎ˔˄ʱΣ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˇˊʽʸˈ˄ˍʽʰ ˃ʶˍʰ˒ˇˊʱ ˋˍʹ˄ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ɵ ʰ˄ˍʾ ˍʹˌ ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

όˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰύΦ ʅˍʹ˄ ɳˉʽˋˍʺ˃ʹ ˍʹˌ ʃ˂ʹˊˇ˒ˇˊʽˁʺˌΣ ʹ ɳ˅Φ ό3.нύ ˋˎ˔˄ʱ 

ʰ˄ʰ˒ʷˊʶˍʰʽ ˖ˌ ʶ˅ʾˋ˖ˋʹ ˇˉˍʽˁʺ ̩ ˊˇʺ̩ (OF)Σ ʺ ʰˉ˂ʱ ˇˉˍʽˁʺ ˊˇʺΦ ʁˉˍʽˁʺ ˊˇʺ ˇˊʾʸʶˍʰʽ ˖ˌ ˇ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˒ʰʽ˄ˈ˃ʶ˄ʹˌ ˁʾ˄ʹˋʹˌ ʰˉˈ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˃ʶˍʰʴʶ˄ʷˋˍʶˊ˖˄ όʵʽʰˁˊʽˍ˗˄) 

ˉʰˊʰˍʹˊʺˋʶ˖Φ˄ ʅˍʹ˄ ˉˊʱ˅ʹΣ ʹ ʶ˅ʾˋ˖ˋʹ ˇˉˍʽˁʺˌ ˊˇʺˌ ʷ˔ʶʽ ɻ ʽʰˁˊʽˍˈ ˔ʰˊʰˁˍʺˊʰ.  

Ὗ
ῳὙ

ῳὼ
ὠ
ῳὙ

ῳώ

ῳὙ

ῳὸ
π                                                           σȢτ 

                                                           
32 ʁʽ ˉˊˇʴ˄˗ˋʶʽˌ QPF ʶʾ˄ʰʽ ˔˖ˊˇ˔ˊˇ˄ʽˁʷˌ ˉˊˇʴ˄˗ˋʶʽˌ ʴʽʰ ˍʹ˄ ˉʽʻʰ˄ʺ ˉˇˋˈˍʹˍʰ ˃ʶ˂˂ˇ˄ˍʽˁ˗˄ 
ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ ˋʶ ˃ʽʰ ˇˊʽˋ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ όurlύΦ ɮˉˇˍʶ˂ˇˏ˄ ʶ˄ʰ˂˂ʰˁˍʽˁˈ ˈ˄ˇ˃ʰ ˍ˖˄ nowcast 
ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ 

http://forecast.weather.gov/glossary.php?word=qpf


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

38 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˈˉˇˎ Rn o ́ ˎʻ˃ˈˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍˇ ˔ˊˈ˄ˇ ƴΣ ˁʰʽ ¦Σ ±Σ ˇʽ ˋˎ˄ʽˋˍ˗ˋʶˌ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ˉʶʵʾˇˎ 

ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ό ̋̄ ʶʵʾˇˎ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ʶʱ˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ̱ ˇ ɵύΦ ʆʰ όʵʽʰˁˊʽˍʱύ ˔˖ˊʽˁʱ 

ˉʰˊʱʴ˖ʴʰ ɲwnκɲx ˁʰʽ ɲwnκɲy ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˍˊʷ˔ˇˎˋʰ ʶʽˁˈ˄ʰ ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ Rn , 

ʶ˄˗ ˍˇ ɲwnκɲt ̄ ˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ ʵʽʰ˒ˇˊʱ wn ˁ ʰʽ wn-1. 

ɶ ʶ˅ʾˋ˖ˋʹ ˇˉˍʽˁʺˌ ˊˇʺˌ όɳ˅Φ 3.нύ ʵʶ˄ ˉʶˊʽʷ˔ʶʽ ʶˉʰˊˁʶʾˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʶˉʾ˂ˎˋʹ ̩ʴʽʰ ˉʶʵʾˇ 

ˍʰ˔ˏˍʹˍʰˌΦ ʃʁ ˊʽʷ˔ʶʽ ʵˏˇ ʰʴ˄˗ˋˍˇˎˌ ǳ ˁʰʽ Ǿ. ʆʰ ˋˎˋˍʺ˃ʰˍʰ QPF ̄ ˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍʹ˄ ̌ ˉˍʽˁʺ ˊˇʺ 

ˋˎ˄ʺʻ˖ˌ ʶˉʽˁʰ˂ˇˏ˄ˍʰʽ ˃ʽʰ ʶˉʽˉ˂ʷˇ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹΣ ˈˉ˖ˌ ˉΦ˔Φ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˃ʽʰˌ ˋˎ˄ʱˊˍʹˋʹˌ 

ˁˈˋˍˇˎˌ / ˋˍʹ ʴʶʽˍˇ˄ʽʱ ʍ ̱ˇˎ ˍˏˉˇˎ: 

ὅ ύ ○  ɳὙ Ὑ                                                                  σȢυ 

ˈˉˇˎ ˍˇ ʲʱˊˇˌ ǿ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˍ˖˄ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ ˍʹˌ ʶʽˁˈ˄ʰˌ ʺ κ ˁʰʽ 

ʴʶʽˍˇ˄ʽˁ˗˄ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄Φ ɮˎˍʺ ʹ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˇʵʹʴʶʾ ˋʶ ˋˏˋˍʹ˃ʰ ʰˉˈ ˍˇ ˇˉˇʾˇ ˉˊˇˁˏˉˍˇˎ˄ 

ˇʽ ʲʷ˂ˍʽˋˍʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ǳ ˁʰʽ Ǿ όtŜǳǊŀ and Hohti, 2004). 

ɮ˄ ˁʰʽ ʹ ˁʰˍʰˋˁʶˎʺ ʶ˄ˈˌ ˉʶʵʾˇˎ ˍʰ˔ˏˍʹˍʰˌ v (u, vύ ˃ʷˋ˖ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ ˇˉˍʽˁʺˌ ˊˇʺˌ ώɳ˅Φ όоΦнύ 

ˁʰʽ ʷ˄ʰˌ ˉˊˈˋʻʶˍˇˌ ˉʶˊʽˇˊʽˋ˃ˈˌϐ ˋˍˇʽ˔ʶʽˇʻʶˍʶʾˍʰʽ ʰˉˈ ˃ʰʻʹ˃ʰˍʽˁʺˌ ʱˉˇ˕ʹˌΣ ˋˎ˔˄ʱ ˉˊˇˁʰ˂ʶʾ 

ʽʵʽʰʾˍʶˊʰ ʻˇˊˎʲ˗ʵʹ ʺ ʶˋ˒ʰ˂˃ʷ˄ʰ ˉʶʵʾʰ ˍʰ˔ˏˍʹˍʰˌΦ ʍˌ ʶˁ ˍˇˏˍˇˎΣ ˍʰ ˉʶʵʾʰ ˍʰ˔ˏˍʹˍʰˌ ˋˎ˔˄ʱ 

ˋˎ˄ʱʴˇ˄ˍʰʽ ˃ʶ ʱ˂˂ʶˌ ˍʶ˔˄ʽˁʷˌ όwŜȅƴƛŜǊǎΣ 2008). ʁʽ ʵˏˇ ˁˏˊʽʶˌ ˍʶ˔˄ʽˁʷˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ 

ʰ˄ʺˁˇˎ˄ ˋˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍʹˌ ˉˊˇʶˁʲˇ˂ʺˌ ʺ ˉʰˊʶˁʲˇ˂ʺˌ όextrapolationύ ʶʾ˄ʰʽ ˇʽ ˃ʷʻˇʵˇʽ 

ʽ˔˄ʹ˂ʱˍʹˋʹˌ ˉʶˊʽˇ˔˗˄ όarea trackingύ ˁʰʽ ˇʽ ˃ʷʻˇʵˇʽ ʽ˔˄ʹ˂ʱˍʹˋʹˌ ˁˎˍˍʱˊ˖˄ ʺ ˁʶ˄ˍˊˇʶʽʵ˗˄ όcell or 

centroid tracking). 

 

3.1.1. ȷɜɎɚɞɔŬ (analogues) 

ɶ ˃ʷʻˇʵˇˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʶ˅ʷˍʰˋʹ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ˁʰʽˊʽˁˇˏ ˋʶ˄ʰˊʾˇˎ ˁʰʽ ˍʹˌ ʰ˄ʱˁ˂ʹˋʹˌ ̱ ʹˌ 

ʹ˃ʷˊʰˌ ˋˍˇ ˉʰˊʶ˂ʻˈ˄ ˈˉˇˎ ˇʽ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʺˍʰ˄ ʽʵʽʰʾˍʶˊʰ ˈ˃ˇʽʶˌ όʰ˄ʱ˂ˇʴˇύΦ ʁ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˌ 

- ̄ ˊˇʴ˄˗ˋˍʹˌ ʻʰ ʶ˅ʱʴʶʽ ̱ ˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ̍ ˍʽ ˇ ˁʰʽˊˈˌ ˋˍʹ˄ ʶ˄ ˂ˈʴ˖ ˉˊˈʴ˄˖ˋʹ ̒ ʰ ˋˎ˃ˉʶˊʽ˒ʶˊʻʶʾ ˍˇ 

ʾʵʽˇΣ ˈˉ˖ˌ ˁʰʽ ˋˍˇ ˉʰˊʶ˂ʻˈ˄Φ ɶ ʰ˄ʰ˂ˇʴʽˁʺ ˃ʷʻˇʵˇˌ ʶʾ˄ʰʽ ʵˎˋ˔ʶˊʷˌ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾΣ ʵʽˈˍʽ ʶʾ˄ʰʽ 

ˋ˔ʶʵˈ˄ ʰʵˏ˄ʰˍˇ ˄ʰ ʲˊʶʻʶʾ ʷ˄ʰ ˍʷ˂ʶʽˇ ʰ˄ʱ˂ˇʴˇΦ ʆʰ ˉˇʽˁʾ˂ʰ ̝ ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˁʰʽˊʽˁ˗˄ ̀ ˎ˄ʻʹˁ˗˄ 

ˋˉʱ˄ʽʰ ʶˎʻˎʴˊʰ˃˃ʾʸˇ˄ˍʰʽ ˋˍʽˌ ʾʵʽʶˌ ʻʷˋʶʽˌ ˉˇˎ ʶʾ˔ʰ˄ ˃ʽʰ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˒ˇˊʱΦ ɮˁˈ˃ʹ ˁʰʽ ˇʽ ˃ʽˁˊʷˌ 

ʵʽʰ˒ˇˊʷˌ ˃ʶˍʰ˅ˏ ˍˇˎ ˍˊʷ˔ˇ˄ˍˇˌ ʵʽʰˋˍʺ˃ʰˍˇˌ ˁʰʽ ˍˇˎ ʰ˄ʰ˂ˈʴˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋʶ ˉˇ˂ˏ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ ʍˋˍˈˋˇΣ ˁʰʻ˗ˌ ʰˊ˔ʶʽˇʻʶˍˇˏ˄ˍʰʽ ˉʶˊʽˋˋˈˍʶˊʰ ˁʰʽˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ˇʽ 

ʵˎ˄ʰˍˈˍʹˍʶˌ ʶ˅ʶˏˊʶˋʹˌ ʶ˄ˈˌ ʰ˄ʰ˂ˈʴˇˎ ζˁʰ˂ʺ ̩ʰ˄ˍʽˋˍˇʽ˔ʾʰˌη ˃ʶ ̱́ ˄ ˍˊʷ˔ˇˎˋʰ ˁʰʽˊʽˁʺ ˁʰˍʱˋˍʰˋʹ 

ʻʰ ˉˊʷˉʶʽ ˄ʰ ʲʶ˂ˍʽ˗˄ʶˍʰʽΣ ˁʰʽ ˍˇ ʾʵʽˇ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˋˎ˃ʲʶʾ ˁʰʽ ˋˍʽˌ ˉˊˇʴ˄˗ˋʶʽˌ ˃ʶ ˍʹ ˔ˊʺˋʹ 

ʰ˄ʰ˂ˈʴ˖˄33. 

ʁʽ Panziera et al. (2011), ˉʰˊʷ˔ˇˎ˄ ˃ʽʰ ˁʰ˂ʺ ʶʽˋʰʴ˖ʴʺ ˋˍʽˌ ˉʰˊʰʵˇ˔ʷˌ ˁʰʽ ˍʹ ˔ˊʺˋʹ ˍ˖˄ 

ʰ˄ʰ˂ˈʴ˖˄ ˋˍˇ nowcastingΦ ʁʽ ˍʶ˔˄ʽˁʷˌ ʽ˔˄ʹ˂ʱˍʹˋʹˌ ˃ʶ ʲʱˋʹ ˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ˃ʶˍʰʴ˖ʴʺ όadvection) 

ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˎˉˈʻʶˋʹ ˈˍʽ ˍʰ ˉʶʵʾʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʶ˅ʶ˂ʾˋˋˇ˄ˍʰʽ ˃ʶ ˋ˔ʶˍʽˁʱ ʰˊʴˇˏˌ ˊˎʻ˃ˇˏˌ ʰˉˈ 

ʱˉˇ˕ʹˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ Lagrange ˁʰʽ ˖ˌ ʶˁ ˍˇˏˍˇˎΣ ʹ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˍˇˎˌ ˁʰˍʱˋˍʰˋʹ ˃ˉˇˊʶʾ ˄ʰ 

ˉˊˇʴ˄˖ˋˍʶʾ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ˃ʶ ˉˊˇʶˁʲˇ˂ʺΦ ɶ ˎˉˈʻʶˋʹ ˍʹˌ ʶ˃˃ˇ˄ʺˌ Lagrange ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ 

                                                           
33 (url). 

http://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/fcst/mth/oth.rxml


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˋʹ˃ʰ˄ˍʽˁˈ ˉʶˊʽˇˊʽˋ˃ˈ ˋˍʹ˄ ʰˁˊʾʲʶʽʰ ˍ˖˄ ƴƻǿŎŀǎǘǎ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ʷ˄ʰ ˉʶʵʾˇ ʶ˅ʶ˂ʾˋˋʶˍʰʽ 

ˍʰ˔ʷ˖ˌΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˄ʷʶˌ ˁʰˍʰʽʴʾʵʶˌ ʺ ˇʽ ˎˉʱˊ˔ˇˎˋʶˌ 

ˁʰˍʰʽʴʾʵʶˌ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ʺ ʶ˅ʰˋʻʶ˄ˇˏ˄Φ ɶ ʶ˅ˈˊˎ˅ʹ ʵʶʵˇ˃ʷ˄˖˄ όdata mining)34 ˁʰʽ ʰ˄ʰ˂ˇʴʽˁʷˌ 

ˍʶ˔˄ʽˁʷˌ ʶˉʽʸʹˍˇˏ˄ ˄ʰ ˉˊˇʲ˂ʷ˕ˇˎ˄ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹΣ ˍʹ˄ ˖ˊʾ˃ʰ˄ˋʹ ˁʰʽ ˍʹ˄ ʶ˅ʰˋʻʷ˄ʽˋʹ 

ʰ˄ˍʽˋˍˇʽ˔ʾʸˇ˄ˍʰˌ ˍˇ ˍˊʷ˔ˇ˄ ˃ˇˍʾʲˇ ˁʰʽˊˇˏ ˃ʶ ˉʰˊˈ˃ˇʽʰ ˉʰˊʶ˂ʻˈ˄ˍʰ ʶˉʶʽˋˈʵʽ hˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ h ˎˍʱ ˍʰ ʶˉʶʽˋˈʵʽʰ ̟ ˌ ʲʱˋʹ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˃ ʽʰ̩ ̄ ˊˈʴ˄˖ˋʹˌ (Pierce et al., 2012). 

ʆˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ˋˍʹ ˔ˊʺˋʹ ˍ˖˄ ʰ˄ʰ˂ˈʴ˖˄ ʶʾ˄ʰʽΣ ʶʾˍʶ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍʶʾ ̫ ˄ʰ ˋˏ˄ˇ˂ˇ ˋˎˋˍʹ˃ʱˍ˖˄ 

(regimes) ˋˍʰ ʽˋˍˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ʶʾˍʶ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍʶʾ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ 

ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˖ˌ ˃ʷˍˊʰ ˇ˃ˇʽˈˍʹˍʰˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʶˉʽ˂ʷʴʶˍʰʽ ˍˇ ʰ˄ʱ˂ˇʴˇ 

(analogue) ̄ ˇˎ ʲˊʾˋˁʶˍʰʽ ˉ˂ʹˋʽʷˋˍʶˊʰ ˋˍʹ˄ ˍˊʷ˔ˇˎˋʰ ˁʰˍʱˋˍʰˋʹ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˖ˌ ʲʱˋʹ ʴʽʰ 

ˍʹ˄ ˉˊˈʴ˄˖ˋʹ. ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ˋˎ˄ʶˉʱʴʶˍʰʽ ˈˍʽ ʹ ˍʶ˔˄ʽˁʺ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʷ˔ʶʽ ʶˁˉʰʽʵʶˎˍʶʾ ʴʽʰ ˁʱʻʶ 

ˍˇˉˇʻʶˋʾʰΣ ˁʰʽ ˈˍʽ ʻʰ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ˇ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ʽˋˍˇˊʽˁˈ ʰˊ˔ʶʾˇΦ ʁʽ Panziera et al. (2011), 

˔ˊʹˋʽ˃ˇˉˇʾʹˋʰ˄ ˉˊˇʴ˄˖ˋˍʽˁʷˌ ˉʰˊʰ˃ʷˍˊˇˎ ̩ʰʷˊʽʰˌ ˊˇʺˌ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ ˁʰʽ ˋˍʰʻʶˊˈˍʹˍʰˌ ˍʹˌ 

ʰʷˊʽʰˌ ˃ʱʸʰˌ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ 120 h ˄ʰ˂ˈʴ˖˄Σ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʰ˄ ʵˏˇ ˃ʷˍˊʰ ʰˉˈ ˍʰ 

ˉʶʵʾʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˊʰ˄ˍʱˊ ʴʽʰ ʶˉʽ˂ˇʴʺ ʶ˄ˈˌ ˋʶˍ мн ʰ˄ʰ˂ˈʴ˖˄ ˗ˋˍʶ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˖ˌ ensemble35 ˉˊˈɹ˄ ˖ˋʹ. ʁʽ Foresti and Pozdnoukhov (2012) ʶ˅ʺʴʰʴʰ˄ ˔ʱˊˍʶˌ 

ˈˉˇˎ ʺˍʰ˄ ˉʽʻʰ˄ˈ ˄ʰ ˋˎ˃ʲʶʾ ˇˊˇʴˊʰ˒ʽˁʺ ʶ˄ʾˋ˔ˎˋʹ ʴʽʰ ʷ˄ʰ ˋʶˍ ʰˉˈ ˍˏˉˇˎˌ ˁʰʽˊˇˏΦ ɮˎˍʷˌ ʻʰ 

˃ˉˇˊˇˏˋʰ˄ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ ʵʽˈˊʻ˖ˋʹ ˃ʶˊˇ˂ʹ˕ʽ˗˄ όbiases) ˋʁ 

ˉˊˇʴ˄˗ˋʶʽˌ ˇˊʽʸˈ˄ˍʽʰ ̩˃ ʶˍʰʴ˖ʴʺˌ όadvection)  (Pierce et al., 2012). 

 

3.2. ɄɟɞŮəɓɞɚɐ (extrapolation) 

ɶ ˉˊˇʶˁʲˇ˂ʺ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹ ˈˍʰ˄ ʷ˄ʰ ˁʰʽˊʽˁˈ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʷ˔ʶʽ ʺʵʹ ʰ˄ʰˉˍˎ˔ʻʶʾ˜ ˍˈˍʶ ʹ ˃ʶˍʰʲˇ˂ʺ 

ˋˍˇ ˔ˊˈ˄ˇ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˃ʶ˂˂ˇ˄ˍʽˁʺˌ ˉˇˊʶʾʰˌ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹˌΦ ɾˉˇˊʶʾ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʶˎ˔ʶˊ˗ˌΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʷˋ˖ ʶ˂ʷʴ˔ˇˎ ˃ʽʰˌ ʰˁˇ˂ˇˎʻʾʰˌ ʶʽˁˈ˄˖˄ ˊʰ˄ˍʱˊΦ ɳʱ˄ 

ˍˇˉˇʻʶˍʹʻˇˏ˄ ˃ʰʸʾ ˖ˌ ʰˁˇ˂ˇˎʻʾʰ ˁʽ˄ʺˋʶ˖˄ όanimationύΣ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ˇˉˍʽˁʱ ʹ ˁʾ˄ʹˋʹ 

ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ʶʽˁˈ˄ʰˌ ʴʽʰ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄Φ ɮˎˍˈ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ 

ˎ˂ˇˉˇʽʶʾˍʰʽ ʰˉˈ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ - ˉˊˇʴ˄˗ˋˍʶˌ ˈˍʰ˄ ˉʰˊʷ˔ˇˎ˄ ˋˎ˃ʲˇˎ˂ʷˌ ˋʶ ˉʶ˂ʱˍʶˌ ˍˇˎˌΣ ˉΦ˔ΦΣ 

ˎʵˊˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌΦ ʍˋˍˈˋˇΣ ʰˎˍʺ ʹ ʵʽʰʵʽˁʰˋʾʰ ˃ˉˇˊʶʾ ˄ʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹʻʶʾ ˁʰʽ ʷ˔ˇˎ˄ 

ʰ˄ʰˉˍˎ˔ʻʶʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉˇˎ ˋˎˋ˔ʶˍʾʸˇˎ˄ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵʽʰʵˇ˔ʽˁ˗˄ 

ʶʽˁˈ˄˖˄ ˁʰʽ ˎˉˇ˂ˇʴʾʸˇˎ˄ ˍʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ʻʷˋʶʽˌΦ ɳʾ˄ʰʽ ˃ʽʰ ˋˍʰʵʽʰˁʺ ʵʽʰʵʽˁʰˋʾʰΣ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ 

˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʵʽʰ˄ˏˋ˃ʰˍʰ ˃ʶˍʰˍˈˉʽˋʹˌ ʰˊ˔ʽˁʱ ʰ˄ˍʽˋˍˇʽ˔ʾʸˇ˄ˍʰˌ ˃ʶʴʱ˂ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ 

ʶʽˁˈ˄˖˄ ˁʰʽ ˁʰˍˈˉʽ˄ ˍʹ˄ ˃ʽˁˊˈˍʶˊʹ ˂ʶˉˍˇ˃ʷˊʶʽʰ ʴʽʰ ˁʱʻʶ ʶʽˁˇ˄ˇˋˍˇʽ˔ʶʾˇΦ ʂˍʰ˄ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ˃ʾʰ 

ʰˉˈ ˍʽˌ ʶʽˁˈ˄ʶˌΣ ʰˎˍʱ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˍʹ˄ ζ̀ ˍˊʶʲ˂˗˄ˇˎ˄η ˁʰˍʱ ˍʷˍˇʽˇ ˍˊˈˉˇ ˗ˋˍʶ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʹ 

ˁʰ˂ˏˍʶˊʹ ʵˎ˄ʰˍʺ ʰ˄ˍʽˋˍˇʽ˔ʾʰ ˃ʶ ˍʹ˄ ʱ˂˂ʹ ʶʽˁˈ˄ʰ. 

 

                                                           
34 ɶ ʶ˅ˈˊˎ˅ʹ ʵʶʵˇ˃ʷ˄˖˄ όdata miningύ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʶ˔˄ʽˁʷˌ ʰ˄ʱ˂ˎˋʹˌ ˉˇ˂ˏ ˃ʶʴʱ˂˖˄ ˋʶˍ ʵʶʵˇ˃ʷ˄˖˄ 
˃ʶ ˋˁˇˉˈ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˄ʷʰˌ ʴ˄˗ˋʹˌΦ ɾˉˇˊʶʾ ˄ʰ ʲˇʹʻʺˋʶʽ ˋˍʹ˄ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ˁʰʽ ˍʹ˄ ˍ˃ʹ˃ʰˍˇˉˇʾʹˋʹ 
ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˋˍʹ˄ ʵʽʰˍˏˉ˖ˋʹ ˎˉˇʻʷˋʶ˖˄ όɾʰˁˊˈˉˇˎ˂ˇˌ ˁʰʽ ɳˎˋˍˊʰˍʽʱʵʹˌΣ 2013a). 
35 ˍʶ˔˄ʽˁʺ ˉˇ˂˂ʰˉ˂˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˉˇ˂˂ʷˌ ˉˊˇʴ˄˗ˋʶʽˌ ʶʾˍʶ 
ʵʽʰˍʰˊʱˋˋˇ˄ˍʰˌ ˍʽˌ ʰˊ˔ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʶ˄ˈˌ ˃ˇ˄ˍʷ˂ˇˎΣ ʶʾˍʶ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ 
όɼˇˍˊ˗˄ʹΣ 2011ύΦ ɳˉʶ˅ʹʴʶʾˍʰʽ ʰ˄ʰ˂ˎˍʽˁˈˍʶˊʰ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

40 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

3.2.1. ȽɢɜɖɚɎŰɖůɖ əɡŰŰɎɟɤɜ (cell tracking) 

 ʆʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˃ʶˍʰˍˈˉʽˋʹˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ʵʽʱ˒ˇˊˇˎˌ ˋˁˇˉˇˏˌΦ ɾʾʰ 

ʶ˒ʰˊ˃ˇʴʺ ʶʾ˄ʰʽ ʹ ʽ˔˄ʹ˂ʱˍʹˋʹ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ʶʽˁˈ˄ʰˌ ˁʰˍʱ ˍˇ ˉʰˊʶ˂ʻˈ˄Σ ˃ʽʰ ʱ˂˂ʹΣ ʹ 

ˉˊˇʶˁʲˇ˂ʺ ˍˇˎˌ ˋʶ ˃ʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺΦ 

ʅˍˇ ʅ˔ʺ˃ʰ оΦмΦ ʰˊʽˋˍʶˊʱΣ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ʷ˄ʰ ˁˏˍˍʰˊˇ ˉˇˎ ʰ˄ʽ˔˄ʶˏʶˍʰʽ ˋʶ ˔ˊˈ˄ˇ ǘΣ ˍˇ ˇˉˇʾˇ ʻʰ 

˃ˉˇˊˇˏˋʶ ˄ʰ ʶʾ˄ʰʽ ʷ˄ʰ ˁˏˍˍʰˊˇ ˄ʷ˒ˇˎˌ ʺ ʷ˄ʰ ˁˏˍˍʰˊˇ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˁʰʽ ˉˊˇʶˁʲʱ˂˂ʶˍʰʽ ˃ʶ ˍʹ 

˔ˊʺˋʹ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˃ʶˍʰˍˈˉʽˋʹˌ ʴʽʰ ˄ʰ ʵˇʻʶʾ ˃ʽʰ ˉˊ˗ˍʹ ʶˁˍʾ˃ʹˋʹ όfirst-guessύ ˍʹˌ ʻʷˋʹˌ ˁʰʽ ˍˇˎ 

ˋ˔ʺ˃ʰˍˇˌ όʴˁˊʾʸˇ ˉʶˊʾʴˊʰ˃˃ʰύ ˁʰˍʱ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ǘ Ҍ мΦ ɼʰˍʱ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ǘ Ҍ мΣ ˍˇ 

ˉʰˊʰˍʹˊˇˏ˃ʶ˄ˇ ˁˏˍˍʰˊˇ ʶˉʽˁʰ˂ˏˉˍʶˍʰʽ ˃ʶ ˍˇ ˁˏˍˍʰˊˇ ˍʹˌ ˉˊ˗ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ όfirst-guess). 

 

ǵȑǿȊŭ 3.1.: ǧɵůȇȈȖȋȇŰȅ ŭȋȀȑȋůȐŰȅȏ ȈȐűűǽȎȓȋ (ŭȎȇŰűůȎǽ) Ȉŭȇ nowcasting ȈȐűűǽȎȓȋ (ŮůȌȇǽ). 

Ǡȋŭ ŭȋȇȑȋůȐȖȊůȋȍ ȈȗűűŭȎȍ ȋǾŲȍȐȏ Űűȍȋ ȑȎȖȋȍ t ɵȎȍůȈȂǽȉȉůűŭȇ Űů Ȋȇŭ ȆǾŰȅ first guess űȍȋ 

ȑȎȖȋȍ t + 1 (ŭȐȆŭȀȎůűȅ ȊȍȋǽŮŭ). ǩɵȇȈŭȉȗɵűůűŭȇ Ȋů űȍ ŭȋȇȑȋůȐȖȊůȋȍ ȈȗűűŭȎȍ űȍȋ ȑȎȖȋȍ t 

+ 1 Ȋů ŭɵȍűǾȉůŰȊŭ Ǿȋŭ ŮȇǽȋȐŰȊŭ űȎȍȑȇǽȏ (ȊŭȗȎȍ ȂǾȉȍȏ). | Ǡȋŭ ŭȋȇȑȋůȐȖȊůȋȍ ȈȗűűŭȎȍ 

Ȉŭűǽ űȍȋ ȑȎȖȋȍ t (ȊŭȗȎȅ ȇŰȍȕȒǿȏ, ŮůȌȇǽ) ɵȎȍůȈȂǽȉȉůűŭȇ ȃȇŭ ŮȇŭŮȍȑȇȈǽ ȂǿȊŭűŭ 

ȑȎȅŰȇȊȍɵȍȇȘȋűŭȏ ŮȇŭȋȗŰȊŭűŭ ȊůűŭűȖɵȇŰȅȏ ŭɵȖ ŮȇŭŮȇȈŭŰȀŭ ŭȋűȇŰűȍȀȑȅŰȅȏ ůȇȈȖȋȓȋ 

(image matching), ůɵȍȊǾȋȓȏ űȍ ȊǾȃůȆȍȏ Ȉŭȇ űȍ ŰȑǿȊŭ űȓȋ ɵȎȍůȃȋȓŰȊǾȋȓȋ ȈȐűűǽȎȓȋ 

ȊɵȍȎůȀ ȋŭ ȊůűŭȂȉȅȆůȀ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Zinner et al. [2008]) 

 

ʍˌ ʶˁ ˍˇˏˍˇˎΣ ˃ˉˇˊʶʾ ˄ʰ ˋ˔ʶʵʽʰˋˍʶʾ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ˉˇˎ ˄ʰ ˋˎ˄ʵʷʶʽ ˍʰ ʵˏˇ ˁʷ˄ˍˊʰ ˍ˖˄ 

ˁˎˍˍʱˊ˖˄Φ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˍˇˎ ʶ˄ˈˌ ʶˉʽˁʰ˂ˎˉˍˈ˄ˍ˖˄ ˁˎˍˍʱˊ˖˄ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ǘ 

Ҍ мΣ ˍˇ ˁˏˍˍʰˊˇ ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ ʶˉʽˁʱ˂ˎ˕ʹ ʶˉʽ˂ʷʴʶˍʰʽ ʴʽʰ ˍʹ˄ ʽ˔˄ʹ˂ʱˍʹˋʹΦ ʅˍ ̌ʵʶ˅ʽˈ ˋˁʷ˂ˇˌΣ 

ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˉˊˇʶˁʲʶʲ˂ʹ˃ʷ˄ʰ ˁˏˍˍʰˊʰ ʴʽʰ ˍˊʾʰ ʵʽʰʵˇ˔ʽˁʱ ˔ˊˇ˄ʽˁʱ ʲʺ˃ʰˍʰΦ ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ˍˇ 

ˁˏˍˍʰˊˇ ˈ˔ʽ ˃ˈ˄ˇ ˃ʶˍʰʲʱ˂˂ʶʽ ˍʹ ʻʷˋʹ ˍˇˎΣ ʰ˂˂ʱ ˁʰʽ ˍˇ ˃ʷʴʶʻˇˌ ˁʰʽ ˍˇ ˋ˔ʺ˃ʰ ˍˇˎΦ ɮˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ 

ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˃ʶˍʰˍˈˉʽˋʹˌ ʵˊˇˎ˄ ˋʶ ˁʱʻʶ ʶʽˁˇ˄ˇˋˍˇʽ˔ʶʾˇ ˃ʷˋʰ ˋʶ ʷ˄ʰ ˁˏˍˍʰˊˇ 

όʵʶ˄ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽύΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ˍʽˋˍˇʾ˔ʹˋʹˌ ˍ˖˄ ʶʽˁˈ˄˖˄ ʷ˔ʶʽ ʶ˒ʰˊ˃ˇˋˍʶʾ ʴʽʰ ʽ˔˄ʹ˂ʱˍʹˋʹ ˁʰʽ 

ƴƻǿŎŀǎǘƛƴƎ ˁˎˍˍʱˊ˖˄ ˁʰˍʰʽʴʾʵʰˌ ˋʶ ʵˇˊˎ˒ˇˊʽˁʷˌ ˁʰʽ ʶʽˁˈ˄ʶˌ ˊʰ˄ˍʱˊΦ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵʽʰʵˇ˔ʽˁʷˌ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ʶʽˁˈ˄ʶˌ ˊʰ˄ˍʱˊ ˋˏ˄ʻʶˍʹˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ όradar reflectivity composite images36ύΣ ˍʰ ˁˏˍˍʰˊʰ 

ʽˋ˔ˎˊ˗˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ ʰ˄ʽ˔˄ʶˏˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˁʰˍ˖˒˂ʾˇˎ ˉˇˎ ʷ˔ʶʽ ʵʽʰˉʽˋˍ˖ʻʶʾ ˈˍʽ 

ˍʰʽˊʽʱʸʶʽ ˁʰ˂ˏˍʶˊʰ ˋʶ ˁˏˍˍʰˊʰ ˁʰˍʰʽʴʾʵʰˌΦ ɴ˄ʰˌ ˋʹ˃ʰ˄ˍʽˁˈˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ˉˇˎ ˎ˂ˇˉˇʽʶʾ ʽ˔˄ʹ˂ʱˍʹˋʹ 

ˁˎˍˍʱˊ˖˄ ʶʾ˄ʰʽ ˇ TITAN  (Thunderstorm Identification, Tracking, Analysis and Nowcasting). 

 

3.2.1.1. ɮ˂ʴˈˊʽʻ˃ˇˌ ʆɹʆɮɿ όмффоύΣ ɶʃɮ 

ʁʽ Dixon and Wiener (1993ύΣ ʰ˄ʷˉˍˎ˅ʰ˄ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʴʽʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˋʶ 

ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΣ ʽ˔˄ʹ˂ʱˍʹˋʹ όtrackingύΣ ˁʰʽ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ˉˊˈʴ˄˖ˋʹ ˁʰˍʰʽʴʾʵ˖˄Σ ʲʱˋʶʽ 

ˇʴˁˇ˃ʶˍˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʱˊ˖ˋʹˌ ˊʰ˄ˍʱˊΦ ʆˇ ˋˏˋˍʹ˃ʰ ǒǈǒǀǌ ʁ ʾ˄ʰʽ ʷ˄ʰˌ cell-tracker ̄ ˇˎ ̫ ˔ʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ˖ˊʾ˃ʰ˄ˋʹˌ ˁʰʽ ʶ˅ʰˋʻʷ˄ʹˋʹˌ ˍʹˌ ˎˉʱˊ˔ˇˎˋʰˌ ʹ˔ˇˏˌ ʲʰˋʽˋ˃ʷ˄ʹˌ ˋʶ ˉʰˊʶ˂ʻˇˏˋʶˌ 

ˍʱˋʶʽˌΦ ɮˊ˔ʽˁʱ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʶ˅ʶʽʵʽˁʶˏˇ˄ˍʰˌ ˋˍˇ nowcasting ˃ ʶˍʰʴ˖ʴʽˁ˗˄ ˁʰˍʰʽʴʾʵ˖˄ όWilson et al., 

2010). ʁʽ Joe et al., (2012ύ ʶʽˁʱʸˇˎ˄ ˈˍʽ ʾˋ˖ˌ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˍˇ ˉʽˇ ʶˎˊʷ˖ˌ ʵʽʰʵʶʵˇ˃ʷ˄ˇ ˋˏˋˍʹ˃ʰ 

ˉʰʴˁˇˋ˃ʾ˖ˌΦ ɲʽʰˍʾʻʶˍʰʽ ʶ˂ʶˏʻʶˊʰ ˁ ʰʽ ʰˉʰʽˍʶʾ ˁʱˉˇʽʰ ˍʶ˔˄ˇʴ˄˖ˋʾʰ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʺ ˍˇˎΦ 

ʅˍˇ TITANΣ ˇʽ ˁʰˍʰʽʴʾʵʶˌ ʰ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰʽ ˋʶ ʵʽʰˁˊʽˍʱ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰΦ ɳ˒ʰˊ˃ˈʸʶˍʰʽ ˃ʽʰ 

˃ʷʻˇʵˇˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʴʽʰ ˍʹ˄ ʰ˄ˍʽˋˍˇʾ˔ʹˋʹ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ ˋʶ ˃ʽʰ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺΣ ˃ʶ ʰˎˍʷˌ ˋʶ 

˃ʽʰ ʶˉˈ˃ʶ˄ʹΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˁʱˉˇʽˇˎ ʶʾʵˇˎˌ ʴʶ˖˃ʶˍˊʽˁʺˌ ˂ˇʴʽˁʺ ̩ ʴʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ 

ˋˎʴ˔˖˄ʶˏˋʶ˖˄ ˁʰʽ ʵʽʰ˔˖ˊʽˋ˃˗˄Φ ɶ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ˉˊˈʴ˄˖ˋʹΣ ˍˈˋˇ ˍʹˌ ʻʷˋʹˌ ˈˋˇ ˁʰʽ ˍˇˎ 

˃ʶʴʷʻˇˎˌΣ ʲʰˋʾʸʶˍʰʽ ˋʶ ˃ʽʰ ˋˍʰʻ˃ʽˋ˃ʷ˄ʹ ʴˊʰ˃˃ʽˁʺ ˉˊˇˋʰˊ˃ˇʴʺ όlinear fit) ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ 

ʽˋˍˇˊʽˁˇˏ ˍʹˌ ʽ˔˄ʹ˂ʱˍʹˋʹˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΦ ɶ ʰˉˈʵˇˋʹ ˍʹˌ ʰ˄ʾ˔˄ʶˎˋʹˌ ˁʰʽ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ˁʰˍʱ ˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʰ˅ʽˇ˂ˇʴʺʻʹˁʰ˄ ˋˍˇ ɼˇ˂ˇˊʱ˄ˍˇ ˍ˖˄ ɶʃɮΣ ˍˇˎˌ ʻʶˊʽ˄ˇˏˌ ˃ʺ˄ʶˌ ̱ ˇˎ 1991 

(Dixon and Wiener, 1993). ɶ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉʰˊʷ˔ʶʽ ˍˇ ˉ˂ʰʾˋʽˇ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ʴʽʰ ˍʹ˄ 

ʰ˄ʰʴ˄˗ˊʽˋʹ ˁʰˍʰʽʴʾʵ˖˄ ʰˉˈ ˍˊʽʵʽʱˋˍʰˍʰ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ˁʰʽ ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʺ ˍˇˎˌ ˖ˌ 

˒ˎˋʽˁ˗˄ ˇ˄ˍˇˍʺˍ˖˄Φ  

ɳ˒ʰˊ˃ˈˋˍʹˁʶ ʶˉʾˋʹˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶˉʽ˔ʶʽˊʺˋʶ˖˄ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΦ ɶ ʰˁˊʾʲʶʽʰ ˍ˖˄ 

ˉˊˇʴ˄˗ˋʶ˖˄ ʶʾ˄ʰʽ ˋˎʴˁˊʾˋʽ˃ʹ ˃ʶ ʶˁʶʾ˄ʹ ˍ˖˄ ʰ˄ʻˊ˖ˉˇˁʶ˄ˍˊʽˁ˗˄ ˉˊˇʴ˄˗ˋʶ˖˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ 

ˎˉˈ˕ʹ ˍˇˎˌ ʶˉʽˉ˂ʷˇ˄ ˋˎ˄ˍʶ˂ʶˋˍʷˌΣ ˈˉ˖ˌ ʹ ˋˏʴˁ˂ʽˋʹ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ ˋʶ ˔ʰ˃ʹ˂ˈ ˎ˕ˈ˃ʶˍˊˇ όlow-level 

convergenceύ ˁʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΦ  

 

ɮ˄ʰʴ˄˗ˊʽˋʹ ˃ˇˍʾʲˇˎ ʽ˔˄ʹ˂ʱˍʹˋʹˌ όǘǊŀŎƪƛƴƎ ǇŀǘǘŜǊƴύ 

ʁ Rosenfeld (1987ύΣ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ʷ˄ʰ ˁʰˍ˗˒˂ʽ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ʴʽʰ ˄ʰ ˇˊʽˇʻʶˍʺˋʶʽ ˃ʽʰ 

ˁʰˍʰʽʴʾʵʰΣ ˁʰʽ ʷˉʶʽˍʰ ʰ˄ʰʴ˄˗ˊʽˋʶ ˁˏˍˍʰˊʰ ˃ʷˋʰ ˋˍʹ˄ ˁʰˍʰʽʴʾʵʰ ˖ˌ ˉʶˊʽˇ˔ʷˌ ʴˏˊ˖ ʰˉˈ ˍʰ ˍˇˉʽˁʱ 

˃ʷʴʽˋˍʰΦ ɶ ˍʶ˔˄ʽˁʺ ʽ˔˄ʹ˂ʱˍʹˋʹˌ ˋˎ˄ʾˋˍʰˍʰʽ ˋˍʹ˄ ˇ˃ʰʵˇˉˇʾʹˋʹ ʰˎˍ˗˄ ˍ˖˄ ˁˎˍˍʱˊ˖˄ ˋʶ ζˁˏˍˍʰˊʰ 

ˈʴˁˇˎη όάvolume cellsέύ ˃ʷˋ˖ ˍʹˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ˋˎˋ˔ʷˍʽˋʺˌ ˍˇˎˌ ˋʶ ʵʽʰʵˇ˔ʽˁʱ PPI37 (Plan Position 

                                                           
36 ʅˏ˄ʻʶˍʹ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ʶʾ˄ʰʽ ʹ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˍʹˌ ʲʱˋʹˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋʶ ˃ʾʰ 
ʵʶʵˇ˃ʷ˄ʹ ˁʰˍʰˁˈˊˎ˒ʹ ˋˍʺ˂ʹ ˊʰ˄ˍʱˊ όurl). 
37 ʆˇ  ʶˉʾˉʶʵˇ ʰ˄ʰˁ˂ʰˋˍʽˁˇˍʺˍ˖˄ ˋʶ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ʴ˖˄ʾʰ ˋʱˊ˖ˋʹˌ PPI ʶʾ˄ʰʽ ʹ ˉʽˇ ˁˇʽ˄ʺ ʰˉʶʽˁˈ˄ʽˋʹ 
ˊʰ˄ˍʱˊΦ ɶ ˁʶˊʰʾʰ ˍˇˎ ˊʰ˄ˍʱˊ ʰ˄ʰˉʰˊʾˋˍʰˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋˍˇ ˁʷ˄ˍˊˇ ˍʹˌ ʰˉʶʽˁˈ˄ʽˋʹˌΣ ʷˍˋʽ ˗ˋˍʶ ʹ 
ʰˉˈˋˍʰˋʹ ʰˉˈ ʰˎˍʺ˄ ˁʰʽ ˍˇ ˏ˕ˇˌ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˋ˔ʶʵʽʰˋˍˇˏ˄ ˖ˌ ˇ˃ˈˁʶ˄ˍˊˇʽ ˁˏˁ˂ˇʽ 
(urlύΦ ɶ ˇʻˈ˄ʹ ttL ʰˉʶʽˁˇ˄ʾʸʶʽ ˍʰ ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʰ ˋʺ˃ʰˍʰ ʺ Ϧʺ˔ˇˎˌϦ ˋʶ ˉˇ˂ʽˁʷˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˋʶ ˇˊʽʸˈ˄ˍʽʰ 
ˁʱˍˇ˕ʹΦ ɴ˔ˇ˄ˍʰˌ ˋˍʰʻʶˊˈ ˍˇ ˏ˕ˇˌ ˍʹˌ ʴ˖˄ʾʰˌΣ ʹ ʵʽʰˍˊʷ˔ʶʽ ˃ʾʰ ˉ˂ʺˊʹ ˉʶˊʽˋˍˊˇ˒ʺ ослˇ ˖ˌ ˉˊˇˌ ˍˇ 
ʰʸʽ˃ˇˏʻʽˇ ˁʰʽ ʹ ʵʷˋ˃ʹ ʵʽʰʴˊʱ˒ʶʽ ˃ʾʰ ˁ˖˄ʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ˋˍˇ ˔˗ˊˇ όɾˉʰ˂ˍʱˌΣ 2006). 

http://www.rap.ucar.edu/projects/titan/home/index.php
http://okfirst.mesonet.org/train/nids/CREF.html
http://en.wikipedia.org/wiki/Plan_position_indicator


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

42 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

IndicatorsύΦ ʆʰ ˇʴˁˇ˃ʶˍˊʽˁʱ ˁˏˍˍʰˊʰ ʽ˔˄ʹ˂ʰˍˇˏ˄ˍʰʽ ʶˁˍʽ˃˗˄ˍʰˌ ˍʹ˄ ˍʰ˔ˏˍʹˍʱ ˍˇˎˌ ʰˉˈ ˉʰ˂ʰʽˈˍʶˊʶˌ 

ˋʶ ˍˊʷ˔ˇˎˋʶˌ ˍˇˉˇʻʶˋʾʶˌ ˁʶ˄ˍˊˇʶʽʵ˗˄Σ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰˎˍʺ˄ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ʴʽʰ ˄ʰ ˉˊˇʲ˂ʶ˒ʻʶʾ ʹ 

˄ʷʰ ʻʷˋʹΣ ˁʰʽ ʰ˄ʰʸʹˍ˗˄ˍʰˌ ˁˏˍˍʰˊʰ ˁˇ˄ˍʱ ˋˍʹ ʻʷˋʹ ˉˊˈʴ˄˖ˋʹˌ όCrane, 1979ύΦ ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʶˉʾˋʹˌ 

ʷ˂ʶʴ˔ˇ ʶˉʽˁʱ˂ˎ˕ʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ʻʷˋʶ˖˄ ˍ˖˄ ˁˎˍˍʱˊ˖˄ ˁʰʽ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ 

ˉˊˇʶʴ˄˖ˋ˃ʷ˄˖˄Φ 

ɶ ˃ʷʻˇʵˇˌ TITAN  ʁ ʾ˄ʰʽ ˉʰˊˈ˃ˇʽʰ ˃ʶ ʰˎˍʺ˄ ˍˇˎ RosenfeldΣ ˋˍˇ ˈˍʽ ˇʽ ˁʰˍʰʽʴʾʵʶˌ ˇˊʾʸˇ˄ˍʰʽ ˖ˌ 

ˍˊʽʵʽʱˋˍʰˍʶˌ ˉʶˊʽˇ˔ʷˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˉˇˎ ˎˉʶˊʲʰʾ˄ʶʽ ʷ˄ʰ ˁʰˍ˗˒˂ʽ ˁʰʽ ʰ˄ˍʽˋˍˇʽ˔ʾʸˇ˄ˍʰʽ ˂ˇʴʽˁʱ 

ʰˉˈ ˍˇ˄ ʷ˄ʰ˄ ˔ˊˈ˄ˇ ˋʱˊ˖ˋʹˌ ˋˍˇ˄ ʶˉˈ˃ʶ˄ˇΦ ʍˋˍˈˋˇΣ ʹ ˃ʷʻˇʵˇˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉʽˇ ʰˉ˂ʺ 

ˁʰʽ ʲʰˋʾʸʶˍʰʽ ˋʶ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ˉˇˎ ʶˉʰ˄ʰ˔ʰˊˍˇʴˊʰ˒ˇˏ˄ˍʰʽ  ˋʶ ˁʰˊˍʶˋʽʰ˄ʷˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌΦ  ʆˇ 

ˋˁʷ˂ˇˌ ˍʹˌ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ʲʰˋʾʸʶˍʰʽ ˋʶ ˃ʽʰ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹ ˋˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʰ˄ˍʽˋˍˇʽ˔ʾʰˌΣ ˁʰʽ 

ʵʶ˄ ʴʾ˄ʶˍʰʽ ˁʰ˃ʾʰ ˎˉˈʻʶˋʹ ʴʽʰ ˍʹ˄ ʰˊ˔ʽˁʺ ˁʾ˄ʹˋʹ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΦ ʁʽ ˋˎʴ˔˖˄ʶˏˋʶʽˌ ˁʰʽ ˇʽ 

ʵʽʰ˔˖ˊʽˋ˃ˇʾ ʰ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰʽ ˃ʷˋ˖ ʴʶ˖˃ʶˍˊʽˁʺˌ ˂ˇʴʽˁʺˌ ˍ˖˄ ˋ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ ʻʷˋʶ˖˄ ˍ˖˄ 

ˁʰˍʰʽʴʾʵ˖˄Φ ʁʽ ˉˊˇʴ˄˗ˋʶʽˌ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ˃ʽʰ ˋˍʰʻ˃ʽˋ˃ʷ˄ʹ ʴˊʰ˃˃ʽˁʺ ˉˊˇˋʰˊ˃ˇʴʺ ˋˍˇ ʽˋˍˇˊʽˁˈ 

ˍˈˋˇ ˍʹˌ ʻʷˋʹˌ ˈˋˇ ˁʰʽ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΦ 

ʆˇ ˋˏˋˍʹ˃ʰ ʶʾ˄ʰʽ ˋ˔ʶʵʽʰˋ˃ʷ˄ˇ ʴʽʰ ˄ʰ ˋˎ˃ʲʰʵʾʸʶʽ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎ 

ˁʰʽ ˄ʰ ˉʰˊʷ˔ʶʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰ˄ʰ˂ˏˋʶ˖˄ ˁʰʽ ˉˊˈʴ˄˖ˋʹˌ ʶ˄ˍˈˌ ˉʶˊʾˉˇˎ мл ʵʶˎˍʶˊˇ˂ʷˉˍ˖˄ ʰˉˈ ˍˇ 

ˍʷ˂ˇˌ ˍʹˌ ˋʱˊ˖ˋʹˌΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ˁʰʽ ˍʹˌ ʽ˔˄ʹ˂ʱˍʹˋʹˌ ʵʽʰˍʹˊˇˏ˄ˍʰʽ ˋʶ ˃ʽʰ ʲʱˋʹ 

ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ˁʰʽ ˍʹˌ ʽ˔˄ʹ˂ʱˍʹˋʹˌΦ 

ɳˉʽʵʶʾ˔ʻʹˁʶ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʴʽʰ ʰˉʶʽˁˈ˄ʽˋʹ ʰˎˍ˗˄ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ 

˔ˊˈ˄ˇΦ ɳˉʽˉ˂ʷˇ˄Σ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ʽ˔˄ʹ˂ʱˍʹˋʹˌ ˉʰˊʰ˃ʷ˄ˇˎ˄ ʵʽʰʻʷˋʽ˃ʰ ʴʽʰ post-analysis ό˃ʶˍʱ-

ʰ˄ʱ˂ˎˋʹύ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ˁʰʽ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ όDixon and Wiener, 

1993). 

 

ʃʰˊʱ˃ʶˍˊˇʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˁʰˍʰʽʴʾʵʰˌ ˁʰʽ ˉˊˈʴ˄˖ˋʹˌ 

ʆˇ ˋˏˋˍʹ˃ʰ ˎˉˇ˂ˇʴʾʸʶʽ ˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˁʰˍʰʽʴʾʵʰˌ όDixon and Wiener, 1993): 

ɼʶ˄ˍˊˇʶʽʵʷˌ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ˁʰˍʰʽʴʾʵʰ ˁʰʽ ʴʽʰ ˁʱʻʶ ʶˉʾˉʶʵˇ˜ ˋˍʰʻ˃ʽˋ˃ʷ˄ˇ ʲʱˋʶʽ 

ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˁʶ˄ˍˊˇʶʽʵʷˌ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ˁʰˍʰʽʴʾʵʰ ˁʰʽ ʴʽʰ ˁʱʻʶ ʶˉʾˉʶʵˇ˜ ʲʱˋʹ˜ ʷ˄ˍʰˋʹ 

ʺ˔ˇˎ όˈʴˁˇˌύ˜ ʷˁˍʰˋʹ ʴʽʰ ˁʱʻʶ ʶˉʾˉʶʵˇ˜ ˁʰʽ ˃ʷˋʹ ʷˁˍʰˋʹ˜ ˃ʱʸʰ ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ 

ˁʰˍʰʽʴʾʵʰ ˁʰʽ ʴʽʰ ˁʱʻʶ ʶˉʾˉʶʵˇ όʲʰˋʽˋ˃ʷ˄ʹ ˋˍʹ ˋ˔ʷˋʹ ɵςɾ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ-˃ʱʸʰˌύ˜ ˊˇʺ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ όrain ÿuxύ όʲʰˋʽˋ˃ʷ˄ʹ ˋˍʹ˄ ʶˁʻʶˍʽˁʺ ˋ˔ʷˋʹ ɵςR ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ-ʲˊˇ˔ˈˉˍ˖ˋʹˌύ˜ 

ʴ˖˄ʾʰ ˁʰʽ ˁʰˍʶˏʻˎ˄ˋʹ ˁ˂ʾˋʹˌ˜ ˃ʷʴʽˋˍʹ ˁʰʽ ˃ʷˋʹ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ˁʰˍʰʽʴʾʵʰ ˁʰʽ 

ʴʽʰ ˁʱʻʶ ʶˉʾˉʶʵˇ˜ ˏ˕ˇˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ˜ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˋˍˊˇʲʽ˂ʽˋ˃ˇˏ όvorticity)38 

ʴˏˊ˖ ʰˉˈ ʷ˄ʰ˄ ˁʰˍʰˁˈˊˎ˒ˇ ʱ˅ˇ˄ʰ ˃ʷˋ˖ ˍˇˎ ˁʶ˄ˍˊˇʶʽʵˇˏˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ όʲʰˋʽˋ˃ʷ˄ˇ ˋʶ ʷ˄ʰ 

ˁˎˁ˂ʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˁʰˍʰʽʴʾʵʰˌύ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ˁʰˍʰʽʴʾʵʰ ˁʰʽ ʴʽʰ ˁʱʻʶ ʶˉʾˉʶʵˇ˜ ˃ʷˋʹ ˁʰʽ ˍˎˉʽˁʺ 

ʰˉˈˁ˂ʽˋʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ˁʰˍʰʽʴʾʵʰ ˁʰʽ ʴʽʰ ˁʱʻʶ ʶˉʾˉʶʵˇ˜ ˃ʷˋʹ ˁʰʽ ˍˎˉʽˁʺ 

ʰˉˈˁ˂ʽˋʹ ˍˇˎ ˒ʰˋ˃ʰˍʽˁˇˏ ʲʱʻˇˎˌ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ˁʰˍʰʽʴʾʵʰ ˁʰʽ ʴʽʰ ˁʱʻʶ ʶˉʾˉʶʵˇ˜ ʻʷˋʹ˜ ˃ʷʴʶʻˇˌ 

ˁʰʽ ˋ˔ʺ˃ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ όˁʰˍ˗ˍʶˊˇ ʶˉʾˉʶʵˇύ˜ ʻʷˋʹ˜ ˃ʷʴʶʻˇˌ ˁʰʽ ˋ˔ʺ˃ʰ ˍʹˌ 

                                                           
38 ɴ˄ʰ ˃ʷˍˊˇ ˍʹˌ ˉʶˊʽˋˍˊˇ˒ʺˌ ˍˇˎ ʰʷˊʰ ˋʶ ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇΦ ɸʶˍʽˁˈˌ όʰˊʽˋˍʶˊˈˋˍˊˇ˒ˇˌ ʺ ˁˎˁ˂˖˄ʽˁˈˌύ 
ˋˍˊˇʲʽ˂ʽˋ˃ˈˌ ˃ˉˇˊʶʾ ˄ʰ ˋˎˋ˔ʶˍʽˋʻʶʾ ˃ʶ ˔ʰ˃ʹ˂ʺ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ʰ˄ˇʵʽˁʺ ˁʰˍʰˁˈˊˎ˒ʹ ˁʾ˄ʹˋʹ 
όˋʶ ˉʶˊʽˇ˔ʷˌ ˃ʶ ʻʶˍʽˁʺ ˇˊʽʸˈ˄ˍʽʰ ˃ʶˍʰ˒ˇˊʱ ώadvectionϐ ˋˍˊˇʲʽ˂ʽˋ˃ˇˏύ όurl). 

http://forecast.weather.gov/glossary.php?word=vorticity


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˉˊˇʲʰ˂˂ˈ˃ʶ˄ʹˌ ˉʶˊʽˇ˔ʺˌ˜ ʽˋˍˈʴˊʰ˃˃ʰ ˍʹˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˈʴˁˇˎ ˁʰʽ ˖ˌ 

ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ʷˁˍʰˋʹˌΦ 

 

ǵȑǿȊŭ 3.2.: ǧɵȍűǾȉůŰȊŭ ŮůȀȃȊŭűȍȏ űȍȐ ŭȉȃȍȎȀȆȊȍȐ TITAN. ǲȇ ȃŭȉǽȄȇůȏ ůȉȉůȀȒůȇȏ 

ŭȋŭɵŭȎȇŰűȍȗȋ űȅȋ űȎȇŮȇǽŰűŭűȅ ŭȋȀȑȋůȐŰȅ űȓȋ ȈŭűŭȇȃȀŮȓȋ Ȉŭȇ ȍȇ ȈȀűȎȇȋůȏ űȇȏ ŮȇŭŮȍȑȇȈǾȏ 

ɵȎȍȃȋȘŰůȇȏ 6 ȉůɵűȘȋ űȅȏ ȆǾŰȅȏ Ȉŭȇ űȍȐ ȊůȃǾȆȍȐȏ. ǨǽŰůȇ űȍȐ ȇŰűȍȎȇȈȍȗ űǽŰůȓȋ, űȍ 

ȈȗűűŭȎȍ ɵȎȍȏ űȍȋ ȂȍȎȎǽ ŭȋŭȊǾȋůűŭȇ ȋŭ ůɵůȈűŭȆůȀ Ȉŭȇ űȍ ȈȗűűŭȎȍ Űűȍȋ ȋȖűȍ ȋŭ 

ŰȐȎȎȇȈȋȓȆůȀ. ǲȇ ŭɵůȇȈȍȋȀŰůȇȏ Űűŭ ŮůȌȇǽ ŭȋŭɵŭȎȇŰűȍȗȋ űȍ ȇŰűȍȎȇȈȖ űȍȐ ȖȃȈȍȐ űȅȏ 

ůɵȇȉůȃȊǾȋȅȏ ȈŭűŭȇȃȀŮŭȏ, űȍ ɵȎȍŲȀȉ ȗȒȍȐȏ űȅȏ ȊǾȃȇŰűȅȏ ŭȋŭȈȉŭŰűȇȈȖűȅűŭȏ Ȉŭȇ űŭ 

ȇŰűȍȃȎǽȊȊŭűŭ ŭȋŭȈȉŭŰűȇȈȖűȅűŭȏ (Wilson et al., 1998). 

 

ʇˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʶˉʾˋʹˌΣ ˇʽ ʰˁˈ˂ˇˎʻʶˌ ˉʰˊʱ˃ʶˍˊˇʽ ˉˊˈʴ˄˖ˋʹˌΥ ˁʶ˄ˍˊˇʶʽʵʷˌ˜ ˁʶ˄ˍˊˇʶʽʵʷˌ 

ˋˍʰʻ˃ʽˋ˃ʷ˄ˇ ˋˍʹ˄ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ˜ ˁˇˊˎ˒ʺ˜ ʲʱˋʹ˜ ʷ˄ˍʰˋʹ ʺ˔ˇˎ˜ ˃ʷˋʹ ʷˁˍʰˋʹ˜ ˃ʱʸʰ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ όʲʰˋʽˋ˃ʷ˄ʹ ˋˍʹ ˋ˔ʷˋʹ ɵ-ɾύ˜ ˊˇʺ ʲˊˇ˔ʺˌ όrain ÿuxύ όʲʰˋʽˋ˃ʷ˄ʹ ˋˍʹ ˋ˔ʷˋʹ ZτRύ˜ 

ʷˁˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˉˊˇʲʰ˂˂ˈ˃ʶ˄ʹ ʷˁˍʰˋʹ όDixon and Wiener, 1993). 

 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

44 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ɮ˅ʽˇ˂ˈʴʹˋʹ 

ʁʽ Dixon ˁ ʰʽ Wiener (1993ύΣ ʰ˅ʽˇ˂ˈʴʹˋʰ˄ ˍʹ˄ ˍʶ˔˄ʽˁʺ TITAN  ɹ ʽʰ ˉʶˊʽˈʵˇˎˌ ˉˊˈʴ˄˖ˋʹˌ ˃ʶˍʰ˅ˏ 

с ˁʰʽ ол ˂ʶˉˍ˗˄Φ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʷʵʶʽ˅ʰ˄ ˃ʽʰ ʰˉˈˍˇ˃ʹ ˉˍ˗ˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌΣ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ 

ˉʶˊʽˈʵˇˎ ˉˊˈʴ˄˖ˋʹˌΦ ɮ˄ʰ˒ʷˊʻʹˁʶ ˉ˖ˌ ʹ ˍʶ˔˄ʽˁʺ TITAN  ̄ ˊˇʶ˅ʷʲʰ˂ʶ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ ʹ˔ˇˏˌ ˁʰʽ ˍʹ˄ 

ʷ˄ˍʰˋʺ ˍʹˌΦ ʁʽ  Wilson et al. (1998ύΣ ˋˎ˄ʷˁˊʽ˄ʰ˄ ˉˊˇʴ˄˗ˋʶʽˌ ˃ʶ ˁʰʽ ˔˖ˊʾˌ ˍʹ ˋˎ˃ˉʶˊʾ˂ʹ˕ʹ ˍˇˎ 

˃ʶʴʷʻˇˎˌ ˍʹˌ ʹ˔ˇˏˌ ˁʰʽ ˍʹˌ ʷ˄ˍʰˋʹˌ ʴʽʰ ˉʶˊʽˈʵˇˎˌ ˉˊˈʴ˄˖ˋʹˌ ˃ʶˍʰ˅ˏ с ˁʰʽ ос ˂ʶˉˍ˗˄Φ ɮˎˍʷˌ ˇʽ 

ˉˊˇʴ˄˗ˋʶʽˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ мо ʹ˃ʷˊʶˌ ˃ʶ ˁʰˍʰʽʴʾʵʰ ˋˍˇ ɼˇ˂ˇˊʱ˄ˍˇ ˍ˖˄ ɶʃɮΣ ˍˇˎˌ 

ʻʶˊʽ˄ˇˏˌ ˃ʺ˄ʶˌ ˍˇˎ мффрΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ оΦоΦ ʂˉ˖ˌ ʰ˄ʰ˃ʶ˄ˈˍʰ˄Σ ʹ ʰˁˊʾʲʶʽʰ 

ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ˃ ʶʽ˗˄ʶˍʰʽ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʵʽʱˊˁʶʽʰˌ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌΦ 

 

ǵȑǿȊŭ 3.3.: ǵȗȃȈȎȇŰȅ ŰűŭűȇŰűȇȈȘȋ POD Ȉŭȇ FAR ȓȏ ŰȐȋǽȎűȅŰȅ űȅȏ ɵůȎȇȖŮȍȐ ɵȎȖȃȋȓŰȅȏ 

ȃȇŭ ɵȎȍȃȋȘŰůȇȏ ɵȎȍůȈȂȍȉǿȏ, Ȋů Ȉŭȇ ȑȓȎȀȏ ȊůűŭȂȍȉǿ űȍȐ ȊůȃǾȆȍȐȏ Ȉŭȇ űȅȏ ǾȋűŭŰȅȏ űȅȏ 

ȅȑȍȗȏ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Wilson et al. [1998]) 

 

ʍˋˍˈˋˇΣ ʶ˄˗ ʹ ˍʶ˔˄ʽˁʺ ˉʰˊʷ˔ʶʽ ʶ˂ʰ˒ˊ˗ˌ ˎ˕ʹ˂ˈˍʶˊʹ ˉʽʻʰ˄ˈˍʹˍʰ ʰ˄ʾ˔˄ʶˎˋʹˌ όPOD ð 

Probability of Detection)39Σ ˇʽ ˍʽ˃ʷˌ ˍʹˌ ʰ˄ʰ˂ˇʴʾʰˌ ʶˋ˒ʰ˂˃ʷ˄ˇˎ ˋˎ˄ʰʴʶˊ˃ˇˏ όFAR ð False Alarm 

Rate)40 ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˎ˕ʹ˂ˈˍʶˊʶˌΣ ˇʵʹʴ˗˄ˍʰˌ ˋʶ ˋ˔ʶʵˈ˄ ˉʰ˄ˇ˃ˇʽˈˍˎˉˇ ʵʶʾˁˍʹ  CSI (Critical Success 

Indexύ ʴʽʰ ˁʱʻʶ ˍʶ˔˄ʽˁʺΦ ɲʹ˂ʰʵʺΣ ʹ ˃ʶˍʰʲˇ˂ʺ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍʹˌ ʹ˔ˇˏˌ ˁʰʽ ˍʹˌ ʷ˄ˍʰˋʹˌ ʵʶ˄ ʲʶ˂ˍʾ˖ˋʶ 

ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ.  

ʃˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʶˉʾˋʹˌ ʷ˂ʶʴ˔ˇʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʽʰ ˉˇʽˁʽ˂ʾʰ ˉʰˊʰʲˇ˂ʽˁ˗˄ ˁʰ˃ˉˎ˂˗˄ 

ʴʽʰ ˍʹ˄ ˉˊˇʶˁʲˇ˂ʺ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍʹˌ ʹ˔ˇˏˌ όˉΦ˔Φ ʰˏ˅ʹˋʹ ˍˇˎ ˃ʶʴʷʻˇˎˌ ʹ˔ˇˏˌ ʴʽʰ мр ˂ʶˉˍʱΣ ˁʰʽ 

                                                           
39 ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˉˇˎ ʷ˄ʰ ʶˉʶʽˋˈʵʽˇ ˉˊˇʴʽʴ˄˗ˋˁʶˍʰʽ ˇˊʻʱΣ ʵʽʰʽˊʶ˃ʷ˄ˇˌ ˃ʶ ˍˇ˄ ˋˎ˄ˇ˂ʽˁˈ 
ʰˊʽʻ˃ˈ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˍˇˎ ʶˉʶʽˋˇʵʾˇˎ ώEumetcal glossary (European Meteorological Computer 
Assisted Learning)]. 
40 h ʰˊʽʻ˃ˈˌ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˉˇˎ ʷ˄ʰ ʶˉʶʽˋˈʵʽˇ ˉˊˇʴʽʴ˄˗ˋˁʶˍʰʽ ʰ˂˂ʱ ʵʶ˄ ˉʰˊʰˍʹˊʶʾˍʰʽΣ ʵʽʰʽˊʶ˃ʷ˄ˇˌ 
˃ʶ ˍˇ˄ ˋˎ˄ˇ˂ʽˁˈ ʰˊʽʻ˃ˈ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ ʴʽʰ ˍˇ ʶˉʶʽˋˈʵʽˇ όEumetcal glossary). 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ʷˉʶʽˍʰ ˃ʶʾ˖ˋʹύ˜ ˖ˋˍˈˋˇΣ ˈ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ ˇˎˋʽʰˋˍʽˁʱ ˉʰˊʺʴʰʴʰ˄ ˉʰ˄ˇ˃ˇʽˈˍˎˉʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ 

ʰ˄ʶ˅ʰˊˍʺˍ˖ˌ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ ˍʹˌ ˁʰ˃ˉˏ˂ʹˌΦ ɮˎˍˈ ˇʵʺʴʹˋʶ ˋˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˈˍʽ ˇʽ ʰˉʰˊʰʾˍʹˍʶˌ 

˒ˎˋʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ˎˉʰʴˇˊʶˏˇˎ˄ ˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˃ʶ ˍˇ ˉʷˊʰˋ˃ʰ ˍˇˎ ˔ˊˈ˄ˇˎΣ 

ʵʶ˄ ʶʾ˄ʰʽ ʰˉʰˊʰʽˍʺˍ˖ˌ ˉʰˊʰˍʹˊʺˋʽ˃ʶˌ ˋˍˇ ʽˋˍˇˊʽˁˈ ˃ʽʰˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ʹ˔ˇˏˌΦ ʅˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˃ʶˍʰʴ˖ʴʽˁ˗˄ ˁʰˍʰʽʴʾʵ˖˄Σ ʰˎˍʷˌ ˇʽ ˒ˎˋʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ʶʾ˄ʰʽ ˋˎ˔˄ʱ ʴʶʴˇ˄ˈˍʰ ˉˇˎ 

ˉˊˇˁˏˉˍˇˎ˄ ˋˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˇˊʽʰˁˈ ˋˍˊ˗˃ʰ όboundary layerύΣ ˈˉ˖ˌ ʹ ˋˏʴˁ˂ʽˋʹ όGarstang and 

Cooper, 1981). 

 

3.2.2. ȽɢɜɖɚɎŰɖůɖ ˊŮɟɘɞɢɩɜ (area tracking) 

ɶ ʽ˔˄ʹ˂ʱˍʹˋʹ ˉʶˊʽˇ˔˗˄ ʵʽʰʽˊʶʾ ˃ʽʰ ʶʽˁˈ˄ʰΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʺ 

ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌΣ ˋʶ ʷ˄ʰ ˄ˁʱ˄ʰʲˇ ˁʰʽ ʴʽʰ ˁʱʻʶ ˉ˂ʰʾˋʽˇ ˍˇˎ ˁʰ˄ʱʲˇˎ, ʰ˄ʰʸʹˍʶʾˍʰʽ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ 

ʶʽˁˈ˄ʰ ʷ˄ʰ ʰ˄ˍʾˋˍˇʽ˔ˇ ˉ˂ʰʾˋʽˇ ό˃ʶ ˍʹ˄ ʷ˄˄ˇʽʰ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˋˎˋ˔ʷˍʽˋʹˌύΦ ɶ ˋˎ˂˂ˇʴʺ ˍ˖˄ 

ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˉˇˎ ˎ˂ˇˉˇʽˇˏ˄ ̱ ʹ˄ ζ˃ ʶˍʱ˒ˊʰˋʹη ˃ ʶˍʰ˅ˏ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˉ˂ʰʽˋʾ˖˄Σ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ̱ ˇ 

ˉʶʵʾˇ ˍʰ˔ˏˍʹˍʰˌ. H ʵʽʰʵʽˁʰˋʾʰ ʶ˄ˈˌ area tracker ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˋˍˇ ʅ˔Φ 3.4. ɮˎˍˈ ˍˇ ˋ˔ʺ˃ʰ 

ʰˉʶʽˁˇ˄ʾʸʶʽ ˍʹ˄ ʽʵʷʰ ˍˇˎ TREC (Rinehart and Garvey, 1978) όʰ˄ʰ˒ʷˊʶˍʰʽ ʶˁˍʶ˄ʷˋˍʶˊʰ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ 

ˎˉˇʶ˄ˈˍʹˍʰ)Σ ʰ˂˂ʱ ˁʰʽ ʱ˂˂ˇ ̔area trackers ˂ʶʽˍˇˎˊʴˇˏ˄ ˉʰˊˈ˃ˇʽʰΦ ɶ ˉˊ˗ˍʹ ʶʽˁˈ˄ʰ όʰˊʽˋˍʶˊʱ) 

ˉˊˇˋʵʽˇˊʾʸʶʽ ˍʹ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˃ʶˍʰˍˈˉʽˋʹˌΦ ɾʽʰ ˉʶˊʽˇ˔ʺ ʽ˔˄ʹ˂ʱˍʹˋʹˌ 

ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʴˏˊ˖ ʰˉˈ ˁʱʻʶ ˋʹ˃ʶʾˇ ˍˇˎ ˁʰ˄ʱʲˇˎ ˁʰʽ ˇ˄ˇ˃ʱʸʶˍʰʽ άbox sizeέ (ζ˃ ʷʴʶʻˇˌ 

ˉ˂ʰʽˋʾˇˎη)Φ ɮˎˍˈ ˍˇ ˉ˂ʰʾˋʽˇ ˋˎʴˁˊʾ˄ʶˍʰʽ ˃ʶ ˉʰˊˈ˃ˇʽʰ ˉ˂ʰʾˋʽʰ ˃ʷˋʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʰ˄ʰʸʺˍʹˋʹˌ ˍʹˌ 

ʵʶˏˍʶˊʹˌ ʶʽˁˈ˄ʰˌΦ ʆˇ ˃ʷʴʶʻˇˌ ˍˇˎ ˒ʱˋ˃ʰˍˇˌ ʰ˄ʰʸʺˍʹˋʹˌ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˃ʽʰˌ ˃ʷʴʽˋˍʹˌ 

ˍʰ˔ˏˍʹˍʰˌ ˁʰʽ ˍʹ ˔ˊˇ˄ʽˁʺ ˎˋˍʷˊʹˋʹ ˃ʶˍʰ˅ˏ ˉˊ˗ˍʹˌ ˁʰʽ ʵʶˏˍʶˊʹˌ ʶʽˁˈ˄ʰˌΦ ɱʽʰ ˁʱʻʶ ʸʶˏʴˇˌ ˉ˂ʰʽˋʾ˖˄ 

ˍʹˌ ˉˊ˗ˍʹˌ ˁʰʽ ˍʹˌ ʵʶˏˍʶˊʹˌ ʶʽˁˈ˄ʰˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˋˎˋ˔ʷˍʽˋʹˌΦ  

 

ǵȑǿȊŭ 3.4.: ŪůȋȇȈǿ ȇŮǾŭ űȍȐ ŭȉȃȖȎȇȆȊȍȐ ȇȑȋȅȉǽűȅŰȅȏ ɵůȎȇȍȑȘȋ TREC (Rinehart Ȉŭȇ Garvey, 

1978). ǟȉȉȍȇ area trackers ȉůȇűȍȐȎȃȍȗȋ ɵŭȎȖȊȍȇŭ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ 

Mecklenburg et al. [2000]). 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

46 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʆˇ ʵʽʱ˄ˎˋ˃ʰ ˃ʶˍʱ˒ˊʰˋʹˌ ˃ʶˍʰ˅ˏ ʶ˄ˈˌ ʸʶˏʴˇˎˌ ˉ˂ʰʽˋʾ˖˄ ˉˇˎ ˎ˂ˇˉˇʽˇˏ˄ ˍˇ˄ ˃ʷʴʽˋˍˇ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ˋˎˋ˔ʷˍʽˋʹˌ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˖ˌ ζʷʴˁˎˊˇη ʵʽʱ˄ˎˋ˃ʰ ˍʰ˔ˏˍʹˍʰˌΦ ɲˎˋˍˎ˔˗ˌΣ ʹ ʵʽʰʵʽˁʰˋʾʰ 

ˈˉ˖ˌ ˉʶˊʽʴˊʱ˒ʹˁʶ ˉʰˊʰˉʱ˄˖Σ ˇʵʹʴʶʾ ˋʶ ʻˇˊˎʲ˗ʵʹ ˉʶʵʾʰ ˍʰ˔ˏˍʹˍʰˌΣ ˉˇˎ ˋˎ˔˄ʱ ˉʶˊʽʷ˔ˇˎ˄ 

˂ʰ˄ʻʰˋ˃ʷ˄ʶˌ ʵʽʰ˄ˏˋ˃ʰˍʰ ʺ ʰˉˇˁ˂ʾ˄ˇ˄ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ ɲʽʱ˒ˇˊʰ ˋˎˋˍʺ˃ʰˍʰ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ʴʽʰ 

˄ʰ ʶ˅ˇ˃ʰ˂ˏ˄ˇˎ˄ ˁʰʽ κ ʺ ˄ʰ ʵʽˇˊʻ˗ˋˇˎ˄ ʰˎˍʱ ˍʰ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰΦ ʆʰ ʲʰˋʽˁʱ ˋˍˇʽ˔ʶʾʰ ˇˊʽˋ˃ʷ˄˖˄ ʰˉˈ 

ʰˎˍʱ ˍʰ ˋˎˋˍʺ˃ʰˍʰ ʷ˔ˇˎ˄ ʺʵʹ ʶ˅ʹʴʹʻʶʾ ˉʰˊʰˉʱ˄˖Σ ˋˍˇ ʴʶ˄ʽˁˈ ˉ˂ʰʾˋʽˇ ˍʹˌ ˇˉˍʽˁʺˌ ˊˇʺˌ όhCύ 

(Reyniers, 2008). 

 

оΦнΦнΦмΦ ɮ˂ʴˈˊʽʻ˃ˇˌ TREC όмфтуύΣ ɶʃɮ 

ʅʶ ʰˎˍʺ˄ ˍʹ˄ ˍʶ˔˄ʽˁʺΣ ˃ʶ˂ʶˍʱˍʰʽ ˃ʽʰ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺ ˔ˊʺˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˊʰ˄ˍʱˊ 

ʰˉˈ ʷ˄ʰ ˃ʶ˃ˇ˄˖˃ʷ˄ˇ ˋˎ˃ʲʰˍʽˁˈ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΣ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶ ˍʽˌ 

ˍˊʽʵʽʱˋˍʰˍʶˌ ˁʽ˄ʺˋʶʽˌ ˃ʷˋʰ ˋʶ ˃ʽʰ ˁʰˍʰʽʴʾʵʰ όRinehart and Garvey, 1978).  

ɲˏˇ ʺ ˍˊʾʰ ˊʰ˄ˍʱˊ ɿˍˈˉ˂ʶˊ ˋˎ˂˂ʷʴˇˎ˄ ˋˎ˄ʵˎʰˋˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰΦ ɶ ʶ˅ʾˋ˖ˋʹ ˋˎ˄ʷ˔ʶʽʰˌ ˍʹˌ 

˃ʱʸʰˌΣ ˁʰʽ ˃ʽʰ ʶ˃ˉʶʽˊʽˁʺ ˋ˔ʷˋʹ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˁʰʽ ˍʶ˂ʽˁʺˌ ˍʰ˔ˏˍʹˍʰˌΣ ʷ˔ˇˎ˄ ˁʰˍʰˋˍʺˋʶʽ ʵˎ˄ʰˍʺ 

ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˉ˂ʺˊ˖˄ ˍˊʽʵʽʱˋˍʰˍ˖˄ ˉʶʵʾ˖˄ ˊˇʺˌ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ ˋʶ ˍ˃ʺ˃ʰˍʰ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Φ ɽˈʴ˖ 

ˍˇˎ ʶʴʴʶ˄ˇˏˌ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍˇˌ ˍˇˎ ˊʰ˄ˍʱˊ ɿˍˈˉ˂ʶˊ ˋˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ ˁʾ˄ʹˋʹˌΣ ʵʶ˄ ˁʰˍʶʲ˂ʺʻʹ 

ʽʵʽʰʾˍʶˊʹ ˉˊˇˋˉʱʻʶʽʰ ˋˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʴʽʰ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍ˖˄ 

ʶˋ˖ˍʶˊʽˁ˗˄ ˁʽ˄ʺˋʶ˖˄ ˁʰˍʰʽʴʾʵʰˌ ˃ʶ ˋˎ˃ʲʰˍʽˁʱ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˊʰ˄ˍʱˊΦ ɲʽʶˊʶˎ˄ʺʻʹˁʰ˄ ̀ ˎˋˍʺ˃ʰˍʰ 

ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˃ˇˍʾʲ˖˄ όˍʶ˔˄ʽˁʷˌ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ˋˎˋ˔ʷˍʽˋʹˌΣ ʰ˄ʱ˂ˎˋʹ Fourier41 ˁʰʽ ˉˊˇˋʰˊ˃ˇʴʺ 

ʴˁʰˇˎˋʽʰ˄ʺˌ ˁʰ˃ˉˏ˂ʹˌ ώgaussian curve fitting]42), ˃ ʶ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ˁʰʽ ʵˇˊˎ˒ˇˊʽˁʱΣ ˉˊ˖ˍʾˋˍ˖ˌ 

ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˁʾ˄ʹˋʹˌ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Σ ˍʹˌ ˋˎʴ˔˗˄ʶˎˋʹˌ ˁʰʽ ˍˇˎ ʵʽʰ˔˖ˊʽˋ˃ˇˏ 

ˍʹˌ ʹ˔ˇˏˌΦ 

ɾʶʻˇʵˇ˂ˇʴʾʰ 

ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʵˏˇ ˋʰˊ˗ˋʶʽˌΣ ʶʾˍʶ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ʶʾˍʶ ʰˁˍʽ˄ʽˁʺˌ ˍʰ˔ˏˍʹˍʰˌΣ 

˃ʶˍˊʹ˃ʷ˄˖˄ ˋˍʹ˄ ʾʵʽʰ ʴ˖˄ʾʰ ʰ˄ˏ˕˖ˋʹˌ ˁʰʽ ˋʶ ˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌ ˃ʶ ʵʽʰ˒ˇˊʱ ˃ʶˊʽˁ˗˄ ˂ʶˉˍ˗˄Φ ɶ 

ʰ˄ʱ˂ˎˋʹ ˋˎ˄ʶ˔ʾʸʶˍʰʽ ʵʽʰʽˊ˗˄ˍʰˌ ˍʹ˄ ˉˊ˗ˍʹ ˋʱˊ˖ˋʹ ˋʶ ʷ˄ʰ˄ ʰˊʽʻ˃ˈ ʽˋˇ˃ʶʴʶʻ˗˄ ʵʽʵʽʱˋˍʰˍ˖˄ 

ˉ˂ʰʽˋʾ˖˄ όάboxesέύΣ ˉˇˎ ʰˉʷ˔ˇˎ˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʱˉˇʽʰ ʰˉˈˋˍʰˋʹΦ ɼʱʻʶ ʰˊ˔ʽˁˈ ˉ˂ʰʾˋʽˇ ˋˎˋ˔ʶˍʾʸʶˍʰʽ 

ʷˉʶʽˍʰ ˃ʶ ˈ˂ʰ ˍʰ ˉʽʻʰ˄ʱ ˉ˂ʰʾˋʽʰ ʾʵʽˇˎ ˃ʶʴʷʻˇˎˌ ˋˍʹ ʵʶˏˍʶˊʹ ˋʱˊ˖ˋʹ ʴʽʰ ˄ʰ ʶ˄ˍˇˉʽˋˍʶʾ ˍˇ ʵʶˏˍʶˊˇ 

ˁʰˍʰ˂˂ʹ˂ˈˍʶˊˇ ˉ˂ʰʾˋʽˇΣ ʵʹ˂ʰʵʺ ˄ʰ ˁʰʻˇˊʽˋˍʶʾ ˍˇ ʸʶˏʴˇˌ ʰˊ˔ʽˁˈ ς ˍʶ˂ʽˁˈ ˉ˂ʰʾˋʽˇΣ ˃ʶ ˍˇ˄ 

˃ʶʴʰ˂ˏˍʶˊˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ˋˎˋ˔ʷˍʽˋʹˌΦ ɶ ʻʷˋʹ ˍˇˎ ʵʶˏˍʶˊˇˎ ˉ˂ʰʽˋʾˇˎ ˁʰʻˇˊʾʸʶʽ ˍˇ ˉʷˊʰˌ ˍˇˎ 

ʵʽʰ˄ˏˋ˃ʰˍˇˌ ˃ʶˍʱʲʰˋʹˌ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ оΦрΦ 

                                                           
41 ɶ ʰ˄ʱ˂ˎˋʹ Fourier ʶʾ˄ʰʽ ʷ˄ʰ ˉʶʵʾˇ ˍ˖˄ ʶ˒ʰˊ˃ˇˋ˃ʷ˄˖˄ ˃ʰʻʹ˃ʰˍʽˁ˗˄ ˍˇ ˇˉˇʾˇ ˉˊˇʷˁˎ˕ʶ ʰˉˈ ˍʹ˄ 
ˉˊˇˋˉʱʻʶʽʰ ʰ˄ʰˉʰˊʱˋˍʰˋʹˌ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˖ˌ ʱʻˊˇʽˋ˃ʰ ʰˉ˂ˇˏˋˍʶˊ˖˄ ˉʶˊʽˇʵʽˁ˗˄ ˍˊʽʴ˖˄ˇ˃ʶˍˊʽˁ˗˄ 
ˋˎ˄ʰˊˍʺˋʶ˖˄ όurl). 
42 ʅˁˇˉˈˌ ˍʹˌ ˉˊˇˋʰˊ˃ˇʴʺˌ ˁʰ˃ˉˏ˂ʹˌ όŎǳǊǾŜ ŦƛǘǘƛƴƎύ ʶʾ˄ʰʽ ˄ʰ ʲˊʶʽ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ʶ˄ˈˌ ˃ʰʻʹ˃ʰˍʽˁˇˏ 
˃ˇ˄ˍʷ˂ˇˎ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ʷ˄ʰ ˋʶˍ ʵʶʵˇ˃ʷ˄˖˄ όˋˎ˄ʺʻ˖ˌ ˃ʶ ʻˈˊˎʲˇύΣ ˃ʶ ˍˊˈˉˇ ˉˇˎ ˄ʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽʶʾ ˍʹ 
ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ   

http://en.wikipedia.org/wiki/Fourier_analysis


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ǵȑǿȊŭ 3.5.: ǵȑȅȊŭűȇȈǿ ŭɵůȇȈȖȋȇŰȅ ɵȍȐ ŮůȀȑȋůȇ űȍȋ ȐɵȍȉȍȃȇŰȊȖ ůȋȖȏ ŮȇŭȋȗŰȊŭűȍȏ TREC 

ɵȎȍȈůȇȊǾȋȍȐ ȋŭ ɵȎȍŰŮȇȍȎȇŰűůȀ ȅ ȈȀȋȅŰȅ űȅȏ ŭȋŭȈȉŭŰűȇȈȖűȅűŭȏ űȅȏ ȅȑȍȗȏ  

(ȃȎŭȊȊȍŰȈȇŭŰȊǾȋŭ űȊǿȊŭűŭ) ŭɵȖ űȅȋ ǸȎȍȋȇȈǿ ǵűȇȃȊǿ 1 Űűȅȋ ǸȎȍȋȇȈǿ ǵűȇȃȊǿ 2. ǲ ŭȎȑȇȈȖȏ 

ɵȀȋŭȈŭȏ ŮůŮȍȊǾȋȓȋ űȅȋ ǸȎȍȋȇȈǿ ǵűȇȃȊǿ 1 ůȀȋŭȇ ůűůȎȍŰȐŰȑůűȇŰȊǾȋȍȏ Ȋů Ȗȉůȏ űȇȏ ǽȉȉůȏ 

ŮȇŭűǽȌůȇȏ ȀŮȇȍȐ ȊůȃǾȆȍȐȏ Űűȅȋ ǸȎȍȋȇȈǿ ǵűȇȃȊǿ 2, űȓȋ ȍɵȍȀȓȋ űȍ ȈǾȋűȎȍ ȂȎȀŰȈůűŭȇ Űűȅȋ 

ȀŮȇŭ ɵůȎȇȍȑǿ ŭȋŭȄǿűȅŰȅȏ. ǫ ȆǾŰȅ űȍȐ ŮůȗűůȎȍȐ ɵȉŭȇŰȀȍȐ Ȋů űȅ ȊǾȃȇŰűȅ ŰȐŰȑǾűȇŰȅ 

ȈŭȆȍȎȀȄůȇ űȍ ɵǾȎŭȏ űȍȐ ŮȇŭȋȗŰȊŭűȍȏ. ǵűȅ ȊůȉǾűȅ ŭȐűǿ űȓȋ Tuttle and Foote (1990), 

ȑȎȅŰȇȊȍɵȍȇǿȆȅȈů ȊǾȃůȆȍȏ ɵȉŭȇŰȀȍȐ 7 km Ȉŭȇ űȍ ȑȎȍȋȇȈȖ ŮȇǽŰűȅȊŭ ȊůűŭȌȗ űȓȋ ȊůűȎǿŰůȓȋ 

ǿűŭȋ ŰȐȋǿȆȓȏ ɵǾȋűů ȉůɵűǽ. (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Tuttle and Foote [1990])  

 

ʆˈˋˇ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ ˉ˂ʰʽˋʾˇˎ ˈˋˇ ˁʰʽ ʹ ˃ʶˍʰ˅ˏ ˍˇˎˌ ʰˉˈˋˍʰˋʹΣ ʶʾ˄ʰʽ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ 

ʶʽˋʱʴˇ˄ˍʰʽ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰΦ ɰˊʷʻʹˁʶ ʰˉˈ ˍˇˎˌ Rinehart and Garvey (1978ύΣ ˉ˖ˌ ˍʰ ʽʵʰ˄ʽˁʱ ˃ʶʴʷʻʹ 

ˉ˂ʰʽˋʾ˖˄ ʶʾ˄ʰʽ о ˃ʶ т km. 

w ɶ ˃ʶʻˇʵˇ˂ˇʴʾʰ TREC ʁ ʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʶˎʰʾˋʻʹˍʹ ˋˍˇ ground clutter ό˃ˈ˄ʽ˃ˇʽ ʺ˔ˇʽ ʰˉˈ 

ˍˇ ʰ˄ʱʴ˂ˎ˒ˇ ˍˇˎ ʶʵʱ˒ˇˎˌύ43 (Tuttle ˁ ʰʽ Foote, 1990). 

ɱʽʰ ʲʷ˂ˍʽˋˍʹ ˔ˊʺˋʹΣ ˍˇ TREC ʻʰ ˉˊʷˉʶʽ ˄ʰ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ʷ˄ʰ ˊʰ˄ˍʱˊ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 

ʰ˄ʽ˔˄ʶˏˋʶʽ ʶˎ˔ʶˊ˗ˌ ʹ˔˗ ˁʰʻʰˊˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˋʶ ʶˏˊˇˌ рл ʷ˖ˌ млл km ʺ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊΣ̌ ˁʰʽ 

ˉˇˎ ʷ˔ʶʽ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ˉʰˊʶ˃ʲˇ˂ʺ ʰˉˈ ground clutterΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ TREC ˃ˉ̌ˊˇˏ˄ ˄ʰ 

ʶ˄ˋ˖˃ʰˍ˖ʻˇˏ˄ ˋʶ ʷ˄ʰ˄ ˁʱ˄ʰʲˇ ˁʰˊˍʶˋʽʰ˄˗˄ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄Σ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍˇ˄ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ˍʹ 

˃ʶ˂ʷˍʹ ˍʹˌ ʵˇ˃ʺˌ ˁʰʽ ˍʹˌ ʶ˅ʷ˂ʽ˅ʹˌ ʶˎˊʶʾʰˌ ˁ ˂ʾ˃ʰˁʰˌ ˊˇ˗˄ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ ˋˍˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˇˊʽʰˁˈ 

ˋˍˊ˗˃ʰ όboundary layerύΦ ɸʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ʶ˄ˋ˖˃ʰˍ˖ʻʶʾ ˁʰʽ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ʱ˂˂ʰ ˃ʶˍˊʹˍʽˁʱ 

ˋˎˋˍʺ˃ʰˍʰΣ ʴʽʰ ˄ʰ ʵʽʶˊʶˎ˄ʹʻʶʾ ˇ ˊˈ˂ˇˌ ˍ˖˄ ʴˊʰ˃˃˗˄ ˋˏʴˁ˂ʽˋʹˌ όconvergence linesύ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ 

ˍʹˌ ˃ʶˍʰʴ˖ʴʺˌ ˁʰʽ ʴʽʰ ˄ʰ ʶˉʰ˂ʹʻʶˎʻˇˏ˄ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˈ ʰˊʽʻ˃ʹˍʽˁʷˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ. ʅʶ 

                                                           
43 ʂˍʰ˄ ʹ ʵʷˋ˃ʹ ˍˇˎ ˊʰ˄ˍʱˊ ʺ ʰˁˈ˃ʰ ˈˍʰ˄ ˇʽ ˉ˂ʶˎˊʽˁˇʾ ˂ˇʲˇʾ ˋˎ˄ʰ˄ˍʺˋˇˎ˄ ˍˇ ʷʵʰ˒ˇˌ ʺ ˋˍˈ˔ˇˎˌ ˉʱ˄˖ 
ˋˍˇ ʷʵʰ˒ˇˌΣ ʵˎ˄ʰˍˇʾ ʺ˔ˇʽ ʶˉʽˋˍˊʷ˒ˇˎ˄ ʴ˄˖ˋˍˇʾ ˋʰ˄ ϦƎǊƻǳƴŘ ŎƭǳǘǘŜǊϦΦ ʁʽ ʺ˔ˇʽ ʰˎˍˇʾ ʰʻˊˇʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ 
˔ˊˈ˄ˇ ˁʰʽ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋʰ˄ ˃ʶʴʱ˂ʶˌ ˉˇˋˈˍʹˍʶˌ ʲˊˇ˔ʺˌ ʰ˄ ʵʶ ˂ʹ˒ʻˇˏ˄ ˃ʷˍˊʰ ˋˍˇ ˋˍʱʵʽˇ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ 
ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ όɾˉʰ˂ˍʱˌΣ 2006). 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

48 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ˃ˇ˄ˍʷ˂ʰΣ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ˄ ʰˉˈˁˍʹˋʹ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˁˇ˄ˍʽ˄˗˄ 

ˊˇ˗˄ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΦ ʅˍʹ˄ ʰʶˊˇˉˇˊʾʰΣ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˋˍˇ˄ ʱ˄ʶ˃ˇ ʻʰ ˃ˉˇˊˇˏˋʰ˄ 

˄ʰ ˉˊˇʲ˂ʶ˒ʻˇˏ˄ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˁˊʾʲʶʽʰΣ ˉʰˊʷ˔ˇ˄ˍʰˌ ˃ʽʰ ˉʽˇ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˁʰʻˇʵʺʴʹˋʹ ʴʽʰ ˍʹ˄ 

ʶ˄ʰʷˊʽʰ ˁˎˁ˂ˇ˒ˇˊʾʰΣ ˋˍʰ ʰʶˊˇʵˊˈ˃ʽʰ ˁʰʽ ʴˏˊ˖ ʰˉˈ ʰˎˍʱ όTuttle and Foote, 1990). 

3.2.2.2. ɰʶ˂ˍʽ˗ˋʶʽˌ ̀  ʁarea - trackers 

ʆʽˌ ˍʶ˂ʶˎˍʰʾʶˌ ʵˏˇ ʵʶˁʰʶˍʾʶˌ ʷ˔ʶʽ ˎˉʱˊ˅ʶʽ ˉʶˊʰʽˍʷˊ˖ ʲʶ˂ˍʾ˖ˋʹ ˋʶ ˋˎˋˍʺ˃ʰˍʰ ˉˊˇʶˁʲˇ˂ʺˌ ˉˇˎ 

ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ʰ˂ʴˇˊʾʻ˃ˇˎˌ nowcasting ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ʽʵʾ˖ˌ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˍˇ ˎCOTREC (Li 

et al., 1995̃ Mecklenburg et al., 2001), ̱ ˇˎ Variational Echo Tracking (VET̃ Germann and Zawadzki, 

2002) ˁ ʰʽ ˍʹˌ ˇˉˍʽˁʺˌ ˊˇʺˌ όBowler et al., 2004, Peura and Hohti, 2004). ʆˇ COTREC ̄ ʶˊʽˇˊʾʸʶʽ ˍʰ 

ʶˍʶˊˇˋˎˋ˔ʶˍʽˋ˃ʷ˄ʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˃ʶˍʰˍˈˉʽˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ ʵʽʵʽʱˋˍʰˍʹ ʶ˅ʾˋ˖ˋʹ ˋˎ˄ʷ˔ʶʽʰˌΦ 

ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍ ̍̔ ˋˇʵˎ˄ʰ˃ʶʾ ˃ ʶ ˍʹ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʰˉˈˁ˂ʽˋʹˌ ˍ˖˄ ˍʰ˔ˎˍʺˍ˖˄ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ 

ʴʽʰ ʴʶʽˍˇ˄ʽˁʱ ˃ˉ˂ˇˁΦ ɶ ˎˉʶˊˇ˔ʺ ˍˇˎ ʶˉʽ ˍˇˎ TREC (Rinehart and Garvey, 1978) ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ 

ʶ˅ʱ˂ʶʽ˕ʹ ˍ˖˄ ˕ʶˎʵ˗˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˁʾ ˄ʹˋʹˌ ˉˇˎ ˉˊˇˁʰ˂ʶʾˍʰʽ ʰˉˈ ˍˇ clutter44Σ ˉʰˊʶ˃ˉˇʵʾˋʶʽˌ ˍʹˌ 

ʵʷˋ˃ʹˌ ˁʰʽ ˊʰʴʵʰʾʶˌ ˃ʶˍʰʲˇ˂ʷˌ ˋˍˇ ˃ˇˍʾʲˇ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ɼˇʽ˄ʱ ˃ʶ ˍʹ˄ ˇˉˍʽˁʺ ˊˇʺΣ ˍˇ ˋˏˋˍʹ˃ʰ 

VET ʵʽʰʴʽʴ˄˗ˋˁʶʽ ʷ˄ʰ ˉʶʵʾˇ ˁʾ˄ʹˋʹˌ ˃ʶ ˍʹ˄ ʱ˃ʶˋʹ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ ˉʶˊʽˇˊʽˋ˃ˇˏ ˍʹˌ 

ˇˉˍʽˁʺˌ ˊˇʺˌΦ ʁʽ .ƻǿƭŜǊ et al. (2004) ʷ˂ˎˋʰ˄ ʰˎˍʺ˄ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ ˉˊʽ˄ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʶ˄ˈˌ 

ˉʶˊʽˇˊʽˋ˃ˇˏ ʶ˅ˇ˃ʱ˂ˎ˄ˋʹˌ, ʶ˄˗ ˇʽ Germann and Zawadzki (2002) ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˃ʽʰ ˃ʷʻˇʵˇ 

ˋˎʸˎʴ˗˄ ˁ˂ʾˋʶ˖˄ ʴʽʰ ˍʹ˄ ˍʰˎˍˈ˔ˊˇ˄ʹ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ˎˉˇ˂ˇʾˉ˖˄ ʵˏˇ ˉʶˊʽˇˊʽˋ˃˗˄Φ 

  

3.3. ūŬůɛŬŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ (spectral algorithms) 

ʁʽ ˒ʰˋ˃ʰˍʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉʰˊʷ˔ˇˎ˄ ˃ʽʰ ˉˊˇˋʷʴʴʽˋʹ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʵʽʰˉʾˋˍ˖ˋʹ ˈˍʽ ˇʽ 

ˉʶˊʽˇˊʽˋ˃ʷ˄ʶ ̩ ˁ˂ʾ˃ʰˁʶˌ ˋʶ ˃ʽʰ ʶʽˁˈ˄ʰ ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ˇʽ ˂ʽʴˈˍʶˊˇ 

ˉˊˇʲ˂ʷ˕ʽ˃ʶˌΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˈΣˍʽ ˇ 

˔ˊˈ˄ˇˌ ʸ˖ʺˌ ˃ʶʴʰ˂ˏˍʶˊ˖˄ ʵˇ˃˗˄Φ ʅʶ ʷ˄ʰ ˒ʰˋ˃ʰˍʽˁˈ ʰ˂ʴˈˊʽʻ˃ˇΣ ˃ʽʰ ʶʽˁˈ˄ʰ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ 

ʵʽɦ̀ ˍʰˋʹˌ L Ҏ L ˉʾ˅ʶ˂ ʰˉˇˋˎ˄ˍʾʻʶˍʰʽκʰ˄ʰ˂ˏʶˍʰʽ (decomposed) ˔˖ˊʽˁʱ ˋʶ ˃ʽʰ ˉˊˇˋʻʶˍʽˁʺ 

ʰ˂˂ʹ˂ˇˎ˔ʾʰ όadditive cascade) n ʶˉʽˉʷʵ˖˄ XkΣ ˉˇˎ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʹ˄ k ˁ˂ʾ˃ʰˁʰ ˍʹˌ 

ʰˉˇˋˏ˄ʻʶˋʹˌ (decomposition)Σ ʷˍˋʽ ˗ˋˍʶ: 

ὨὄὤȢὸ ὢȟȢὸȟ      Ὥ ρȟȣȟὒȟ      Ὦ ρȟȣȟὒȟ         ὒ ς       σȢφ 

ˈˉˇˎ dBZi,j (tύ ʹ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˋʶ dB ˋˍˇ pixel (i, j) ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ t. ɶ ʷ˄ˍʰˋʹ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ R ʷ˔ʶʽ ˃ʽʰ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍʽˁʺ ʵˇ˃ʺΣ ʵʹ˂ʰʵʺ ˍʰ ˉʶʵʾʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˉˊˇˋʶʴʴʽˋˍˇˏ˄ ʰˉˈ ˍˇ˄ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈ ʰ˄ʶ˅ʱˊˍʹˍ˖ ˄ʵʽʰʵʽˁʰˋʽ˗˄ ˋˎ˄ʽˋˍ˖ˋ˗˄ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʺ 

ˁ˂ʾ˃ʰˁʰΦ ɮˎˍʺ ʹ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍʽˁʺ ʵˇ˃ʺ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ʱʻˊˇʽˋʹ ˁʰˍʱ ˍʹ ˂ʺ˕ʹ ˍˇˎ ˂ˇʴʰˊʾʻ˃ˇˎΣ 

ˁʰʽ ʰˎˍˈˌ ʶʾ˄ʰʽ ˇ ˂ˈʴˇˌ ʴʽʰ ˍˇ˄ ˇˉˇʾˇ ˍʰ dBZ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʰˉˇˋˏ˄ʻʶˋʹΣ ˁʰʽ ˈ˔ʽ ˍʰ ɵ ʺ R. 

ʅˍʹ˄ h ˂˂ʹ˂ˇˎ˔ʾʰΣ ˍˇ Xk h ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍʹ˄ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍˇˎ ʰˊ˔ʽˁˇˏ ˉʶʵʾˇˎ ˃ʶ ʵˇ˃ʷˌ ˁ˂ʽ˃ʱˁ˖˄ 

˃ʶˍʰ˅ˏ н-(k+1)L ˁʰʽ н-kL ˉʾ˅ʶ˂. ɶ hˉˇˋˏ˄ʻʶˋʹ ˈˉ˖ˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʶʵ˗Σ ʶʾ˄ʰʽ ʹ ˃ʷʻˇʵˇˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ S-PROG ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʰˉˈ ˍˇ ˄ Seed (2003). To S-PROG 

                                                           
44 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ʵʽʱ˒ˇˊʰ ˋˎˋˍʺ˃ʰˍʰ ƴƻǿŎŀǎǘƛƴƎΦ E˄ ʰ ˉʰˊʱʵʶʽʴ˃ʰ ʶ˄ˈˌ ˉʶʵʾˇˎ 

ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˁʰʽ ʹ ˋ˔ʶˍʽˁʺ ʰˉˇˋˏ˄ʻʶˋʹ ʵʾ˄ʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 3.6Φ ɾʶˍʱ ˍʹ˄ ʰˉˇˋˏ˄ʻʶˋʹΣ ʹ 

ʶ˅ʷ˂ʽ˅ʹ ˍ˖˄ ʶˉʽˉʷʵ˖˄ ʶ˅ʶˍʱʸʶˍʰʽ ˅ʶ˔˖ˊʽˋˍʱΦ ɴ˄ʰ ˃ʷˍˊˇ ʴʽʰ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ʶ˄ˈˌ ˇˊʽˋ˃ʷ˄ˇˎ 

ʶˉʽˉʷʵˇˎ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˋˎˋ˔ʷˍʽˋʹˌ ˍˇˎ ʶˉʽˉʷʵˇˎ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ǘм ˁʰʽ ˍʹˌ 

˔ˊˇ˄ʽˁʺˌ ˋˍʽʴ˃ʺˌ ǘн όҐ ǘм Ҍ ɲtύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋˎ˄ˍʾʻʶˍʰʽ ˃ʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʶʽˁˈ˄ʰ ˍʹˌ ʷ˄ˍʰˋʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʰˉˈ ˍˇ ʱʻˊˇʽˋ˃ʰ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʶˉʽˉʷʵ˖˄Σ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˖ˌ ʲʱˊˇˌ ˍʹ˄ 

ˉˊˇʲ˂ʶˉˈ˃ʶ˄ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎˌΦ ʆʰ ʶˉʾˉʶʵʰ ˃ʶ ˍʽˌ ʶˎˊˏˍʶˊʶˌ ʵˇ˃ʷˌ ʻʰ ʷ˔ˇˎ˄ ˎ˕ʹ˂ʷˌ ˍʽ˃ʷˌ 

ˋˎˋ˔ʷˍʽˋʹˌ ˃ʶ ˍʰ ˉˊˇʹʴˇˏ˃ʶ˄ʰ ʶˉʾˉʶʵʰΣ ˁʰʽ ˖ˌ ʶˁ ˍˇˏˍˇˎ ˍʰ ʶˉʾˉʶʵʰ ʰˎˍʱ ʻʰ ˁˎˊʽʰˊ˔ˇˏ˄ ʴʽʰ 

˃ʶʴʱ˂ˇ ˉˊˇʴ˄˖ˋˍʽˁˈ ʶˏˊˇˌ. 

ʅˍˇ ʅ˔ʺ˃ʰ оΦсΦΣ ˃ʾʰ ʰˉˈ ˍʽˌ ʰʵˎ˄ʰ˃ʾʶˌ ˍʹˌ ˃ʶʻˈʵˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ʶˎ˔ʶˊ˗ˌ˜ ʹ ˉʰˊˇˎˋʾʰ 

ˉʶˊʽˇʵʽˁ˗˄ ʵˇ˃˗˄ ˋˍʽˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ˁ˂ʾ˃ʰˁʶˌΣ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ˋʰ˒ʷˌ ˈˍʽ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ˋˍˇ ʰˊ˔ʽˁˈ 

ˉʶʵʾˇ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌΦ ɮˎˍˈ ʶʾ˄ʰʽ ʷ˄ʰ ˉˇ˂ˏ ʴ˄˖ˋˍˈ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˋˍʽˌ ˒ʰˋ˃ʰˍʽˁʷˌ ʰˉˇˋˎ˄ʻʷˋʶʽˌΣ 

ˇ˄ˇ˃ʱʸʶˍʰʽ ʶˉʾʵˊʰˋʹ Gibbs (Gibbs effect).  

 

ǵȑǿȊŭ 3.6.: ǧɵůȇȈȖȋȇŰȅ űȅȏ ŭɵȍŰȗȋȆůŰȅȏ ůȋȖȏ ɵůŮȀȍȐ ŭȋŭȈȉŭŰűȇȈȖűȅűŭȏ Űů Ȋȇŭ 

ŭȉȉȅȉȍȐȑȀŭ (cascade) ŮȍȊȘȋ ŮȇŭŲȍȎůűȇȈȘȋ ȈȉȇȊǽȈȓȋ. Ƕȍ ŭȎȑȇȈȖ ɵůŮȀȍ ŭȋŭȈȉŭŰűȇȈȖűȅűŭȏ 

ůȊŲŭȋȀȄůűŭȇ Űűȅȋ ůɵǽȋȓ ůȇȈȖȋŭǉ űȎȀŭ ůɵȀɵůŮŭ cascade ɵŭȎȍȐŰȇǽȄȍȋűŭȇ Ȉǽűȓ: ȈȉȀȊŭȈůȏ 

ȊůȃŭȉȗűůȎůȏ ŭɵȖ 32 km (ŭȎȇŰűůȎǽ), ȈȉȀȊŭȈůȏ ŭɵȖ 16 Ǿȓȏ 32 km (ȊǾŰȅ), Ȉŭȇ ȈȉȀȊŭȈůȏ ŭɵȖ 8 

Ǿȓȏ Ȉŭȇ 16 km (ŮůȌȇǽ) (Berenguer et al., 2005) 

 

ɮˎˍʺ ʹ ʶˉʾʵˊʰˋʹ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇ˒ʶˎ˔ʻʶʾ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˉʽˁ˗˄ ˒ʰˋ˃ʰˍʽˁ˗˄ 

ʰˉˇˋˎ˄ʻʷˋʶ˖˄Σ ˇʽ ˇˉˇʾʶˌ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˁˎ˃ʰˍˇ˃ˇˊ˒˗˄ όwaveletsύΦ ɾʾʰ ˍʷˍˇʽʰ 

ʰˉˇˋˏ˄ʻʶˋʹ ˁˎ˃ʰˍˇ˃ˇˊ˒˗˄ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ ˋˏˋˍʹ˃ʰ MAPLEΣ ˍˇ ˇˉˇʾˇ ˋˎʸʹˍʶʾˍʰʽ ˂ʶˉˍˇ˃ʶˊ˗ˌ 

ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ ˍ˖˄ ʅˎˋˍʹ˃ʱˍ˖˄ nowcasting. 

 ʅˍˇˎˌ ˒ʰˋ˃ʰˍʽˁˇˏˌ ʰ˂ʴˈˊʽʻ˃ˇˎˌ ʵʶ˄ ˉʰˊʷ˔ʶˍʰʽ ʵʽʰʵʽˁʰˋʾʰ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰ˒ˇˊʱˌ 

(advectionύ˜ ˍʰ ʵʽʰ˒ˇˊʶˍʽˁʱ ʶˉʾˉʶʵʰ ˍʹˌ ʰ˂˂ʹ˂ˇˎ˔ʾʰˌ ˉˊʷˉʶʽ ˄ʰ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ʰˉˈ ˃ʽʰ ˉˊˈˋʻʶˍʹ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

50 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʵʽʰʵʽˁʰˋʾʰΦ ɮˉˈ ˍˇ ʰˊ˔ʽˁˈ ˋʶˍʱˊʽˋ˃ʰ ˍˇˎ S-PROG (Seed, 2003ύ ˎˉʺˊ˔ʶ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ 

ʰˉˇˋˏ˄ʻʶˋʹˌΣ ʹ ˇˊʽʸˈ˄ˍʽʰ ˃ʶˍʰ˒ˇˊʱ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ʶ˄ˈˌ ʰˉ˂ˇˏ ˁʰʽ ʶˏˊ˖ˋˍˇˎ area tracker ˉˇˎ 

ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ ʰˊ˔ʽˁˈ ˉʶʵʾˇ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ όˁʰʽ ˈ˔ʽ ˋˍʰ ʵʽʰ˒ˇˊʶˍʽˁʱ ʶˉʾˉʶʵʰ ˅ʶ˔˖ˊʽˋˍʱύΣ 

ˉˇˎ ˉʰˊʱʴʶʽ ˃ˈ˄ˇ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ˃ʶˍʰˍˈˉʽˋʹˌ ʴʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍˇˎ ˉʶʵʾˇˎΦ ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʰˎˍˈ 

ʶˉʶ˅ʶˊʴʱʸʶˍʰʽ ˉʶˊʰʽˍʷˊ˖ ˋˍˇ ˋˏˋˍʹ˃ʰ ƴƻǿŎŀǎǘƛƴƎ STEPS (Bowler et al., 2006ύΦ ʁʽ ˒ʰˋ˃ʰˍʽˁˇʾ 

ʰ˂ʴˈˊʽʻ˃ˇʽ ʷ˔ˇˎ˄ ʰ˒ʺˋʶʽ ˍʹ ˒ʱˋʹ ʷˊʶˎ˄ʰˌ ˁʰʽ ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰʽ ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˋʶ 

ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ˋˎˋˍʺ˃ʰˍʰ nowcasting  (Reyniers, 2008).  

 

3.4. ȺɜɜɞɘɞɚɞɔɘəɎ ɀɞɜŰɏɚŬ (conceptual models) 

ɴ˄ʰ ʶ˄˄ˇʽˇ˂ˇʴʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˉʶˊʽʴˊʱ˒ʶʽ ˍʰ ʲʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʶ˄ˈˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏ 

˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˁʰʽ ʰ˄ʰʴ˄˖ˊʾʸʶʽ ˍʽˌ ˁˏˊʽʶˌ ʵʽʰʵʽˁʰˋʾʶˌ ˉˇˎ ˋˎ˃ʲʰʾ˄ˇˎ˄Φ ɴ˄ʰ ˉ˂ʺˊʶˌ ʶ˄˄ˇʽˇ˂ˇʴʽˁˈ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˁʰˍʱ ˍˇ˄ ʊˈˊʹ (2006ύΣ ˉʰˊʷ˔ʶʽΥ 

w ʷ˄ʰ˄ ˇˊʽˋ˃ˈ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˋˎ˄ʰˊˍʺˋʶʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˉˇˎ ʰ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰʽ ʰˉˈ 

ˉʰˊʰˍʹˊʺˋʶʽˌΣ ʰ˄ʰ˂ˏˋʶʽˌ ʺ ʷʴˁˎˊʶˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌΦ 

w ˃ʽʰ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˋˎ˄ʰˊˍʺˋʶʽ ˍʹˌ ʶ˃˒ʱ˄ʽˋʹˌΣ ˍˇˎ 

˃ʶʴʷʻˇˎˌΣ ˍʹˌ ʷ˄ˍʰˋʹˌ ˁʰʽ ˍˇˎ ˁʰʽˊˇˏ ˉˇˎ ˍˇ ˋˎ˄ˇʵʶˏʶʽΦ 

w ˃ʽʰ ʰ˄ʰ˒ˇˊʱ ˍ˖˄ ˒ˎˋʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ˍˇ ʵʽʷˉˇˎ˄Σ ˁʱˍʽ ˉˇˎ ʲˇʹʻʱʶʽ ˋˍʹ˄ 

ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˉʰˊʰʴˈ˄ˍ˖˄ ˉˇˎ ˁʰʻˇˊʾʸˇˎ˄ ˍˇ˄ ˍˊˈˉˇ ˁʰʽ ˍˇ ˊˎʻ˃ˈ ʶ˅ʷ˂ʽ˅ʺˌ ˍˇˎΦ 

w ˍʹ ʲʱˋʹ ʴʽʰ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄ ˁʰʽ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ 

ˁˏˊʽ˖˄ ˋʹ˃ʱˍ˖˄ ʰˉˈ ˋˏ˄ʻʶˍʶˌ ˃ˇˊ˒ʷˌΦ 

w ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʲʰˋʽˁ˗˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˉʶʵʾ˖˄ ˉˇˎ ʰ˄ʰʵʶʽˁ˄ˏˇˎ˄ ˍʽˌ ˁˏˊʽʶˌ 

ʵʽʰʵʽˁʰˋʾʶˌ ˁʰʽ ʲˇʹʻˇˏ˄ ˋˍʹ ʵʽʱʴ˄˖ˋʹ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎΦ 

w ˁʰʻˇʵʺʴʹˋʹ ʴʽʰ ˍʽˌ ˉˊˇʲ˂ʶˉˈ˃ʶ˄ʶˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʺ ˁʰˍʰˋˍʱˋʶʽˌ ˃ʶ 

˔ˊʺˋʹ ˍ˖˄ ʵʽʰʴ˄˖ˋˍʽˁ˗˄ ˁʰʽ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˉʶʵʾ˖˄ ˉˇˎ ʵʽʰˁˊʾ˄ˇˎ˄ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʰˉˈ 

ˍʹ ˃ʹ ʰ˄ʱˉˍˎ˅ʹΣ ˍʹ ˃ʶˍʰˁʾ˄ʹˋʹ ˁʰʽ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹΦ 

w ˃ʽʰ ˋˏ˄ʻʶˋʹ ˈ˂˖˄ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋʶ ˃ʽʰ ˄ˇʹˍʽˁʺ ˍʶˍˊʰʵʽʱˋˍʰˍʹ 

ό˔˖ˊˇ˔ˊˇ˄ʽˁʺύ ʶʽˁˈ˄ʰΦ 

ɼʱˉˇʽʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˋˎˋˍʹ˃ʱˍ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʶ˄˄ˇʽˇ˂ˇʴʽˁʱ ˃ˇ˄ˍʷ˂ h ʶʾ˄ʰʽ ˍ̌ 

GANDOLF (Pierce et al., 2000ύΣ ˍˇ ˇˉˇʾˇ ˁʰˍʰ˄ʷ˃ʶʽ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ʶ˄ˈˌ ˁˎˍˍʱˊˇˎ ˁʰˍʰʽʴʾʵʰˌ ˋʶ ʷ˅ʽ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ˋˍʱʵʽʰ ˁʰʽ ˍˇ SWIRLS-2 (Yeung et al., 2009), ̱ ˇ ˇˉˇʾˇ ̝ ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ˋˏˋˍʹ˃ʰ 

ʰ˄ʾ˔˄ʶˎˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄ ʻʶ˖ˊʶʾ ˒ʱˋʶʽˌ ʶ˅ʹ˂ʶˁˍˊʽˋ˃ˇˏ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ 

ʶˁˁʶ˄˗ˋʶ˖˄ ˄ʶ˒˗˄-ʶʵʱ˒ˇˎˌ όcloud to ground, CG] ˋ˖ˊʶʽˍˈ˃ˇˊ˒˖ ˄˄ ʶ˒˗˄.   

ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʶ˄˄ˇʽˇ˂ˇʴʽˁʱ ˃ˇ˄ˍʷ˂ʰΣ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʰˊʰ˂ʶʽ˒ʻˇˏ˄ ʶ˄ˍʰˍʽˁˇʾ ʰˊʽʻ˃ʹˍʽˁˇʾ 

ˎˉˇ˂ˇʴʽˋ˃ˇʾ ʰˉˇˁˇ˃ʾʸˇ˄ˍʰˌ ʷˍˋʽ ˋʹ˃ʰ˄ˍʽˁʱ ˇ˒ʷ˂ʹ ˋˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ όReyniers, 2008). 

ʅˍˇ ˋʹ˃ʶʾˇ h ˎˍˈ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶˉʽˋʹ˃ʰ˄ʻʶʾ ʹ ʰˋʰ˒ʺˌ ʵʽʱˁˊʽˋʹ ˍ˖˄ ˇˊʽˋ˃˗˄ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ 

˂ˇʴ˖ ˍˇˎ ˈˍʽ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˁʱˉˇʽʰ ʶˉʾˋʹ˃ʹ ˇˊˇ˂ˇʴʾʰΦ ʅˍˇ ˉ˂ʰʾˋʽˇ ʰˎˍˈΣ ˁʰˍʱ ˍˇ˄ Wilson (2014)45, 

                                                           
45 (Senior Scientist, Research Applications Laboratory, Hydrometeorological Applications Program, 
University Corporation for Atmospheric Research, 2014, ˉˊˇˋ˖ˉʽˁʺ ʁ ˉʽˁˇʽ˄˖˄ʾʰ). 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ʶʱ˄ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ʶ˄˄ˇʽˇ˂ˇʴʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˋʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ƴƻǿŎŀǎǘƛƴƎΣ ʰˎˍˈ ʻʰ ˉˊʷˉʶʽ ˄ʰ 

˔ʰˊʰˁˍʹˊʽˋˍʶʾ ˖ˌ ʷ˃ˉʶʽˊˇ όexpertύ κ ʶˎˊʶˍʽˁˈ όheuristicύΦ ʆʰ ʷ˃ˉʶʽˊʰκʶˎˊʶˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ 

ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋʶ ʶˉˈ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰΦ 

 

3.5. ȷɟɘɗɛɖŰɘəɐ Ʉɟɧɔɜɤůɖ ȾŬɘɟɞɨ (NWP) 

ʆʰ ˃ˇ˄ˍʷ˂ʰ ɮˊʽʻ˃ʹˍʽˁʺˌ ʃˊˈʴ˄˖ˋʹˌ ɼʰʽˊˇˏ ʶʾ˄ʰʽ ˃ˇ˄ˍʷ˂ʰ ˒ˎˋʽˁʺˌ ʲʱˋʹˌ όphysically-based) 

ˍʰ ˇˉˇʾʰ ʶˉʽ˂ˏˇˎ˄ ˉˊˇˋʶʴʴʾˋʶʽˌ ˍʹˌ ˃ʱʸʰˌΣ ˍʹˌ ˇˊ˃ʺˌ ˁʰʽ ˍʹˌ ʰˊ˔ʺˌ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ʴʽʰ 

ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʹ ˊˇʺ ˍ˖˄ ˎʵʱˍ˖˄Σ ˍʹ˄ ˇˊ˃ʺ ˁʰʽ ˍʹ ˃ʁˍʰ˒ˇˊʱ ʻʶˊ˃ˈˍʹˍʰˌ 

ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʹˌ ˁʰʽΣ ˋʶ ˉˇ˂˂ʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ˖ˁʶʰ˄˗˄Φ ɼʰˍʱ ˁʰ˄ˈ˄ʰΣ ˍʰ 

˃ˇ˄ˍʷ˂ʰ ˍˇˉʽˁʺˌ ʺ ˉʶˊʽ˒ʶˊʶʽʰˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ʶʾ˄ʰʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʰ ˃ʷˋʰ ˋʶ ʷ˄ʰ ʰʵˊˈˍʶˊʹˌ ˁ˂ʾ˃ʰˁʰˌ 

ˉʰʴˁˈˋ˃ʽˇ ˃ˇ˄ˍʷ˂ˇ. ɶ ʰˊ˔ʽˁˇˉˇʾʹˋʺ ˍˇˎˌ ˎ˂ˇˉˇʽʶʾˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ 

ˇ˄ˇ˃ʱʸʶˍʰʽ ʰ˒ˇ˃ˇʾ˖ˋʹ ʵʶʵˇ˃ʷ˄˖˄ όdata assimilationύ ʹ ˇˉˇʾʰ ˋˎ˄ʵˎʱʸʶʽ ˉʰˊʰˍʹˊʺˋʶʽˌ ʰˉˈ 

ʵʽʱ˒ˇˊʶˌ ˉʹʴʷˌ όSene, 2013). 

ɶ ʰˊʽʻ˃ʹˍʽˁʺ ˉˊˈʴ˄˖ˋʹ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˈˍʽ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ 

ˎˉˈ˕ʹ ˈ˂ʶˌ ˇʽ ˒ˎˋʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˁʰʽˊʽˁˈ ˒ʰʽ˄ˈ˃ʶ˄ˇΦ ɮˎˍʷˌ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄: ˍʹ˄ ˍˎˊʲ˗ʵʹ ʰ˄ʱ˃ʶʽ˅ʹ ʶ˄ˍˈˌ ˍˇˎ ʰˍ˃ˇˋ˒ʰʽˁˇˏ ˇˊʽʰˁˇˏ ˋˍˊ˗˃ʰˍˇˌ όboundary 

layer), ̱ ʽˌ ʵʽʁ́ ʴʰˋʾʶˌ ˄ ʶ˒˗˄ ˁʰʽ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰʽ ˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ˃ʶˍʰʴ˖ʴʺ 

(advectionύΦ ʃʰˊʱ ˍʽˌ ˉˇ˂˂ʷˌ ʶˉʽˍˎ˔ʹ˃ʷ˄ʶˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌΣ ˍʰ ˁʰʽˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʷˋʹˌ 

ˁ˂ʾ˃ʰˁʰˌ ˃ʶʴʷʻˇˎˌ мл-млл ƪƳ ˋˎ˔˄ʱ ʵʶ˄ ʶʾ˄ʰʽ ˉˊˇʴ˄˗ˋʽ˃ʰΣ ʺ ˉˊˇʴʽʴ˄˗ˋˁˇ˄ˍʰʽ ˋʶ ˂ʱʻˇˌ ʻʷˋʶʽˌ ʺ 

˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌΦ ɾʽʰ ʱ˂˂ʹ ˉˊˈˁ˂ʹˋʹ ʶʾ˄ʰʽ ˄ʰ ˁʰˍʰʴˊʱ˒ʶʽ ˇ ˁˏˁ˂ˇˌ ʸ˖ʺˌ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎΣ ʵʹ˂ʰʵʺΣ 

ʹ ʷ˄ʰˊ˅ʹΣ ʹ ʰ˄ʱˉˍˎ˅ʹ ˃ʶ ˍʹ ˋ˖ˋˍʺ ʷ˄ˍʰˋʹΣ ˁʰʽ ʹ ʶ˅ʰˋʻʷ˄ʹˋʹΦ ɳ˄ˍˇˏˍˇʽˌΣ ˇʽ ʰˊʽʻ˃ʹˍʽˁʷˌ ˉˊˇʴ˄˗ˋʶʽˌ 

ˋʶ ʰˎˍʺ ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʶˌΦ ɮ˄ˍʾ ˄ʰ ʰˉʰʽˍʶʾˍʰʽ ʹ ʶˉʽˍˎ˔ʺˌ ʱ˃ʶˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 

ˍʹˌ ˁʱʻʶ ˂ʶˉˍˇ˃ʷˊʶʽʰˌ ʶ˄ˈˌ ˒ʰʽ˄ˇ˃ʷ˄ˇˎΣ ˁʱˉˇʽˇʽ ʶ˅ʰʴˈ˃ʶ˄ˇʽ ʵʶʾˁˍʶˌΣ ˈˉ˖ˌ ˇʽ ˉʶˊʽˇ˔ʷˌ 

˃ʶˍʰʴ˖ʴʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʶˉʱ˄˖ ʰˉˈ ʷ˄ʰ ˇˊʽˋ˃ʷ˄ˇ ˁʰˍ˗ˍʰˍˇ ˈˊʽˇ όˁʰˍ˗˒˂ʽύ ʺ ˉˇˋˈˍʹˍʶˌΣ ˈˉ˖ˌ 

ˇʽ ʵʶʾˁˍʶˌ ˁʰˍʰʽʴʾʵʰˌΣ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʰˊʱˋ˔ˇˎ˄ ˇʵʹʴʾʶˌ ʴʽʰ ˍʹ ʻʷˋʹ ˁʰʽ ˍʹ ˋˍʽʴ˃ʺ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ 

ʶʾ˄ʰʽ ˉʽˇ ˉʽʻʰ˄ˈ ˄ʰ ˋˎ˃ʲʶʾ ʷ˄ʰ ˁʰʽˊʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈΦ ɳˉʽˉ˂ʷˇ˄Σ ʰ˄ˍʾ ˄ʰ ʵʾ˄ʶˍʰʽ ʲʰˊˏˍʹˍʰ ˃ˈ˄ˇ 

ˋʶ ˃ʾʰ ˉˊˈʴ˄˖ˋʹΣ ˃ˉˇˊʶʾ ˄ʰ ʶˁˍʶ˂ʶˋˍʶʾ ʷ˄ʰ ˉ˂ʺʻˇˌ ˉˊˇʴ˄˗ˋʶ˖˄Σ ˍˇ ˂ʶʴˈ˃ʶ˄ˇ ensemble, 

ʵʽʰˍʰˊʱˋˋˇ˄ˍʰˌ ˍʽˌ ʰˊ˔ʽˁʷˌ ˁʰʽ ˋˎ˄ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ʺ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵʽʰ˒ˇˊʶˍʽˁˈ ˒ˎˋʽˁˈ 

˃ˇ˄ˍʷ˂ˇΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˃ʽʰˌ ˁʰˍʰ˄ˇ˃ʺˌ ˉʽʻʰ˄ˇˍʺˍ˖˄ ˍ˖˄ ʶˉʶʽˋˇʵʾ˖˄ ˉˇˎ ʶ˅ʶˍʱʸˇ˄ˍʰʽ 

(Tafferner and Forster, 2012).  

  

3.5.1. ȷɟɘɗɛɖŰɘəɐ Ʉɟɧɔɜɤůɖ ȾŬɘɟɞɨ əŬɘ Nowcasting 

ʆʰ ˃ˇ˄ˍʷ˂ʰ NWP ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ʰˉˈ ˍʽˌ ʶʻ˄ʽˁʷˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌΣ ˃ˇ˂ˇ˄ˈˍʽ 

ˇˊʽˋ˃ʷ˄ʰ ʶˊʶˎ˄ʹˍʽˁʱ ˁʷ˄ˍˊʰ ˁʰʽ ˉʱˊˇ˔ˇʽ ˉˊˇʴ˄˗ˋʶ˖˄ ʽʵʽ˖ˍʽˁˇˏ ˍˇ˃ʷʰ ʶˉʾˋʹˌ ʵʽʰʻʷˍˇˎ˄ 

ʶˉʽ˔ʶʽˊʹˋʽʰˁʺ ʽˁʰ˄ˈˍʹˍʰ ˉˊˈʴ˄˖ˋʹˌΦ ʆʰ nowcasts ̝ ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ʴʽʰ ʲˊʰ˔ʶʾˌ ˔ˊˈ˄ˇˎˌ 

ˉˊˈʴ˄˖ˋʹˌ ˁʰʽ ˍʰ ˉʰˊʱʴ˖ʴʰ ˃ˇ˄ˍʷ˂˖˄ ʰˊʽʻ˃ʹˍʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌ ʴʽʰ ˃ʶʴʰ˂ˏˍʶˊˇˎˌΦ ɱʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰΣ ˇ ʃʰʴˁˈˋ˃ʽˇˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˈˌ ʁˊʴʰ˄ʽˋ˃ˈˌ ό2010aύΣ ˉˊˇʲ˂ʷˉʶʽ ˍˇˎˌ ʰˁˈ˂ˇˎʻˇˎˌ 

ˇˊʽˋ˃ˇˏˌ ʴʽʰ ʰˎˍʷˌ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌΥ  



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

52 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

w nowcasting όˍˊʷ˔ˇˎˋʶˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽΣ л-н ˗ˊʶˌύΣ 

w ˉˇ˂ˏ ˃ʽˁˊˇˏ ʶˏˊˇˎˌ ώvery short-rangeϐ όʷ˖ˌ мн ˗ˊʶˌύΣ 

w ˃ʽˁˊˇˏ ʶˏˊˇˎˌ ώshort-range] (12-тн ˗ˊʶˌύΣ 

w ˃ʶˋʰʾˇˎ ʶˏˊˇˎˌ ώmedium-range] (72 - нпл ˗ˊʶˌύΣ 

w ʶˁˍʶˍʰ˃ʷ˄ˇˎ ʶˏˊˇˎˌ ώextended-range] (10-ол ʹ˃ʷˊʶˌύΣ 

w ˃ʶʴʱ˂ˇˎ ʶˏˊˇˎˌ ώlong-rangeϐ όол ʹ˃ʶˊ˗˄ ʷ˖ˌ н ʶˍ˗˄ύΦ 

ʅˍʹ˄ ˉˊʱ˅ʹΣ ˍʰ nowcast ̀ ˎ˄ʺʻ˖ˌ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ˉʰˊʷ˔ˇˎ˄ ˔ˊʺˋʽ˃ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˔ˊˈ˄ˇˎˌ 

ˉˊˈʴ˄˖ˋʹˌ ʷ˖ˌ ˉʶˊʾˉˇˎ ʷ˅ʽ ˗ˊʶˌ ˁʰʽ ˇʽ ˉˊˇʴ˄˗ˋʶʽˌ NWP h ˉˈ ˗ˊʶˌ ʷ˖ˌ ʹ˃ʷˊʶˌΦ 

ʆˇ ʅ˔ʺ˃ʰ оΦтΦ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ˄ ˍˊˈˉˇ ˉˇˎ ˋˎ˄ʺʻ˖ˌ ʵʽʰˍʾʻʶ˄ˍʰʽ ˋˍˇˎˌ ˍʶ˂ʽˁˇˏˌ ˔ˊʺˋˍʶˌ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʵˏˇ ʶʽʵ˗˄ ˉˊˈʴ˄˖ˋʹˌΦ ɼʱʻʶ ˉˊˇʿˈ˄ ʶ˅ʱʴʶˍʰʽ ˋʶ ˋˍʰʻʶˊʱ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ 

˃ʶ ʲʱˋʹ ʷ˄ʰ˄ ˁˏˁ˂ˇ ʰ˒ˇ˃ˇʾ˖ˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ όʺ ʰ˄ʰ˂ˏˋʶ˖˄Σ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ nowcast), 

ʶˁˍʶ˂ʷˋʶ˖˄ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ post-processingΦ ʅʶ ʰˎˍˈ ˍˇ ˎˉˇʻʶˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰΣ ˇʽ ʷ˅ˇʵˇʽ NWP 

ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʶˌ ˁʱʻʶ ʷ˅ʽ ˗ˊʶˌ ʴʽʰ ʶˏˊˇˌ ˉˊˈʴ˄˖ˋʹˌ л-ос ˖ˊ˗˄ ˁʰʽ ˍʰ nowcast ˁ ʱʻʶ ˗ˊʰ ʴʽʰ ʶˏˊˇˌ 

ˉˊˈʴ˄˖ˋʹˌ ʷ˅ʽ ˖ˊ˗˄Φ ɱʽʰ ˂ˈʴˇˎˌ ʶˎˁˇ˂ʾʰˌΣ ˇ ˔ˊˈ˄ˇˌ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ Ǉƻǎǘ-

ǇǊƻŎŜǎǎƛƴƎ ˉʰˊʰ˂ʶʾ˒ʻʹˁʶ ʰˉˈ ˍˇ ˋ˔ʺ˃ʰΦ 

ʍˋˍˈˋˇΣ ˍʰ ƴƻǿŎŀǎǘǎ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ʵʽʰʻʷˋʽ˃ʰ ˋʶ ˉʽˇ ˍʰˁˍʱ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˁʰʽ ˋˎ˄ʺʻ˖ˌ 

ˉʰˊʷ˔ˇ˄ˍʰʽ ˎˉˇ-˖ˊʽʰʾʰ όˉΦ˔Φ ʰ˄ʱ мр ˂ʶˉˍʱύΣ ˈˍʰ˄ ʶʾ˄ʰʽ ʲʰˋʽˋ˃ʷ˄ʰ ˋʶ ˉʰˊʰˍʹˊʺˋʶʽˌ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΦ 

ɶ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ ˉʶˊʽˇˊʾʸʶˍʰʽ ʰˉˈ ʶˁʶʾ˄ʹ ˍˇˎ ʲʰˋʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˉʰˊʰˍʺˊʹˋʹˌ ˁʰʽ ʶʾ˄ʰʽ 

ˋˎ˄ʺʻ˖ˌ м-р ƪƳ ʴʽʰ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ ˁʰʽ р-мр ƪƳ ʴʽʰ ʶˁˍʽ˃ʺˋʶʽˌ ʵˇˊˎ˒ˈˊ˖˄Φ 

 

ǵȑǿȊŭ 3.7.: ǧɵůȇȈȖȋȇŰȅ ůȋȖȏ ɵȎȍȃȋȓŰűȇȈȍȗ ȈȗȈȉȍȐ Ȉŭȇ ȈȗȈȉȍȐ ŭŲȍȊȍȀȓŰȅȏ ŮůŮȍȊǾȋȓȋ 

ɵȍȐ ůȈűůȀȋůűŭȇ Űů ŮȐȍ ůȈűůȉǾŰůȇȏ ȊȍȋűǾȉȍȐ ǧȎȇȆȊȅűȇȈǿȏ ǳȎȖȃȋȓŰȅȏ ǭŭȇȎȍȗ (NWP) 

(ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȍȐ Sene, [2013]) 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ʃʰˊʱ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˇʽ ˉˊˇʴ˄˗ˋʶʽˌ ˋˎ˔˄ʱ ʶˁʵʾʵˇ˄ˍʰʽ ʴʽʰ с-у ˗ˊʶˌΣ ˍˇ ʶˉʽ˔ʶʽˊʹˋʽʰˁ˗ˌ ˔ˊʺˋʽ˃ˇ 

ʶˏˊˇˌ ˉˊˈʴ˄˖ˋʹˌ ˃ʶˊʽˁʷˌ ˒ˇˊʷˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʽˁˊˈˍʶˊˇ ʴʽʰ ˇˊʽˋ˃ʷ˄ˇˎˌ ˍˏˉˇˎˌ ʶˉʶʽˋˇʵʾ˖˄Σ ˈˉ˖ˌ ˇʽ 

ˁʰˍʰʽʴʾʵʶˌΣ ˁʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʵʶ˄ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ м-н ˗ˊʶˌΦ 

w ʆh  NWP nowcast ʵʶ˄ ʷ˔ˇˎ˄ ˍʹ˄ ʾʵʽʰ ʽˁʰ˄ˈˍʹˍʰ ˃ʶ ˍʽˌ ˉʰˊʰʵˇˋʽʰˁʷˌ ˃ʶʻˈʵˇˎˌ ʴʽʰ ˍʽˌ 

ˉˊ˗ˍʶˌ ʵˎˇ ˗́ ʶˌ ˉˊˈʴ˄˖ˋʹˌΣ ʹ ʶˁˍʷ˂ʶˋʺ ˍˇˎˌ ʵʽʰˊˁʶʾ ˉˇ˂ˏ ˉʶˊʽˋˋˈˍʶˊˇ ˁʰʽ ˇʽ 

ˋˎ˄ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ʰ˄ʰ˄ʶ˗˄ˇ˄ˍʰʽ ˉʽˇ ʰˊʰʽʱ. ʂ˃˖ˌΣ ˍˇ ̄˂ ʶˇ˄ʷˁˍʹ˃ʰ ˍˇˎ 

ƴƻǿŎŀǎǘƛƴƎ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋʶ NWP ˋˎ˄ʾˋˍʰˍʰʽ ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʹ ˋˏ˄ʻʶˋʹ ˍˇˎ 

˃ˇ˄ˍʷ˂ˇˎΣ ˇʽ ʵˎ˄ʰ˃ʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ˁʰʽ ˇʽ ˒ˎˋʽˁʷˌ ˉʰˊʰ˃ʶˍˊˇˉˇʽʺˋʶʽˌ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˉˊˇʴ˄˗ˋˇˎ˄ ˍʹ ˃ʹ-ʴˊʰ˃˃ʽˁʺ ʶ˅ʷ˂ʽ˅ʹ ˍ˖˄ ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˈ˃ʶ˄˖˄Σ ˁʰʽ ʽʵʾ˖ˌ ˍʹ ʴʷ˄ʶˋʹ 

ˁʰʽ ʶ˅ʰˋʻʷ˄ʽˋʹ ˁʰʽˊʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ 

 

3.6. ȰɛˊŮɘɟŬ ɆɡůŰɐɛŬŰŬ (expert systems) 

3.6.1. ȰɛˊŮɘɟŬ əŬɘ ȺɡɟŮŰɘəɎ (heuristic) ůɡůŰɐɛŬŰŬ 

ɳˉʶʽʵʺ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉˊ˖ˍˏˍʶˊʰ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˁʱˉˇʽʰ ʶˉʾˋʹ˃ʹ ˇˊˇ˂ˇʴʾʰ ˖ˌ ˉˊˇˌ ˍˇ˄ 

ˇˊʽˋ˃ˈ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄Σ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʵʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌ ˖ˌ ˉˊˇˌ ˍʽˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ 

ˉˊˇˋʶʴʴʾˋʶʽˌΦ ɮ˅ʾʸʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻˇˏ˄ ˇˊʽˋ˃ʷ˄ʶˌ ʰˉˈ ʰˎˍʷˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʰ ʷ˃ˉʶʽˊʰ ˁʰʽ ˍʰ ʶˎˊʶˍʽˁʱ 

ˋˎˋˍʺ˃ʰˍʰΦ  

ʁ Joe (2014)46, ̄ ʰˊʰˍʹˊʶʾ ˈˍʽ ˎˉʱˊ˔ʶʽ ˃ʽʰ ˃ʶˍʰʲˇ˂ʺ ˋˍʹ˄ ˇˊˇ˂ˇʴʾʰΣ ˃ʶ ˍˇ˄ ˈˊˇ ζʶˎˊʶˍʽˁˈη ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˔˄ˈˍʶˊʰ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ʷˍʹΦ ɴ˄ʰ ̫˃ ˉʶʽˊˇ ˋˏˋˍʹ˃ʰ ʶʾ˄ʰʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˉˇˎ 

ʲʰˋʾʸʶˍʰʽ ˋʶ ˁh ˄ˈ˄ʶˌ (rule basedύ ˁʰʽ ̄́ ˇˋˉʰʻʶʾ ˄ʰ ˁh ˍʰʴˊʱ˕ʶʽ ˍʹ ɹ˄ ˗ˋʹ ʶ˄ˈˌ ζʶʽʵʽˁˇˏη 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʁ ˃ˉʶʽˊʽˁˇˏˌ ˁ ʰ˄ˈ˄ʶˌ (rules of thumb).  

ʂ˃˖ˌ ˇʽ ʶ˃ˉʶʽˊʽˁˇʽ ˁʰ˄ˈ˄ʶˌ ʰˉˇˍʶ˂ˇˏ˄ ˉˊˇʿˈ˄ˍʰ ʶˎˊʶˍʽˁʺˌ ˂ˇʴʽˁʺˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˇ 

ˇˊʽˋ˃ˈˌ ʶ˄ˈˌ ˁʰˍ˖˒˂ʾˇˎ ʴʽʰ ˄ʰ ˇˊʽˋˍʶʾ ʷ˄ʰ ˃ʶˍʰʴ˖ʴʽˁˈ ˁˏˍˍʰˊˇ ʰˉˈ ʷ˄ʰ ˄cell tracker όˈˉ˖ˌ ˉΦ˔Φ ˇ 

TITAN). ɳˉʾˋʹˌ, ̱ ˇ ʾʵʽˇ ʽˋ˔ˏʶʽ ʴʽʰ ˍˇˎˌ ˒ʰˋ˃ʰˍʽˁˇˏˌ ʰ˂ʴˈˊʽʻ˃ˇˎˌ ˉˇˎ ʻʶ˖ˊˇˏ˄ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˖ˌ 

ζ˃ˇˍʾʲˇ ʻˇˊˏʲˇˎη ˉˇˎ ˒ʻʾ˄ʶʽ ˃ʶ ˍˇ ˔ˊˈ˄ˇ˜ ʁ ʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ʷ˄ʰ ˁʰˍ˗˒˂ʽΦ ɯ́ ʰΣ ˋˎ˃ˉʶˊʰʾ˄ʶˍʰʽ ˈˍʽ 

ʰˉˈ ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ˍʰ ˉʶˊʽˋˋˈˍʶˊʰ ˋˎˋˍʺ˃ʰˍʰ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ˂ˇʴʽˁˇˏˌ ˁʰ˄ˈ˄ʶˌΣ ʶʾ˄ʰʽ ʶˎˊʶˍʽˁʱ 

ˋˎˋˍʺ˃ʰˍʰ. ɳˉʾˋʹˌΣ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˉˇˎ ˋˍʹˊʾʸʶˍʰʽ ˋˍʹ˄ ʰˋʰ˒ʺ ˂ˇʴʽˁʺΣ ˈˉ˖ˌ ˍˇ ANC (Mueller et al., 

2003ύΣ ʰˉˇˍʶ˂ʶʾ ʶˎˊʶˍʽˁˈ ˋˏˋˍʹ˃ʰΦ  

ɴ˄ʰ ʷ˃ˉʶʽˊˇ ˋˏˋˍʹ˃ʰ ˃ˉ̌ˊʶʾ ˄ʰ ʁ˄ ˋ˖˃ʰˍ˗ˋʶʽ ˎˉˇˋˎˋˍʺ˃ʰˍʰ ˍʶ˔˄ʹˍʺˌ ˄ˇʹ˃ˇˋˏ˄ʹˌΦ ʅˍʰ 

ˍʶ˔˄ʹˍʱ ˄ʶˎˊ˖˄ʽˁʱ ʵʾˁˍˎʰ όANN ð Artificial Neural Networksύ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˉʰˊˈˍʽ ʹ ʵˇ˃ʺ ˍˇˎˌ 

ˋˍʺ˄ʶˍʰʽ ʰˉˈ ʷ˄ʰ˄ ʷ˃ˉʶʽˊˇΣ ˍʰ ʲʱˊʹ ʵʶ˄ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ʶˎˊʶˍʽˁˇˏˌ ˁʰ˄ˈ˄ʶˌ όJoe, 2014)47.  

                                                           
46 (Acting Research Manager & Research Scientist, Environment Canada, 2014, ˉˊˇˋ˖ˉʽˁʺ ʁ ˉʽˁˇʽ˄˖˄ʾʰ). 
47 (Acting Research Manager & Research Scientist, Environment Canada, 2014, ˉˊˇˋ˖ˉʽˁʺ ʁ ˉʽˁˇʽ˄˖˄ʾʰ). 
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54 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʍ ̩ʸʺˍʹ˃ʰ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ˇˊˇ˂ˇʴʾʰˌ ˁʰʽ ˃ˈ˄ˇ ˍʾʻʶˍʰʽ ʰˉˈ ˍˇ˄ Wilson (2014)48. ɴ˃ˉʶʽˊʰ ˁʰʽ 

ʶˎˊʶˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ nowcast ʶʾ˄ʰʽ ˍo ʾʵʽˇΦ ɳˎˊʶˍʽˁˈ ˋʹ˃ʰʾ˄ʶʽ - ˃ʶ ʲʱˋʹ ˁʰ˄ˈ˄ʶˌ ˉˇˎ 

ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʶ˃ˉʶʽˊʽˁʱΦ ɴˍˋʽ, ̌ ʽ ʵˏˇ ˇˊʽˋ˃ˇʾ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶ˄ʰ˂˂ʰˁˍʽˁʱΦ 

ʁ Reyniers (2008ύΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ˄ ˈˊˇ ζʷ˃ˉʶʽˊʰ ̀ ˎˋˍʺ˃ʰˍʰη ˁʰʽ ʰ˄ʰ˒ʷˊʶʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˈˍʽ ʰˉˇˍʶ˂ʶʾ ˁˇʽ˄ʺ ˇ˄ˇ˃ʰˋʾʰ ʴʽʰ ˍʰ ˋˎˋˍʺ˃ʰˍʰ nowcasting ˉˇˎ ˋˎ˄ʵˎʱʸˇˎ˄ ˁʱˉˇʽʶˌ ʰˉˈ ˍʽˌ 

ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʶˌ ˍʶ˔˄ʽˁʷˌΦ ʁ ˁˏˊʽˇˌ ˋˍˈ˔ˇˌ ˍˇˎˌ ʶʾ˄ʰʽ ʹ ʽˁʰ˄ˈˍʹˍʰ ˄ʰ ˉˊˇʴ˄˖ˋˍʶʾ ʹ ʰ˄ʱˉˍˎ˅ʹ ʺ ʹ 

ʶ˅ʰˋʻʷ˄ʽˋʹ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ (ʰ˄ʰ˂ˏʶˍʰʽ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ˎˉˇʶ˄ˈˍʹˍʰύΦ ʁʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ʽ˔˄ʹ˂ʱˍʹˋʹˌ 

ʲʰˋʾʸˇ˄̱ʰʽ ˃ˈ˄ˇ ˋʶ ˉʰˊʶ˂ʻˈ˄ˍʰ ˉʶʵʾʰ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˁʰʽ ʵʶ˄ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ˉˊˇʲ˂ʷ˕ˇˎ˄ 

ˇˉˇʽʰʵʺˉˇˍʶ ʰ˄ʱˉˍˎ˅ʹ ˁʰˍʰʽʴʾʵʰ.̩ ɮˊˁʶˍʱ ̫ ˃ˉʶʽˊ h̀ ˎˋˍʺ˃ʰˍʰ h ˄ʰˉˍˏ˔ʻʹˁʰ˄ ̱  ẖ ʶ˂ʶˎˍʰʾʰ ʶʾˁˇˋʽ 

ʷˍΣ́ ʰˉˈ ˋ˔ʶˍʽˁʱ ʰˉ˂ʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ̫ ˖ˌ ˍʹ˄ ̔ ʵʽʰʾˍʶˊʰ ˋˏ˄ʻʶˍʹ ˍˇˎ !ǳǘƻ-nowcaster (ANC̃ Mueller 

et al., 2003ύ ˍˇˎ NCAR ˋˍʽˌ ɶʃɮ. ʁ́ ʽˋ˃ʷ˄ʰ ʰˉˈ ʰˎˍʱ όˉΦ˔Φ GANDOLF  ̃ Pierce et al., 2000) 

ʶ˄ˋ˖˃ʰˍ˗˄ˇˎ˄ ʶ˄˄ˇʽˇ˂ˇʴʽˁʱ ˃ˇ˄ˍʷ˂ʰ ʴʽʰ ˄ʰ ʰˉˇ˒ʶˎ˔ʻˇˏ˄ ʰˊʽʻ˃ʹˍʽˁˇʾ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˎ˕ʹ˂˗˄ 

˔ˊˇ˄ʽˁ˗˄ h ˉʰʽˍʺˋʶ˖˄. 

 

3.6.2. Ʉɟɧɔɜɤůɖ ŬɜɎˊŰɡɝɖɠ (initiation)/ŮɝŬůɗɏɜɘůɖɠ ɐ ŭɘɎɚɡůɖɠ (dissipation) əŬŰŬɘɔɑŭŬɠ 

ɶ ˉˊˈʴ˄˖ˋʹ ˍʹˌ ʷ˄ʰˊ˅ʹˌκʰ˄ʱˉˍˎ˅ʹˌ ʶ˄ˈˌ ˁʰʽˊʽˁˇˏ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ ˃ʽʰ 

ʰˊˁʶˍʱ ʵˏˋˁˇ˂ʹ ʰˉˇˋˍˇ˂ʺΦ ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΣ ˇˊʽˋ˃ʷ˄ʰ ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰΣ ʽʵʾ˖ˌ 

ʶˁʶʾ˄ʰ ˉˇˎ ˇʵʹʴˇˏ˄ ˋʶ ʰˁˊʰʾʰ ʴʶʴˇ˄ˈˍʰΣ ˋˎ˔˄ʱ ʵʶ˄ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˃ʶ ʰˊʴˇˏˌ ˊˎʻ˃ˇˏˌ ˁʰʽ 

ˋˍʰʻʶˊʱ ʰˉˈ ˃ʽʰ ˃ʽˁˊʺ ʵʽʰˍʰˊʰ˔ʺ όˈˉ˖ˌ ʹ ʵʽʰˋˍˊ˖˃ʰˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹύΣ ʰ˂˂ʱ ˊʰʴʵʰʾʰ ˃ʶˍʱ ˍʹ˄ 

ʰˉˇʵʷˋ˃ʶˎˋʹ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ʰˋˍʱʻʶʽʰˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʷ˄ʰ ˃ʽˁˊˈ ˋ˖ˊʶʽˍˈ˃ˇˊ˒ˇ ˄ʷ˒ˇˌ 

(cumulusύ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋʶ ʷ˄ʰ ˗ˊʽ˃ˇ ˁˏˍˍʰˊˇ ˁʰˍʰʽʴʾʵʰˌ ˃ʷˋʰ ˋʶ мл ˂ʶˉˍʱ ʰ˒ˈˍˇˎ 

˒̒ʱˋʶʽ ˋˍˇ ʶˉʾˉʶʵˇ ˍʹˌ ʶ˂ʶˏʻʶˊʹˌ ˃ʶˍʰʴ˖ʴʺˌ όfree convectionύΦ ʍˌ ʶˁ ˍˇˏˍˇˎΣ ˇʽ ˃ʶˍʶ˖ˊˇ˂ˈʴˇʽ ς 

ˉˊˇʴ˄˗ˋˍʶˌ ˉˇˎ ˉˊˇˋˉʰʻˇˏ˄ ˄ʰ ˉˊˇʴ˄˗ˋˇˎ˄ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʵʶ˄ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ˃ʽʰ 

ˉʹʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˃ˈ˄ˇΣ ʰ˂˂ʱ ʶˉʽʻʶ˖ˊˇˏ˄ ʵʽʱ˒ˇˊʶˌ ˉʹʴʷˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄Σ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ 

ʵˇˊˎ˒ˇˊʽˁʷˌ ʶʽˁˈ˄ʶˌΣ ʶʽˁˈ˄ʶˌ ˊʰ˄ˍʱˊΣ ˍˇˉʽˁʷˌ ˃ʶˍˊʺˋʶʽˌΣ ʶ˅ˈʵˇˎˌ NWPΣ ˁʰʽ ʽʵʾ˖ˌ ʶ˅ˈʵˇˎˌ 

ˋˎˋˍʹ˃ʱˍ˖˄ ʶʽʵʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌΦ 

ɴ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʷˋˍ˖ ˈˍʽ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˈ˂ʰ ˍʰ ʰˉʰˊʰʾˍʹˍʰ ˋˎˋˍʰˍʽˁʱ ʴʽʰ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ 

ʲʰʻʽʱˌ ˃ʶˍʰʴ˖ʴʺˌ όdeep convectionύΣ ʵʹ˂ʰʵʺΣ ˔ʰ˃ʹ˂ˈ ʶˉʾˉʶʵˇ ˎʴˊʰˋʾʰˌΣ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ʰˋˍʱʻʶʽʰ 

ˁʰʽ ʶ˅ʰ˄ʰʴˁʰˋ˃ˈˌ όforcingύ ˋʶ ˃ʽʰ ˍˇˉˇʻʶˋʾʰΦ ɾʾʰ ˗ˊʰ ˃ʶˍʰʴʶ˄ʷˋˍʶˊʰ ʻʰ ʶ˃˒ʰ˄ʽˋˍʶʾ ʷ˄ʰ ˍʰ˔ʷ˖ˌ 

ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄ˇ ˁˏˍˍʰˊˇ ˁʰˍʰʽʴʾʵʰˌ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍˇˉˇʻʶˋʾʰ ˁʰʽ ʻʰ ʶ˅ʶ˂ʽ˔ʻʶʾ ˋʶ ˃ʽʰ ˗ˊʽ˃ʹ 

ˁʰˍʰʽʴʾʵʰΦ  

 ɾʶˊʽˁʷˌ ˒ˇˊʷˌ ʹ ʶ˅ʰˋʻʷ˄ʽˋʹ ʶ˄ˈˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˁʰʽˊʽˁˇˏ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˇˏ ˉʰˊˇˎˋʽʱʸʶʽ 

ʶˉʾˋʹˌ ʶ˄ʵʽʰ˒ʷˊˇ˄Φ ʅˍˇˎˌ ʰʶˊˇ˂ʽ˃ʷ˄ʶˌ ˎˉʱˊ˔ʶʽ ʰˉʰʾˍʹˋʹ ˉˊˇʴ˄˗ˋʶ˖˄ ʰˁˊʽʲʶʾʰˌ ʴʽʰ ˍʹ˄ 

ʶ˅ʰ˒ʱ˄ʽˋʹ ʶ˄ˈˌ ˁʰʽˊʽˁˇˏ ˒ʰʽ˄ˇ˃ʷ˄ˇˎΣ ˉΦ˔ΦΣ ˃ʽʰˌ ˁʰˍʰʽʴʾʵʰˌ ʺ ˇ˃ʾ˔˂ʹˌ ˔ʰ˃ʹ˂ˇˏ ʶˉʽˉʷʵˇˎΦ ɴ˄ʰˌ 

ˋˎ˄ʵˎʰˋ˃ˈˌ ʵʶʵˇ˃ʷ˄˖˄Σ ˈˉ˖ˌ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˊʰ˄ˍʱˊΣ ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄ ˁʰʽ ʶ˄ˈˌ ˃ˇ˄ˍʷ˂ˇˎ 

                                                           
48 (Senior Scientist, Research Applications Laboratory, Hydrometeorological Applications Program, 
University Corporation for Atmospheric Research, 2014, ˉˊˇˋ˖ˉʽˁʺ ʁ ˉʽˁˇʽ˄˖˄ʾʰ). 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˁˏˁ˂ˇˎ ʸ˖ʺˌ όlife cycle), ˃ ˉˇˊˇˏ˄ ˄ʰ ˎˉˇʵʶʾ˅ˇˎ˄ ˍˇ ˉˈˍʶ ʷ˄ʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʰˊ˔ʾʸʶʽ 

˄ʰ ʶ˅ʰˋʻʶ˄ʶʾ όBretl, 2010). 

 

 

3.6.3. ɇŮɢɜɖŰɎ ɁŮɡɟɤɜɘəɎ ȹɑəŰɡŬ (ANN) 

ɶ ʶ˒ʰˊ˃ˇʴʺ ˍ˖˄ ˍʶ˔˄ʹˍ˗˄ ˄ʶˎˊ˖˄ʽˁ˗˄ ʵʽˁˍˏ˖˄ όANN ð Artificial Neural Networksύ ˋˍˇ˄ 

ˍˇ˃ʷʰ ˍʹˌ ˉˇˋˇˍʽˁʺˌ ʶˁˍʾ˃ʹˋʹˌ ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ όQPFύ ʷ˔ʶʽ ʰˉˇˍʶ˂ʷˋʶʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʰˊˁʶˍ˗˄ 

˃ʶ˂ʶˍ˗˄Φ ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰΣ ʻʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ʶ˄ ˋˎ˄ˍˇ˃ʾʰ ˃ʽʰ ˉˊˈˋ˒ʰˍʹ ˃ʶ˂ʷˍʹ ʰˉˈ ˍˇˎˌ 

Chiang et al. (2007ύ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ ʆʰʿʲʱ˄Φ  

 

ǵȑǿȊŭ 3.8.: ǶȍɵȍȉȍȃȀŭ űȍȐ Ƕůȑȋȅűȍȗ ǰůȐȎȓȋȇȈȍȗ çȇȈűȗȍȐ, ɵȍȐ ȑȎȅŰȇȊȍɵȍȇǿȆȅȈů ŭɵȖ 

űȍȐȏ Chiang et al. (2007). Ǡȋŭ ůɵȇɵȉǾȍȋ ůɵȀɵůŮȍ (űȍ ŭȋȘűůȎȍ űȊǿȊŭ űȍȐ ȈȎȐŲȍȗ ůɵȇɵǾŮȍȐ) 

ɵȎȍŰűǾȆȅȈů Űűȅ ŰȐȋǿȆȅ ŭȎȑȇűůȈűȍȋȇȈǿ ANN, ɵȎȍȈůȇȊǾȋȍȐ ȋŭ ȉȅŲȆůȀ ȐɵȖȒȅ ȍ ŮȐȋŭȊȇȈȖȏ 

Ȉŭȇ ȑȎȍȋȇȈǽ ȊůűŭȂŭȉȉȖȊůȋȍȏ ȑŭȎŭȈűǿȎŭȏ űȅȏ ȈŭűŭȈȎǿȊȋȇŰȅȏ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ 

ɵȎȓűȖűȐɵȍ űȓȋ Chiang et al. [2007]) 

ɼʱʻʶ ˄ʶˎˊ˖˄ʽˁˈ ʵʾˁˍˎˇ ʷ˔ʶʽ ˃ʽʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ʺ ˍˇˉˇ˂ˇʴʾʰΣ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ 

ʰˉˈ ʷ˄ʰ ʶˉʾˉʶʵˇ ʶʽˋˈʵˇˎΣ ʷ˄ʰ ˁˊˎ˒ˈ ʶˉʾˉʶʵˇ όʺ ʶˉʾˉʶʵˇ ˎˉˇ ʶˉʶ˅ʶˊʴʰˋʾʰΣ processing layerύ ˁʰʽ 

ʷ˄ʰ ʶˉʾˉʶʵˇ ʶ˅ˈʵˇˎΦ ɱʽʰ ˄ʰ ˎˉˇ˂ˇʴʽˋʻʶʾ ˇ ʵˎ˄ʰ˃ʽˁˈˌ ˔ʰˊʰˁˍʺˊʰˌ ˍ˖˄ ˉʶʵʾ˖˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ 

ˉˊˇˋˍʷʻʹˁʶ ʷ˄ʰ ʶˉʽˉ˂ʷˇ˄ ˁˊˎ˒ˈ ʶˉʾˉʶʵˇΣ ˍˇ ˇˉˇʾˇ ʶ˄ʶˊʴʶʾ ˖ˌ ʷ˄ʰ ʶʾʵˇˌ ˃˄ʺ˃ʹˌ ˋˍˇ ˋˏˋˍʹ˃ʰ˜ 

ʰˉˇʻʹˁʶˏʶʽ ˍʽˌ ˋ˔ʶˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˍˇˎ ˉˊˇʹʴˇˏ˃ʶ˄ˇˎ ˔ˊˇ˄ʽˁˇˏκ˖˄ ʲʺ˃ʰˍˇˌκ˖˄Φ ʆˇ ˋˏˋˍʹ˃ʰ 

ʰˎˍˈ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˖ˌ ʵʾˁˍˎˇ ʰ˄ʱˋˍˊˇ˒ʹˌ ˍˊˇ˒ˇʵˈˍʹˋʹˌ όfeedback networkύΣ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʰ 

˄ʶˎˊ˖˄ʽˁʱ ʵʾˁˍˎʰ ˉˊˈˋʻʽʰˌ ˍˊˇ˒ˇʵˈˍʹˋʹˌ όfeed forwardύ ˋˍʰ ˇˉˇʾʰ ˍʰ ʲʱˊʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʶˉʽˉʷʵ˖˄ 

ʶʾ˄ʰʽ ˋˍʰʻʶˊʱΦ ɾʽʰ ʶˉʽˋˁˈˉʹˋʹ ˍʹˌ ˍˇˉˇ˂ˇʴʾʰˌ ˍˇˎ ʵʽˁˍˏˇˎ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʰˉˈ ˍˇˎˌ Chiang 

et al. (2007ύ ʵʾʵʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 3.8Φ ʆˇ ˋˏˋˍʹ˃ʰ ʰ˒ˇ˃ˇʾ˖ˋʶ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ˁʰʽ ˍˊʽ˗˄ 

ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄Φ  



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

56 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʆˇ ʴʶ˄ʽˁˈ ˋˎ˃ˉʷˊʰˋ˃ʰ ˍ˖˄ ˋˎʴʴˊʰ˒ʷ˖˄ ʶʾ˄ʰʽ ˈˍʽ ˍʰ ʆʶ˔˄ʹˍʱ ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˃ʶ ʶˉʽˍˎ˔ʾʰ ˋʶ ʷ˄ʰ ˉ˂ʰʾˋʽˇ QPFΣ ˇʵʹʴ˗˄ˍʰˌ ˋʶ ˉʽˇ ʰ˅ʽˈˉʽˋˍʶˌ ˉˊˇʴ˄˗ˋʶʽˌΦ ʍˋˍˈˋˇΣ 

ˍʰ ʆɿɲ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˃ˈ˄ˇ˄ ˋʶ ˁʰˍʰˋˍʱˋʶʽˌ ʰ˄ʱ˂ˇʴʶˌ ˃ʶ ʰˎˍʷˌ ˉˇˎ ʶˁˉʰʽʵʶˏˍʹˁʰ˄Φ 

ɮˉˈ ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶˁˉʰʾʵʶˎˋʺˌ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ʰ˒ˇˊˇˏ˄ ˉʷ˄ˍʶ ʶˉʶʽˋˈʵʽʰ 

ˍˊˇˉʽˁ˗˄ ˁˎˁ˂˗˄˖˄ όtyphoon eventsύ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ʆʰʿʲʱ˄Σ ˍˇ ˋˏˋˍʹ˃ʰ ʵʶ˄ ʶʾ˄ʰʽ ʱ˃ʶˋʰ 

ʶ˒ʰˊ˃ˈˋʽ˃ˇ ˋʶ ˉʶˊʽˇ˔ʷˌ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˏˉˇˎˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ όwŜȅƴƛŜǊǎΣ 2008). 

 

3.7. Ɇɨɜɞɣɖ 

ʅʺ˃ʶˊʰΣ ˍˇ ƴƻǿŎŀǎǘƛƴƎ ʷ˔ʶʽ ʵʽʶˎˊˎ˄ʻʶʾ ˗ˋˍʶ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ˃ʾ˅ʹ όblending):  

w ˍʶ˔˄ʽˁ˗˄ ˉˊˇʶˁʲˇ˂ʺˌΣ 

w ˋˍʰˍʽˋˍʽˁ˗˄ ˃ʶʻˈʵ˖˄Σ 

w ʶˎˊʶˍʽˁ˗˄ ˃ʹ˔ʰ˄ʽˋ˃˗˄ όheuristic techniquesύ ˁʰʽ 

w ˃ˇ˄ˍʷ˂˖˄ ʰˊʽʻ˃ʹˍʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌ ˁʰʽˊˇˏ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ όNWP), 

ˁʰʻˇʵʹʴˇˏ˃ʶ˄ʰ ʰˉˈ ˍʹ˄ ʰ˒ˇ˃ˇʾ˖ˋʹ ʶˎˊʷˇˌ ˒ʱˋ˃ʰˍˇˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ʷˋʹˌ 

ˁ˂ ʾ˃ʰˁʰˌΦ 

ʁʽ ʁˎ ˊʶˍʽˁˇʾ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ˇˊʾʸˇ˄ˍʰʽ ˖ˌ ˁʰ˄ˈ˄ʶˌ ˉˊˈʴ˄˖ˋʹˌ ˃ʶ ʲʱˋʹ ʵʶʵˇ˃ʷ˄ʰ ˈˉ˖ˌΥ ˍˇ 

ˉʶʾˊʰ˃ʰΣ ʹ  ʰˊʽʻ˃ʹˍʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹΣ ʹ ʻʶ˖ˊʾʰΣ ˍʰ ʷ˃ˉʶʽˊʰ ˋˎˋˍʺ˃ʰˍʰΣ ʹ ʰˋʰ˒ʺˌ ˂ˇʴʽˁʺ όfuzzy 

logicύ ˁʰʽ ˇʽ ˉˊʰˁˍʽˁˇʾκʶ˃ˉʶʽˊʽˁˇʽ ˁʰ˄ˈ˄ʶˌ ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˈʴ˖˄ ς ˉˊˇʴ˄˖ˋˍ˗˄ όforecaster rules of 

thumb). 

ɱʶ˄ʽˁˈˍʶˊʰΣ ˇʽ ˉ˂ʷˇ˄ ˉˊˈˋ˒ʰˍʶˌ ˍʶ˔˄ʽˁʷˌ ƴƻǿŎŀǎǘƛƴƎ ˋˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˉˇ˂˂ʰˉ˂ʱ 

ˋˎˋˍʺ˃ʰˍʰ ˉʰˊʰˍʺˊʹˋʹˌ ˁʰʽ ˉˊˇˋ˒ʷˊˇˎ˄ ˉʽʻʰ˄ˇˍʽˁʷˌ ʶ˅ˈʵˇˎˌ (Benjamin et al., 2004̃ COST, 2004). 

 ʁʽ ˃ʶ˂ʷˍʶˌ ʰˊʽʻ˃ʹˍʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋˎ˄ʷʲʰ˂ʰ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˋˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ˇˊʴʱ˄˖ˋʹˌ 

ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ ˁʰʽ ˍʹˌ ʵʽʱˊˁʶʽʰˌ ʸ˖ʺˌ ˍˇˎˌΦ ɮˎˍʺ ʹ ˁʰˍʰ˄ˈʹˋʹ ʷ˔ʶʽ ʰˊ˔ʾˋʶʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʰ 

ˋˏʴ˔ˊˇ˄ʰ ˋˎˋˍʺ˃ʰˍʰ nowcasting. 

ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ Tafferner and Forster (2012), ʵˏˇ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ʶˉʾ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ˎˉˈ 

ʰ˄ʱˉˍˎ˅ʹ ʴʽʰ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˍʹˌ ʶ˅ʷ˂ʽ˅ʹˌ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Υ 

w ˍʰ ʷ˃ˉʶʽˊʰ ˋˎˋˍʺ˃ʰˍʰ ʴ˄˖ˋʽʰˁʺˌ ʲʱˋʹˌ όknowledge-based expert systems) 

ˁʰʽ 

w ˍʰ ˋʰ˒ʺ όexplicitύ ʰˊʽʻ˃ʹˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˉˊˈʴ˄˖ˋʹˌ ˉˇˎ ʰˊ˔ʽˁˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ 

ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊΦ 

 

 

 

 

 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ǉǄǔǀǊǀǈǎ 4: ǄǔǀǐǋǎǂǄǑ N OWCASTING ð ǄǐǄǓǌǀ  

 

ʆˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ˉˊʰʴ˃ʰˍʶˏʶˍʰʽ ʶ˒ʰˊ˃ˇʴʷˌ ˍˇˎ ˋˏʴ˔ˊˇ˄ˇˎ nowcastingΦ ɮ˄ʰ˂ˏʶˍʰʽ ʹ 

ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌΣ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʲʰˋʽˁʱ ʴ˄˖ˊʾˋ˃ʰˍʰ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎΣ ʶˊʶˎ˄ʱˍʰʽ ʹ 

˔ˊʺˋʹ ˍˇˎ ˃ʶ ˂ʽʴˈˍʶˊʰ ʵʶʵˇ˃ʷ˄ʰΣ ʹ ˉˊˇˋʷʴʴʽˋʹ ˍʶ˔˄ʹˍ˗˄ ˄ʶˎˊ˖˄ʽˁ˗˄ ʵʽˁˍˏ˖˄Σ ˈˉ˖ˌ ʶˉʾˋʹˌ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍˇ˃ʶʾˌ ʶ˄ʶˊʴʺˌ ʷˊʶˎ˄ʰˌ ˁʰʽ ɳˊʶˎ˄ʹˍʽˁ˗˄ ʃˊˇʴˊʰ˃˃ʱˍ˖˄ ˍˇˎ ʃʰʴˁˇˋ˃ʾˇˎ 

ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ɴˊʶˎ˄ʰˌ όWWRP).  

 

4.1. Ɇɨɔɢɟɞɜɞ Nowcasting ɀŮŰŬɔɤɔɘəɞɨ ɇɨˊɞɡ 

ɾʶˍʱ ˍˇ мфрлΣ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˁʰʽ ʽʵʽʰʾˍʶˊʰ ˍ˖˄ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ˎˉˇ˂ˇʴʽˋˍ˗˄ ʹ 

ˉˊˈʴ˄˖ˋʹ ʱˊ˔ʽˋʶ ˄ʰ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ ʶˉʾ˂ˎˋʹ ˃ʰʻʹ˃ʰˍʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄Φ ɾʽʰ ˋʶʽˊʱ ʰˉˈ ˃ʶ˂ʷˍʶˌ 

ˉʰˊʰˍʺˊʹˋʹˌ ʷʵʶʽ˅ʰ˄ ˈˍʽ ˍʰ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˁˏˍˍʰˊʰ ˃ʶˍʰʴ˖ʴʺˌ ʵʽʰʻʷˍˇˎ˄ ˃ʷˋʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ 

ˉʶˊʾˉˇˎ нл ˂ʶˉˍʱΦ ʁ Battan (1953ύΣ ˁʰʽ ˇʽ Foote and Mohr (1979ύ ʲˊʺˁʰ˄ ˃ʷˋʶˌ ɻ ʽʱˊˁʶʽʶˌ но ˁʰʽ нм 

˂ʶˉˍʱΣ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʍˋˍˈˋˇΣ ˇ Battan ʰ˄ʷ˒ʶˊʶ ˈˍʽ ˍʰ ˁˏˍˍʰˊʰ ˉˇˎ ˋˎʴ˔˖˄ʶˏˇ˄ˍʰ˄ ʶʾ˔ʰ˄ 

˃ʶʴʰ˂ˏˍʶˊʶˌ ʵʽʱˊˁʶʽʶˌΦ ɮˎˍˈ ˋˎ˃˒˖˄ʶʾ ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ Henry (1993ύ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ 

High Plains ˁ ˇ˄ˍʱ ˋˍˇ Denver, Colorado, ̀ ˍʽˌ ɶʃɮ (ʅ˔ʺ˃ʰ 4.1.). 

 

ǵȑǿȊŭ 4.1.: ǬŰűȖȃȎŭȊȊŭ ŮȇǽȎȈůȇŭȏ Ȅȓǿȏ ŭɵȉȘȋ Ȉŭȇ ŰȗȋȆůűȓȋ ȈŭűŭȇȃȀŮȓȋ ɵȍȐ 

ɵŭȎŭűȅȎǿȆȅȈŭȋ űȍ ȆǾȎȍȏ űȍȐ 1991 Űűȍ ǰűǾȋȂůȎ, ǭȍȉȍȎǽȋűȍ, ǫǳǧ, ȂŭŰȇŰȊǾȋȍ Űů 

ŮůŮȍȊǾȋŭ űȍȐ TITAN. ǧɵȉǿ ȈŭűŭȇȃȀŮŭ ȆůȓȎůȀűŭȇ ůȈůȀȋȅ ɵȍȐ Ůůȋ ŰȐȃȑȓȋůȗůűŭȇ (merge) ǿ 

ŮȇŭȑȓȎȀȄůűŭȇ (split) Ȉŭűǽ űȅ ŮȇǽȎȈůȇŭ Ȅȓǿȏ űȅȏ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȍȐ 

Henry (1993]). 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
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58 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʆˇ ʰˊʽˋˍʶˊˈ ˉ˂ʰʾˋʽˇ ˋˍˇ ʅ˔ʺ˃ʰ 4.1. ʰˉʶʽˁˇ˄ʾʸʶʽ ˈˍʽ ˍˇ уо҈ ˍ˖˄ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ˁˎˍˍʱˊ˖˄ 

ˁʰˍʰʽʴʾʵʰˌ ʵʽʺˊˁʶˋʶ <30 minΦ ʍˋˍˈˋˇΣ ʶʱ˄ ˇʽ ˁʰˍʰʽʴʾʵʶˌ ˋˎʴ˔˖˄ʶˏˇ˄ˍʰ ˄ʺ ɻ̔ ʰ˔˖ˊʾʸˇ˄ˍʰ˄ ˁʰˍʱ ˍʹ 

ʵʽʱˊˁʶʽʰ ˍʹˌ ʸ˖ʺˌ ˍˇˎˌ όʵʹ˂ʰʵʺΣ ʵʽʷʻʶˍʰ˄ ˉˇ˂ˎˁˏˍˍʰˊʹ ˃ˇˊ˒ʺ [multicellular]), ˃ˈ˄ˇ ˍˇ мн҈ ˍ˖˄ 

ˁʰˍʰʽʴʽʵʽˁ˗˄  ̀ ˎ˃ˉ˂ʶʴ˃ʱˍ˖˄ ʶʾ˔ʶ ɻ ʽʱˊˁʶʽʰ y ˖ʺˌ ˃ ʽˁˊˈˍʶˊʹ ̱ ˖˄ 30 ˂ ʶˉˍ˗˄ ˁ ʰʽ ˍˇ пт҈ ˉʶˊʽˋˋˈˍʶˊˇ 

ˍʹˌ ˃ʽʰˌ ̠ ˊʰ̩ (ʵʶ˅ʽˈ ̄ ˂ʰʾˋʽˇ ̱ ˇˎ ʅ˔Φ 4.1.).  

w ʆʰ ʰ˄˖ˍʷˊ˖ ˋˎ˃˒˖˄ˇˏ˄ ˁʰʽ ˃ʶ ˉˊˈˋ˒ʰˍʰ ʶˎˊʺ˃ʰˍʰ ˍ̟  ˄Wilson et al. (2006), ˈΣˍʽ 

ʶ˄˗ ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍ˖˄ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ˁˎˍˍʱˊ˖˄ ˋˎ˄ʺʻ˖ˌ ˃ʶˍˊʱˍʰʽ ˋʶ ˂ʶˉˍʱΣ ʹ 

ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˁʰˍʰʽʴʽʵʽˁ˗˄ ˋˎ˃ˉ˂ʶʴ˃ʱˍ˖˄ ˉˇˎ ʶ˅ʶ˂ʾˋˋˇ˄̱ʰʽ ʰˉˈ ʶˉʶʽˋˈʵʽˇ 

ʰ˄ʱˉˍˎ˅ʹˌ h ˉˇˍʽ˃ʱˍʰʽ ̀  ʁ̠ ˊʶˌΦ 

 

ǵȑǿȊŭ 4.2.: ǯǾȃȇŰűȅ ůűůȎȍŰȐŰȑǾűȇŰȅ (rmax) ȊȍűȀȂȓȋ ȅȑȍȗȏ ȎŭȋűǽȎ ȓȏ ŰȐȋǽȎűȅŰȅ űȍȐ 

ȑȎȖȋȍȐ ȃȇŭ űǾŰŰůȎȇȏ ȈŭűȅȃȍȎȀůȏ ȈŭűŭȇȃȀŮȓȋ. Ƕȍ rmax ȉǿŲȆȅȈů ȓȏ ȊǾűȎȍ űȅȏ ŮȇǽȎȈůȇŭȏ 

Ȅȓǿȏ űȅȏ ȅȑȍȗȏ Ȉŭȇ ŭɵȍȈűǿȆȅȈů ůűůȎȍŰȐŰȑůűȀȄȍȋűŭȏ ȊȍűȀȂŭ Űűȍ ȐɵȍŮůȇȈȋȐȖȊůȋȍ ȑȎȍȋȇȈȖ 

ŮȇǽŰűȅȊŭ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȍȐ Wilson, [1966]) 

 

ʁ .ŀǘǘŀƴ ό1959ύ ʰ˄ʷˉˍˎ˅ʶ ˍˇ ˉ˗ˌ ʹ ˃ʶ˃ˇ˄˖˃ʷ˄ʹ ʹ˔˗ ˋʶ ˃ʽʰ ʴˊʰ˃˃ʺ ˂ʰʾ˂ʰˉʰˌ όsquall line) 

ʴʶ˄ʽˁʱ ˁʽ˄ʺʻʹˁʶ ˉˊˇˌ ˍʰ ʰˊʽˋˍʶˊʱ ˍʹˌ ˁʾ˄ʹˋʹˌ ˍʹˌ ʾʵʽʰˌ ˍʹˌ ʴˊʰ˃˃ʺˌ ˂ʰʾ˂ʰˉʰˌΦ ɳ˄˗ ʹ ˃ʶ˃ˇ˄˖˃ʷ˄ʹ 

ʹ˔˗ ˉʰˊˇˎˋʾʰˋʶ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˁʱˉˇʽ˖˄ ʵʶˁʱʵ˖˄ ˂ʶˉˍ˗˄Σ ʹ ʾʵʽʰ ʹ ʴˊʰ˃˃ʺ ˂ʰʾ˂ʰˉʰˌ ˉʰˊˇˎˋʾʰˋʶ 

ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ʰˊˁʶˍ˗˄ ˖ˊ˗˄Φ ʁʽ bŜǿǘƻƴ and Fankhauser (1964ύ ʷʵʶʽ˅ʰ˄ ˈˍʽ ʹ ˁʾ˄ʹˋʹ ˍʹˌ ʹ˔ˇˏˌ 

˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˃ʶ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΦ ʅʶ ˋˎ˃˒˖˄ʾʰ ˃ʶ ˍʽˌ ˉʰˊʰˉʱ˄˖ ˃ʶ˂ʷˍʶˌ ˉʰˊʰˍʺˊʹˋʹˌΣ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˇ ²ƛƭǎƻƴ ό1966ύ ʷʵʶʽ˅ʶ ˈˍʽ ʹ ʸ˖ʺ ˁʰʽ ʹ ˁʾ˄ʹˋʹ ˍʹˌ ʹ˔ˇˏˌ ʶ˅ʰˊˍ˗˄ˍʰ˄ ʰˉˈ ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ 

˃ʶˍʰʴ˖ʴʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ όʅ˔.4.2.). 

ʆˇ ʅ˔ʺ˃ʰ 4.2. ʰˉˈ ˍʹ ˃ʶ˂ʷˍʹ ʰˎˍʺ ʵʶʾ˔˄ʶʽ ˈˍʽ ˁʰ˂ʱ ˇˊʴʰ˄˖˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰ όˎˉʶˊˁˏˍˍʰˊʰ 

[supercells] ˁʰʽ ˁˎˁ˂˗˄ʶˌύ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʰˁˊʱ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ʰ˄ˇˊʴʱ˄˖ˍʶˌ 

ˁʰˍʰʽʴʾʵʶˌ ˁʰʽ ʰˋʻʶ˄ʶʾˌ ̍ ˃ʲˊˇˎ.̩  

ʅʶ ʰˎˍʺ ˍʹ ˃ʶ˂ʷˍʹΣ ˍʰ ̝ ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹˌ ˁ ˂ʾ˃ʰˁʰˌ ʷˍʶʽ˄ʰ˄ ˄ʰ ˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ˍˇ ˃ʷˋˇ 

ʱ˄ʶ˃ˇ ˁʰʽ ˇʽ ʁˎ ˊˏ̱ ʶˊʶˌ ˁ˂ʾ˃ʰˁʶˌ ʷˍʶʽ˄ʰ˄ ˄ʰ ˁʽ˄ˇˏ˄ˍʰʽ ʲˊʰʵˏˍʶˊʰ ˁʰʽ ʵʶ˅ʽˈˍʶˊʰ ʰˉˈ ˍˇ˄ ˃ʷˋˇ 

ʱ˄ʶ˃ˇΦ ɴˍˋʽΣ ˁʰˍʱ ˍʹ˄ ˉˊˇʶˁʲˇ˂ʺ ̱ ʹˌ ʹ˔ˇˏˌ ʁ ʾ˄ʰʽ ˇˎˋʽ˗ʵʶˌ ˄ʰ ʶ˅ʶˍʰˋˍʶʾ ʹ ˁ˂ʾ˃ʰˁʰ ˍˇˎ ˃ʶˍʰʴ˖ʴʽˁˇˏ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁˇˏ ˁʰʽ  ́ɻ ʽʱˊˁʶʽʰ ˍˇˎ ˉˊˇʴ˄˖ˋˍʽˁˇˏ ʁ ˏˊˇˎˌΦ ɱʽʰ ˉˊˇʴ˄˖ˋˍʽˁ ̍ʁ ˏˊˇˌ ˃ ʶʴʰ˂ˏˍʶˊˇ h ˉˈ 

нл ˂ʶˉˍʱΣ ʹ ˉˊˇʶˁʲˇ˂ʺ ˃ ʶ˃ˇ˄˖˃ʷ˄˖˄ ˁ ˎˍˍʱˊ˖˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˃ ʷˋʰ ̀ ʶ ʷ˄ʰ ˉˇ˂ˎˁˏˍˍʰˊˇ ̀ ˏˋˍʹ˃ʰ 

ʺ ʶʾ˄ʰʽ ʰˎˍˈ˄ˇ˃ʰ ɻ ʶ˄ ʶʾ˄ʰʽ ʴʶ˄ʽˁʱ ʰ˅ʽˈˉʽˋˍ.́ 

ʍˋˍˈˋˇΣ ˁʰˍʱ ˍˇˎˌ Hill et al. (1977), ̌ ʽ ˃ʶʴʱ˂ʶˌ ˁʰˍʰʽʴʾʵʶˌΣ ˍʰ ˎ̄ʶˊˁˏˍˍʰˊʰΣ ˍʰ ˋˎ˃ˉ˂ʷʴ˃ʰˍʰ 

ˁʰˍʰʽʴʾʵʰˌ ό˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ ˃ʶˍʰʴ˖ʴʽˁʱ ˋˎˋˍʺ˃ʰˍʰύΣ ˁʰʽ ˍʰ ʁˎˊʶʾʰ ˃ʷˍ˖ˉʰ ʸ˖˄˗˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

(rainbands) ˃ ˉˇˊˇˏ˄ ˋˎ˔˄ʱ ˄ʰ ˉˊˇʶˁʲ˂ʹʻˇˏ˄ ɹ ʽʰ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰΦ 

ʁ ̔ Thorpe et al. (1982) ˁʰʽ Rotunno et al. (1988), ʷʵʶʽ˅ʰ˄ ˈˍʽ ˍˇ ˁʰˍʰˁˈˊˎ˒ˇ ˉˊˇ˒ʾ˂ 

ʵʽʰˍ˃ʹˍʽˁˇˏ ʰ˄ʷ˃ˇˎ ˔ʰ˃ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ [low-level vertical wind shear profile] όʶˉʽ˒ʱ˄ʶʽʰ ʷ̟  ̩2.5 

kƳύ ˉˇˎ ˁʰˍʶˎʻˏ˄ʶˍʰʽ ˁʰ˄ˇ˄ʽˁʱ ˉˊˇˌ ˍˇ ˃ ʷˍ˖ˉˇ ́ ʽˉ̠˄ (gust front, ɲˎύ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʷˁˍʰˋʹ ˁʰʽ 

ˍ́  ˄˃ʰˁˊˇʲʽˈˍʹˍʰ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖.˄ ɰʴʺˁʰ˄ ˈˍʽ  ́ʷ˄ˍˇ˄ʹ ˃ʶˍʰʴ˖ʴʺ ˃ʰˁˊʱˌ ʵʽʱˊˁʶʽʰˌ ˉˊˇˁˏˉˍʶʽ, 

ˈˍʰ˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ  ̌ ʲʷ˂ˍʽˋˍˇ ̩ ʵʽʰˍ˃ʹˍʽˁˈ̩  ɦ˄ʶ˃ˇˌ (shear). ʃˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˁʰʽ ˃ʶ˂ʷˍʶˌ 

ˉʰˊʰˍʺˊʹˋʹˌ ˍ˖˄ Weisman and Klemp (1986), ̫ ʵʶʽ˅ʰ˄ ̍ ˍʽ ˈˍʰ˄ ˍˇ ˃ʷˍ˖ˉˇ ́ ʽˉ̠˄ ɲˎ ̫̝ ʶʽ ̱ ʰ˔ˏˍʹˍʰ 

> 25 m s-1 ˁʰʽ ˁʰˍʶˎʻˏ˄ʶˍʰʽ ˉ˂ʱʴʽʰ ˉˊˇˌ ˍʹ ʴˊʰ˃˃ʺ ˋˏʴˁ˂ʽˋʹˌ (convergence line), ˉˊˇˁˏˉˍˇˎ˄ 

˃ʰˁˊˈʲʽʰ ˁ ˏˍˍʰˊʰ ˃ʶ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˎˉʶˊˁˎˍˍʱ́ ˖Φ˄ ʅʶ ˋˎ˄ʻʺˁʶˌ ʵʽʰˍ˃ʹˍʽˁˇˏ ̝ ʰ˃ʹ˂ˇˏ ʶˉʽ̫̄ ʵˇˎ 

ˍˇ ˃ʷˍ˖ˉˇ ˊʽˉ˗˄ ˍʶʾ˄ʶʽ ˄ʰ ʰˉˇ˃ʰˁˊˏ˄ʶˍʰʽ ʰˉˈ ˍʽˌ ˁʰˍʰʽʴʾʵʶˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʽʱ˂ˎˋʹ ˍ˖ ˄

ʰ˄ˇʵʽˁ˗˄ ˊʶˎ˃ʱˍ˖˄ ˁʰʻ˗ˌ ʰˉˇ˃ʰˁˊˏ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋˏʴˁ˂ʽˋʹˌ ˁʰʽ ˍʹ˄ ˍʰ˔ʶʾʰ 

ʶ˅ʰˋʻʷ˄ʽˋʹ ̱ ʹˌ ˁʰˍʰʽʴʾʵʰˌ.    

   ɮˊʽʻ˃ʹˍʽˁʷˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ʰˉˈ ˍˇˎˌ aƻƴŎǊƛŜŦf and Miller (1976), ̡ ˊʺˁʰ˄ ˈˍʽ ˃ʽʰ ˋˍʰʻʶˊʺ 

˃ʰˁˊˈʲʽʰ ʴˊʰ˃˃ʺ ˂ʰʾ˂ʰˉʰˌ ˉˊˇːˉˇʻʷˍʶʽ ˄ʰ ʶʾ˄ʰʽ ʾˋʶˌ ˇʽ ˍʰ˔ˏˍʹˍʶˌ ʵʽʱʵˇˋʹˌ ˍʹˌ ˉˎˁ˄ˈˍʹˍʰˌ ˍˇˎ 

ˊʶˏ˃ʰˍˇˌ ˁʰʽ ˍˇˎ ˋ˖ˊʶʽˍˇ˃ʶ˂ʰ˄ʾʰ όcumulonimbus). 

 ɶ ɦ˃ʶˋʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ʴʽʰ nowcasting ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʶ˄˄ˇʽ˗˄ ˍʹˌ ˋˍʰʻʶˊˈˍʹˍʰˌ ˁʰʽ ˍˇˎ 

ˁʰˍʰˁˈˊˎ˒ˇˎ ʵʽʰˍ˃ʹˍʽˁˇˏ ʰ˄ʷ˃ˇˎ ˉˊˇːˉˇʻʷˍʶʽ ˍʹ ˃ʷˍˊʹˋʺ ˍˇˎˌ ˃ʶ ʶˉʰˊˁʺ ˔˖ˊʽˁʺ ˁʰʽ ˔ˊˇ˄ʽˁʺ 

ʰ˄ʱ˂ˎˋʹ ˗ˋˍʶ ˄ʰ ˁʰʻˇˊʽˋˍˇˏ˄ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˉˇˎ ʷ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʺ ʶˉʾʵˊʰˋʹ ˋˍˇ nowcasting ˍʹˌ 

ʶ˅ʷ˂ʽ˅ʹˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΦ 

 

 4.1.1. ɉŬɟŬəŰɖɟɘůŰɘəɎ  

ʆˇ nowcasting ʰˉˇˍʷ˂ʶˋʶ ˃ʾʰ ʰˉˈ ˍʽˌ ˉˊ˗ˍʶˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˍʶ˔˄ʽˁʷˌ ˉˊˈʴ˄˖ˋʹˌ ˁʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ˍʹ˄ ˇ˃ʾ˔˂ʹΣ ˍʹ˄ ˔ʽˇ˄ˈˉˍ˖ˋʹΣ ˁʰʽ ʱ˂˂ʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ ɳ˄ʰ˂˂ʰˁˍʽˁʷˌ ˇ˄ˇ˃ʰˋʾʶˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʽˌ ̄́ˇʴ˄˗ˋʶʽˌ ˉ́ ˇʶˁʲˇ˂ʺˌ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

60 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

(extrapolation forecasts) ˁʰʽ - ʴʽʰ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ς ˉˇ˂ˏ ˃ʽˁˊˇˏ ʶˏˊˇˎˌ ˉˇˋˇˍʽˁʷˌ ˉˊˇʴ˄˗ˋʶʽˌ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ (very short term quantitative precipitation forecasts [QPF]). 

ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉˊ˖ˍˏˍʶˊʰΣ ʹ ʲʱˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ʹ ˉˊˇʶˁʲˇ˂ʺ ˍʹˌ ˁʰˍʶˏʻˎ˄ˋʹˌ ˁʰʽ 

ˍʹˌ ʶ˅ʷ˂ʽ˅ʹˌ ʶ˄ˈˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˇˏΣ ˃ʶ ʲʱˋʹ ˉʰˊʰˍʹˊʺˋʶʽˌ ˍʹˌ ʻʷˋʹˌ ˍˇˎΣ ˍʹ ̩̫ ˁˍʰˋʹΣ̩ ˍˇ ˎ́ ˎʻ˃ˇˏ 

ʰ˄ʱˉˍˎ˅ʹˌ ʺ ʶ˅ʰˋʻʷ˄ʹˋʹˌ ʺ κ ˁʰʽ ˍʹ ̩ʷ˄ˍʰˋʹΦ̩ ʇˉˇ˂ˇʴʽˋ˃ˇʾ ʰˎˍˇˏ ˍˇˎ ˍˏˉˇˎ ˋˍʽˌ ˃ʷˊʶˌ ˃ʰˌ 

ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˃ʷˋ˖ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ ˎˉˇ˂ˇʴʽˋˍʺ ˃ʶ ̝́ʺˋʹ ˃ˇ˄ˍʷ˂˖˄ ʴʽʰ ˄ʰ ˉ́ ˇˋʵʽˇˊʽˋˍˇˏ˄ ʰˎˍˈ˃ʰˍʰ 

ʲʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ˄ʰ ʁˁ ˍʽ˃ʹʻʶʾ  ́ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˍˇˎˌ ˍˊˇ˔ʽʱΦ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ˇ˄ˍʷ˂˖˄ 

ɮˊʽʻ˃ʹˍʽˁʺˌ ʃˊˈʴ˄˖ˋʹˌ ɼʰʽˊˇˏ όNumerical Weather Prediction, NWP) ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˈ˂ˇ ˁʰʽ 

ˉʶˊʽˋˋˈˍʶˊˇ ˖ˌ ˃ʷˊˇˌ ʰˎˍʺˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌΣ ʷˍˋʽ ˗ˋˍʶ ˍˇ ƴƻǿŎŀǎǘƛƴƎ ˇˊʽˋ˃ʷ˄ʶˌ ˒ ˇˊʷˌ ʻʶ˖ˊʶʾˍʰʽ 

˖ˌ ˃ˇˊ˒ʺ ʶˉʶ˅ʶˊʴʰˋʾʰˌ post-processing όʶˁ ˍ˖˄ ˎˋˍʷˊ˖˄) ˍ˖˄ ʶˁˊˇ˗˄Φ ɳ˄ˍˇˏˍˇʽˌΣ ʹ ʱ˃ʶˋʹ 

ˉˊˈʴ˄˖ˋʹ (nowcasting) ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˍʰ˔ˏˍʶˊʰ, 

ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˉʽˇ ˋˎ˔˄ʷˌ ʁ ˅ˈʵˇˎˌ ˋʶ ˎ˕ʹ˂ˈˍʶˊʹ ʰ˄ʱ˂ˎˋʹ όʶˉʶ˅ʹʴʺʻʹˁʶ ˉˊ˖ˍˏˍʶˊʰ ˋˍˇ ʅ˔Φ оΦтΦύΦ ɶ 

ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˋʶ ˍʰ˔ʷ˖ˌ ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄ hʶˉʶʽˋˈʵʽʰΣ ˈˉ˖ˌ ˇʽ ˁhˍʰʽʴʾʵʶˌ ʶʾ˄ʰʽ ˋˎ˄ʶˉ˗ˌ ʷ˄ʰ̩ 

ʶ˄ʶˊʴˈ̩ ̱ ˇ˃ʷʰ ̩̫ ˊʶˎ˄ʰˌ (Sene, 2013). 

ɱʽʰ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ̡ ˊˇ˔ˇˉˍ˗ˋʶ˖˄Σ ˇʽ ˃ʷʴʽˋˍˇʽ ˔ˊˈ˄ˇʽ ˉˊˈʴ˄˖ˋʹˌ ɹ ʽʰ ˍˇˎˌ ˇˉˇʾˇˎˌ ˍʰ nowcast 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ʽˁʰ˄ˈˍʹˍʰ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ʷ˄ʰ˄ ʰˊʽʻ˃ˈ ˉʰˊʰ˃ʷˍˊ˖˄Φ ɮˎˍʷˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ ˍˇ 

ʶʾʵˇˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΣ ˍʽˌ ˍˇˉˇʴˊʰ˒ʽˁʷˌ ʶˉʽˊˊˇʷˌΣ ˍ́  ˄ˉˇʽˈˍʹˍʰ ˁʰʽ ˍ́  ˄ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʲʰˋʽˁ˗˄ 

ˉʰˊʰˍʹˊʺˋʶ˖˄Σ ˁʰʽ ̱ ˇˎˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎˌ h ˂ʴˈˊʽʻ˃ˇˎˌ.  

ʆˇ ˉˊʰˁˍʽˁʱ ʶ˒ʽˁˍˈ ˈˊʽˇ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˎ˔˄ʱ ˈˍʽ ʶʾ˄ʰʽ ʷ˅ ʽ ˗ˊʶˌΣ ʰ˄ ˁʰʽ ˈˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶ 

˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʽˁˊˈˍʶˊˇ ʴʽʰ ˃ʶˍʰʴ˖ʴʽˁ ɦʴʶʴˇ˄ˈˍʰΦ ʂˍʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʷ˅ˇʵˇʽ 

˃ˇ˄ˍʷ˂˖˄ ɮˊʽʻ˃ʹˍʽˁʺˌ ʃˊˈʴ˄˖ˋʹˌ ɼʰʽˊˇˏ όNWP), ˍʰ ˉˊˇʿˈ˄ˍʰ nowcast ˋˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ 

ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʴʰ˂ˏˍʶˊʹ ˋˍʱʻ˃ʽˋʹ ʴʽʰ ˍʽˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶ ̩ ʶ˅ˈʵˇˎˌ ˋʶ ˃ʶʴʰ˂ˏˍʶˊˇˎˌ ˔ˊˈ˄ˇˎˌ 

ˉˊˈʴ˄˖ˋʹˌ (lead times), ˁʰʻ˗ˌ ʹ ʶˉʽˊˊˇʺ ʺ ʹ ζ˃˄ʺ˃ʹη ˍ˖˄ ʰˊ˔ʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˒ʻʾ˄ʶʽ 

ό˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇ ʅˏˋˍʹ˃ʰ GANDOLF [Pierce et al., 2000]).  

 

4.1.2. ȺˊŬɚɐɗŮɡůɖ (verification) 

ʁʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌ ʷ˔ˇˎ˄ ʶʴˁʰˍʰˋˍʺˋʶʽ ˉˊˇʴˊʱ˃˃ʰˍʰ ʶˉʰ˂ʺʻʶˎˋʹˌ 

ˁʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʶˁʵʾʵˇˎ˄ ʵʹ˃ˈˋʽʰ ʶˁʻʷˋʶʽˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʰˉˈʵˇˋʹ ʰ˄ʱ ˍʰˁˍʱ 

˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰΦ ɮˎˍʷˌ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍʹˌ 

ʾʵʽʰˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˉʰˊʱʵˇˋʹˌ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄Σ ˈˉ˖ˌ ˍˇ ʶʱ˄ ʶˁʵʾʵˇ˄ˍʰʽ ʶʴˁʰʾˊ˖ˌ ˁʰʽ ˃ʶ 

ˋˎ˄ʷˉʶʽʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʷˍˇˎˌΦ ɾʶˍʱ ˍʹ˄ ˎˉˇʲˇ˂ʺ ʶˁʻʷˋʶ˖˄ ʴʽʰ ˃ʶˊʽˁʱ ˔ˊˈ˄ʽʰΣ ʶʾ˄ʰʽ ˋˎ˔˄ʱ 

ʵˎ˄ʰˍˈ ˄ʰ ʶ˅ʰ˔ʻˇˏ˄ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʴʽʰ ˍˇ ʶʱ˄ ʹ ˉˊˇʴ˄˖ˋˍʽˁʺ ʰˉˈʵˇˋʹ ʲʶ˂ˍʽ˗ʻʹˁʶ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ 

ˍˇˎ ˔ˊˈ˄ˇˎ ˁʰʽ ˉ˗ˌ ˋˎʴˁˊʾ˄ʶˍʰʽ ˃ʶ ʶ˅ˈʵˇˎˌ ʱ˂˂˖˄ ˁʷ˄ˍˊ˖˄ ˉˊˈʴ˄˖ˋʹˌΦ 

 ʆʰ ˉʶˊʽˋˋˈˍʶˊʰ ˋˎˋˍʺ˃ʰˍʰ ʶˉʰ˂ʺʻʶˎˋʹˌ ˋˎʴˁˊʾ˄ˇˎ˄ ˍʽˌ ʶ˅ˈʵˇˎˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˃ʶ ʶˉʾʴʶʽʶˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌΣ ʶʾˍʶ ˋʹ˃ʶʽʰˁʱ  ʶʾˍʶ ˉʰˊʶ˃ʲʱ˂˂ˇ˄ˍʰˌ ˋʶ ˁʱ˄ʰʲˇ όgridύΦ ʁ Sene (2013ύΣ ʰ˄ʰ˒ʷˊʶʽ 

ˇˊʽˋ˃ʷ˄ʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˍ˖˄ ˃ʶʻˈʵ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ɼʰˍʹʴˇˊʽˁʱ ˋˍʰˍʽˋˍʽˁʱ - ˋˍʰˍʽˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʶ˅ʱʴˇ˄ˍʰʽ ʰˉˈ ˉˇ˂˂ʱ ʶˉʶʽˋˈʵʽʰ ˃ʶ ʲʱˋʹ ˍʹ 

ʵʽʰˋˍʰˏˊ˖ˋʹ ˁˊʾˋʽ˃˖˄ ˁʰˍ˖˒˂ʾ˖˄Σ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʷˍˊʰ ˈˉ˖ˌ ʹ ʃʽʻʰ˄ˈˍʹˍʰ ɮ˄ʾ˔˄ʶˎˋʹˌ 

(PODύ ˁʰʽ ʹ ɮ˄ʰ˂ˇʴʾʰ ɳˋ˒ʰ˂˃ʷ˄ˇˎ ɳ˄ˍˇˉʽˋ˃ˇˏ όFAR). 

ʅ˒ʱ˂˃ʰˍʰ ˃ʶʴʶʻ˗˄ ˁʰʽ ˔ˊˇ˄ʽˁʱ ˋ˒ʱ˂˃ʰˍʰΦ ʅˍʰˍʽˋˍʽˁʷˌ ˋˎʴˁˊʾˋʶʽˌ ˍ˖˄ ˉʰˊʰˍʹˊʹʻʷ˄ˍ˖˄ ˁʰʽ 

ˍ˖˄ ˉˊˇʶʴ˄˖ˋ˃ʷ˄˖˄ ˍʽ˃˗˄Σ ˈˉ˖ˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˁʰʽ ˍʹˌ ʶ˂ʱ˔ʽˋˍʹˌ ˍʽ˃ʺˌΣ ˍʹˌ ˃ʶˊˇ˂ʹ˕ʾʰˌ όbiasύΣ ˍˇˎ 

˃ʷˋˇˎ ˍʶˍˊʰʴ˖˄ʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌΣ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ˋˍʽʴ˃ʺˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ ˁʰʽ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ˋˎˋ˔ʷˍʽˋʹˌΦ 

Skill scores.  ɾʷˍˊh ˍʰ ˇˉˇʾʰ ʶˁ˒ˊʱʸˇˎ˄ ˍʹ˄ ˉˊˈˋʻʶˍʹ ʽˁʰ˄ˈˍʹˍʰ ˉˇˎ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ 

ˉˊˈʴ˄˖ˋʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˃ʽʰ ˉˊˈʴ˄˖ˋʹ ˔˖ˊʾˌ ˁʰˍʱˊˍʽˋʹ όunskilledύΣ ˈˉ˖ˌ ʴʽʰ ˃ʽʰ ˉˊˈʴ˄˖ˋʹ ˉˇˎ 

ʲʰˋʾʸʶˍʰʽ ˋʶ ˁ˂ʽ˃ʰˍˇ˂ˇʴʽˁʷˌ ˍʽ˃ʷˌΣ ˖ˌ ʰ˄ʰ˂ˇʴʾʰ ˍʹˌ ʽˋˇʵˏ˄ʰ˃ʹˌ ˍʽ˃ʺˌ ʴʽʰ ˃ʽʰ ˍʷ˂ʶʽʰ ˉˊˈʴ˄˖ˋʹΦ 

ɱʽʰ ˍʹ˄ ʶˉʰ˂ʺʻʶˎˋʹ ˉˊˇʴ˄˗ˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˁʰˍʱ ˁʰ˄ˈ˄ʰ ʹ ˁˏˊʽʰ ˉˊˇˋʷʴʴʽˋʹ ˋˎ˄ʾˋˍʰˍʰʽ 

ˋˍʹ˄ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˃ʶ ˉʰˊʰˍʹˊʺˋʶʽˌ ʰˉˈ ˊʰ˄ˍʱˊ ʺ ˔˖ˊʽˁʱ ˃ʷˋʶˌ ʶˁˍʽ˃ʺˋʶʽˌ 

ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄Φ ʅˎ˄ʺʻ˖ˌΣ ʶ˄ʵʶʾˁ˄ˎˍʰʽ ˄ʰ ʶ˅ʶˍʱʸʶˍʰʽ ʷ˄ʰ ˒ʱˋ˃ʰ ˃ʷˍˊ˖˄Σ 

ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄˖˄ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺΣ ˁʰʽ ˄ʰ ʶˁˍʽ˃˗˄ˍʰʽ ˍʽ˃ʷˌ ˋʶ ʷ˄ʰ ʶˏˊˇˌ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˔ˊˈ˄˖˄Σ 

ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ʷˍˋʽ ˃ʾʰ ʷ˄ʵʶʽ˅ʹ ˍʹˌ ˃ʶʾ˖ˋʹˌ ˍʹˌ ʵʶ˅ʽˈˍʹˍʰˌ ʺ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ˃ʶ ˍʹ˄ 

ʰˏ˅ʹˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ ˉˊˈʴ˄˖ˋʹˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˇ aǳǊǇƘȅ ό1993ύ ˉˊˇˋʵʽˈˊʽˋʶ ˍʰ ˍˊʾʰ ʰˁˈ˂ˇˎʻʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʽʰˌ ˁʰ˂ʺˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌΥ 

w ʅˎ˄ʷˉʶʽʰ όconsistency)Φ ɶ ʰ˄ˍʽˋˍˇʽ˔ʾʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ʰˉˇ˒ʱˋʶ˖˄ ˍˇˎ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎ - 

ˉˊˇʴ˄˗ˋˍʹ ˁʰʽ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˗˄ ˍˇˎΦ 

w ʃˇʽˈˍʹˍʰ όquality)Φ ɶ ʰ˄ˍʽˋˍˇʽ˔ʾʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ ˁʰʽ ˍ˖˄ ʰ˄ˍʰˉˇˁˊʽ˄ˈ˃ʶ˄˖˄ 

ˉʰˊʰˍʹˊʺˋʶ˖˄Φ 

w ɮ˅ʾʰ όvalue)Φ ʆʰ ʶˉʽˉˊˈˋʻʶˍʰ ˇʽˁˇ˄ˇ˃ʽˁʱ ʺ κ ˁʰʽ ʱ˂˂ʰ ˇ˒ʷ˂ʹ ˉˇˎ ʶ˂ʺ˒ʻʹˋʰ˄ ʰˉˈ ˍˇˎˌ 

˒ˇˊʶʾˌ ˂ʺ˕ʹˌ ʰˉˇ˒ʱˋʶ˖˄ ˃ʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄Φ 

 

 4.1.3. ȸŬůɘəɎ ũɜɤɟɑůɛŬŰŬ ɄɟɞɥɧɜŰɤɜ Nowcasting 

 ʁˊʽˋ˃ʷ˄ʰ ʲʰˋʽˁʱ ʵʽʰˁˊʽˍʽˁʱ ʴ˄˖ˊʾˋ˃ʰˍʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ nowcasting (Browning and 

Collier, 1989̃ Golding 1998, 2000, 2009̃ Ebert et al. 2004̃ Wilson 2004̃ Wilson et al. 2010̃ WMO 

2010bύΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ 

w Kh ʻˇʵʺʴʹˋʹ ˃ˇ˄ˍʷ˂˖˄Φ ɼʰˍʱ ˉˈˋˇ˄ ˍʰ ˉʶʵʾʰ ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰʽ ʶˉʽ˂ʶʴ˃ʷ˄ʶˌ ʱ˂˂ʶˌ 

ʶˁˊˇʷˌ ˃ˇ˄ˍʷ˂˖˄ NWP ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˄ʰ ˁʰʻˇʵʹʴʺˋˇˎ˄ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍˇˎ 

nowcasting. 

w ʃʽʻʰ˄ˇˍʽˁˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ - ʃˇ˂˂ʰˉ˂ʱ ʵʶʾʴ˃ʰˍʰ όensembles) - Post-processing (ζʁ ˁ ˍ˖˄ 

ˎˋˍʷˊ˖˄ ʶˉʶ˅ʶˊʴʰˋʾʰη). Kh ˍʱ ˉˈˋˇ˄ ˇʽ ˉˊˇʴ˄˗ˋʶʽˌ ʶʾ˄ʰʽ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʷˌ ʺ 

ˉʽʻʰ˄ˇˍʽˁʷˌ ˁʰʽΣ ˋˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˉʶˊʾˉˍ˖ˋʹΣ ʹ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʹ ʵʽʰʵʽˁʰˋʾʰ 

ˉʰˊʰʴ˖ʴʺˌ ˍ˖˄ ensemblesΦ ʆʰ ˉʽʻʰ˄ˇˍʽˁʱ ˉˊˇʿˈ˄ˍʰ nowcasting ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ 

ˉˊˈˋ˒ʰˍʹ ʶ˅ʷ˂ʽ˅ʹΣ ˃ʶ ˍʽˌ ˉˊ˗ˍʶˌ ʶˉʽ˔ʶʽˊʹˋʽʰˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˄ʰ ˅ʶˁʽ˄ˇˏ˄ ˍʹ˄ ˉʶˊʾˇʵˇ 

2005-нлмл όʰʵˊˇ˃ʶˊ˗ˌύΦ ʁʽ ˍʶ˔˄ʽˁʷˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ post-processing ʶˉʾˋʹˌ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

62 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ʴʽʰ downscale όˎˉˇʲʽʲʰˋ˃ˈ ˁ˂ʾ˃ʰˁʰˌύ49 ˍ˖˄ 

ʶ˅ˈʵ˖˄ ˋʶ ˉʶˊʽˇ˔ʷˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ʃʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˋˍʰˍʽˋˍʽˁʷˌΣ ʰ˄ˍʽˋˍˇʽ˔ʺˋʶʽˌ 

ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʺˁ˖˄ όʰ˄ʰ˂ˇʴʽˁʷˌύ ˁʰʽ ʵˎ˄ʰ˃ʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ50 ˃ʶ ˋˍˈ˔ˇ ˍˇ 

ŘƻǿƴǎŎŀƭŜ ˍ˖˄ ʶ˅ˈʵ˖˄ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˋʶ ˁ˂ʾ˃ʰˁʶˌ ˎʵˊˇ˂ˇʴʽˁˇˏ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˁʰʽ 

ʴʽʰ ˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍˇˎ ˉʽʻʰ˄ˇˍʽˁˇˏ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˋˎ˂˂ˇʴʽˁ˗˄ ˉˊˇʴ˄˗ˋʶ˖˄ 

(collaborative forecastsύ όˉΦ˔Φ Dance et al., 2010, Jolliffe and Stephenson, 2011).  

w ʅˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌΦ ɼʰˍʱ ˉˈˋˇ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˉʽˉ˂ʷˇ˄ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˄ʰ ˋˎ˄ʵˊʱ˃ˇˎ˄ ˋˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˋˍʹ 

ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ (advectionύ˜ ʴ̔ ʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʵʽˈˊʻ˖ˋʹ 

ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄ όlightning fix), ǇǊƻŦƛƭŜǊ ʰ˄ʷ˃ˇˎΣ ʰ˄ʶ˃ˇ˂ˇʴʽˁʱ ʵʶʵˇ˃ʷ˄ʰ 

DopplerΣ ˎʴˊʰˋʾʰ ʰˉˈ GPSΣ ʵˇˊˎ˒ˇˊʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˄ʶ˒˗˄ ˁʰʽ ʰ˄ʷ˃˖˄. 

ʅ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ˉˊˇʶˁʲˇ˂ʺˌ ʺ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ όadvectionύΣ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ 

ˉˇ˂˂ʷˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˍˈˋˇ ʴʽʰ ˄ʰ ʶ˄ˍˇˉʽˋˍˇˏ˄ ˈˋˇ ˁʰʽ ʴʽʰ ˄ʰ ζʶˁ˒ˊʰˋˍˇˏ˄η ˉʶˊʽˇ˔ʷˌ 

ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄Φ ʁʽ ˁˏˊʽʶˌ ʶˉʽ˂ˇʴʷˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ ʻʶ˗ˊʹˋʹ ˋʶ ˈˊˇˎˌ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄Σ 

ˁʶ˄ˍˊˇʶʽʵ˗˄ ʺ ˁʰ˄ʱʲˇˎ όgrid-by-grid). ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʶʾˍʶ ˇʽ ˍʽ˃ʷˌ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˔˖ˊʾˌ ˄ʰ 

˃ʶˍʰʲ˂ʹʻˇˏ˄ ʶʾˍʶ ˎˉʱˊ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ ʰ˄ʱˉˍˎ˅ʹˌΣ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˁʰʽ ʶ˅ʰˋʻʷ˄ʽˋʹˌΦ ɾʶˊʽˁʷˌ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ ˋˎˋ˔ʷˍʽˋʹΣ ʰ˄ʱ˂ˎˋʹ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˍʶ˔˄ʹˍʺ 

˄ˇʹ˃ˇˋˏ˄ʹ ʺ κ ˁʰʽ ˍʶ˔˄ʽˁʷˌ ʰ˄ˍʽˋˍˇʾ˔ʹˋʹˌ ˃ˇˍʾʲ˖˄ όpattern-matching). 

 

4.1.4. ɀŮŰɎŭɞůɖ Űɖɠ ˊɟɧɔɜɤůɖɠ 

ʁʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʶˎˊˏ ˒ʱˋ˃ʰ ˃ʶʻˈʵ˖˄ ˁʰʽ 

ʶˉʽ˂ˇʴ˗˄ ʴʽʰ ˍʹ˄ ʷˁʵˇˋʹ ˉˊˇʴ˄˗ˋʶ˖˄Σ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˂ʶˇˉˍʽˁʷˌ ˁʰʽ ˊʰʵʽˇ˒˖˄ʽˁʷˌ 

˃ʶˍʰʵˈˋʶʽˌΣ ʽˋˍˇˋʶ˂ʾʵʶˌΣ ˃ʹ˄ˏ˃ʰˍʰ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ ˍʰ˔ˎʵˊˇ˃ʶʾˇˎ ˁʰʽ ʱ˃ʶˋʰ ʴˊʰˉˍʱ ˃ʹ˄ˏ˃ʰˍʰ 

ˋˍˇˎˌ ˍʶ˂ʽˁˇˏˌ ˔ˊʺˋˍʶˌ όʅ˔. 4.3ΦύΦ ʁʽ ˃ʶˍʶ˖ˊˇ˂ˈʴˇʽ ˃ˉˇˊˇˏ˄ ʶˉʾˋʹˌ ˄ʰ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ˇʽ ʴʽʰ 

ˋˎʸʹˍʺˋʶʽˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʽˌ ʰˁˊʰʾʶˌ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ʽʵʽʰʾˍʶˊʰ ˃ʶ ˍʹ˄ ˉˇ˂ʽˍʽˁʺ ˉˊˇˋˍʰˋʾʰ ˁʰʽ ˍˇ 

ˉˊˇˋ˖ˉʽˁˈ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ ˁʰˍʰˋˍʱˋʶ˖˄ ʷˁˍʰˁˍʹˌ ʰ˄ʱʴˁʹˌΦ ɶ ʻʷˋˉʽˋʹ ˁʰʻˇˊʽˋ˃ʷ˄˖˄ ʵʽʰʵʽˁʰˋʽ˗˄ 

ʴʽʰ ˍʹ˄ ˉˊˇʶʽʵˇˉˇʾʹˋʹ ˍ˖˄ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ˁʰʽ ʱ˂˂˖˄ ʲʰˋʽˁ˗˄ ˇ˃ʱʵ˖˄ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˊˈʴ˄˖ˋʹˌ 

ʰˁˊʰʾ˖˄ ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ʺ ʷ˄ˍˇ˄˖˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˉˇˎ ʵʽʰˁˊʾ˄ʶˍʰʽ 

ˈ˂ˇ ˁʰʽ ˋˎ˔˄ˈˍʶˊʰΦ 

ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶΣ ˇʽ ˃ˇˊ˒ʷˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˃ʹ˄ˏ˃ʰˍʰ ˉˊˇʶʽʵˇˉˇʾʹˋʹˌ 

ˉˇʽˁʾ˂˂ˇˎ˄ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ˁʰʽ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ʰˉˈ ˉʶˊʽʴˊʰ˒ʷˌ ˁʶʽ˃ʷ˄˖˄ ʷ˖ˌ ʵʽʰʵˊʰˋˍʽˁˇˏˌ 

ʵʽʰʵʽˁˍˎʰˁˇˏˌ ˔ʱˊˍʶˌ ˁʰʽ ˁʽ˄ˇˏ˃ʶ˄ʶˌ ʰˁˇ˂ˇˎʻʾʶˌ όanimated sequencesύ ʴʽʰ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˁʰʽ 

ʱ˂˂ʶˌ ˃ʶˍʰʲ˂ʹˍʷˌΦ ɼʰˍʱ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ʷˍʹΣ ˇʽ ʶ˒ʰˊ˃ˇʴʷˌ ˁʽ˄ʹˍʺˌ ˍʹ˂ʶ˒˖˄ʾʰˌ ʵʽʰˍʾʻʶ˄ˍʰʽ ˈ˂ˇ ˁʰʽ 

ˉʶˊʽˋˋˈˍʶˊˇ ˁʰʽ ʰˉˇˍʶ˂ˇˏ˄ ʷ˄ʰ˄ ʵʹ˃ˇ˒ʽ˂ʺ ˍˊˈˉˇ ʴʽʰ ˍʹ ˂ʺ˕ʹ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˉˊˈʴ˄˖ˋʹˌΦ ʅˎ˄ʺʻ˖ˌΣ 

                                                           
49 ʅʶ ˃ʽʰ ʰˉ˂ʺ ˉˊˇˋʷʴʴʽˋʹ downscaling όˎˉˇʲʽʲʰˋ˃ˇˏ ˁ˂ʾ˃ʰˁʰˌύΣ ˍˇ ˉʽ˄ʰˁʾʵʽˇ ˍˇˎ ˁʰ˄ʱʲˇˎ ˍʹˌ ˍˊʰ˔ʶʾʰˌ 
ˁ˂ʾ˃ʰˁʰˌ ʵʽʰ˔˖ˊʾʸʶˍʰʽ ˋʶ ˍʷˋˋʶˊʰ ˉ˂ʰʾˋʽʰΣ ˃ʶ ˍʹ˄ ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍˇ ˁʰʻʷ˄ʰ ʰˉˈ ˍʰ ˃ʽˁˊˈˍʶˊʰ 
ˉ˂ʰʾˋʽʰ ˄ʰ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˍʹ˄ ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍʹ˄ ˍˊʰ˔ʶʾʰ ˁ˂ʾ˃ʰˁʰ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ʷ˄ʹ ˃ʶ ʷ˄ʰ˄ 
ˍˎ˔ʰʾˇ ʻʶˍʽˁˈ ʰˊʽʻ˃ˈΦ ɶ ˃ʷˋʹ ʷ˄ˍʰˋʹ ˋˍʹ ˃ʽˁˊˈˍʶˊʹ ˁ˂ʾ˃ʰˁʰ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽˇˊʽˋˍʶʾ ʴʽʰ ˄ʰ ʶ˅ʽˋ˖ʻʶʾ ˃ʶ 
ˍʹ˄ ʷ˄ˍʰˋʹ ˋˍʹ˄ ˍˊʰ˔ʶʾʰ ˁ˂ʾ˃ʰˁʰ όBowler et al., 2006).    
50 ʂˉ˖ˌ ˍʰ ˋˎˋˍʺ˃ʰˍʰ NORA (Panziera et al., 2011ύ ˁʰʽ COALITION (Nisi et al., 2012ύ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˇʽ ˔ˊʺˋˍʶˌ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ˉˊˇˋʵʽˇˊʾˋˇˎ˄ ˍʽˌ ˉʶˊʽˇ˔ʷˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˄ʰ ʲ˂ʷˉˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ 

ˉ́ ˇʴ˄˗ˋʶ˖˄ ˁʰʽ ˊʰ˄ˍʱˊ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˔ʱˊˍʹ ˁʰʽ ˁʰˍʰ˂ˈʴˇˎΦ ɾʶ ˍʰ ǎƳŀǊǘǇƘƻƴŜǎ ˉˇˎ ʷ˔ˇˎ˄ 

ʵˎ˄ʰˍˈˍʹˍʰ ʵˇˊˎ˒ˇˊʽˁˇˏ ʶ˄ˍˇˉʽˋ˃ˇˏ όGPSύΣ ˇʽ ˉˊˇʴ˄˗ˋʶʽˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋʰˊ˃ˈʸˇ˄ˍʰʽ ˋˍʹ˄ 

ˍˊʷ˔ˇˎˋʰ ˍˇˉˇʻʶˋʾʰ ˍˇˎ ˔ˊʺˋˍʹΦ 

 

ǵȑǿȊŭ 4.3.: ǫ ȍȎŭȊŭűȇȄȖȊůȋȅ ŮȇŭŮȇȈŭŰȀŭ ɵȎȍůȇŮȍɵȍȀȅŰȅȏ ȃȇŭ űȅȋ ɵůȎȀɵűȓŰȅ ŰȀŲȓȋŭ. 

ǧɵȍűůȉůȀ ȑŭȎŭȈűȅȎȇŰűȇȈȖ ɵŭȎǽŮůȇȃȊŭ űȅȏ ŮȇŭŮȇȈŭŰȀŭȏ ɵȍȐ ŭȈȍȉȍȐȆůȀűŭȇ Űűȇȏ ȑȘȎůȏ ɵȍȐ 

ɵŭȎǾȑȍȐȋ ȐɵȅȎůŰȀůȏ ŰŲȍŮȎȘȋ ȊůűůȓȎȍȉȍȃȇȈȘȋ ɵȎȍůȇŮȍɵȍȇǿŰůȓȋ. ǫ ȊůűǽŮȍŰȅ űȍȐ 

ȊȅȋȗȊŭűȍȏ Ȉŭȇ ȅ ȈŭűŭȋȖȅŰǿ űȍȐ ŭɵȖ űȍ ȈȍȇȋȖ ůȀȋŭȇ ɵȍȉȗ ŰȅȊŭȋűȇȈǾȏ ɵűȐȑǾȏ űȅȏ 

ȑȎȅŰȇȊȖűȅűŭȏ Ȋȇŭȏ ȐɵȅȎůŰȀŭȏ ɵȎȍůȇŮȍɵȍȇǿŰůȓȋ. ǫ ȐɵǾȎȆůŰȅ űȅȏ ɵȎȍůȇŮȍɵȍȀȅŰȅȏ Űűȅȋ 

űȅȉůȖȎŭŰȅ, űȍ ŮȇŭŮȀȈűȐȍ, űȇȏ ŲȍȎȅűǾȏ ŰȐŰȈůȐǾȏ Ȉŭȇ űŭ ůŰűȇŭŰȊǾȋŭ ȊȅȋȗȊŭűŭ ŭɵȍűůȉȍȗȋ 

ȈȎȀŰȇȊŭ ŰűȍȇȑůȀŭ ȃȇŭ ȋŭ ȊůűŭŮȍȆůȀ űȍ ȊǿȋȐȊŭ Ȋů ŭȋűȀȈȎȇŰȊŭ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ 

ɵȎȓűȖűȐɵȍ űȓȋ Joe et al. [2012]) 

ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˉʾˋʹˌ ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˉʽʻʰ˄ˇˍʽˁʱ ˁʰˍ˗˒˂ʽʰ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ 

(probabilistic rainfall thresholdsύΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍˈˋˇ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˈˋˇ ˁʰʽ ˍʽˌ ˋˎ˄ʷˉʶʽʶˌΣ 

˃ʶ ˋˁˇˉˈ ˄ʰ ˉˊˇˋ˒ʷˊˇˎ˄ ʶ˅ʰˍˇ˃ʽˁʶˎ˃ʷ˄ʶˌ όtailor-madeύ ˉˊˇʶʽʵˇˉˇʽʺˋʶʽˌ ˋʶ ʷ˃ˉʶʽˊˇˎˌ ˔ˊʺˋˍʶˌΦ 

ɲʽʰʵʽˁˍˎʰˁˇʾ ˔˗ˊˇʽ ˋˎ˄ˇ˃ʽ˂ʾʰˌ όchat roomsύΣ ʽˋˍˇ˂ˈʴʽʰ όblogsύΣ ʵʽʰʵʽˁˍˎʰˁʱ ˋʶ˃ʽ˄ʱˊʽʰ όwebinars) 

ˁʰʽ ˃ʷˋʰ ˁˇʽ˄˖˄ʽˁʺˌ ʵʽˁˍˏ˖ˋʹˌ ʵʽʰʵʾʵˇ˄ˍʰʽ ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ʴʽʰ ˍʹ˄ ˉʰˊˇ˔ʺ ˍʰˁˍʽˁʺˌ 
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64 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʶ˄ʹ˃ʷˊ˖ˋʹˌ ˋʶ ˁʰˍʰˋˍʱˋʶʽˌ ʷˁˍʰˁˍʹˌ ʰ˄ʱʴˁʹˌΣ ˁʰʽ ˗ˋˍʶ ˄ʰ ˁʰˍʰˋˍʺˋˇˎ˄ ʵˎ˄ʰˍʺ ˍʹ˄ ʰ˃˒ʾʵˊˇ˃ʹ 

ˊˇʺ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˈʴ˖˄ - ̄ ˊˇʴ˄˖ˋˍ˗˄ ˁʰʽ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˔ˊʹˋˍ˗˄Φ 

ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʴʽʰ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʴʶ˄ʽʱ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄Σ ʰˉʰʽˍʶʾˍʰʽ ˁʰˍʱ ˁʰ˄ˈ˄ʰ 

˃ʶˍʱʵˇˋʹ ˋʶ ʵˏˇ ʶ˅ˈʵˇˎˌΣ ˉʽʻʰ˄ˇˍʽˁˇˏ nowcasting ˁʰʽ ensemble ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ ʺ ˁ˂ʾ˃ʰˁʰˌ 

˃ʶˍʰʴ˖ʴʺˌΦ ɴ˄ʰ ˍˎˉʽˁˈ ˋʶ˄ʱˊʽˇ ʻʰ ʺˍʰ˄Σ ˂ˇʽˉˈ˄Σ ˄ʰ ʰˉˇˋˍʷ˂˂ˇ˄ˍʰʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ όʷ˅ˇʵˇʽύ nowcast 

ˁʱʻʶ ˉʷ˄ˍʶ ˂ʶˉˍʱ ʰˉˇˍʶ˂ˇˏ˃ʶ˄ʰ ʰˉˈ нл ˃ʷ˂ʹ ˉˇ˂˂ʰˉ˂˗˄ ʵʶʽʴ˃ʱˍ˖˄ όensembleύ ˃ʶ ʰ˄ʱ˂ˎˋʹ м ƪƳ 

˃ʁ ˋˇʵʽʰˋˍʺ˃ʰˍˇˌ ˉʷ˄ˍʶ ˂ʶˉˍ˗˄ ʴʽʰ ˉˊˇʴ˄˖ˋˍʽˁˈ ʶˏˊˇˌ ʷ˅ʽ ˖ˊ˗˄Φ ʆˈˍʶΣ ʹ ˋˎ˄ʽˋˍ˗ˋʰ NWP ʻʰ 

ˉˊˇˋʷʻʶˍʶ мл-нл ˃ʷ˂ʹ ensemble ʴʽʰ ˁʱʻʶ ˉʰˊʱ˃ʶˍˊˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ όˁʰˍʱ ˁʰ˄ˈ˄ʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ˁʰʽ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰʷˊʰύ ˁʱʻʶ ˗ˊʰ ʴʽʰ нп-ос ˗ˊʶˌ ˉˊˇʴ˄˖ˋˍʽˁˈ ʶˏˊˇˌ ˖ˊʽʰʾ˖˄ ˃ʶˋˇʵʽʰˋˍʹ˃ʱˍ˖˄ 

ˁʰʽ ˁ˂ʾ˃ʰˁʰˌ м-п ƪƳΦ ʂˍʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ˉˊˇˋʷʴʴʽˋʹ ˉˇ˂˂ʰˉ˂˗˄ ˃ˇ˄ˍʷ˂˖˄ όmulti-model 

approachύΣ ˇʽ ʷ˅ˇʵˇʽ ʰˉʰʽˍˇˏ˄ˍʰʽ ˁʰʽ ʰˉˈ ʱ˂˂ʰ ˁʷ˄ˍˊʰ ˉˊˈʴ˄˖ˋʹˌ ʺ ʰˉˈ ˃ʽʰ ˁʶ˄ˍˊʽˁʺ ˎˉʹˊʶˋʾʰ 

ˉˇˎ ʶˁˍʶ˂ʶʾ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ζ˃ʾ˅ʹˌη όaggregation). 

ʁʽ ʶ˄ ˂ˈʴ˖ ʰˉʰʽˍʺˋʶʽˌΣ ˁʰˍʱ ˁʰ˄ˈ˄ʰ ˇʵʹʴˇˏ˄ ˋʶ ˃ʶʴʱ˂ʶˌ ˉˇˋˈˍʹˍʶˌ ʵʶʵˇ˃ʷ˄˖˄Σ ʰ˂˂ʱ ʶʾ˄ʰʽ 

ʰˉˈ˂ˎˍʰ ʵʽʰ˔ʶʽˊʾˋʽ˃ʶˌ ˃ʶ ˋˏʴ˔ˊˇ˄ʰ ʶˉʽˁˇʽ˄˖˄ʽʰˁʱ ʵʾˁˍˎʰ ˁʰʽ ˋˎˋˍʺ˃ʰˍʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ 

ˉˊˈʴ˄˖ˋʹˌΦ ɴ˄ʰ ʱ˂˂ˇ ʸʺˍʹ˃ʰ ʶʾ˄ʰʽ ˇ ˍˊˈˉˇˌ - ˁʰʽ ˍˇ ˁʰˍʱ ˉˈˋˇ˄ ς ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˇʽ ʽˁʰ˄ˈˍʹˍʶˌ 

ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˈʴ˖˄- ̄ ˊˇʴ˄˖ˋˍ˗˄ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰΦ 

ʇˉʱˊ˔ʶʽ ʶˉʾˋʹˌ ˋʹ˃ʰ˄ˍʽˁʺ ʷˊʶˎ˄ʰ ˋʶ ʶ˅ʷ˂ʽ˅ʹ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʵʽʰʵˊʰˋˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ 

˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌΣ ˉˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˋˍˇ˄ ˃ʶˍʶ˖ˊˇ˂ˈʴˇ - ̄ ˊˇʴ˄˗ˋˍʹ ˄ʰ ʶˉʰ˄ʶ˅ʶˍʱˋʶʽ ˍʽˌ ʶ˅ˈʵˇˎˌ ˍ˖˄ 

˃ˇ˄ˍʷ˂˖˄ ˁʰʽ ˄ʰ ʶˁˁʽ˄ʺˋʶʽ ˄ʷʶˌ ʶˁˍʶ˂ʷˋʶʽˌ˜ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˃ʶ ʲʶ˂ˍʽ˖˃ʷ˄ʶˌ ʰˊ˔ʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ 

ˎ˕ʹ˂ˈˍʶˊʹ ʰ˄ʱ˂ˎˋʹ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˃ʶʴʰ˂ˏˍʶˊˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ ˁʰ˂ˏˍʶˊˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ό˃ʶˍ˗ˉ˖˄Σ ˉʶˊʽˇ˔˗˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ ˁΦ˂ˉΦύΦ ʅˎ˔˄ʱ ˎˉʱˊ˔ˇˎ˄ 

ʶˉʾˋʹˌ ʵˎ ˄ʰˍˈˍʹˍʶˌ ˋˍʶ˄ˈˍʶˊʹˌ ˋˎ˄ʶˊʴʰˋʾʰˌ ˃ʶˍʰ˅ˏ ˃ʶˍʶ˖ˊˇ˂ˈʴ˖˄ ˁʰʽ ˎʵˊˇ˂ˈʴ˖˄ ̀ ˍʹ˄ ʶˊ˃ʹ˄ʶʾʰ 

ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˉˊˈʴ˄˖ˋʹˌ ˉ˂ʹ˃˃ˎˊ˗˄ ˉˊʽ˄ ʶˁʵˇʻʶʾ ˃ʽʰ ˉˊˇʶʽʵˇˉˇʾʹˋʹ 

ˉ˂ʹ˃˃ˏˊʰˌ ˂ʶˁʱ˄ʹˌ ʰˉˈˍˇ˃ʹˌ ʰˉˈˁˊʽˋʹˌ όflash flood) (Sene, 2013). 

 

 

4.1.5. Nowcasting ɛŮ ɚɘɔɧŰŮɟŬ ŭŮŭɞɛɏɜŬ  

ɮ˄ ˁʰʽ ʹ ˋˎ˄ˍˊʽˉˍʽˁʺ ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ƴƻǿŎŀǎǘƛƴƎ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ ˁʰʽ 

ˉˊˇʶʽʵˇˉˇʾʹˋʹˌ ʶˉʽˁʾ˄ʵˎ˄˖˄ ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ʷ˔ˇˎ˄ ˋ˔ʶʵʽʰˋˍʶʾ ʴʽʰ ˔ˊʺˋʹ ˃ʶ ˉʰˊʰˍʹˊʺˋʶʽˌ 

ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΣ ˍˇ ˉʰˊʰˉʱ˄˖ ʶ˅ʰˁˇ˂ˇˎʻʶʾ ˄ʰ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˉˊˈˁ˂ʹˋʹ ʴʽʰ ˉˇ˂˂ʷˌ ˔˗ˊʶˌΦ 

ɲ̌ ˊˎ˒ˇˊʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˁʰʽ ˋˎˋˍʺ˃ʰˍʰ ʰ˄ʾ˔˄ʶˎˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄  ˉˇˎ ʷ˔ˇˎ˄ ʶ˂ʱ˔ʽˋˍʶˌ 

ʰˉʰʽˍʺˋʶʽˌ ˎˉˇˋˍʺˊʽ˅ʹˌΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶ˄ʾˇˍʶ ʴʽʰ ˄ʰ ˋˎ˃ˉ˂ʹˊ˗ˋˇˎ˄ ˁʶ˄ʱ ˋˍʹ˄ ˁʱ˂ˎ˕ʹ ʺ ˈˉˇˎ 

ʵʶ˄ ˎ˒ʾˋˍʰˍʰʽ ʵʽʰʻʷˋʽ˃ˇ ʵʾˁˍˎˇ ˊʰ˄ˍʱˊΦ ɮˎˍ̱̌ ʶ˂ʶʾˌ όstand aloneύ ʶ˒ʰˊ˃ˇʴʷˌ ʴʽʰ ʰ˄ˍʾ˅ˇʶˌ ˁʰʽˊʽˁʷˌ 

ˋˎ˄ʻʺˁʶˌΣ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ˁʰʽ ˋˎ˄ʶ˔ʾʸˇˎ˄ ˄ʰ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ʴʽʰ ˍʷˍˇʽˇˎ ʶʾʵˇˎˌ ˋˎˋˍʺ˃ʰˍʰΦ 

ʅˎ˄ʺʻ˖ˌ, ʰˎˍʱ ˍʰ ˉˊˇʿˈ˄ˍʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʵʽʰʵˇ˔ʽˁʷˌ ˎˉʷˊˎʻˊʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˍˏˉ˖˄ ˄ʶ˒˗˄Σ 

ʷ˄ˍʰˋʹˌ ˁʰʽ ˃ʶʴʷʻˇˎˌ ʰˉˈ ʴʶ˖ˋˍʰˍʽˁˇˏˌ ʵˇˊˎ˒ˈˊˇˎˌΣ ʰ˄ ˁʰʽ ʱ˂˂ʶˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʶˌΣ 

ˋˎ˄ʵˎʱʸˇ˄ˍʰˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˍˈˋˇ ʰˉˈ ʴʶ˖ˋˍʰˍʽˁˇˏˌ ˈˋˇ ˁʰʽ ʰˉˈ ʵˇˊˎ˒ˈˊˇˎˌ ˉˇ˂ʽˁʺˌ ˍˊˇ˔ʽʱˌΣ 

ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ʰˊ˔ʽˁ˗˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˍˇˎ ˉʶʵʾˇˎ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ɲʶ˄ ˎˉʱˊ˔ʶʽ ʰ˃˒ʽʲˇ˂ʾʰ ˈˍʽ ʻʰ 

ˉˊˇˋ˒ʷˊˇˎ˄ ˇ˒ʷ˂ʹ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ʰˉˇˎˋʾʰˌ ˍ˖˄ ˊʰ˄ˍʱˊΣ ʰ˂˂ʱ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʱ ˍˇˎˌΣ ʹ 
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ʵʽʰʵʽˁʰˋʾʰ ˉˊˈʴ˄˖ˋʹˌ ˁʰʽ ˍˇ ʶˉʾˉʶʵˇ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ʴʽʰ ˉˊˇʶʽʵˇˉˇʽʺˋʶʽˌ ʶˉʽˁʾ˄ʵˎ˄˖˄ ˁʰʽˊʽˁ˗˄ 

˒ʰʽ˄ˇ˃ʷ˄˖˄ ˉˊʷˉʶʽ ˄ʰ ʰˉˇʵʶʽ˔ʻˇˏ˄ (Joe et al., 2012̃ Sene, 2013).  

O Wilson (2014)51Σ ˍʰ˅ʽ˄ˇ˃ʶʾ ˍˇ ˔˖ˊʽˁˈ ʶˉʾˉʶʵˇ ˍʹˌ ˉˊˇʴ˄˖ˋʽ˃ˈˍʹˍʰˌ ʲʱˋʶʽ ˍ˖˄ ʵʽʰˍʽʻʷ˃ʶ˄˖˄ 

ˉʰˊʰˍʹˊʺˋʶ˖˄ ˁʰʽ ʵʶʵˇ˃ʷ˄˖˄Φ ɳʱ˄ ʵʽʰˍʾʻʶ˄ˍʰʽ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ˍˎˉʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌ 

ˋˎ˄ˇˉˍʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ˁʰʻ˗ˌ ˁʰʽ ˉˊˇʴ˄˗ˋʶʽˌ ʰˊʽʻ˃ʹˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄Σ ˎˉʱˊ˔ʶʽ ʽˁʰ˄ˈˍʹˍʰ ˉˊˈʴ˄˖ˋʹˌ 

ˍ˖˄ ˋˎ˄ˇˉˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʶˎˊˏˍʶˊʹˌ ˁ˂ʾ˃ʰˁʰˌΣ ʰ˂˂ʱ ʵʶ˄ ʶʾ˄ʰʽ ʶˉʰˊˁʺˌ ʴʽʰ ˃ʶˍʰʴ˖ʴʽˁʱ 

ʶˉʶʽˋˈʵʽʰ ˁʰˍʰʽʴʾʵ˖˄Φ ɳʱ˄ ʵʽʰˍʾʻʶ˄ˍʰʽ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊΣ ˍˈˍʶ ʹ ʽˁʰ˄ˈˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ ˋʶ ˈ˂ʶˌ ˍʽˌ 

ˁ˂ʾ˃ʰˁʶˌ ˁʰʽ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˅ʰ˔ʻˇˏ˄ ˔ˊʺˋʽ˃ʰ nowcastΦ ɳʱ˄ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ 

˃ˈ˄ˇ˄Σ ʻʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ nowcasting ˃ʶˍʰʴ˖ʴʽˁ˗˄ ˁʰˍʰʽʴʾʵ˖˄ ˋˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˈˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˄ʶ˒ˇˁʱ˂ˎ˕ʹ ˋˍʰ ˎ˕ʹ˂ˈˍʶˊʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁʱ ˋˍˊ˗˃ʰˍʰΣ ˁʱˍʽ ˉˇˎ 

ʶʾ˄ʰʽ ˋˏ˄ʹʻʶˌΦ ʆʷ˂ˇˌΣ ʶʱ˄ ˍˇ ˃ˈ˄ˇ ˉˇˎ ʵʽʰˍʾʻʶˍʰʽ ʶʾ˄ʰʽ ʷ˄ʰ ˁʰ˂ˈ ʵʾˁˍˎˇ ʰ˄ʾ˔˄ʶˎˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ 

ʶˁˁʶ˄˗ˋʶ˖˄Σ ˍˈˍʶ ʻʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽˍʶˎ˔ʻˇˏ˄ ʰ˅ʽˈ˂ˇʴʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˉˊˇʶˁʲˇ˂ʺˌ 

(extrapolation). 

ʁʽ Pereira (2014)52 ˁʰʽ Nisi (2014)53, ˍˈ˄ʽˋʰ˄ ˍʹ ˋʹ˃ʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʴʶ˖ˋˍʰˍʽˁ˗˄ 

ʵˇˊˎ˒ˈˊ˖˄ ʴʽʰ ˂ʽʴˈˍʶˊˇ ʰ˄ʶˉˍˎʴ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˖ˌ ʶ˒ʽˁˍʺ ʶ˄ʰ˂˂ʰˁˍʽˁʺ ˂ˏˋʹ nowcasting 

˃ʶˍʰʴ˖ʴʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄ ˃ʶ ʰˊˁʶˍʱ ˁʰ˂ʷˌ ˔˖ˊʽˁʷˌ ˁʰʽ ˔ˊˇ˄ʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌΦ 

ʃˇ˂˂ʷˌ ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄ʶˌ όDCύ ˁʰʽ ˂ʽʴˈˍʶˊˇ ʰ˄ʶˉˍˎʴ˃ʷ˄ʶˌ όLDCύ ˔˗ˊʶˌ ʵʶ˄ ʵʽʰʻʷˍˇˎ˄ 

ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ˋˎˋˍʺ˃ʰˍʰ ˊʰ˄ˍʱˊΦ ɶ Coning (2012ύΣ ˉʶˊʽʴˊʱ˒ʶʽ ˃ʶ ʴ˂ʰ˒ˎˊˈ ˍˊˈˉˇ ˍʹ ˔ˊʹˋʽ˃ˈˍʹˍʰ 

ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ nowcasting ʴʽʰ ˍʽˌ ʰ˄˖ˍʷˊ˖ ˁʰˍʹʴˇˊʾʶˌΥ άsatellite data is an 

ŜŦŦƛŎƛŜƴǘ ǇƻƻǊ ƳŀƴΩǎ ƴƻǿŎŀǎǘƛƴƎ ǎȅǎǘŜƳέΦ  

 

ɾʶ˂ʷˍʹ ɳˉʾʵʶʽ˅ʹˌ CBS SWFDPΣ ɿˈˍʽˇˌ ɮ˒ˊʽˁʺ 

ɲˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʰˋˍʱʻʶʽʰˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˁʰʽ ʶˁˍʽ˃ʺˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ 

ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ʰˉˇʵʶʾ˔ʻʹˁʰ˄ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʰ ˋʶ ˉʶˊʽˇ˔ʷˌ ˇˉˇˏ ˎˉʺˊ˔ʶ ʰ˄ʶˉʱˊˁʶʽʰ 

ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄ ˁʰʽ ˁʱ˂ˎ˕ʹˌ ˊʰ˄ˍʱˊ ˋˏ˃˒˖˄ʰ ˃ʶ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ɾʶ˂ʷˍʹˌ ɳˉʾʵʶʽ˅ʹˌ 

ʴʽh ʰˁˊʰʾʰ ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ CBS Steering Group for the Severe Weather Forecasting 

Demonstration Project (CBS SWFDPύΦ ʆˇ ˉˊˈʴˊʰ˃˃ʰ ʰˎˍˈ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍʰʵʽʰˁʱ ʰˉˈ ˍˇ нллс ˋʶ 

˔˗ˊʶˌ ˍʽˌ ɿˇˍʾˇˎ ɮ˒ˊʽˁʺˌΣ ˍ˖˄ ˄ʺˋ˖˄ ˍˇˎ ɳʽˊʹ˄ʽˁˇˏ ʍˁʶʰ˄ˇˏΣ ˍʹˌ ɿˇˍʽˇʰ˄ʰˍˇ˂ʽˁʺˌ ɮˋʾʰˌ ˁʰʽ ˋˍˇ˄ 

ɼˈ˂ˉˇ ˍʹˌ ɰʶʴʴʱ˂ʹˌ όConing, 2012). 

ʆʰ ˉˊˇʿˈ˄ˍʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˉʽʻʰ˄ˇˍʽˁˇˏˌ ˔ʱˊˍʶˌ ˃ʶˍʰʴ˖ʴʺˌΦ ʃʰˊʱʴʶˍʰʽ 

ʷ˄ʰˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ʵˇˊˎ˒ˇˊʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ όʰˋˍʱʻʶʽʰˌ ˁʰʽ ˎʴˊʰˋʾʰˌύ ˁʰʽ ˍˇˉˇʴˊʰ˒ʾʰˌ 

όˇˊˇʴˊʰ˒ʽˁʺ ˃ʶˍʰʴ˖ʴʺύ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˃ʷˋ˖ ʶ˄ˈˌ ˔ʱˊˍʹ ˉʽʻʰ˄ˈˍʹˍʰˌ ˍʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ 

ʶˁˁʶ˄˗ˋʶ˖˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌ όɳʽˁ. пΦмΦύΦ ɾʶ ˔ˊʺˋʹ ʰˎˍ˗˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʶʾ˄ʰʽ 

                                                           
51 (Senior Scientist, Research Applications Laboratory, Hydrometeorological Applications, University 
Corporation for Atmospheric Research, 2014, ˉˊˇˋ˖ˉʽˁʺ ʁ ˉʽˁˇʽ˄˖˄ʾʰ). 
52 όtǊƻŦŜǎǎƻǊΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ !ǘƳƻǎǇƘŜǊƛŎ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ńƻ tŀǳƭƻΣ нлмпΣ ˉˊˇˋ˖ˉʽˁʺ 
ʶˉʽˁˇʽ˄˖˄ʾʰ). 
53 (Satellite Meteorologist, MeteoSwiss, Radar, Satellite, Nowcasting division, 2014, ˉˊˇˋ˖ˉʽˁʺ 
ʶˉʽˁˇʽ˄˖˄ʾʰ). 
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ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʵʽʰʻʷˋʽ˃ hˁʱʻʶ мр ˂ʶˉˍʱΣ ʽɻ ˊˏʻʹˁʶ ʷ˄ʰˌ ˄ʷˇˌ ʵʶʾˁˍʹˌ ˃ʶˍʰʴ˖ʴʺˌΣ ˇ CII (Combined Instability 

IndexύΦ ʂˉ˖ˌ ˍˇ˄ʾˋˍʹˁʶ ˁʰʽ ʰˉˈ ˍˇ˄ J. W. Wilson ˉˊ˖ˍˏˍʶˊʰΣ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ʺˍʰ˄ ʶ˒ʽˁˍˇʾ ˃ˈ˄ˇ˄ 

ˋˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˇˉˇˏ ʵʶ˄ ʶʾ˔ʶ ʰ˄ʰˉˍˎ˔ʻʶʾ ˄ʷ˒˖ˋʹΣ ʵʹ˂ʰʵʺ ˁʰˍʱ ˍʽˌ ˉˊ˗ˍʶˌ ˉˊ˖ʽ˄ʷˌ ˗ˊʶˌ ˍʹˌ 

ʹ˃ʷˊʰˌΦ 

 

ǩȇȈȖȋŭ 4.1.: ǵȐȋȆůűȇȈǿ ŮȍȎȐŲȍȎȇȈǿ ůȇȈȖȋŭ ŮůȀȈűȅ Combined Instability Index (CII) Ȉŭȇ 

ȐɵůȎȗȆȎȍȐ ŲǽŰȊŭűȍȏ IR108 Űűȅȋ ǧŲȎȇȈŭȋȇȈǿ ǡɵůȇȎȍ (Coning et al., 2011) 

 

ɱʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄ ˋʶ ˉʶˊʽˇ˔ʷˌ ʶˁˍˈˌ ˍʹˌ ˁʱ˂ˎ˕ʹˌ ˊʰ˄ˍʱˊ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 

ˇ ʵʶʾˁˍʹˌ Hydroestimator (HEύ ˃ʶ ʲʱˋʹ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˎˉʷˊˎʻˊˇˎ ˒ʱˋ˃ʰˍˇˌ ˁʰʽ ʶ˅ˈʵ˖˄ 

ɮˊʽʻ˃ʹˍʽˁ˗˄ ɾˇ˄ˍʷ˂˖˄ ̝ ˖ˊʾˌ ʽʵʽʰʾˍʶˊˇ ˋˎ˃ʲʽʲʰˋ˃ˈ ˍʹˌ ʰˁˊʾʲʶʽʰˌΦ 

 

ɯ˂˂ʰ ˋˎˋˍʺ˃ʰˍʰ 

ʅˍʹ˄ ɹˍʰ˂ʾʰΣ ˍˇ ˋˏˋˍʹ˃ʰ NEFODINA  (DYNAmic NEFOanalisysύ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˉˈ ˍˇ 

мффл ʴʽʰ ˉˊˇʴ˄˗ˋʶʽˌ ˁʰʽ ˎˉˇ˂ˇʴʽˋ˃ˈ ʷ˄ˍʰˋʹˌ ˃ʶˍʰʴ˖ʴʽˁ˗˄ ˁˎˍˍʱˊ˖˄ ˁʰˍʰʽʴʾʵ˖˄ ˁʱ˄ˇ˄ˍʰˌ ˔ˊʺˋʹ 

˃ˈ˄ˇ˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɾʶ ˍʰ ˁʰ˄ʱ˂ʽʰ ˎˉʷˊˎʻˊˇˎ ˒ʱˋ˃ʰˍˇˌ ˁʰʽ ʰˉˇˊˊˈ˒ʹˋʹˌ 

ˎʵˊʰˍ˃˗˄ ʶˉʽˍˎʴ˔ʱ˄ʶʽ ˁʰ˂ˈ ʶˉʽ˔ʶʽˊʹˋʽʰˁˈ ʶ˄ˍˇˉʽˋ˃ˈ ˁʰʽ ʰ˄ʾ˔˄ʶˎˋʹ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˃ʶˍʰʴ˖ʴʺˌΦ ʆʰ 

ˁʰ˄ʱ˂ʽʰ ʰˉˇˊˊˈ˒ʹˋʹˌ ˎʵˊʰˍ˃˗˄ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ʽʵʽʰʾˍʶˊʰ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ˋˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍ˖˄ 

˄ʶ˒˗˄ ˋʶ ˎ˕ʹ˂ʱ ˁʰʽ ˔ʰ˃ʹ˂ʱ ˋˍˊ˗˃ʰˍʰ ʺ ̱̀ ʹ˄ ˉʰ˄ˍʶ˂ʺ ʷ˂˂ʶʽ˕ʺ ˍˇˎˌΦ ʆʰ ʽˋ˔ˎˊʱ ˋʹ˃ʶʾʰ ˍˇˎ ʶʾ˄ʰʽ 

ˍˇ ʁˁˍʶˍʰ˃ʷ˄ˇ ʶˏˊˇˌ ʴʶ˖ʴˊʰ˒ʽˁʺˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍʹˌ ˁ˂ʾ˃ʰˁʱˌ ˍˇˎ όhigh geographic scalability) 

ˁʰʽ ʹ ʶˎ˔ʶˊʺ ̩ʵʽʰ˃ˈˊ˒˖ˋʹ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˍˇˎ ό˃ʷʴʶʻˇˌΣ ʻʷˋʹΣ ˁʰˍ˗˒˂ʽΣ ʰˉˇ˔ˊ˗ˋʶʽˌΣ ʶˉʽˉ˂ʷˇ˄ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˉ˂ʹˊˇ˒ˇˊʾʶˌύΦ ɰˊʾˋˁʶʽ ʶˉʾˋʹˌ ʶ˒ʰˊ˃ˇʴʺ ˋʶ ʶ˄ʰʷˊʽʶˌ ˁʰʽ ʻʰ˂ʱˋˋʽʶˌ ˋˍˊʰˍʽ˖ˍʽˁʷˌ ʶˉʽ˔ʶʽˊʺˋʶʽˌ 

(Melfi, 2011).  

 

ǩȇȈȖȋŭ 4.2.: ŪȎŭŲȇȈȖ ɵŭȎǽȃȓȃȍ űȍȐ NEFODINA ɵȍȉȐȈȐűűŭȎȇȈǿȏ ȈŭűŭȇȃȀŮŭȏ Űűȅȋ ȈůȋűȎȇȈǿ 

ǧŮȎȇŭűȇȈǿ, Űűȇȏ 3 ǧȐȃȍȗŰűȍȐ 2009 (Melfi, 2011) 

 

ɾʽʰ ʱ˂˂ʹ ʰˎˍˈ˃ʰˍʹ ˍʶ˔˄ʽˁʺ ˉˇˎ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍʹ˄ ɰˊʰʸʽ˂ʾʰ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˃ˈ˄ˇ˄ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋˍˇ ʻʶˊ˃ʽˁˈ ˁʰ˄ʱ˂ʽ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˁʰ˂ʶʾˍʰʽ ForTraCC (Forecast and 

Tracking the Evolution of Cloud ClustersύΦ ɳ˄ˍˇˉʾʸʶʽΣ ʰ˄ʽ˔˄ʶˏʶʽ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ nowcasting 

˃ˇˊ˒ˇ˂ˇʴʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˁʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʶˍʰʴ˖ʴʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ 

˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ όMSCύΦ ɮˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʷˋˋʶˊʽˌ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˃ˇ˄ʱʵʶˌ:  

w ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˄ʶ˒˗˄ ˉˇˎ ˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ʻʶˊ˃ˇˁˊʰˋʽʰˁˈ ˃ʷʴʶʻˇˌ ˁʰʽ ˁʰˍ˗˒˂ʽΣ  

w ˍʹ˄ ˉʰˊʰˍʺˊʹˋʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ MSC ̡ ʰˋʽʸˈ˃ʶ˄ʰ ˋʶ ˕ˎ˔ˊʷˌ ˁˇˊˎ˒ʷˌ ˄ʶ˒˗˄Σ  

w ʷ˄ʰ˄ ʰ˂ʴˈˊʽʻ˃ˇ h ˄ʾ˔˄ʶˎˋʹˌ ʲʱˋʶʽ ʶˉʽˁʰ˂ˎˉˍˈ˃ʶ˄˖˄ ʶʽˁˈ˄˖˄ ˁʰʽ  

w ˍʹ˄ ̄ ˊˈʴ˄˖ˋʹ ˍʹˌ ʶ˅ʷ˂ʽ˅ʹˌ ʶ˄ˈˌ MSC.  

To ˃ ˇ˄ˍʷ˂ˇΣ ʷˉʶʽˍʰ ʰˉˈ ˋˍʰˍʽˋˍʽˁʺ ʶˉʰ˂ʺʻʶˎˋʹ ʲˊʷʻʹˁʶ ˈˍʽ ˍʶʾ˄ʶʽ ˄ʰ ˎˉˇˍʽ˃ʱ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ 

pixels ˃ʶ ʻʶˊ˃ˇˁˊʰˋʾʰ ˁʱˍ˖ ʰˉˈ ˍˇ ˁʰˍ˗˒˂ʽΣ ˄ʰ ˃ʶʽ˗˄ʶˍʰʽ ˇ ʵʶʾˁˍʹˌ POD ˁ ʰʽ ˄ʰ ʰˎ˅ʱ˄ʶˍʰʽ ˇ FAR 

ʴʽʰ ˃ʶʴʰ˂ˏˍʶˊˇˎˌ ˔ˊˈ˄ˇˎˌ ˉˊˈʴ˄˖ˋʹˌ όʶ˄ʵʶʽˁˍʽˁʱ ʴʽʰ сл ˂ʶˉˍʱΣ ˇ POD ʶʾ˄ʰʽ ˋˍˇ лΦсп ˁʰʽ ˇ FAR 

ˋˍˇ лΦонύΦ ɼ˂ʶʾ˄ˇ˄ˍʰˌΣ ˉˊˇˍʶʾ˄ʶˍʰʽ ˋʶ ʶˉˈ˃ʶ˄ʹ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍʹˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˄ʰ ʶʽˋʰ˔ʻˇˏ˄ 

ʰˊʽʻ˃ʹˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ ˁʰʽ ˄ʰ ˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʹ ˇʽ ʵʽʶˊʴʰˋʾʶˌ ˋˎʴ˔˗˄ʶˎˋʹˌΣ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

68 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˁʰʽ ʰ˄ʰʸ˖ˇʴˈ˄ʹˋʹˌ ˋˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ  ̱ ˖˄ ˁˏˁ˂˖˄ ʸ˖ʺˌ ˃ʶˍʰʴ˖ʴʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˃ʷˋʹˌ 

ˁ˂ʾ˃ʰˁʰˌ όVila et al., 2008). 

 

ǩȇȈȖȋŭ 4.3.: ǺȎȇŭȀŭ ŭȆȎȍȇŰűȇȈǿ ȂȎȍȑȖɵűȓŰȅ CRR Űűȇȏ 25 ǯŭǦȍȐ 2009, 14:00 (Rodr²guez and 

Marcos, 2013) 

 

ɾʽʰ ʱ˂˂ʹ ʶ˒ʰˊ˃ˇʴʺ nowcasting ʰ˒ˇˊʱ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ʴʽʰ ˃ʶˍʰʴ˖ʴʽˁʺ ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

CRR (Convective Rainfall RateύΣ ʰˉˈ ˍʹ˄ EUMETSATΦ ʃʰˊʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ ʷ˄ˍʰˋʹ ˁʰʽ 

ˍʹ˄ ˖ˊʽʰʾʰ ʰʻˊˇʽˋˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹ ˉˊˇʶˊ˔ˈ˃ʶ˄ʹ ʰˉˈ ˃ʶˍʰʴ˖ʴʽˁʷˌ ˁʰʽ ʵʽʰˋˍˊ˖˃ʰˍʽˁʷˌ όstratiform) 

ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˃ʶˍʰʴ˖ʴʺΦ ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˈˍʽ ˋˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʷˁʵˇˋʺ ˍˇˎΣ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˍˊˇˉˇˉˇʾʹˋʹ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˖ˌ ˉˊˇˌ ˍʹ ˂ʺ˕ʹ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ 

ʁʽ ˉʾ˄ʰˁʶˌ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌ ʰ˄ˍʽˁʰˍʰˋˍʱʻʹˁʰ˄ ʰˉˈ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋ˔ʷˋʶʽˌ ˇʽ ˇˉˇʾʶˌ ʲʰʻ˃ˇ˄ˇ˃ˇˏ˄ˍʰʽ 

˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊΦ ɼˏˊʽʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʰ˒ˇ˃ˇʽ˗˄ʶʽ ʶʾ˄ʰʽ ʵˇˊˎ˒ˇˊʽˁʷˌ ʶʽˁˈ˄ʶˌ ˎˉʷˊˎʻˊˇˎ 

˒ʱˋ˃ʰˍˇˌΣ ˒ʱˋ˃ʰˍˇˌ ʰˉˇˊˊˈ˒ʹˋʹˌ ˎʵˊʰˍ˃˗˄ ˁʰʻ˗ˌ ˁʰʽ ˇˊʰˍˇˏΦ ɱʽʰ ˄ʰ ˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʹ 

ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ˁʰʽ ˇˊˇʴˊʰ˒ʽˁʷˌ ʶˉʽʵˊʱˋʶʽˌ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ʵʽˇˊʻ˗ˋʶʽˌ ˎʴˊʰˋʾʰˌ ό˃ʶ 

ʵʶʵˇ˃ʷ˄ʰ NWP ʺ ˁ˂ʽ˃ʰˍˇ˂ˇʴʾʰˌύΣ ˁˇˊˎ˒ʺˌ ˄ʷ˒ˇˎˌκˊˎʻ˃ˇˏ ʶ˅ʰˋʻʷ˄ʹˋʹˌ ʺ ʰ˄ʱˉˍˎ˅ʹˌΣ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁˇˊˎ˒ʺˌ ˄ʷ˒ˇˎˌ ˁʰʽ ˇˊˇʴˊʰ˒ʾʰˌΦ  

ɱʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍˇˎ ˃ˇˍʾʲˇˎ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʴʾ˄ʶˍʰʽ ˔ˊʺˋʹ ʰ˂ʴˇˊʾʻ˃ˇˎ ʹ˂ʶˁˍˊʽˁ˗˄ 

ʶˁˁʶ˄˗ˋʶ˖˄Φ ɱʽʰ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍˇ ˃ʷˋˇ ˍʶˍˊʰʴ˖˄ʽˁˈ ˋ˒ʱ˂˃ʰ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ о mm h-

1, ˇ ʵʶʾˁˍʹˌ CSI ˁˎ˃ʰʾ˄ʶˍʰʽ ˉʶˊʽ ˍˇ лΦпн ˁʰʽ ʴʽʰ ˖ˊʽʰʾʰ ʰʻˊˇʽˋˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹ ˍˇ ˃ʷˋˇ 

ˍʶˍˊʰʴ˖˄ʽˁˈ ˋ˒ʱ˂˃ʰ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ н mm h-1 ˁ ʰʽ ˇ ʵʶʾˁˍʹˌ CSI ˁˎ˃ʰʾ˄ʶˍʰʽ ˉʶˊʽ ˍˇ лΦос όRodrƝguez 

and Marcos, 2013). 

 

 

 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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4.2. ȺɟɔŬɚŮɑŬ ɈˊɞůŰɐɟɘɝɖɠ ȷˊɧűŬůɖɠ  

ʅˍˇ nowcasting ˁʰˍʰʽʴʾʵʰˌΣ ˍʰ ʶˊʴʰ˂ʶʾʰ ˎˉˇˋˍʺˊʽ˅ʹˌ ʰˉˈ˒ʰˋʹˌ ˉʰˊʷ˔ˇˎ˄ ˋˎ˄ʺʻ˖ˌ ʷ˄ʰ˄ 

ʰˊ˔ʽˁˈ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˁʰʽ ˍ˖˄ ʽ˔˄˗˄ ˁʰˍʰʽʴʾʵʰˌ ʲʰˋʽˋ˃ʷ˄ˇ ˋˍʹ˄ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ 

ˊʰ˄ˍʱˊ ˁʰʽ ʱ˂˂ʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌ όˉΦ˔Φ Dixon and Wiener, 1993̃ Wilson et al., 1998̃ Mueller et al., 

2003̃ Bally, 2004̃ Hering et al., 2008ύΦ ʅˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʶˊʴʰˋʾʰˌ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏΣ ʰˎˍʱ ˋˎ˄ʺʻ˖ˌ 

ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˖ˌ ˉˇ˂ˏʴ˖˄ʰΣ ʰ˄ʰˉʰˊʽˋˍ˗˄ˍʰˌ ˍˇ ʶˁˍʽ˃˗˃ʶ˄ˇ ˋˏ˄ˇˊˇ ʴʽʰ ˁʱʻʶ ˁʰˍʰʽʴʾʵʰΣ ˍʹ˄ 

ˍʰ˔ˏˍʹˍʰ ˁʰʽ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˍʹˌ ˁʾ˄ʹˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʲʷ˂ʹΣ ʷ˄ʰ ˎˉˈʲʰʻˊˇ ˍˇˎ ˇʵʽˁˇˏ 

ʵʽˁˍˏˇˎΣ ˍˇˎˌ ˉˇˍʰ˃ˇˏˌΣ ˍʹ˄ ˍˇˉˇʴˊʰ˒ʾʰ ˁʰʽ ʱ˂˂ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ ʅʶ ˇˊʽˋ˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰΣ ˇʽ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ˍ˖˄ ˍʰ˔ˎˍʺˍ˖˄ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʶˁˍʽ˃˗˃ʶ˄ʹˌ ˍˊˇ˔ʽʱˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ 

όˉΦ˔Φ ʴʽʰ ˍˇ˄ ʱ˄ʶ˃ˇΣ ˍʽˌ ˊʽˉʷˌ ˍˇˎ ʰ˄ʷ˃ˇˎΣ ˍˇ ˔ʰ˂ʱʸʽ ˁʰʽ ˍʹ˄ ʲˊˇ˔ˈˉˍ˖ˋʹύΦ ɼʰˍʱ ˁʰ˄ˈ˄ʰ ˇʽ 

˃ʶˍʶ˖ˊˇ˂ˈʴˇʽ ς ˉˊˇʴ˄˗ˋˍʶˌ ʷ˔ˇˎ˄ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˄ʰ ʵʽʶˎʻʶˍʺˋˇˎ˄ ˍʽˌ ʻʷˋʶʽˌΣ ˍʰ 

ˋˏ˄ˇˊʰ ˁʰʽ ˍʰ ʾ˔˄ʹ ˍ˖˄ ˁˎˍˍʱˊ˖˄Σ ˁʰʽ ˄ʰ ˉˊˇˋʵʽˇˊʾˋˇˎ˄ ˄ʷʰ ˁˏˍˍʰˊʰ ʺ ˄ ʰ ʵʽʰʴˊʱ˕ˇˎ˄ ʶˋ˒ʰ˂˃ʷ˄ʶˌ 

ˍʽ˃ʷˌ όSene, 2013). 

ʁʽ ʰ˄ʰ˂ˏˋʶʽˌ ˃ˉˇˊˇˏ˄ ʷˉʶʽˍʰ ˄ʰ ʶˉʰ˄ʰ˂ʹ˒ʻˇˏ˄ ˃ʶ ʲʱˋʹ ʰˎˍʷˌ ˍʽˌ ʰˉˇ˒ʱˋʶʽˌΦ ɱʽʰ ˄ʰ 

ʶ˅ˇʽˁˇ˄ˇ˃ʹʻʶʾ ˔ˊˈ˄ˇˌΣ ˋʶ ˇˊʽˋ˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ˉʰˊʷ˔ˇ˄ˍʰʽ ˉˊˈˍˎˉʰ ʴʽʰ ˄ʰ ʲˇʹʻʺˋˇˎ˄ ˋˍʹ˄ 

ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʹ ˉʰˊʰʴ˖ʴʺ ˃ʹ˄ˎ˃ʱˍ˖˄ ˁʶʽ˃ʷ˄ˇˎ ˁʰʽ ʴˊʰ˒ʽˁ˗˄ ˉˊˇʶʽʵˇˉˇʾʹˋʹˌ όˉΦ˔Φ Deslandes 

et al., 2008). 

 

4.3. ȰɟŮɡɜŬ 

 

ɳ˄ ˋˎ˄ˍˇ˃ʾʰΣ ˁʱˉˇʽʶˌ ʰˉˈ ˍʽˌ ˉˊˈˋ˒ʰˍʶˌ ˁʰʽ ˍˊʷ˔ˇˎˋʶˌ ʶ˅ʶ˂ʾ˅ʶʽˌ ˋˍˇ˄ ʶ˄ʶˊʴˈ ˍˇ˃ʷʰ ˍʹˌ 

ˉˊˈʴ˄˖ˋʹˌ ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻʶˌ όSene, 2013): 

Mˇ˄ˍʷ˂ʰ ˃ʶˍʰʴ˖ʴʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ˁʰʽ ˁ˂ʾ˃ʰˁʰˌ ˁʰˍʰʽʴʾʵʰˌΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ NWP ˃ˇ˄ˍʷ˂ʰ ˉˇˎ 

ʶʾ˄ʰʽ ˂ʶʽˍˇˎˊʴʽˁʱ ˋʶ ˇˊʽʸˈ˄ˍʽʶˌ ˁ˂ʾ˃ʰˁʶˌ м-п ƪƳ ʺ ˉʽˇ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ˁʰʽ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ 

ζˉʶˊʽʷ˔ˇˎ˄η ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˇ ʰˉ˗ˍʶˊˇˌ ˋˍˈ˔ˇˌ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ 

ʶʾ˄ʰʽ ʹ ˉʰˊˇ˔ʺ ˋˎ˄ʶˊʴʰˍʽˁ˗˄ ʶ˅ˈʵ˖˄ όcollaborative outputsύ ˁʱʻʶ ˂ʾʴʰ ˂ʶˉˍʱ ˃ʶ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ 

0.25 km ʺ ˃ʽˁˊˈˍʶˊʹ όˉΦ˔Φ Stensrud et al., 2009ύΦ ɮ˄ʱ˃ʶˋʰ ˁʰʽ ˋʶ ʱ˂˂ʶˌ ˉˊˇːˉˇʻʷˋʶʽˌΣ ˍˇ ʴʶʴˇ˄ˈˌ 

ʰˎˍˈ ʻʰ ʰˉʰʽˍˇˏˋʶ ˄ʷʶˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʴʽʰ ˍʹ˄ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˃ʶˍʰʴ˖ʴʺˌ ˁʰʽ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ʵʽʰˍʰˊʰ˔˗˄Φ  

ɮ˒ˇ˃ˇʾ˖ˋʹ ʵʶʵˇ˃ʷ˄˖˄ όdata assimilation)Φ ɲʽʶˊʶˎ˄ʱ ˍʹ ˔ˊʺˋʹ ˎ˕ʹ˂ˈˍʶˊʹˌ ʰ˄ʱ˂ˎˋʹˌΣ 

ˋˎ˔˄ˈˍʶˊ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ʴʽʰ ˄ʰ ʲˇʹʻʹʻʶʾ ʹ ʰˊ˔ʽˁˇˉˇʾʹˋʹ ˍ˖˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄Σ ˈˉ˖ˌΥ 

ˍʹˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˊʰ˄ˍʱˊΣ ˍ́ ˌ ˎɹ ˊʰˋʾʰˌ ˃ʷˋ˖ GPS, ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖ ˄ʵʽʰʻ˂ʰˋˍʽˁˈˍʹˍʰˌ 

(refractivityύ ˊʰ˄ˍʱˊ54, ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ʰˉˈ ʰʶˊˇˋˁʱ˒ʹ ˁʰˍʱ ˍʽˌ ˒ʱˋʶʽˌ ˉˊˇˋʰˉˇʴʶʾ˖ˋʹˌΣ ˁʰʽ ʴʽʰ 

                                                           
54 ɴ˄ʰˌ ʰˉˈ ˍˇˎˌ ˁˏˊʽˇˎˌ ˋˍˈ˔ˇˎˌ ˍʹˌ ʰ˄ʱˁˍʹˋʹˌ ʵʽʰʻ˂ʰˋˍʽˁˈˍʹˍʰˌ όrefractivity retrieval) 
˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ ʶʾ˄ʰʽ ˄ʰ ˉʰˊʰˍʹˊʹʻʶʾ ʹ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˎʴˊʰˋʾʰ ˃ʶ ʰˁˊʾʲʶʽʰ ˁʰʽ 
ʰ˄ʱ˂ˎˋʹ ˉˇˎ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˃ʶ ˇˉˇʽʰʵʺˉˇˍʶ ʱ˂˂ʹ ˉ˂ʰˍ˒ˈˊ˃ʰ ˉʰˊʰˍʺˊʹˋʹˌ ʰˉˈ ʰˎˍʷˌ ˉˇˎ 
ˎˉʱ̝́ ˇˎ˄ ˋʺ˃ʶˊʰ όBodine et al., 2011). 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

70 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˍˇ ˃ʷ˂˂ˇ˄Σ ˍ˖˄ ˍʶ˔˄ʽˁ˗˄ adaptive sensing όˉˊˇˋʰˊ˃ˇˋˍʽˁʺˌ ʰ˄ʾ˔˄ʶˎˋʹˌύ55 ˃ ʶ ˔ˊʺˋʹ ˊʰ˄ˍʱˊ X-band 

ˁʰʽ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ phased array56 όʰ˄ʰ˂ˏˇ˄ˍʰʽ ʶˁˍʶ˄ʷˋˍʶˊʰ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ 7).  

ɳˉʰ˂ʺʻʶˎˋʹ ˉˊˈʴ˄˖ˋʹˌ όŦƻǊŜŎŀǎǘ ǾŜǊƛŦƛŎŀǘƛƻƴύΦ ʃʰˊʰˍʹˊʶʾˍʰʽ ʰ˄ʰ˄ʶ˖˃ʷ˄ˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʴʽʰ 

ˍʶ˔˄ʽˁʷˌ ˔˖ˊʽˁʺˌ ʶˉʰ˂ʺʻʶˎˋʹˌΣ ˁʰˍʱ˂˂ʹ˂ʶˌ ʴʽʰ ˍʰ ˍʶ˂ʶˎˍʰʾʰˌ ʴʶ˄ʽʱˌ ˃ˇ˄ˍʷ˂ʰ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌΣ 

˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍˇ ˋ˔ʺ˃ʰΣ ˍʹ ʻʷˋʹΣ ˍˇ ˔ˊˈ˄ˇΣ ˍˇ ˃ʷʴʶʻˇˌΣ ˍʹ ˔˖ˊʽˁʺ ʵˇ˃ʺ ˁʰʽ ˍʹ˄ ʷ˄ˍʰˋʹ 

ˁʰˍʰʽʴʾʵ˖˄ ˁʰʽ ʱ˂˂˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄˜ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ζʰˋʰ˒ʺη ˉʶʵʾʰ 

ˉʰˊʰ˃ˇˊ˒˗ˋʶ˖˄ ˃ʶʻˈʵ˖˄ ʴʶʽˍ˄ʾʰˋʹˌ ώneighborhood [Ψfuzzyõ] field deformation], 

ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʶʾˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ǎŎŀƭŜ ŘŜŎƻƳǇƻǎƛǘƛƻƴ όʰˉˇʵˈ˃ʹˋʹˌ ˁ˂ʾ˃ʰˁʰˌύΣ ˃ʶ ʽʵʽʰʾˍʶˊʹ 

ʷ˃˒ʰˋʹ ˋʶ ʰˁˊʰʾʰ όˋˉʱ˄ʽʰύ ʴʶʴˇ˄ˈˍʰ όˉΦ˔Φ Jolliffe and Stephenson 2011̃ Gilleland et al. 2010).  

wŜŦƻǊŜŎŀǎǘǎ ʺ ƘƛƴŘŎŀǎǘǎ όʰ˄ʰʻʶ˗ˊʹˋʹ ˉˊˇʴ˄˗ˋʶ˖˄ ʺ ˃ʷʻˇʵˇʽ ˉˊˇʲˇ˂ʺˌ ˋˍˇ ˉʰˊʶ˂ʻˈ˄ύΦ ɶ 

ˉʰˊʰʴ˖ʴʺ ˁʰˍʰʴˊʰ˒˗˄ όrecordsύ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ ˃ʶ ʲʱˋʹ ˍʹ˄ ˍˊʷ˔ˇˎˋʰ ˊˏʻ˃ʽˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ 

ˎˉˇˋˍʹˊʽʸˈ˃ʶ˄ʹ ʰˉˈ ʰ˄ʰˉʰˊʰˋˍʱˋʶʽˌ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΣ ʵˇˊˎ˒ˇˊʽˁʷˌ ˁʰʽ ʱ˂˂ʶˌ 

ʽˋˍˇˊʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ʴʽʰ ˄ ʰ ˉˊˇˋˇ˃ˇʽ˖ʻʶʾ ʹ ˉʰˊˇˏˋʰ ˉˊˇˋʷʴʴʽˋʹ ʰ˒ˇ˃ˇʾ˖ˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

ɮ˄ʱˉˍˎ˅ʹ ˁʰˍʰʽʴʾʵʰˌΦ ʃˊˈʴ˄˖ˋʹ ˍʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ˁʰʽ ˍʹˌ ˋ˒ˇʵˊˈˍʹˍʰˌ ʷ˄ˍˇ˄˖˄ ˃ʶˍʰʴ˖ʴʽˁ˗˄ 

ˁʰˍʰʽʴʾʵ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉʽʻʰ˄ˇˍʽˁʷˌ ˍʶ˔˄ʽˁʷˌ ƴƻǿŎŀǎǘƛƴƎ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ʶ˅ˈʵˇˎˌ ˃ˇ˄ˍʷ˂˖˄ 

˃ʶˍʰʴ˖ʴʺˌ ˁʰʽ ˁ˂ʾ˃ʰˁʰˌ ˁʰˍʰʽʴʾʵʰˌ ˁʰʽ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˃ʶˍʶ˖ˊˇ˂ˈʴ˖˄ - ˉˊˇʴ˄˖ˋˍ˗˄Σ ʽʵʾ˖ˌ ʴʽʰ 

ˉˊˇʴ˄˗ˋʶʽˌ л-н ˗ˊʶˌ όˉΦ˔Φ Wilson et al. 2010). 

ʃˇ˂˂ʷˌ ʰˉˈ ʰˎˍʷˌ ˍʽˌ ʶ˅ʶ˂ʾ˅ʶʽˌ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˎ˕ʹ˂ˈˍʶˊʹˌ ʰ˄ʱ˂ˎˋʹˌ ˋˍʰ 

ʰˊʽʻ˃ʹˍʽˁ ɦ ˃ˇ˄ˍʷ˂ h ˉˊˈʴ˄˖ˋʹˌΦ ʁˊʽˋ˃ʷ˄ʶˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʺʵʹ 

ˁʱˉˇʽʶˌ ʰˉˈ ʰˎˍʷˌ ˍʽˌ ˍʶ˔˄ʽˁʷˌ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱΣ ˈˉ˖ˌ ʹ ɱʰ˂˂ʾʰ57Φ ʅʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˉʽˇ ˂ʶˉˍˇ˃ʶˊʶʾˌ 

ˁ˂ʾ˃ʰˁʶˌ ʲˊʾˋˁʶˍʰʽ ʹ ʰ˄ʱʴˁʹ ˄ʰ ʰ˅ʽˇˉˇʽʹʻˇˏ˄ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˍʰ˔ˏˍʶˊʹˌ ʶˉʾ˂ˎˋʹˌ ˁʰʽ 

ʲʶ˂ˍʽ˖˃ʷ˄ʶˌ ˃ʷʻˇʵˇʽ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˋˎ˄ʶˊʴʰˍʽˁ˗˄ ʶ˅ˈʵ˖˄ όcollaborative outputsύΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ 

ˎˉˈ˕ʹ ˍʹ˄ ʰʲʶʲʰʽˈˍʹˍʰ ̄ ˇˎ ʰˉˇˊˊʷʶʽ ʰˉˈΥ   

w ˍʽˌ ʰˊ˔ʽˁʷˌ ˁʰʽ ˋˎ˄ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌΣ  

w ˍʹ ʵˇ˃ʺΣ  

w ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˁʰʽ  

w ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ  

ɴ˄ʰˌ ʱ˂˂ˇˌ ˍˇ˃ʷʰˌ ʷˊʶˎ˄ʰˌ ʶʾ˄ʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˍʶ˔˄ʽˁ˗˄ ʴʽʰ ˍʹ˄ ˉʰˊˇ˔ʺ ʶ˄ˇˉˇʽʹ˃ʷ˄˖˄ 

ˋˎ˄ʶˊʴʰˍʽˁ˗˄ ˉˊˇʴ˄˗ˋʶ˖˄ ˋʶ ʷ˄ʰ ̄ ˂ʺˊʶˌ ʶˏˊˇˌ ˔ˊˇ˄ʽˁ˗˄ ˁ˂ʽ˃ʱˁ˖˄Σ ʰˉˈ ˍʽˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ʷ˖ˌ ̱ ʽˌ 

                                                           
55  ɴ˄ʰ ˉʶʵʾˇ ʶ˄ʶˊʴʺˌ ˃ʱʻʹˋʹˌ όurl). 
56 ʅʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʰ ˋʹ˃ʶˊʽ˄ʱ ˋˎˋˍʺ˃ʰˍʰΣ ˇʽ ˋˎˋˁʶˎʷˌ phased array ˃ˉˇˊˇˏ˄ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋʶ 
˃ʶʴʰ˂ˏˍʶˊʹ ʰ˅ʽˇˉʽˋˍʾʰ ˁʰʽ ˔ʰ˃ʹ˂ˈˍʶˊˇ ˁˈˋˍˇˌ ˋˎ˄ˍʺˊʹˋʹˌΦ ɳˉʾˋʹˌΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʷˊʶˎ˄ʰ ʴʽʰ 
˃ʽˁˊˇˏ ˃ʶʴʷʻˇˎˌ ˁʰʽ ʶ˃ʲʷ˂ʶʽʰˌ ˁʰʽ ˔ʰ˃ʹ˂ˇˏ ˁˈˋˍˇˎˌ ˋˎˋˁʶˎʷˌ X-bandΦ ɾʶ ʶ˃ʲʷ˂ʶʽʰ ˃ˈ˂ʽˌ пл kmΣ ʻʰ 
˃ˉˇˊˇˏˋʰ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ˄ ˉ˂ʺˊ˖ˋʹ ˁʶ˄˗˄ ˋʶ ˉʶˊʽ˒ʶˊʶʽʰˁʷˌ ʺ ʶʻ˄ʽˁʷˌ ˁʰ˂ˏ˕ʶʽˌ ˊʰ˄ˍʱˊ 
ʺ κ ˁʰʽ ʴʽʰ ˉʰˊʰˍʹˊʺˋʶʽˌ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˋˍˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˇˊʽʰˁˈ ˋˍˊ˗˃ʰ ˋʶ ˉˇ˂ˏ ˔ʰ˃ʹ˂ˈ ˎ˕ˈ˃ʶˍˊˇΦ 
ɽˈʴ˖ ˍˇˎ ˃ʽˁˊˇˏ ˃ʶʴʷʻˇˎˌ ˁʰʽ ˍ˖˄ ˔ʰ˃ʹ˂˗˄ ʰˉʰʽˍʺˋʶ˖˄ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΣ ˇʽ ˋˎˋˁʶˎʷˌ ʋ-band ʻʰ 
˃ˉˇˊˇˏˋʰ˄ ˄ʰ ʶʴˁʰˍʰˋˍʰʻˇˏ˄ ˃ʷˋʰ ˋˍʽˌ ˉˈ˂ʶʽˌ ˁʰʽ ˋʶ ˂ˇʽˉʷˌ ʰˋˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˋʶ ˁˍʾˊʽʰ ˁʰʽ ˋʶ ˁʶˊʰʾʶˌ 
ʵʽʱ˒ˇˊ˖˄ ˍˇˉˇʻʶˋʽ˗˄ όMcLaughlin et al., 2009).  
57 ɶ MŞtŞo-France ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ʷ˄ʰ ˃ʹ ˎʵˊˇˋˍʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ όAROME) 
ʰˉˈ ˍˇ нллуΦ 

http://webdiis.unizar.es/~rmcantin/index.php/NIPS09/NIPS09


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʶˌΣ ˃ʶˋˇˉˊˈʻʶˋ˃ʶˌ ˁʰʽ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʶˌ ˉˊˇʴ˄˗ˋʶʽˌΦ ʁʽ ˉˊˇˁˏˉˍˇˎˋʶˌ ˉˊˇʴ˄˗ˋʶʽˌ 

ʻʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ʰʲʶʲʰʽˈˍʹˍʰˌ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ˔ˊˈ˄ˇˎˌ ˉˊˈʴ˄˖ˋʹˌ ˁʰʽ ʻʰ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʷ˄ʰ ˋˎ˄ʶˉʷˌ ˋˏ˄ˇ˂ˇ ˍʶ˔˄ʽˁ˗˄ post-processing ˁ ʰʽ ʶˉʰ˂ʺʻʶˎˋʹˌ ˋʶ ˈ˂ʶˌ ˍʽˌ ˔˖ˊʽˁʷˌ 

ˁʰʽ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌΦ ʅˏ˃˒˖˄ʰ ˃ʶ ʰˎˍˈ ˍˇ ˋʶ˄ʱˊʽˇΣ ˍʰ ˉˊˇʿˈ˄ˍʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ 

ʰʽˋʻʹˍʺˊ˖˄ ˁʰʽ ˍʰ ƴƻǿŎŀǎǘǎ ̒ ʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ˉʶˊʽˇˊʽˋˍˇˏ˄ ˖ˌ ˅ʶ˔˖ˊʽˋˍʱ ˉˊˇʿˈ˄ˍʰΦ 

ʆˇ iCast όʅ˔Φ пΦ4ΦύΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˃ʽʰ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺ ˉˊˇˋʷʴʴʽˋʹ ʶˁˍʱˋʶ˖˄ όarea-based) 

ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˍˇˎ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎ - ˉˊˇʴ˄˗ˋˍʹ ˃ʶ ʴˊʰ˒ʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ 

ΨMetObjectsΩ ˍʰ ˇˉˇʾʰ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ ˈˉ˖ˌ ˃ʷˍ˖ˉʰΣ ʰʶˊˇ˔ʶʽ˃ʱˊˇˎˌ όjet 

streams)58 ˁʰʽ ʾ˔˄ʹΦ ɮ˒ˇ˃ˇʽ˗˄ʶʽ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊΣ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ʶˉʾʴʶʽ˖˄ ˋˍʰʻ˃˗˄Σ ʵʶʵˇ˃ʷ˄ʰ ʵʽˁˍˏˇˎ ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄ ˁʰʻ˗ˌ ˁʰʽ ˃ˇ˄ˍʷ˂ʰ 

NWP ˁʰʽ ˋˍʰˍʽˋˍʽˁʺ ˁʰʻˇʵʺʴʹˋʹ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋʶ NWP ˃ˇ˄ˍʷ˂ʰ όSills et al. 2013ύΦ ʆˇ ˋˏˋˍʹ˃ʰ 

ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˃ʰˁˊˇˉˊˈʻʶˋ˃ˇ ɳˊʶˎ˄ʹˍʽˁˈ ʃˊˈʴˊʰ˃˃ʰ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʵʽʰʵˊʰˋˍʽˁ˗˄ ˍʶ˔˄ʽˁ˗˄ 

nowcasting ˃ ʶˍʰʴ˖ʴʽˁ˗˄ όˁˎˊʾ˖ˌ ʻʶˊʽ˄˗˄ύ ˁʰˍʰʽʴʾʵ˖˄Φ ʋˊʹˋʽ˃ˇˉˇʽʶʾ ʷ˄ʰ˄ cell trackerΦ ʃʰˊʱ˂˂ʹ˂ʰΣ 

ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˉˊˇˋʶʴʴʾˋʶʽˌ ʰˋʰ˒ˇˏˌ ˂ˇʴʽˁʺˌ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˃ʶˍʰʴ˖ʴʺˌ ˁʰʽ ˋʶ ʰ˂ʴˇˊʾʻ˃ˇˎˌ 

˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊΣ ʹ ˔ˊʺˋʹ ʰ˄ʰ˂ˈʴ˖˄ ˁʰʻ˗ˌ ˁʰʽ 

ʰ˂ʴˈˊʽʻ˃ˇʽ ʶˉʽˁʾ˄ʵˎ˄˖˄ ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʺˁ˖˄ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ʹ˂ʶˁˍˊʽˁʷˌ ʶˁˁʶ˄˗ˋʶʽˌΦ ɼʰˍʱ ˍˇ˄ 

Sills (2014)59, ˎ ˉʱˊ˔ʶʽ ˃ʶʴʱ˂ˇ ˉʶˊʽʻ˗ˊʽˇ ʴʽʰ ˁʰʽ˄ˇˍˇ˃ʾʰ ˋʶ ʰˎˍʺ˄ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˁʰʽ ˍˇ iCast ̫ ˖ˌ ˍ˗ˊʰ 

ʶʾ˄ʰʽ ˃ˈ˂ʽˌ ʹ ζˁˇˊˎ˒ʺ ˍˇˎ ˉʰʴˈʲˇˎ˄ˇˎηΦ ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˈˍʽ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ˒ʱˋʹˌΣ ˍˇ 

ˋˏˋˍʹ˃ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ʁ ˄ˈˍʹˍʰ ʰˎˍʺΦ  

ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ пΦ4Φ ʷ˄ʰˌ ʱ˂˂ˇˌ ʲʰˋʽˁˈˌ ˍˇ˃ʷʰˌ ʶʾ˄ʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ʶˊʴʰ˂ʶʾ˖˄ 

ˎˉˇˋˍʺˊʽ˅ʹˌ ʰˉˇ˒ʱˋʶ˖˄ όdecision support toolsύ όʶˉˈ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰύΣ ˉˇˎ ʲˇʹʻˇˏ˄ ˍˇˎˌ 

˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ ˄ʰ ˁʱ˄ˇˎ˄ ˁʰ˂ˏˍʶˊʹ ˔ˊʺˋʹ ˍʹˌ ˍʶ˔˄ˇʴ˄˖ˋʾʰˌ ˍˇˎˌ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ̱ ʹˌ ˉˊˈʴ˄˖ˋʹˌΦ 

ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ʶˉʽˍˊʷ˕ˇˎ˄ ˋʶ ʷ˄ʰ˄ ˃ʶˍʶ˖ˊˇ˂ˈʴˇ ˄ʰ ˋˎʴˁˊʾ˄ʶʽ ˍʽˌ ʶ˅ˈʵˇˎˌ ʰˉˈ 

ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ˉˇ˂˂ʰˉ˂˗˄ ʵʶʽʴ˃ʱˍ˖˄ όmulti-model ensembleύΣ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˍˇκ ˍʰ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊˇκʰ 

ʴʽʰ ˔ˊʺˋʹ όʰˁˈ˃ʰ ˁʰʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ʰ˄ʱ ʹ˃ʷˊʰύΣ ˄ʰ ˊˎʻ˃ʾˋʶʽ ˍʽˌ ʶʽˋˈʵˇˎˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ˄ 

ʵʽʰʵˊʰˋˍʽˁˈ ˔ʱˊˍʹ ˉˇˎ ʵʶʾ˔˄ʶʽ ˍʽˌ ˍˊʷ˔ˇˎˋʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˁʰʽ ˉˊˇʴ˄˗ˋʶʽˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽ ˃ʾʰ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰ˄ʰʻʶ˖ˊʹ˃ʷ˄ʶˌ ʰ˄ʰ˂ˏˋʶʽˌ. 

ʃˊˇʴ˄˗ˋʶʽˌ ˎ˕ʹ˂ˈˍʶˊʹˌ ʰ˄ʱ˂ˎˋʹˌ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ʶˉʾˋʹˌ ˄ʰ ˉʰˊʱʴˇ˄ˍʰʽ ˋˎˋˍʹ˃ʰˍʽˁʱ ˋʶ 

ˉʶˊʽˇ˔ʷˌ ʽʵʽʰʾˍʶˊˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˈˉ˖ˌ ʷ˔ʶʽ ʺʵʹ ʴʾ˄ʶʽ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌ 

ʴʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ˁʰˍʰˋˍˊˇ˒˗˄ ʺ ʴʽʰ ˋˍˊʰˍʽ˖ˍʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌΦ 

ɱʶ˄ʽˁˈˍʶˊʰΣ ˇʽ ˃ʶˍʶ˖ˊˇ˂ˈʴˇʽ - ̄ ˊˇʴ˄˗ˋˍʶˌ ʻʰ ˃ˉˇˊˇˏ˄ ʶˉʾˋʹˌ ˄ʰ ʰˉˇ˒ʰˋʾˋˇˎ˄ ̱ ˇ˄ ˁʰ˂ˏˍʶˊˇ 

ˍˊˈˉˇ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍˇˏ˄ ˍʰ ˋˎˋˍʺ˃ʰˍʰ adaptive observation όζ̄́ ˇˋʰˊ˃ˇˋˍʽˁʺˌ ˉʰˊʰˍʺˊʹˋʹˌηύΣ ˁʰʽ 

˄ʰ ˁʰˍʶˎʻˏ˄ˇˎ˄ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ˉˇ˂˂ʰˉ˂˗˄ ʵʶʽʴ˃ʱˍ˖˄ όensemblesύ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ˉʶˊʽˇ˔ʷˌ 

                                                           
58 ɮʶˊˇ˔ʶʾ˃ʰˊˊˇˌ όƧŜǘ ǎǘǊŜŀƳύΥ ʶʾ˄ʰʽ ʷ˄ʰ ʽˋ˔ˎˊˈΣ ˂ʶˉˍˈ ˊʶˏ˃ʰ ʰʷˊˇˌΣ ˁʰˍʱ ˃ʺˁˇˌ ˋ˔ʶʵˈ˄ ˇˊʽʸˈ˄ˍʽˇˎ 
ʱ˅ˇ˄ʰΣ ˋˍʹ˄ ʰ˄˗ˍʶˊʹ ˍˊˇˉˈˋ˒ʰʽˊʰ ʺ ˁʰˍ˗ˍʶˊʹ ˋˍˊʰˍˈˋ˒ʰʽˊʰΣ ˔ʰˊʰˁˍʹˊʽʸˈ˃ʶ˄ˇ ʰˉˈ ˃ʶʴʱ˂ʶˌ 
ˁʰˍʰˁˈˊˎ˒ʶˌ ˁʰʽ ˇˊʽʸˈ˄ˍʽʶˌ ʲʰʻ˃ʾʵʶˌ ˍʰ˔ˏˍʹˍʰˌ όǿƛƴŘ ǎƘŜŀǊǎύ ˁʰʽ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ʷ˄ʰ ʺ ˉʶˊʽˋˋˈˍʶˊʰ 
˃ʷʴʽˋˍʰ ˍʰ˔ˏˍʹˍʰˌϦΦ W.M.O. 
59 (Severe Weather Scientist, National Laboratory for Nowcasting and Remote Sensing Meteorology 
Environment Canada, 2014, ̄́ ˇˋ˖ˉʽˁʺ ʁ ˉʽˁˇʽ˄˖˄ʾʰ). 
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72 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʰʲʶʲʰʽˈˍʹˍʰ ʶ˄ˍˇˉʽˋ˃ʷ˄ʹ ʰˉˈ ˍʽˌ ˍˊʷ˔ˇˎˋʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˁʰʽ 

ˍʽˌ ʶ˅ˈʵˇˎˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ όˉΦ˔Φ Langland 2005̃ Thorpe and Peterson 2006). 

 

ǵȑǿȊŭ 4.4.: Ǡȋŭ ɵȇȆŭȋȖ ŰůȋǽȎȇȍ ȃȇŭ ȊůȉȉȍȋűȇȈǾȏ ůȇŰȖŮȍȐȏ ŭɵȖ űȅȋ ǯůűůȓȎȍȉȍȃȇȈǿ 

ǷɵȅȎůŰȀŭ űȍȐ ǭŭȋŭŮǽ, űȍ iCAST (Interactive Convective Analysis and Storm Tracking). ǫ 

ŭȉȉȅȉůɵȀŮȎŭŰȅ Ȋů űȍȋ ȊůűůȓȎȍȉȖȃȍ ð ɵȎȍȃȋȘŰűȅ ȈȐȎȇŭȎȑůȀ Űűȅȋ ɵȎȍȃȋȓŰűȇȈǿ 

ŮȇŭŮȇȈŭŰȀŭ ɵȍȐ Ȇŭ ɵůȎȇȉŭȊȂǽȋůȇ ŭȋǽȉȐŰȅ, ŮȇǽȃȋȓŰȅ Ȉŭȇ ɵȎȖȃȋȓŰȅ (analysis, diagnosis, 

and prognosis, ADP). ǫ ȂǽŰȅ ŮůŮȍȊǾȋȓȋ METObject ŭȋŭɵŭȎȇŰűǽ űȅ ŰȗȋȆůűȅ 

ɵȎŭȃȊŭűȇȈȖűȅűŭ Ȋů ŭɵȉȍɵȍȇȅȊǾȋŭ ȑŭȎŭȈűȅȎȇŰűȇȈǽ (ŰȅȊůȇŭȈǽ, ȃȎŭȊȊȇȈǽ Ȉŭȇ ůɵȇŲŭȋůȇŭȈǽ 

ŭȋűȇȈůȀȊůȋŭ) Ȉŭȇ ȊɵȍȎůȀ ůɵȀŰȅȏ ȋŭ ŭɵȍȆȅȈůȗůȇ ɵůŮȀŭ ȈȇȋǿŰůȓȋ Ȉŭȇ ŭɵȍűůȉǾŰȊŭűŭ 

ȑȎȍȋȇȈȘȋ ɵȎȍůȈȂȍȉȘȋ. ǩɵȀŰȅȏ, ŭɵůȇȈȍȋȀȄůȇ ȑŭȎŭȈűȅȎȇŰűȇȈǽ ŰȐȋȍɵűȇȈǿȏ Ȉŭȇ ȊǾŰȅȏ 

ȈȉȀȊŭȈŭȏ ŭɵŭȎŭȀűȅűŭ ȃȇŭ Ȋůűŭȃȓȃǿ ȂŭŰȇŰȊǾȋŭ Űűȇȏ ɵŭȎŭűȅȎǿŰůȇȏ, ȈŭȆȍŮǿȃȅŰȅ 

ȊȍȋűǾȉȓȋ NWP, ůȋȋȍȇȍȉȍȃȇȈȘȋ ȊȍȋűǾȉȓȋ, Ȉ.ŭ. ǳůȎȇǾȑȍȋűŭȇ ůɵȇɵȎȖŰȆůűŭ ɵůȎȇȍȑǾȏ 

ɵȇȆŭȋȍŲǽȋůȇŭȏ Ȉŭȇ ŰŲȍŮȎȖűȅűŭȏ ȈŭűŭȇȃȀŮȓȋ. ǲ ȊůűůȓȎȍȉȖȃȍȏ ð ɵȎȍȃȋȘŰűȅȏ ŰȐȋȆǾűůȇ 

ŮůŮȍȊǾȋŭ ŭɵȖ ɵŭȎŭűȅȎǿŰůȇȏ, ůȗȎȍȏ NWP, ȇŰűȍȎȇȈȖ, Ȉŭȇ ȑȎȅŰȇȊȍɵȍȇůȀ ȂȇȂȉȇȍȆǿȈȅ 

ůȋȋȍȇȍȉȍȃȇȈȘȋ ȊȍȋűǾȉȓȋ. ǧȐűȍȊŭűȍɵȍȇȅȊǾȋŭ ôfirst-guessõ MetObjects ŭɵȖ ȊȍȋűǾȉŭ NWP, 

ůɵůȌůȎȃŭŰȀŭ post-processing (ůȈ űȓȋ ȐŰűǾȎȓȋ),  ŭȉȃȖȎȇȆȊȍȇ Ƕůȑȋȅűǿȏ ǰȍȅȊȍŰȗȋȅȏ (AI), 

Ȉ.ŭ. ȊɵȍȎȍȗȋ ȋŭ űȎȍɵȍɵȍȇȅȆȍȗȋ ŭɵȖ űȍȋ ȊůűůȓȎȍȉȖȃȍ ɵȎȍȃȋȘŰűȅ ůǽȋ űȍ ȈȎȀȋůȇ 

ŭɵŭȎŭȀűȅűȍ. ǫ ůɵȀŮůȇȌȅ nowcasting Ȉŭȇ ɵȎȍůȇŮȍɵȍȇǿŰůȓȋ űȍȐ iCast ůȀȋŭȇ 

ɵȎȍȃȎŭȊȊŭűȇŰȊǾȋȅ ȃȇŭ űȍ 2015 ŰűȍȐȏ ǳŭȋŭȊůȎȇȈŭȋȇȈȍȗȏ ǧȃȘȋůȏ ɵȍȐ Ȇŭ ŮȇůȌŭȑȆȍȗȋ Űűȍ 

ǶȍȎȖȋűȍ űȍȐ ǭŭȋŭŮǽ (Sills 2009ǉ ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Sills et al. [2013]) 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ˉʰˊʰ˔ʻˇˏ˄ ʶ˅ʰˍˇ˃ʽˁʶˎ˃ʷ˄ʶˌ όtailor-made) ensemble 

ˉˊˇʴ˄˗ˋʶʽˌ ˗ˋˍʶ ˄ʰ ʰ˄ˍʰˉˇˁˊʽʻˇˏ˄ ˋˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˁʽ˄ʵˏ˄ˇˎ όrisk profiles) ˁʰʽ ˍʽˌ ˇʽˁˇ˄ˇ˃ʽˁʷˌ 

ˋˎ˄ʻʺˁʶˌ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˔ˊʹˋˍ˗˄ ˁʰʽ ˉʶ˂ʰˍ˗˄Φ ʅ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʷˁʵˇˋʹ ˉˊˇʶʽʵˇˉˇʽʺˋʶ˖˄ ˋ˒ˇʵˊ˗˄ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄Σ ˇʽ {ǘŜƴǎǊǳŘ et al. (2009ύ ˋʹ˃ʶʽ˗˄ˇˎ˄ ˈˍʽ ˇˊʽˋ˃ʷ˄ʰ ʲʰˋʽˁʱ ˁʰʻʺˁˇ˄ˍʰ 

˃ˉˇˊˇˏ˄ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ 

w ˍʹ˄ ʶ˅ʷˍʰˋʹ ˍˊʽ˗˄ ʵʽʰˋˍʱˋʶ˖˄ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ˁʰʽ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄Σ 

w ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ˉʽʻʰ˄ˇˍʽˁ˗˄ ˉˊˇʴ˄˗ˋʶ˖˄ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ 

(probabilistic hazard forecasts),  

w ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˈˍʰ˄ ˁʰˍʰˋˍˇˏ˄ ʵʽʰʻʷˋʽ˃ʶˌ 

ˉ˂́ˊˇ˒ˇˊʾʶˌ ˉʰˊʰˍʺˊʹˋʹˌ ˁʰʽ ʱ˂˂ʰ ʵʶʵˇ˃ʷ˄ʰ ʶˉʰ˂ʺʻʶˎˋʹˌΣ 

w ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˋ˒ʱ˂˃ʰˍ˖˄ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˉˇˎ ˇʵʹʴˇˏ˄ ˋʶ ʰ˄ʰˁˊʽʲʶʾˌ ˉʽʻʰ˄ˇˍʽˁʷˌ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌΣ ˁʰʽ ˍʹ˄ ʷˁʵˇˋʹ ˉˊˇʶʽʵˇˉˇʽʺˋʶ˖˄ ˈˉˇˎ ˁˊʽʻʶʾ 

ʰˉʰˊʰʾˍʹˍˇΦ 

ɮˎˍʷˌ ˇʽ ˍʶ˔˄ʽˁʷˌ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʲʶ˂ˍʽ˗ˋˇˎ˄ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˁʰʽ ˍʹ˄ ʷʴˁʰʽˊʹ 

ˉʰˊˇ˔ʺ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˍ˖˄ ˉˊˇʶʽʵˇˉˇʽʺˋʶ˖˄Φ 

 

4.3.1. ȰɟŮɡɜŬ ůŰɖ ɛɏŰɟɖůɖ əŬŰŬəɟɖɛɜɘůɛɎŰɤɜ  

ʁʽ ˁˏˊʽʶˌ ˍʶ˔˄ʽˁʷˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʲˊˇ˔ˇ˃ʶˍˊʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌΣ ʵʾˁˍˎʰ 

ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΣ ˁʰʽ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ʶˁˍʾ˃ʹˋʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʰˉˈ ʵˇˊˎ˒ˈˊˇΦ 

ʁʽ ˉˊˇˋʶʴʴʾˋʶʽˌ ˉˇ˂˂ʰˉ˂˗˄ ʰʽˋʻʹˍʺˊ˖˄ ʶˉʾˋʹˌΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇ˂ˇʷ˄ʰ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ 

ˁʰʽ ˋˎ˄ʵˎʱʸˇˎ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˈ ˍʽˌ ˍˊʶʽˌ ˉʰˊʰˉʱ˄˖ ˉˊˇˋʶʴʴʾˋʶʽˌ ˃ʶ ˋˎ˄ʶʽˋ˒ˇˊʷˌ ʰˉˈ ʱ˂˂ʶˌ 

ˉʹʴʷˌΣ ˈˉ˖ˌΥ ˋˎˋˍʺ˃ʰˍʰ ʰ˄ʾ˔˄ʶˎˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄Σ ʰʽˋʻʹˍʺˊʶˌ ˎʴˊʰˋʾʰˌ GPS ˁʰʽ 

˃ˇ˄ˍʷ˂ʰ ɮˊʽʻ˃ʹˍʽˁʺˌ ʃˊˈʴ˄˖ˋʹˌΦ 

ʃˇ˂˂ʷˌ ʰˉˈ ˍʽˌ ˍˊʷ˔ˇˎˋʶˌ ʶ˅ʶ˂ʾ˅ʶʽˌ ˋˍʽˌ ˃ʶʻˈʵˇˎˌ ˃ʷˍˊʹˋʹˌ ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄ ʷ˔ˇˎ˄ 

ʶˉʽˁʶ˄ˍˊ˖ʻʶʾ ˋˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍ˖˄ ˎ˒ʽˋˍʱ˃ʶ˄˖˄ ˉˊˇˋʶʴʴʾˋʶ˖˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋˎ˄ʶ˔ʾʸˇˎ˄ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ʶ˅ʶ˂ʾ˅ʶʽˌ ʰˁˈ˃ʹ ˁʰʽ ʴʽʰ ˃ʰˁˊˇ˔ˊˈ˄ʽʰ ˁʰʻʽʶˊ˖˃ʷ˄ʶˌ ˃ʶʻˈʵˇˎˌ ˈˉ˖ˌ ʹ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˃ʶ ʵʾˁˍˎˇ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄ ό˃ʶ ˍʹ˄ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹ ˔ˊʺˋʹ ˍ˖˄ ˇˊʴʱ˄˖˄ 

˃ʷˍˊʹˋʹˌ impact ˁʰʽ hot-plate60ύΦ ɳˉʽˉ˂ʷˇ˄Σ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ˉʽˇ ˊʽʸˇˋˉʰˋˍʽˁʷˌ ˂ˏˋʶʽˌΣ ˈˉ˖ˌ ʹ ˋʶ 

ˉˊhʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˉʰˊʰʴ˖ʴʺ ʶˁˍʽ˃ʺˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ʶ ʲʱˋʹ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ ʵʽʰˍʱ˅ʶ˖˄ ˍˇˎ 

ˎʰ˂ˇˁʰʻʰˊʽˋˍʺˊʰ ˁʰʽ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʶˁˁʰʻʱˊʽˋʹˌ ˍˇˎ ˄ʶˊˇˏ ʰˉˈ ˍʰ ʰ˂ʶ˅ʺ˄ʶ˃ʰ 

(windscreensύ ʰˎˍˇˁʽ˄ʺˍ˖˄ ˁʰʽ ʱ˂˂˖˄ ˇ˔ʹ˃ʱˍ˖˄ όHaberlandt and Sester, 2010). 

                                                           
60 ʁʽ ˍˏˉˇʽ impactΣ ʰˉˇˍʶ˂ˇˏ˄ ˃ʽˁˊˇˏ ˃ʶʴʷʻˇˎˌ ˋˎˋˁʶˎʷˌ ˔ʰ˃ʹ˂ˇˏ ˁˈˋˍˇˎˌ ˋˎ˄ˍʺˊʹˋʹˌΣ ʶ˄˗ ʵʶ˄ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˁʽ˄ˇˏ˃ʶ˄ʰ ˃ʷˊʹ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˋʶ ˇʵʽˁʱ ˋˎˋˍʺ˃ʰˍʰ 
ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˁʰʽˊˇˏ ˁʰʽ ˋʶ ʰˋˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌΦ ʆʰ ˈˊʴʰ˄ʰ ˃ʷˍˊʹˋʹˌ hot-plate ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʵˏˇ 
ʻʶˊ˃ʰʽ˄ˈ˃ʶ˄ʶˌ ˉ˂ʱˁʶˌΣ ʹ ˃ʽʰ ʶʾ˄ʰʽ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ʷ˄ʹ ˉˊˇˌ ˍʰ ʱ˄˖ ˁʰʽ ʹ ʱ˂˂ʹ ˉˊˇˌ ˍʰ ˁʱˍ˖Σ ˇʽ ˇˉˇʾʶˌ 
ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ʴʽʰ ˄ʰ ˃ʶˍˊˇˏ˄ ˍˈˋˇ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˏ˕ˇˌ ˄ʶˊˇˏ ˈˋˇ ˁʰʽ ˍʹ˄ ʲˊˇ˔ʺΦ ɶ ʷ˄ˍʰˋʹ ˍʹˌ 
ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʶˁˍʽ˃ʱˍʰʽ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰˌ ζˍʹ˄ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʺ˅ʹ ʺ ʶ˅ʱˍ˃ʽˋʹ ˍˇˎ ˔ʽˇ˄ʽˇˏ ʺ 
ʶ˅ʱˍ˃ʽˋʹ ˍʹˌ ʲˊˇ˔ʺˌ ʶˉʱ˄˖ ˋˍʹ˄ ˉ˂ʱˁʰ ˉˇˎ ʶʾ˄ʰʽ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ʷ˄ʹ ˉˊˇˌ ˍʰ ʱ˄˖Σ ʰ˄ˍʽˋˍʰʻ˃ʾʸˇ˄ˍʰˌ ˍʹ˄ 
ʶˉʾʵˊʰˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎΣ ˃ʶ ˍʹ˄ ʰ˒ʰʾˊʶˋʹ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˍʹˌ ˉ˂ʱˁʰˌ ˉˇˎ ʶʾ˄ʰʽ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ʷ˄ʹ ˉˊˇˌ ˍʰ 
ˁʱˍ˖η όRasmussen et al. 2011). 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

74 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ɱʽʰ ˍʽˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΣ ˃ʶˊʽˁˇʾ ʰˉˈ ˍˇˎˌ ˍˊʷ˔ˇ˄ˍʶˌ ˍˇ˃ʶʾˌ ʰ˄ʱˉˍˎ˅ʹˌ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʹ ˇ˒ʶ˂˗˄ ˊʰ˄ˍʱˊ ʵʽˉ˂ʺˌ ˉˈ˂˖ˋʹˌ61 ˁ ʰʽ ˍʹ ˔ˊʺˋʹ ˊʰ˄ˍʱˊ X-band.  

ɱʽʰ ˍʰ ʵˇˊˎ˒ˇˊʽˁʱ ˉˊˇʿˈ˄ˍʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ʹ ʷˊʶˎ˄ʰ ˋˎ˄ʶ˔ʾʸʶˍʰʽ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˉ˗ˌ ˄ʰ ʴʾ˄ʶʽ 

ʲʷ˂ˍʽˋˍʹ ˔ˊʺˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰˉˈ ˊʰ˄ˍʱˊ ˉˇˎ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ˃ʶ ˍˇ˄ ʵˇˊˎ˒ˈˊˇ TRMM 

(Tropical Rainfall Measuring Missionύ ˁʰʽ ˃ʶ ˇ˂ˇʷ˄ʰ ˁʰʽ ˉʽˇ ʶ˅ʶ˂ʽʴ˃ʷ˄ˇˎˌ ʰ˂ʴˈˊʽʻ˃ˇˎˌ ˉˇˎ 

ˋˎ˄ʵˎʱʸˇˎ˄ ˃ʽˁˊˇˁˏ˃ʰˍʰΣ ˎˉʷˊˎʻˊʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰʽ ʶ˅ˈʵˇˎˌ ˇˊʰˍˇˏ ˃ʺˁˇˎˌ ˁˏ˃ʰˍˇˌ ˁʰʽ 

˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʰˉˈ ʷ˄ʰ ˒ʱˋ˃ʰ ʰʽˋʻʹˍʺˊ˖˄ ʴʶ˖ˋˍʰˍʽˁ˗˄ ˁʰʽ ʵˇˊˎ˒ˈˊ˖˄ ˉˇ˂ʽˁʺˌ ˍˊˇ˔ʽʱˌΦ 

ɱʽʰ ˈ˂ʶˌ ˍʽˌ ˍʶ˔˄ʽˁʷˌΣ ˍˇ ʸʺˍʹ˃ʰ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍʹˌ ʰʲʶʲʰʽˈˍʹˍʰˌ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʲʰˋʽˁˈ ʻʷ˃ʰΣ 

ˍˈˋˇ ʴʽʰ ˍʹ˄ ˉʰˊˇ˔ʺ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˉˈˋˇ ʰ˅ʽˈˉʽˋˍʶˌ ʶʾ˄ʰʽ ˇʽ ʷ˅ˇʵˇʽ ˋˍˇˎˌ ˔ˊʺˋˍʶˌ ˁʰʽΣ 

ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌΣ ˖ˌ ˃ʷˊˇˌ ˍʹˌ ˁʰʻʽʷˊ˖ˋʹˌ ˍʹˌ ˃ʶˍʱʲʰˋʹˌ ˋʶ ˃ʽʰ ˉˊˇˋʷʴʴʽˋʹ ˉˇˎ ʲʰˋʾʸʶˍʰʽ 

ˉʶˊʽˋˋˈˍʶˊˇ ˋˍʹ˄ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ˂ʺ˕ʹˌ ʰˉˇ˒ʱˋʶ˖˄Φ ɮˎˍˈ ˍˇ ʻʷ˃ʰ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ 

ˋʹ˃ʰ˄ˍʽˁˈ ʴʽʰ ˍʰ ˉˊˇʿˈ˄ˍʰ ˉˇ˂˂ʰˉ˂˗˄ ʰʽˋʻʹˍʺˊ˖˄Σ ˂ˈʴ˖ ˍˇˎ ˈΣˍʽ ˋˎ˄ʵˎʱʸˇˎ˄ ʶ˅ˈʵˇˎˌ ʰˉˈ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˁʰʽ ˇˊʴʰ˄ʽˋ˃ˇˏˌΣ ˁʰʻ˗ˌ ˁʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʰ ˉˊˇʿˈ˄ˍʰ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ ˉˇˎ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˋˎˋˍʹ˃ʰˍʽˁʱ ʵʶʾˁˍʶˌ ˉˇʽˈˍʹˍʰˌ ʺ ʶ˅ˈʵˇˎˌ ensemble. 

ɴ˄ʰˌ ʱ˂˂ˇˌ ˋˏʴ˔ˊˇ˄ˇˌ ˍˇ˃ʷʰˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ʶ˅ˈʵ˖˄ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˊʰ˄ˍʱˊ 

ˁʰʽˊˇˏ ˖ˌ ˃ʷˊˇˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʰ˒ˇ˃ˇʾ˖ˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˉˊˇʴ˄˖ˋˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˃ʷˋʹˌ ˁʰʽ 

˃ʶˍʰʴ˖ʴʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌΦ ɶ ʵʽʱˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˁʰʽ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍ˖˄ 

˃ˇ˄ˍʷ˂˖˄ ʴʾ˄ʶˍʰʽ ˈ˂ˇ ˁʰʽ ˉʽˇ ʰˋʰ˒ʺˌΣ ˃ʶ ˍʽˌ ʶ˅ˈʵˇˎˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˎˊʷ˖ˌ 

ʴʽʰ ˄ʰ ʲˇʹʻʺˋˇˎ˄ ˋˍʹ˄ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˍ˖˄ ʵˇˊˎ˒ˈˊ˖˄Σ ˍ˖˄ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ ˁʰʽ 

ʱ˂˂˖˄Φ  

ʅʶ ˋ˔ʷˋʹ ˃ʶ ʰˎˍʷˌ ˍʽˌ ʵʽʰˊˁʶʾˌ ʲʶ˂ˍʽ˗ˋʶʽˌΣ ʹ ʰ˄ʱˉˍˎ˅ʹ ˄ʷ˖˄ ˍʶ˔˄ʽˁ˗˄ ˉʰˊʰˍʺˊʹˋʹˌ ʶʾ˄ʰʽ 

ˋ˔ʶˍʽˁʱ ˋˉʱ˄ʽʰΦ ʍˋˍˈˋˇΣ ˇˊʽˋ˃ʷ˄ʶˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˉˊˇˇˉˍʽˁʷˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ 

ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ  

w phased array62 ́ ʰ˄ˍʱˊ ˁʰʽˊˇˏΣ  

w ˍʶ˔˄ʽˁʷˌ ˉˊˇˋʰˊ˃ˇˋˍʽˁʺˌ ʰ˄ʾ˔˄ʶˎˋʹˌ όadaptive sensingύ ˁʰʽ  

w ˔ˊʺˋʹ ˍ˖˄ ˎ˒ʽˋˍʱ˃ʶ˄˖˄ ʵʽˁˍˏ˖˄ ʶˉʽˁˇʽ˄˖˄ʾʰˌ ˃ʽˁˊˇˁˎ˃ʱˍ˖˄63 

                                                           
61 ɾʶ ˍʹ˄ ˍʶ˔˄ˇ˂ˇʴʾʰ ʵʽˉ˂ʺˌ ˉˈ˂˖ˋʹˌ όdual-polύΣ ʹ ʶʽˁˈ˄ʰ ʴʾ˄ʶˍʰʽ ʵˏˇ ʵʽʰˋˍʱˋʶ˖˄Σ ʵʽˈˍʽ ˍˇ ˊʰ˄ˍʱˊ 
ʰˉˇˋˍʷ˂˂ʶʽ ˍˈˋˇ ˇˊʽʸˈ˄ˍʽʰ ˈˋˇ ˁʰʽ ˁʱʻʶˍʰΣ ˉˇ˂˖˃ʷ˄ʰ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʱ ˁˏ˃ʰˍʰΦ ɶ ʵʽʰˍˇ˃ʺ ʰˎˍʺ ˉʰˊʷ˔ʶʽ 
ˋˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ - ̄ ˊˇʴ˄˗ˋˍʶˌ ʷ˄ʰ ˃ʷˍˊˇ ʴʽʰ ˍˇ ˃ʷʴʶʻˇˌ ˁʰʽ ˍʹ ˃ˇˊ˒ʺ ˍ˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ όurl). 
62 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 
63 ʂˍʰ˄ ʹ ˃ʽˁˊˇˁˎ˃ʰˍʽˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʶˁˉʷ˃ˉʶˍʰʽ ʰ˄ʱ˃ʶˋʰ ˋʶ ʵˏˇ ˉʶˊʽˇ˔ʷˌΣ ˍˇ ˂ʹ˒ʻʷ˄ ˋʺ˃ʰ ʶʾ˄ʰʽ 
ʶ˅ʰˋʻʶ˄ʹ˃ʷ˄ˇ ʶʱ˄ ʵʽʷˊ˔ʶˍʰʽ ˃ʷˋʰ ʰˉˈ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ˁʰʽ ʱ˂˂ˇˎˌ ˍˏˉˇˎˌ ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄Φ ʆˇ ʴʶʴˇ˄ˈˌ 
ʰˎˍˈ ˉʰˊʷ˔ʶʽ ˃ʽʰ ʷ˄ʵʶʽ˅ʹ ˍʹˌ ˃ʷˋʹˌ ʷ˄ˍʰˋʹˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰˍʱ ˍʹ ʵʽʰʵˊˇ˃ʺ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ 
(path-averaged rainfall intensityύ ˋʶ ˃ʽʰ ʵʶʵˇ˃ʷ˄ʹ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇΦ ɮˎˍʺ ʹ ˉˊˇˋʷʴʴʽˋʹ ˒ˎˋʽˁʱ ˋˎ˄ʵʷʶˍʰʽ 
ˋˍʶ˄ʱ ˃ʶ ˍʹ˄ ʰˊ˔ʺ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΣ ʶʱ˄ ˁʰʽ ʶˁʶʾ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˍˇ 
ˇˉʽˋʻˇˋˁʶʵʰʸˈ˃ʶ˄ˇ ʺ ʰ˄ʰˁ˂˗˃ʶ˄ˇ ˋʺ˃ʰΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ˇ ˋʶ 
ˉʶˊʽˇ˔ʷˌ ˉˇˎ ʵʶ˄ ʶ˅ˎˉʹˊʶˍˇˏ˄ˍʰʽ ˃ʶ ʲˊˇ˔ˇ˃ʶˍˊʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌ ʺ ʵʾˁˍˎʰ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΣ ˁʰʽ ˋʶ ʰˋˍʽˁʷˌ 
ˉʶˊʽˇ˔ʷˌ ˃ʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˁʱ˂ˎ˕ʹ ˁʶˊʰʽ˗˄ ˁʽ˄ʹˍʺˌ ˍʹ˂ʶ˒˖˄ʾʰˌ όSene, 2013). 

http://www.nssl.noaa.gov/tools/radar/dualpol/


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 4: ǄǔǀǐǋǎǂǄǑ NOWCASTING ð ǄǐǄǓǌǀ 75 

ɶ ˄ʷʰ ʰˉˇˋˍˇ˂ʺ GPM (Global Precipitation Measurement)64 ˉʰˊʷ˔ʶʽ ʺʵʹ ʷ˄ʰ ˁʾ˄ʹˍˊˇ ʴʽʰ ˍʹ˄ 

ʷˊʶˎ˄ʰ ˋʶ ʲʶ˂ˍʽ˖˃ʷ˄ʶˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄ ˃ʷˋ˖ ʵˇˊˎ˒ˇˊʽˁ˗˄ 

ˋˎˋˍʹ˃ʱˍ˖˄Φ 

ɶ ˔ˊʺˋʹ ʶˉʾʴʶʽ˖˄ ˒ˇˊʹˍ˗˄ ʰʽˋʻʹˍʺˊ˖˄ ʰˉˇˍʶ˂ʶʾ ʱ˂˂ʹ ˃ʽʰ ʵˎ˄ʰˍˈˍʹˍʰ˜ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˃ʶ 

ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˒ˇˊʹˍ˗˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˋˍʰʻ˃˗˄Σ ʶˁˍˇ˅ʶˎˍ˗˄ radiosonde ˁʰʽ ʱ˂˂˖˄ ˇˊʴʱ˄˖˄ ˋʶ 

ˉʶˊʽˇ˔ʷˌ ˉˇˎ ʵʽʰˍˊʷ˔ˇˎ˄ ˁʾ˄ʵˎ˄ˇ ˁʰʽ ˃ʶˍʰʲʱ˂˂ˇ˄ˍʰˌ ˍˇ ˔ˊˇ˄ˇʵʽʱʴˊʰ˃˃ʰ ʴʽʰ ʶˁˍˇ˅ʶˏˋʶʽˌ 

ǊŀŘƛƻǎƻƴŘŜ˜ ˈˉ˖ˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶˉʽ˔ʶʽˊʺˋʶ˖˄ ˁʰˍʱˋʲʶˋʹˌ ʵʰˋʽˁ˗˄ ˉˎˊˁʰʴʽ˗˄Φ  

ɱʶ˄ʽˁˈˍʶˊʰΣ ʰˉˈ ˍʹ ʵʶˁʰʶˍʾʰ ˍˇˎ мффлΣ ʵʽʶˊʶˎ˄ʺʻʹˁʶ ʶ˄ʶˊʴʱ ʹ ˉˊˇˋʷʴʴʽˋʹ adaptive 

observation ǜ targeting όˉˊˇˋʰˊ˃ˇˋˍʽˁʺ ˉʰˊʰˍʺˊʹˋʹ ʺ ˋˍˈ˔ʶˎˋʹύ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ʷˊʶˎ˄ʰˌ ʴʽʰ ˍʹ˄ 

ʰ˒ˇ˃ˇʾ˖ˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʱ ˁʰʽ ˖ˁʶʱ˄ʽʰ ˉˊˇʴ˄˖ˋˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ό[ŀƴƎƭŀƴŘΣ 2005ύΦ ɱʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰΣ ˍʰ ˍʹ˂ʶ˔ʶʽˊʽʸˈ˃ʶ˄ʰ ˃ʹ ʶˉʰ˄ʵˊ˖˃ʷ˄ʰ ʶ˄ʰʷˊʽʰ ˇ˔ʺ˃ʰˍʰ drones (UAV - unmanned 

aerial vehicles)65 ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˋʶ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ 

ˉʶʽˊʱ˃ʰˍʰ όˉΦ˔Φ Houston et al. 2012ύ ˁʰʽ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ 

ˍʰˁˍʽˁʺ ʲʱˋʹΦ ɾʽʰ ʱ˂˂ʹ ʶˉʽ˂ˇʴʺ ʻʰ ʺˍʰ˄ ˄ʰ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ driftsondes66 ˁʰˍΩ ʰˉʰʾˍʹˋʹ ʰˉˈ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˃ˉʰ˂ˈ˄ʽʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˃ʶʴʱ˂ʰ ˎ˕ˈ˃ʶˍˊʰΦ 

ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍˇ ɳʻ˄ʽˁˈ ʅˎ˃ʲˇˏ˂ʽˇ ɴˊʶˎ˄ʰˌ ˍ˖˄ ɶʃɮ ό2002ύ ˉˊˇˍʶʾ˄ʶʽ ˈˍʽΣ ˁʰʻ˗ˌ ˇʽ 

ʵˎ˄ʰˍˈˍʹˍʶˌ ʲʶ˂ˍʽ˗˄ˇ˄ˍʰʽΣ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰˋˍʶʾ ʵˎ˄ʰˍʺ ʹ ˍˇˉˇʻʷˍʹˋʹ ˋˎˋˍʹ˃ʱˍ˖˄ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ 

ˋʶ ʵʽʱ˒ˇˊʰ ˎ˕ˈ˃ʶˍˊʰ ˋʶ ʰʶˊˇ˂ʽ˃ʷ˄ʶˌΣ ʴʽʰ ʶˁˍʶˍʰ˃ʷ˄ʹ ʵʽʱˊˁʶʽʰΦ ɾʶˊʽˁʷˌ ʱ˂˂ʶˌ ʶˉʽ˂ˇʴʷˌ ʻʰ 

˃ˉˇˊˇˏˋʰ˄ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʶˁ ˄ʷˇˎ ʵˊˇ˃ˇ˂ˈʴʽʰ ʶ˃ˉˇˊʽˁ˗˄ ʰʶˊˇˋˁʰ˒˗˄ όre-routing 

commercial airlinersύ ˉˇˎ ˃ʶˍʰ˒ʷˊˇˎ˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏˌ ʰʽˋʻʹˍʺˊʶˌ ˁʰʽ ʵʽʶˎˊˏ˄ˇ˄ˍʰˌ ˍˇ˄ 

˃ʶˍʰ˒ʶˊˈ˃ʶ˄ˇ ʶ˅ˇˉ˂ʽˋ˃ˈ ˗ˋˍʶ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˃ʽˁˊˇˏ ˃ʶʴʷʻˇˎˌ ˁʰʽ ʲʱˊˇˎˌ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΦ 

 ɶ h˄ʱˉˍˎ˅ʹ ˉʶˊʽˋˋˈˍʶˊˇ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄˖˄ ˍʶ˔˄ʽˁ˗˄ ʶʾ˄ʰʽ ˃ʽʰ ʱ˂˂ʹ ʶ˄ʶˊʴʺ ˉʶˊʽˇ˔ʺ 

ʷˊʶˎ˄ʰˌ ˁʰʽ ˇ˄ˇ˃ʱʸʶˍʰʽ ˋˎ˔˄ʱ ˉˊˇˋʰˊ˃ˇˋˍʽˁʺ ʺ ʶˎʷ˂ʽˁˍʹ ʰ˄ʾ˔˄ʶˎˋʹ όadaptive or agile sensingύΦ ɴ˄ʰ 

ʲʰˋʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˉˊˇˋʰˊ˃ˇˋˍʽˁ˗˄ ʵʽˁˍˏ˖˄ ˊʰ˄ˍʱˊ ˉˇˎ ʶˋˍʽʱʸˇˎ˄ ˋˍʹ˄ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˉʶˊʽˇ˔˗˄ ˍʰ˔ˏˍʶˊʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ˁʰˍʰʽʴʾʵ˖˄Σ ˋʽ˒˗˄˖˄ ˁʰʽ ʱ˂˂˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ 

ˍʰ˔ʶʾʰˌ ʰ˄ʱˉˍˎ˅ʹˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˈˍʰ˄ ʷ˔ˇˎ˄ ʶʴˁʰˍʰˋˍʰʻʶʾ ˉˇ˂˂ʱ ˊʰ˄ˍʱˊ ʴˏˊ˖ ʰˉˈ ˃ʽʰ ˉˈ˂ʹΣ 

ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ˋˎ˄ˍˇ˄ʽˋʻʶʾ ˃ʽʰ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹ ˋˍˊʰˍʹʴʽˁʺ ˋʱˊ˖ˋʹˌ ʴʽʰ ˄ʰ ʽ˔˄ʹ˂ʰˍʹʻʶʾ ˃ʽʰ 

                                                           
64 ɶ ʰˉˇˋˍˇ˂ʺ ˉˇˎ ʵʽʰʵʷ˔ʶˍʰʽ ˍˇ˄ TRMM ʁ ʾ˄ʰʽ ʹ GPMΦ ɸʰ ˉʰˊʷ˔ʶʽ ˉʰʴˁˈˋ˃ʽʰ ˁʱ˂ˎ˕ʹ ʰˉˈ ˔ʰ˃ʹ˂ʺ ʴʺʽ˄ʹ 
ˍˊˇ˔ʽʱ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˄ʷˇˎˌ ˁʰʽ ˎ˒ʽˋˍʱ˃ʶ˄ˇˎˌ ʶˊʶˎ˄ʹˍʽˁˇˏˌ ˁʰʽ ʶˉʽ˔ʶʽˊʹˋʽʰˁˇˏˌ ʵˇˊˎ˒ˈˊˇˎˌ 
ˉˇ˂ʽˁʺˌ ˍˊˇ˔ʽʱˌ ˉˇˎ ʵʽʰʻʷˍˇˎ˄ ˉʰʻʹˍʽˁˇˏˌ ʰʽˋʻʹˍʺˊʶˌ ˃ʽˁˊˇˁˎ˃ʱˍ˖˄ όHue et al., 2013ύΦ ɶ ʶˁˍˈ˅ʶˎˋʹ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ̀ ˍʽˌ ну ʊʶʲˊˇˎʰˊʾˇˎ нлмпΦ 
65 ʆʰ UAVΣ ˉʶˊʽˋˋˈˍʶˊˇ ʴ˄˖ˋˍʱ ˖ˌ droneΣ ʶʾ˄ʰʽ ʰʶˊˇˋˁʱ˒ʹ ˔˖ˊʾˌ ʰ˄ʻˊ˗ˉʽ˄ˇ ˔ʶʽˊʽˋˍʺΦ ɶ ˉˍʺˋʹ ˍˇˎˌ 
ʶ˂ʷʴ˔ʶˍʰʽ ʶʾˍʶ ʰˎˍˈ˄ˇ˃ʰ ʰˉˈ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋˍʷˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍˇ ˈ˔ʹ˃ʰ ʺ ʰˉˈ 
ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ˇ ʷ˂ʶʴ˔ˇ ˔ʶʽˊʽˋˍʺ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ʷʵʰ˒ˇˌ ʺ ˋʶ ˁʱˉˇʽˇ ʱ˂˂ˇ ˈ˔ʹ˃ʰ όurl). 
66 ɴ˄ʰ driftsonde ʶʾ˄ʰʽ ʷ˄ʰ ˃ʶʴʱ˂ˇˎ ˎ˕ˇ˃ʷˍˊˇˎΣ ʰ˄ʻʶˁˍʽˁˈ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˃ˉʰ˂ˈ˄ʽ ˉˇˎ ˒ʷˊʶʽ ʷ˄ʰ˄ 
ˉˇ˃ˉˈ ˁʰʽ ˃ʽʰ ˋˎˋˍˇʽ˔ʾʰ ˃ʽˁˊˇˋˁˇˉʽˁ˗˄ ˁʰ˕ˇˎ˂˗˄ dropsonde ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ʷ˄ʰ˄ ʵʷˁˍʹ GPSΣ ˃ʰʸʾ ˃ʶ 
ʰʽˋʻʹˍʺˊʶˌ ˉʾʶˋʹˌΣ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʽ ˎʴˊʰˋʾʰˌ όPTHύ ʴʽʰ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ˉˊˇ˒ʾ˂ ˁʰʽ 
ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɮˎˍˇʾ ˇʽ ˉˇ˃ˉˇʾ ζ˃ʶʴʷʻˇˎˌ ˃ˉˇˎˁʰ˂ʽˇˏη ʵʽʰʻʷˍˇˎ˄ ʰˊˁʶˍʺ ʽˋ˔ˏ ʴʽʰ ˄ʰ 
ʰˉˇˋˍʶʾ˂ˇˎ˄ ˍʽˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋˍˇ ˃ˉʰ˂ˈ˄ʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹˌ ˉˍ˗ˋʹˌ ˍˇˎˌ ˃ʶ 
ʰ˂ʶ˅ʾˉˍ˖ˍˇΦ ʆˇ ˃ˉʰ˂ˈ˄ʽ ˒ʷˊʶʽ ʷ˄ʰ˄ ˉˇ˃ˉˈ ʰˊˁʶˍʱ ʽˋ˔ˎˊˈ ˗ˋˍʶ ˄ʰ ʰ˄ʰ˃ʶˍʰʵʾʵʶʽ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˋʶ 
ʵˇˊˎ˒ˈˊˇ όurl). 

http://en.wikipedia.org/wiki/Unmanned_aerial_vehicle
http://en.wikipedia.org/wiki/Dropsonde#Driftsondes
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ǏǐǎǎǏǒǈǉǄǑ 

ˁʰˍʰʽʴʾʵʰ ˁʰʻ˗ˌ ʻʰ ʵʽʷˊ˔ʶˍʰʽ ˃ʷˋʰ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺΣ ˉʰˊʷ˔ˇ˄ˍʰˌ ˂ʶˉˍˇ˃ʶˊʶʾˌΣ ˍˊʽʵʽʱˋˍʰˍʶˌ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʰ ˉʶʵʾʰ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ ˁʰʽ ʰ˄ʷ˃˖˄Φ 

ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˍˇ ˃ʷ˂˂ˇ˄Σ ʶ˄ʵʷ˔ʶˍʰʽ ʶˉʾˋʹˌ ˄ʰ ˎˉʱˊ˔ʶʽ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˋˍˈ˔ʶˎˋʹˌ ˍ˖˄ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ʰʽˋʻʹˍʺˊ˖˄ ˉˇˎ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ʰˉˈ ʵˇˊˎ˒ˈˊˇˎˌ ˉˇ˂ʽˁʺˌ ˍˊˇ˔ʽʱˌΦ 

ʅˍˇ ˋˏ˄ˇ˂ˈ ˍˇˎˌΣ ʰˎˍʷˌ ˇʽ ˉˇʽˁʾ˂ʶˌ ˍʶ˔˄ʽˁʷˌ ʷ˔ˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˋˎʴˁʶ˄ˍˊ˗ˋˇˎ˄ ʶˉʾʴʶʽʶˌΣ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ ˁʰʽ ʵˇˊˎ˒ˇˊʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˉˊˇˌ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˃ʶʴʰ˂ˏˍʶˊˇˎ 

ˁʽ˄ʵˏ˄ˇˎ ʴʽʰ ˁʱʻʶ ʵʶʵˇ˃ʷ˄ʹ ˋˍʽʴ˃ʺΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˉʰˊˇ˔ʺ ˄˖ˊʾˍʶˊ˖˄ ˁʰʽ ʰˁˊʽʲʷˋˍʶˊ˖˄ 

ˉˊˇʶʽʵˇˉˇʽʺˋʶ˖˄Φ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʵˎ˄ʹˍʽˁʱ ˇʵʹʴʶʾ ˋʶ ˃ʽʰ ˉʶˊʽˋˋˈˍʶˊˇ ʵʽʰʵˊʰˋˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ 

ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ʰˁˊʰʾ˖˄ ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄Σ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˋˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ - ˉˊˇʴ˄˗ˋˍʶˌ 

˄ʰ ˋˍˇ˔ʶˏˋˇˎ˄ ˍʽˌ ʶˁˍʶ˂ʷˋʶʽˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˁʰʽ ˍʽˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˉˊˇˌ ˍʽˌ ʵˎ˄ʹˍʽˁʱ ˉʽˇ 

ˁʰˍʰˋˍˊˇ˒ʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌΦ 

 

 

4.3.2. ɄŮɟɘɓɎɚɚɞɜ ˊɟɞůɞɛɞɑɤůɖɠ (test bed) 

ɶ ˉˊˈˇʵˇˌ ˋˍʹ˄ ʶˉʽˍʱ˔ˎ˄ˋʹ ˍʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ʲʶ˂ˍʽ˖˃ʷ˄˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ nowcasting ʴʽh 

˃ʶˍʰʴ˖ʴʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌ ˁʰʽ ʹ ʶˉʽˍʱ˔ˎ˄ˋʹ ˍʹˌ ˃ʶˍʰ˒ˇˊʱˌ ˍˇˎˌ ˋʶ ʶˉʽ˔ʶʽˊʹˋʽʰˁʷˌ ˉˊʰˁˍʽˁʷˌ ʻʰ 

˖˒ʶ˂ʶʾˍˇ ʰˉˈ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍˇˉʽˁ˗˄ ˉʶˊʽʲʱ˂˂ˇ˄ˍ˖˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ όtest bedsύ ώˈˉ˖ˌ ˍˇ 

ʃʶˊʽʲʱ˂˂ˇ˄ ʃˊˇˋˇ˃ˇʾ˖ˋʹˌ όTestbed) Hazardous Weather Testbed (HWT)67 ˋˍʽˌ ɶʃɮϐΣ ˃ʶ 

ˉ́ ˈˋʲʰˋʹ ˋʶ ˃ˇ˄ʰʵʽˁʱ ʶˊʶˎ˄ʹˍʽˁʱ ˁʰʽ ˉʰˊʰˍʹˊʹˋʽʰˁʱ ʵʶʵˇ˃ʷ˄ʰ όobservational data), 

ʰˊ˔ʶʽˇʻʶˍʹ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˍˇˎˌ ˔ˊʺˋˍʶˌ ˖ˌ ˋˎ˄ʶˊʴʱˍʶˌ όWilson et al., 2004). 

ʆ htest beds, ˁ ʰˍʱ ̱ ˇˎˌ Wilson et al. (2004ύΣ ˉˊʷˉʶʽ ˄ʰ ˂ʶʽˍˇˎˊʴˇˏ˄  ˖ˌ ˇ˔ʺ˃ʰˍʰΥ 

w ʴʽʰ ʰ˅ʽˇ˂ˈʴʹˋʹ ˄ʷ˖˄ ˍʶ˔˄ʽˁ˗˄ ˁʰʽ ˉˊˇʿˈ˄ˍ˖˄ ˉˇˎ ʻʰ ˖˒ʶ˂ˇˏˋʰ˄ ˍˇˎˌ ˍʶ˂ʽˁˇˏˌ ˔ˊʺˋˍʶˌΣ  

w ʴʽʰ ʶˁˉʰʾʵʶˎˋʹ ˃ʶˍʶ˖ˊˇ˂ˈʴ˖˄ - ˉˊˇʴ˄˖ˋˍ˗˄Σ ˃ʶ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ - ˉˊˇʴ˄˗ˋˍʶˌ ˖ˌ 

ˋˎ˄ʶˊʴʱˍʶˌ  

ʴʽʰ ˃ʶˍʱʲʰˋʹ ˋʶ ʶˉʽ˔ʶʽˊʹˋʽʰˁʷˌ ˃ʶʻˈʵˇˎˌΦ 

 

 

4.3.3. ɄŬɔəɧůɛɘɞ ɄɟɧɔɟŬɛɛŬ ɀŮŰŮɤɟɞɚɞɔɘəɐɠ ȰɟŮɡɜŬɠ 

ʆˇ ʃʰʴˁˈˋ˃ʽˇ ʃˊˈʴˊʰ˃˃ʰ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ɴˊʶˎ˄ʰˌ όWWRPύ ˍˇˎ ʃʰʴˁˈˋ˃ʽˇˎ 

ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏ ʁˊʴʰ˄ʽˋ˃ˇˏ όWMOύΣ ʷ˔ʶʽ ˇˊʴʰ˄˗ˋʶʽ ˉ˂ʺʻˇˌ ɾʶ˂ʶˍ˗˄ ɳˉʾʵʶʽ˅ʹˌ ʃˊˇʴ˄˗ˋʶ˖˄ 

(FDP - Forecast Demonstration Projectsύ ˁʰʽ ʃˊˇʴˊʰ˃˃ʱˍ˖˄ ɮ˄ʱˉˍˎ˅ʹˌ ˋˍʹ˄ ɴˊʶˎ˄ʰ όResearch 

Development Projectsύ ʴʽʰ ˄ʰ ˉˊˇ˖ʻʺˋʶʽ ˁʰʽ ˄ʰ ʰ˄ʰʵʶʾ˅ʶʽ ˋˎˋˍʺ˃ʰˍʰ nowcasting ˁʰʽ ˉˊˈʴ˄˖ˋʹˌ 

ˍʶ˂ʶˎˍʰʾʰˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ68.  

                                                           
67  ʆˇ HWT ˍˇˎ ɿʁɮɮΣ ʷ˔ˇ˄ˍʰˌ ˂ʱʲʶʽ ˍʹ˄ ˍʶ˂ʽˁʺ ˍˇˎ ˃ˇˊ˒ʺ ˍˇ мффтΣ ʰ˄ʰˉˍˏˋˋʶʽΣ ʶ˂ʷʴ˔ʶʽ ˁʰʽ ʰ˅ʽˇ˂ˇʴʶʾ 
ˉˊˇʴ˄˗ˋʶʽˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˁʰʽ ˃ʶʻˈʵˇˎˌ ˉˊˇʶʽʵˇˉˇʾʹˋʹˌ ˋˍʽˌ ɶʃɮ όurl  ̃url). 
68 (url). 

http://www.norman.noaa.gov/assets/backgrounders/hwt.html
http://hwt.nssl.noaa.gov/history.php
http://www.wmo.int/pages/prog/arep/wwrp/new/documents/WWRP_JSC5_Doc4_1_FROST.pdf
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ʆˇ WWRP ˋˍˇ˔ʶˏʶʽ ˄ʰ ʰ˄ʰʲʰʻ˃ʾˋʶʽ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˍʹˌ ˁˇʽ˄˖˄ʾʰˌ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸʶʽ 

˃ʶ̱ʶ˖ˊˇ˂ˇʴʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʶˁˍʶˍʰ˃ʷ˄˖˄ ʶˉʽˉˍ˗ˋʶ˖˄Σ ˃ʷˋ˖ ˍʹˌ ʶˉʽˁʶ˄ˍˊ˖˃ʷ˄ʹˌ ʷˊʶˎ˄ʰˌ ˋˍʹ 

ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌΣ ˍˇˎ ˔ˊˈ˄ˇˎ ˉˊˈʴ˄˖ˋʹˌ όlead timeύ ˁʰʽ ˍʹˌ ˔ˊʺˋʹˌ ˉˊˇʴ˄˗ˋʶ˖˄ ˁʰʽˊʽˁ˗˄ 

˒ʰʽ˄ˇ˃ʷ˄˖˄Φ ʆˇ  WWRP ̄ ʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˇ˃ʱʵʶˌ ʶˊʴʰˋʾʰˌΣ ˇ˃ʱʵʶˌ ʶ˃ˉʶʽˊˇʴ˄˖˃ˈ˄˖˄ ˁʰʽ ˍˇ ˉʶʾˊʰ˃ʰ 

THORPEX69 (The Observing-System Research and Predictability Experiment)70 .  

 

ɾʰˁˊˇˉˊˈʻʶˋ˃ˇʽ ʅˍˈ˔ˇʽ 

ʁʽ ˃ʰˁˊˇˉˊˈʻʶˋ˃ˇʽ ˋˍˈ˔ˇʽ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʶʾ˄ʰʽΥ 

w ʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʵʹ˃ˈˋʽʰˌ ʰˋ˒ʱ˂ʶʽʰˌ ˁʰʽ ˍʹˌ ˇʽˁˇ˄ˇ˃ʽˁʺˌ ˉʰˊʰʴ˖ʴʽˁˈˍʹˍʰˌΣ ˃ʷˋ˖ ˍʹˌ 

ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˍʹˌ ʷˊʶˎ˄ʰˌ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ʶˁˍʶˍʰ˃ʷ˄˖˄ ʶˉʽˉˍ˗ˋʶ˖˄Φ   

w ʹ ʶˉʾʵʶʽ˅ʹ ʲʶ˂ˍʽ˗ˋʶ˖˄ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˍˇˎ ˁʰʽˊˇˏΣ ˃ʶ ʷ˃˒ʰˋʹ ˋʶ ʴʶʴˇ˄ˈˍʰ ˎ˕ʹ˂ʺˌ 

ʶˉʾʵˊʰˋʹˌ ˃ʷˋ˖ ˍʹˌ ʰ˅ʽˇˉˇʾʹˋʹˌ ˍʹˌ ˉˊˇˈʵˇˎ ˋˍʹ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁʰˍʰ˄ˈʹˋʹΣ ˋˍʹ 

ˋ˔ʶʵʾʰˋʹ ʵʽˁˍˏ˖˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌΣ ˋˍʹ˄ ʰ˒ˇ˃ˇʾ˖ˋʹ ʵʶʵˇ˃ʷ˄˖˄Σ ˋʶ ˍʶ˔˄ʽˁʷˌ 

˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˁʰʽ ˋˍʰ ˉ˂ʹˊˇ˒ˇˊʽʰˁʱ ˋˎˋˍʺ˃ʰˍʰΦ 

w ʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˁʰˍʰ˄ˈʹˋʹˌ ˋʹ˃ʰ˄ˍʽˁ˗˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˍˇˎ 

ˁʰʽˊˇˏΣ ˃ʷˋ˖ ˍʹˌ ˇˊʴʱ˄˖ˋʹˌ ʶˋˍʽʰˋ˃ʷ˄˖˄ ʶˊʶˎ˄ʹˍʽˁ˗˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ όʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ  

ˍˇ ˋˍˊʰˍʹʴʽˁˈ ˋ˔ʷʵʽˇ ˍˇˎ WWRP71 [ʅ.̝ 4.5.] ˁ ʰʽ ʵʽʱ˒ˇˊʰ RDP). 

w ʹ ʶ˄ʻʱˊˊˎ˄ˋʹ ˍʹˌ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹˌ ˁʰʽ˄ˇˍˇ˃ʽ˗˄ ˋʶ ˋˎˋˍʺ˃ʰˍʰ ˁʰʽˊʽˁ˗˄ ˉˊˇʴ˄˗ˋʶ˖˄Σ 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉ˖˒ʶ˂ʹʻˇˏ˄ ˈ˂ʰ ˍʰ ˉˊˇʴˊʱ˃˃ʰˍʰ ˍˇˎ WMO ˁʰʽ ˈ˂ʰ ˍʰ ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʰ 

˃ʷ˂ʹ όˉΦ˔ΦΣ FDPs). 

w ʹ ʵʽʰˍʺˊʹˋʹ ˋʶ ˎ˕ʹ˂ʺ ˉˊˇˍʶˊʰʽˈˍʹˍʰ ˍʹˌ ˉʰˊˇ˔ʺˌ ʶˎˁʰʽˊʽ˗˄ ʶˁˉʰʾʵʶˎˋʹˌ ˋʶ ˄ʷˇˎˌ 

ʶˉʽˋˍʺ˃ˇ˄ʶˌΣ ʽʵʾ˖ˌ ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄˖˄ ˔˖ˊ˗˄Σ ʷˍˋʽ ˗ˋˍʶ ˈˋˇ ˍˇ ʵˎ˄ʰˍˈ˄ ˉʶˊʽˋˋˈˍʶˊʰ ˁˊʱˍʹ 

˄ʰ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˁʰʽ ˄ʰ ʶˉ˖˒ʶ˂ʹʻˇˏ˄ ʰˉˈ ˍʹ˄ ˉˊˈˇʵˇ ˋˍʹ˄ ʷˊʶˎ˄ʰ 

(Brunet, 2013). 

 

ʅʹ˃ʶʾʰ ɳˋˍʾʰˋʹˌ όHighlights) 

ʆˇ WWRP ʵʽʶ˅ʺʴʰʴʶ ʶˉʽˍˎ˔˗ˌ ˋʹ˃ʰ˄ˍʽˁʱ ʶ˄ˇˉˇʽʹ˃ʷ˄ʰ όintegratedύ ˉˊˇʴˊʱ˃˃ʰˍʰ ʷˊʶˎ˄ʰˌΣ 

ʰ˄ʱˉˍˎ˅ʹˌ ˁʰʽ ʶˉʾʵʶʽ˅ʹˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎΥ ˄ʰ ʶ˄ʽˋ˔ˎʻʶʾ ʹ ˁʰˍʰ˄ˈʹˋʹ ˁʰʽˊʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˎ˕ʹ˂ʺˌ 

ʶˉʾʵˊʰˋʹˌΣ ˄ʰ ʲʶ˂ˍʽ˖ʻˇˏ˄ ˇʽ ˍʶ˔˄ʽˁʷˌ ˉˊˈʴ˄˖ˋʹˌΣ ˄ʰ  ʽʵˊˎʻˇˏ˄ ˄ʷʶˌ ʲʱˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄Σ ˄ʰ 

ʵʽʶˎˁˇ˂ˎ˄ʻʶʾ ʹ ˃ʶˍʰ˒ˇˊʱ ʶˊʶˎ˄ʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋʶ ʶˉʽ˔ʶʽˊʹˋʽʰˁʺ ʶ˒ʰˊ˃ˇʴʺ ˁʰʽ ˄ʰ 

                                                           
69 ʆˇ THORPEX ʶʾ˄ʰʽ ʷ˄ʰ ʵʶˁʰʶˍʷˌ ʵʽʶʻ˄ʷˌ ˉˊˈʴˊʰ˃˃ʰ ʷˊʶˎ˄ʰˌ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹˌ ˍˇˎ WMOΣ ˃ʶ ˋˁˇˉˈ ˄ʰ 
ʶˉʽˍʰ˔ˏ˄ʶʽ ˍʽˌ ʲʶ˂ˍʽ˗ˋʶʽˌ ˋˍʹ˄ ʰˁˊʾʲʶʽʰ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ ˃ʾʰˌ ʹ˃ʷˊʰˌ ˃ʷ˔ˊʽ ʵˏˇ ʶʲʵˇ˃ʱʵ˖˄Σ ˉˊˇˌ 
ˈ˒ʶ˂ˇˌ ˍʹˌ ˁˇʽ˄˖˄ʾʰˌΣ ˍʹˌ ˇʽˁˇ˄ˇ˃ʾʰˌ ˁʰʽ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ όurl). 
70 ʃʹʴʺΥ WMO (url). 
71 ʆˇ ˉˊ˗ˍˇ ˋˍˊʰˍʹʴʽˁˈ ˋ˔ʷʵʽˇ ʴʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ WWRP: 2009 ς 2017Σ ʶ˄ˋ˖˃ʰˍ˗˄ʶʽ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ 
ˍ˖˄ ˃ʶ˂˗˄ ˍˇˎ WMO ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ THORPEXΣ ˋˍʹ˄ ˍˊˇˉʽˁʺ ˃ʶˍʶ˖ˊˇ˂ˇʴʾʰΣ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˃ʷˋʹˌ 
ˁ˂ʾ˃ʰˁʰˌΣ ˋˍˇ nowcastingΣ ˋˍʹ˄ ʶˉʰ˂ʺʻʶˎˋʹ ˁʰʽ ˋʶ ˇʽˁˇ˄ˇ˃ʽˁʷˌ ˁʰʽ ˁˇʽ˄˖˄ʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˍ˖˄ ˃ʶ˂˗˄ 
ˍˇˎ ˋˍʹ˄ ˉʰʴˁˈˋ˃ʽʰ ˁʰʽ ˍˇˉʽˁʺ ˉˊˇʴ˄˖ˋˍʽˁʺ ʷˊʶˎ˄ʰ ˁʰʽ ˉʰˊʰˍʺˊʹˋʹ όBrunet, 2013). 

http://www.wmo.int/pages/prog/arep/wwrp/new/thorpex_new.html
http://www.wmo.int/pages/prog/arep/wwrp/new/wwrp_new_en.html


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

78 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʰˉˇʵˇˍʽˁˈˍʶˊʰ ˍʰ ˉˊˇʿˈ˄ˍʰ ˉˊˈʴ˄˖ˋʹˌ ʰˉˈ ˍˇˎˌ ˍʶ˂ʽˁˇˏˌ ˔ˊʺˋˍʶˌ όBrunet, 

2011). 

ʆˇ MAP (Mesoscale Alpine Programme)72 ʰˉˇˍʷ˂ʶˋʶ ˍˇ ˉˊ˗ˍˇ RDPΣ ˍˇ ʷˍˇˌ мффф ˁʰʽ 

ʶˉʽˁʶ˄ˍˊ˗ʻʹˁʶ ˋˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˁʰʽˊʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˋʶ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˋˏ˄ʻʶˍˇ ʰ˄ʱʴ˂ˎ˒ˇ ˁʰʽ 

ˋˍʰ ˉ˂ʹ˃˃ˎˊʽˁʱ ʶˉʶʽˋˈʵʽʰ ˂ʶˁʰ˄˗˄ ʰˉˈˍˇ˃ʹˌ ʰˉˈˁˊʽˋʹˌ όflash floodsύΦ ɴˉʶʽˍʰ ʰˉˈ ˍʹ˄ ʶˉʽˍˎ˔ʾʰ 

ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΣ ˇˊʴʰ˄˗ʻʹˁʶ ˍˇ нллр ʹ ˒ʱˋʹ ʶˉʾʵʶʽ˅ʹˌ όDemonstration Phaseύ ˍˇˎ ǋǀǐ, MAP-

D ́  ˇˉˇʾʰ ʶˋˍʾʰˋʶ ˋˍʹ˄ ʶˉʾʵʶʽ˅ʹ ˍʹˌ ˔ˊʹˋʽ˃ˈˍʹˍʰˌ ˍ˖˄ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʴʽʰ ˎʵˊˇ˂ˇʴʽˁʷˌ 

ʶ˒ʰˊ˃ˇʴʷˌ ˉ˂ʹ˃˃ˎˊ˗˄ ˂ʶˁʰ˄˗˄ ʰˉˈˍˇ˃ʹˌ ʰˉˈˁˊʽˋʹˌΦ  

w  

 

ǵȑǿȊŭ 4.5.: ǶȍȊůȀȏ űȍȐ ɵȎȘűȍȐ ŰűȎŭűȅȃȇȈȍȗ ŰȑůŮȀȍȐ ůŲŭȎȊȍȃǿȏ űȍȐ WWRP, 2009 ð 2017 

(ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȍȐ Brunet [2011]) 

 

                                                           
72 Ť  MAP ʶʾ˄ʰʽ ˃ʽʰ ʵʽʶʻ˄ʺˌ ʶˊʶˎ˄ʹˍʽˁʺ ˉˊ˖ˍˇʲˇˎ˂ʾʰ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ ɯ˂ˉʶ˖˄Φ ʅˍˇ˔ʶˏʶʽ ˋˍʹ˄ 
ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˁʰʽ ˉˊˈʴ˄˖ˋʹ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ˊˇ˗˄Σ ˎʵʰˍ˖ʵ˗˄ ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄ ˁʰʽ 
ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˋˍʽˌ ɯ˂ˉʶʽˌ ˃ʶ ˔ˊʺˋʹ ʰˊʽʻ˃ʹˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄Φ ɹʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ʵʾʵʶˍʰʽ ˋʶ 
˒ˎˋʽˁˇˏˌ ˁʽ˄ʵˏ˄ˇˎˌ ˈˉ˖ˌ ʶˉʶʽˋˈʵʽʰ ˊʰʴʵʰʾʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˉ˂ʹ˃˃ˏˊʶˌ ˂ʶˁʰ˄˗˄ ʰˉˈˍˇ˃ʹˌ ʰˉˈˁˊʽˋʹˌ 
(flash floodsύ ˁʰʽ ʰ˄ʶ˃ˇʻˏʶ˂˂ʶˌ όurl). 

ʃʰʴˁˈˋ˃ʽˇ 
ʃˊˈʴˊʰ˃˃ʰ 

ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ 
ɴˊʶˎ˄ʰˌ όWWRP)

ʃʰʴˁˈˋ˃ʽʰ 
ɮˊʽʻ˃ʹˍʽˁʺ 
ʃˊˈʴ˄˖ˋʹ 
ɼʰʽˊˇˏ

THORPEX

ɴˊʶˎ˄ʰ 
ʃˊˈʴ˄˖ˋʹˌ 
ɾʷˋʹˌ 
ɼ˂ʾ˃ʰˁʰˌ

ɴˊʶˎ˄ʰ 
Nowcasting

ɮ˅ʽˇ˂ˈʴʹˋʹ 
ʆˊˇˉˇˉˇʾʹˋʹˌ 
ɼʰʽˊˇˏ

ɴˊʶˎ˄ʰ ʆˊˇˉʽˁʺˌ 
ɾʶˍʶ˖ˊˇ˂ˇʴʾʰˌ

ɴˊʶˎ˄ʰ 
ɳˉʰ˂ʺʻʶˎˋʹˌ 
ʃˊˇʴ˄˗ˋʶ˖˄

ɳ˒ʰˊ˃ˇʴʷˌ 
ɼˇʽ˄˖˄ʽˁʺˌ 
ˁʰʽ 

ʁʽˁˇ˄ˇ˃ʽˁʺˌ 
ɴˊʶˎ˄ʰˌ

http://www.iac.ethz.ch/groups/schaer/research/completed_projects/map


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 4: ǄǔǀǐǋǎǂǄǑ NOWCASTING ð ǄǐǄǓǌǀ 79 

ɯ˂˂ʰ ˋʹ˃ʶʾʰ ʶˋˍʾʰˋʹˌ ʶʾ˄ʰʽΥ  

τ ̱ ˇ FDP ̱ ˖˄ ʁ˂ˎ˃ˉʽʰˁ˗˄ ɮʴ˗˄˖˄ ˋˍˇ ʅˏʵ˄ʶːΣ нллл73,  

τ ́  ʁ˃ʱʵʰ TIGGE (THORPEX Interactive Grand Global Ensemble)74, 

τ ̱ ˇ FDP ̱ ˖˄ ʁ˂ˎ˃ˉʽʰˁ˗˄ ɮʴ˗˄˖˄ ˋˍˇ ʃʶˁʾ˄ˇ нллу όB08FDP)75,  

τ ˍˇ ʁ˂ˎ˃ˉʽʰˁˈ ɳˉʽˋˍʹ˃ˇ˄ʽˁˈ ʃˊˈʴˊʰ˃˃ʰ Nowcasting ˋˍˇ ɰʰ˄ˁˇˏʲʶˊ SNOW V10 (Science 

Nowcasting Olympic Weather Vancouver - SNOW V10)Σ ˍˇ ˇˉˇʾˇ ˋˎ˄ʶ˔ʾʸʶˍʰʽ ˃ʶ ˍˇ ʃˊˈʴˊʰ˃˃ʰ 

FROST 2014 (Forecasting and Research: the Olympic Sochi TestbedΣ ˋˍˇ Sochi ̱ ˇ нлмп76), 

τ ́  ɲʽʶʻ˄ʺˌ ʶˁˋˍˊʰˍʶʾʰ ˉʶʵʾˇˎ ʴʽʰ ˍˊˇˉʽˁˇˏˌ ˁˎˁ˂˗˄ʶˌΥ 

w ATReC (Atlantic THORPEX Regional Campaign)77, 2003, 

w T- PARC (THORPEX Paciþc Asian Regional Campaign)78 ˁ ʰʽ  

w ʃˍʺˋʶʽˌ ɮ˄ʰʴ˄˗ˊʽˋʹˌ ʋʶʽ˃ʶˊʽ˄˗˄ ɼʰˍʰʽʴʾʵ˖˄ ˋˍʽˌ ɶʃɮ (USA Winter Storms 

Reconnaissance, WSR)79,  

τ ˍ hʅˎ˃ʲˇˎ˂ʶˎˍʽˁʱ ˁʰʽ ɮ˅ʽˇ˂ˇʴʽˁʱ ʅˎˋˍʺ˃ʰˍʰ ʃˊˇʶʽʵˇˉˇʾʹˋʹˌ ʴʽʰ ɮ˃˃ˇʻˏʶ˂˂ʶˌ ˁʰʽ ɸˏʶ˂˂ʶˌ 

ʅˁˈ˄ʹˌ [Sand and Dust Storm Warning Advisory and Assessment System (SDS-WAS)80], 2007, 

τ ˍ ̌ʅˏˋˍʹ˃ʰ ɴʴˁʰʽˊʹˌ ʃˊˇʶʽʵˇˉˇʾʹˋʹˌ ʃˇ˂˂ʰˉ˂ʺˌ ɳˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ˍʹˌ ʅʰʴˁʱʹˌ [The Shanghai 

Multi-Hazard Early Warning System (MHEWS)81], 2010, 

                                                           
73 ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ сΦ 
74 ʆˇ TIGGE ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʲʰˋʽˁˈ ˍ˃ʺ˃ʰ ˍˇˎ THORPEXΦ ʆˇ ʰˊ˔ʶʾˇ ˍˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵʶʵˇ˃ʷ˄ʰ 
ˉˊˇʴ˄˗ˋʶ˖˄ ensemble h ˉˈ ʵʷˁʰ ˉʰʴˁˈˋ˃ʽʰ ˁʷ˄ˍˊʰ ɮˊʽʻ˃ʹˍʽˁʺˌ ʃˊˈʴ˄˖ˋʹˌ ɼʰʽˊˇˏ όNWPύΣ ʶˁˁʽ˄˗˄ˍʰˌ 
ˍˇ˄ ʁˁˍ˗ʲˊʽˇ ˍˇˎ нллсΣ ˍʰ ˇˉˇʾʰ ʵʽʰˍʾʻʶ˄ˍʰʽ ʴʽʰ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ʷˊʶˎ˄ʰΦ ɳˉʾˋʹˌΣ ʷ˔ʶʽ ʴʾ˄ʶʽ ˋʹ˃ʶʾˇ 
ʶˋˍʾʰˋʹˌ ʶ˄ˈˌ ʶˏˊˇˎˌ ʶˊʶˎ˄ʹˍʽˁ˗˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄Σ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˁʰʽ ˍʹˌ ʷˊʶˎ˄ʰˌ ˋˍʹ˄ ˍʶ˔˄ʽˁʺ 
ˉˇ˂˂ʰˉ˂˗˄ ʵʶʽʴ˃ʱˍ˖˄ όensemble forecastingύΣ ʴʽʰ ˉˊˇʴ˄˖ˋʽ˃ˈˍʹˍʰ ˁʰʽ ʴʽʰ ʰ˄ʱˉˍˎ˅ʹ ˉˊˇʿˈ˄ˍ˖˄ ˉˇˎ 
ʲʶ˂ˍʽ˗˄ˇˎ˄ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ʶˉʽˁʾ˄ʵˎ˄˖˄ ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ όurl). 
75 ʃʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ сΦ 
76 ɶ ʄ˖ˋʽˁʺ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ʇˉʹˊʶˋʾʰ όwƻǎƘȅŘǊƻƳŜǘύ ˇˊʴʱ˄˖ˋʶ ˃ʽʰ ˃ʾ˅ʹ RDP/FDP ˎˉˈ ˍʹ˄ ʰʽʴʾʵʰ ˍˇˎ 
WMO: FROST-2014 (url). 
77 ʅˍˈ˔ʶˎˋʹ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˋ˔ʶʵˈ˄ ʶˉʽ˔ʶʽˊʹˋʽʰˁˇˏ ˍˏˉˇˎ όquasi-operationalύ ˉˇ˂˂ʰˉ˂˗˄ 
ˉʰˊʰˍʹˊʺˋʶ˖˄ ʰˉˈ ˉ˂ʰˍ˒ˈˊ˃ʶˌ ˋˍˇ˄ ɰˈˊʶʽˇ ɮˍ˂ʰ˄ˍʽˁˈΣ ˍˇ˄ ɼʰ˄ʰʵʱ ˁʰʽ ˍʹ˄ ɳˎˊ˗ˉʹ όurl). 
78 ʆˇ T-PARC ʶʾ˄ʰʽ ˃ʽʰ ˉˇ˂ˎʶʻ˄ʽˁʺ ʶˁˋˍˊʰˍʶʾʰ ˋ˔ʶʵʽʰˋ˃ʷ˄ʹ ʰˉˈ ʆˇˉʽˁʷˌ ɳˉʽˍˊˇˉʷˌ ˋʶ ɮˋʾʰ ˁʰʽ ɰˈˊʶʽʰ 
ɮ˃ʶˊʽˁʺ ˁʰʽ ˍʽˌ ˋ˔ʶˍʽʸˈ˃ʶ˄ʶˌ ɳʻ˄ʽˁʷˌ ɳˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ɳˉʽˍˊˇˉʷˌ ˍˇˎˌΣ ˉˇˎ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸˇˎ˄ ˍʽˌ ʶʴʴˏˍʶˊˇˎ 
ʶˏˊˇˎˌ όshorter-rangeύ ʵˎ˄ʰ˃ʽˁʷˌ ˁʰʽ ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˉˊˈʴ˄˖ˋʹˌ ˋʶ ˃ʽʰ ˉʶˊʽˇ˔ʺ όɮ˄ʰˍˇ˂ʽˁʺ ɮˋʾʰ ˁʰʽ 
ʵˎˍʽˁˈˌ ɰˈˊʶʽˇˌ ɳʽˊʹ˄ʽˁˈˌύΦ ɳˉʾˋʹˌΣ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˇʽ ʶˉʽˉˍ˗ˋʶʽˌ ˋʶ ʵˎ˄ʰ˃ʽˁʷˌ ˃ʷˋˇˎ ʶˏˊˇˎˌ ˍ˖˄ 
ζˁʰˍʱ˄ˍʹη ʸ˖˄˗˄ όʰ˄ʰˍˇ˂ʽˁˈˌ ɰˈˊʶʽˇˌ ɳʽˊʹ˄ʽˁˈˌΣ ɰˈˊʶʽʰ ɮ˃ʶˊʽˁʺ ˁʰʽ ʾˋ˖ˌ ʶˉʷˁˍʰˋʹ ˃ʷ˔ˊʽ ˍʹ˄ ɳˎˊ˗ˉʹύ 
(url). 
79 ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ ʶˍʺˋʽˇ ˔ʶʽ˃ʶˊʽ˄ˈ ˉˊˈʴˊʰ˃˃ʰ ˈˉˇˎ ʹ ɮ˃ʶˊʽˁʰ˄ʽˁʺ ɳʻ˄ʽˁʺ ʇˉʹˊʶˋʾʰ ʍˁʶʰ˄˗˄ ˁʰʽ 
ɮˍ˃ˈˋ˒ʰʽˊʰˌ ώNational Oceanic and Atmospheric Administration (NOAAύϐ ˁʰʽ ʹ ɮʶˊˇˉˇˊʾʰ ˍ˖˄ ɷʃɮ 
[United States Air Force (USAFύϐ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʰʶˊˇˋˁʱ˒ʹ C мол ʴʽʰ ˋˎ˂˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ 
dropsonde όˋˎˋˁʶˎʷˌ ˉˇˎ ˊʾˉˍˇ˄ˍʰʽ ʰˉˈ ʰʶˊˇˋˁʱ˒ˇˌ ˃ʶ ˋˁˇˉˈ ˍʹ ˋˎ˂˂ˇʴʺ ˉʰˊʰˍʹˊʺˋʶ˖˄ ʴʽʰ ˍˊˇˉʽˁʷˌ 
ˁʰˍʰʽʴʾʵʶˌ ˁʰˍʱ ˍʹ˄ ˉˍ˗ˋʹ ˍˇˎˌύ όurl). 
80 ʆˇ SDS-WAS ̒ ʶ˃ʶ˂ʽ˗ʻʹˁʶ ˍˇ нллт ʷˉʶʽˍʰ ʰˉˈ ˉˊˈʻʶˋʹ пл ˁˊʰˍ˗˄ ˃ʶ˂˗˄ ˍˇˎ WMO ˄ ʰ ʲʶ˂ˍʽ˗ˋˇˎ˄ ˍʽˌ 
ʵˎ˄ʰˍˈˍʹˍʶˌ ˉˊˇʴ˄˗ˋʶ˖˄ ʰ˃˃ˇʻˏʶ˂˂ʰˌ ˁʰʽ ʻˏʶ˂˂ʰˌ ˋˁˈ˄ʹˌ όurl). 
81 ʆˇ MHEWS ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ʴʽʰ ˄ʰ ʰ˄ˍʰˉˇˁˊʽʻʶʾ ˋˍʽˌ ʰ˄ʱʴˁʶˌ ˃ʽʰˌ ˃ʶʴʰ˂ˇˏˉˇ˂ʹˌ но ʶˁʰˍˇ˃˃ˎˊʾ˖˄ 
ˁʰˍˇʾˁ˖˄ ʴʽʰ ˉʰˊˇ˔ʺ ˉˊˇʶʽʵˇˉˇʽʺˋʶ˖˄ ˎʵˊˇ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ όurl).  

http://tigge.ecmwf.int/
http://frost2014.meteoinfo.ru/media/present/ems-2013/EMS2013_montani_final.pdf
http://www.ucar.edu/na-thorpex/documents/montreal04/Fri_830_Truscott.pdf
http://www.ucar.edu/na-thorpex/PARC.html
http://www.aoc.noaa.gov/article_winterstorm.htm
http://www.wmo.int/pages/prog/arep/wwrp/new/Sand_and_Dust_Storm.html
http://www.gfdrr.org/sites/gfdrr.org/files/Multi-Hazard_Early_Warning_and_Decision_Support_Systems_Workshop_12-04-13.pdf
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80 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

τ ̱ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍˊʽ˗˄ ˁʷ˄ˍˊ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ˇˎˋ˗˄˖˄Υ ˋˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˍˇˎ ɼˇ˂ˇˊʱ˄ˍˇ ˍ˖˄ ɶʃɮΣ 

ˋˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˍʹˌ ɿʰʴˁˈʴʽʰ ˋˍʹ˄ ɹʰˉ˖˄ʾʰΣ ˁʰʽ ˋˍˇ ɼ˂ʽ˃ʰˍˇ˂ˇʴʽˁˈ ɼʷ˄ˍˊˇ ˍˇˎ ʃʶˁʾ˄ˇˎ ˍʹˌ 

ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʇˉʹˊʶˋʾʰˌ ˍʹˌ ɼʾ˄ʰˌ  ώChina Meteorological Administration (CMA)]. 

τ ̱ ˇ ɲʽʶʻ˄ʷˌ ʃˇ˂ʽˁˈ ɴˍˇˌ ώInternational Polar Year (IPY)82ϐ ˍˇˎ THORPEX, 2007-луΣ ˁʰ ̔

τ ˍʰ ɳˎˊ˖ˉʰʿˁʱ ʅˎ˄ˍˇ˄ʽˋ˃ʷ˄ʰ ʃʶʽˊʱ˃ʰˍʰ ˍˇ нллтΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˍʹˌ ˃ʶ˂ʷˍʹˌ COPS 

(Convective and Orographically induced Precipitation Study)83.  

τ ̱ ˇ YOTC όɴˍˇˌ ʆˊˇˉʽˁʺˌ ɾʶˍʰʴ˖ʴʺˌ - Year of Tropical Convection)84, 2008 όʅ˔Φ пΦ6.). 

 

ǵȑǿȊŭ 4.6.: Ǡűȍȏ ǶȎȍɵȇȈǿȏ ǯůűŭȃȓȃǿȏ, 2008 (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȍȐ Brunet 

[2011]) 

ʆʷ˂ˇˌΣ ˍˇ WWRP ʷ˔ʶʽ ʻʶˋˉʾˋʶʽ ˄ʷʶˌ ˇˊʴʰ˄˖ˍʽˁʷˌ ʵˇ˃ʷˌ ˁʰʽ ʷ˔ʶʽ ˉˊˇ˖ʻʺˋʶʽ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ 

ʴʽʰ ˄ʰ ʶ˄ʽˋ˔ˏˋʶʽ ˍʽˌ ˋˍˊʰˍʹʴʽˁʷˌ ˍˇˎ WMO: 

                                                           
82 ʆˇ IPY h ˉˇˍʶ˂ʶʾ ˃ʽʰ ˋˎ˄ʶˊʴʰˍʽˁʺ ʵʽʶʻ˄ʺ ʶˊʶˎ˄ʹˍʽˁʺ ˉˊˇˋˉʱʻʶʽʰ ʴʽʰ ˍʽˌ ˉˇ˂ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ όurl). 
83 ʁ ˋˁˇˉˈˌ ˍˇˎ COPS ʶʾ˄ʰʽ ˄ʰ ʰ˄ʰʴ˄˖ˊʾˋʶʽ ˍʽˌ ˒ˎˋʽˁʷˌ ˁʰʽ ˔ʹ˃ʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ʶˎʻˏ˄ˇ˄ˍʰʽ ʴʽʰ 
ʰ˄ʶˉʱˊˁʶʽʶˌ ˋʶ ʃˇˋˇˍʽˁʷˌ ʃˊˇʴ˄˗ˋʶʽˌ ɼʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ (QPFύΣ ʶˉʱ˄˖ ʰˉˈ ˇˊʶʽ˄ʷˌ ˉʶˊʽˇ˔ʷˌ ˔ʰ˃ʹ˂ˇˏ 
ˎ˕ˇ˃ʷˍˊˇˎΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˉʰˊˇˎˋʾʰˋʹˌ ˍʹˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʺˌ ˍˇˎˌ όurl). 
84 Ť  YOTCΣ ˉˇˎ ˅ʶˁʾ˄ʹˋʶ ˍʹ˄ мʹ ɮˎʴˇˏˋˍˇˎ нллуΣ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˁˇʽ˄ʺ ˉˊ˖ˍˇʲˇˎ˂ʾʰ ˍˇˎ ʃʰʴˁˈˋ˃ʽˇˎ 
ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɴˊʶˎ˄ʰˌ ˍˇˎ ɼ˂ʾ˃ʰˍˇˌ όWCRPύ ˁʰʽ ˍˇˎ WWRP/THORPEXΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ ʷˍˇˌ 
ˋˎ˄ˍˇ˄ʽˋ˃ʷ˄ʹˌ όcoordinatedύ ˉʰˊʰˍʺˊʹˋʹˌΣ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˁʰʽ ˉˊˈʴ˄˖ˋʹˌΣ ˃ʶ ʶˉʽˁʷ˄ˍˊ˖ˋʹ ˋˍʹ˄ 
ˇˊʴʰ˄˖˃ʷ˄ʹ ˍˊˇˉʽˁʺ ˃ʶˍʰʴ˖ʴʺΣ ˍʹ˄ ˉˊˈʲ˂ʶ˕ʺ ˍʹˌ ˁʰʽ ˍʹ˄ ˉˊˇʴ˄˖ˋʽ˃ˈˍʹˍʱ ˍʹˌ όurl). 

ɴˍˇˌ 
ʆˊˇˉʽˁʺˌ 
ɾʶˍʰʴ˖ʴʺˌ 

(YʁTC)

ʃʰʴˁˈˋ˃ʽʰɼʰˍʰˁˊʺ˃˄ʽˋʹ

ʇ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ 
ˋʶˍ ʵʶʵˇ˃ʷ˄˖˄˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁ˗˄ 

˃ˇ˄ˍʷ˂˖˄

ɴˊʶˎ˄ʰ

ɾʶ˂ʷˍʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˉʰʴˁˈˋ˃ʽ˖˄ 
ˋʶˍ ʵʶʵˇ˃ʷ˄˖˄Σ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹΣ 
ˎˉʶˊˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ˁʰʽ 

ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʹ ˃ʶˍʰʴ˖ʴʺ ʰˉˇ ʆˇˉʽˁʱ ˋʶ 
ʃʰʴˁˈˋ˃ʽʰ ˃ˇ˄ˍʷ˂ʰΣ ʻʶ˖ˊʹˍʽˁʷˌ ˃ʶ˂ʷˍʶˌ

ɳ˄ˇˉˇʽʹ˃ʷ˄ʶˌ ʃʰˊʰˍʹˊʺˋʶʽˌ

ʅʶˍ ʵʶʵˇ˃ʷ˄˖˄ ʵˇˊˎ˒ˈˊ˖˄Σ ˍˇˉʽˁ˗˄ 
ʶˁˋˍˊʰˍʶʽ˗˄, in-situ

http://en.wikipedia.org/wiki/International_Polar_Year
http://www.cops2007.de/
uhttp://yotc.ucar.edu/
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w ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ˍʹ˄ ʁ˃ʱʵʰ ɳˊʴʰˋʾʰˌ ɳ˒ʰˊ˃ˇʴ˗˄ ɼˇʽ˄˖˄ʽˁʺˌ ˁʰʽ ʁʽˁˇ˄ˇ˃ʽˁʺˌ ɴˊʶˎ˄ʰˌ 

(Societal and Economic Research and Applications, SERA), ʴʽʰ ˍʹ˄ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍʹˌ 

ʶˉʽˋˍʺ˃ʹˌ ˁˇʽ˄˖˄ʽˁ˗˄ ˁʰʽ ˇʽˁˇ˄ˇ˃ʽˁ˗˄ ʶ˒ʰˊ˃ˇʴ˗˄ ˁʰʽˊʽˁ˗˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˁʰʽ 

ˎˉʹˊʶˋʽ˗˄Σ ˋʶ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ˍˇ ɹ˄ˋˍʽˍˇˏˍˇ IRDR (Integrated Research on Disaster Risk 

Institute85) ˍˇˎ ɲʽʶʻ˄ˇˏˌ ʅˎ˃ʲˇˎ˂ʾˇˎ ʴʽʰ ˍʹ˄ ɳˉʽˋˍʺ˃ʹ ώInternational Council for Science 

(ICSU)],  ˁ ʰʽ 

w ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʰˌ ˋˍʹ˄ ʰ˄ʰ˒ˇˊʱ ˍʹˌ ʁ˃ʱʵʰˌ EC-RTT (Executive Council Research Task 

Team) ζɹ ʽʰ ˍʽˌ ˉ́ ˇˁ˂ʺˋʶʽˌ ˁʰʽ ˍʽˌ ʶˎˁʰʽˊʾʶˌ ˋˍʹ˄ ʷˊʶˎ˄ʰ ʴʽʰ ʲʶ˂ˍʽ˖˃ʷ˄ʰ ˉˊˇʿˈ˄ˍʰ ˁʰʽ ˄ʷʶˌ 

ˎˉʹˊʶˋʾʶˌ ˋˍˇ ˁ˂ʾ˃ʰΣ ˍˇ˄ ˁʰʽˊˈΣ ˍˇ ˄ʶˊˈ ˁʰʽ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄η. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
85 ʆˇ  IRDR ʁ ʾ˄ʰʽ ʷ˄ʰ ʵʶˁʰʶˍʷˌ ʵʽʶˉʽˋˍʹ˃ˇ˄ʽˁˈ ʶˊʶˎ˄ʹˍʽˁˈ ˉˊˈʴˊʰ˃˃ʰΣ ˍˇ ˇˉˇʾˇ ˔ˊʹ˃ʰˍˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍˇ 
ICSUΦ ɮˉˇˍʶ˂ʶʾ ˃ʽʰ ˉʰʴˁˈˋ˃ʽʰ ˉˊ˖ˍˇʲˇˎ˂ʾʰ ˉˇˎ ˋˍˇ˔ʶˏʶʽ ˋˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˉˊˇˁ˂ʺˋʶ˖˄ ʰˉˈ 
ʴʶʴˇ˄ˈˍʰ ˒ˎˋʽˁ˗˄ ˁʽ˄ʵˏ˄˖˄Σ ˋˍʹ˄ ʱ˃ʲ˂ˎ˄ˋʹ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˗˄ ˍˇˎˌ ˁʰʽ ˋˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍ˖˄ ˃ʹ˔ʰ˄ʽˋ˃˗˄ 
˔ʱˊʰ˅ʹˌ ˋ˔ʶˍʽˁʺˌ ˉˇ˂ʽˍʽˁʺˌ όurl). 

http://www.icsu.org/what-we-do/interdisciplinary-bodies/irdr
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ǉǄǔǀǊǀǈǎ 5: ǑǓǑǒǆǋǀǒǀ N OWCASTING  

 

ʆʰ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˗ˋˍʶ ˄ʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ 

ˍʹ˄ ˁˏˊʽʰ ˍʱˋʹ ˍʹˌ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ˉˊˈʴ˄˖ˋʹˌ ˎʵʰˍ˖ʵ˗˄ ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄ όˁʰˍʰʽʴʾʵʶˌΣ 

ʲˊˇ˔ˈˉˍ˖ˋʹΣ ʶˉʽˁʾ˄ʵˎ˄ʰ ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰύΣ ʰˉˈ ˍʰ ˉˊ˗ˍʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʰ ʲʺ˃ʰˍʰ 

ʶˉʽ˔ʶʽˊʹˋʽʰˁʺˌ ˃ˇˊ˒ʺˌ όˋˏˋˍʹ˃ʰ SHARP [Bellon and Austin, 1978ϐ ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰΦ 

 

5.1. ũŮɜɘəɎ ï ɇŮɢɜɘəɏɠ ɀɏɢɟɘ Űɞ 1975 

ɳˉʽˋʹ˃ʰʾ˄ˇ˄ˍʰʽ ˍˊʶʽˌ ʲʰˋʽˁʷˌ ˃ʷʻˇʵˇʽ ̄ ˊˈʴ˄˖ˋʹˌ (Wilson et al., 1998): 

1. ɳˏˊʶˋʹ ɻ ʽʰ˄ˎˋ˃ʱˍ˖˄ ˃ʶˍʰˍˈˉʽˋʹˌΣ ˃ʷˋ˖ ˃ʽʰ ̩̱ ʶ˔˄ʽˁʺˌ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹˌ ʺ ˋˎˋ˔ʷˍʽˋʹˌΦ ɴ˄ʰ 

ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ʹ ɼʰ˄ʰʵʽˁʺ ˃ʷʻˇʵˇˌΣ ˉˇˎ ˉʶˊʽʶʴˊʱ˒ʹˁʶ ʰˉˈ ˍˇˎˌ  Austin ˁʰʽ Bellon 

(1974), 

2. ɼʾ˄ʹˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄ʹˌ ʹ˔ˇˏˌΣ ˃ʷˋ˖ ʽ˔˄ʹ˂ʱˍʹˋʹˌ ʶʾˍʶ ˍ˖˄ ˁʷ˄ˍˊ˖˄ ˉʶˊʽˇ˔˗˄Σ ʶʾˍʶ ˁʷ˄ˍˊ˖˄ 

˃ʱʸʰˌΦ ʃʰˊʰʵʶʾʴ˃ʰˍʰΥ ʴ́ ʰ˃˃ʽˁʺ ˉˊˇʶˁʲˇ˂ʺ ʁ ˂ʰ˔ʾˋˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄ ˍ˖˄ ˁʶ˄ˍˊˇʶʽʵ˗˄Σ ʰˉˈ 

ˍˇ NSSL (National Severe Storms Laboratoryύ ˍˇˎ NOAA  ̀ ˍʽˌ ɶʃɮ (Barclay and Wilk, 1970̃ 

Wilk and Gray, 1970)]Σ ˁʰʽ 

3. ɹ˔˄ʹ˂ʱˍʹˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄ʹˌ ʹ˔ˇˏˌΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˋˏ˃ˉ˂ʶʴ˃ʰ ˍʹˌ ʹ˔ˇˏˌ 

ˁʰʽ ˇˊʽˋ˃ʷ˄ʶˌ ˃ ʶˍˊʺˋʶʽˌ ˋ˔ʶˍʽˁʷˌ ˃ʶ ˍʹ˄ ˃ʶ˃ˇ˄˖˃ʷ˄ʹ ʹ˔˗Φ  
 

5.2. SHARP (1976), ȾŬɜŬŭɎɠ 

ʆˇ ˉˊ˗ˍˇ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ˇ ʶˉʽ˔ʶʽˊʹˋʽʰˁˈ ˋˏˋˍʹ˃ʰ nowcasting ʶ˒ʰˊ˃ˈˋˍʹˁʶ ˍˇ мфтсΣ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ˊh ˄ˍʱˊ ˁh ʽˊˇˏ ˍˇˎ ˉʰ˄ʶˉʽˋˍʹ˃ʾˇˎ McGillΣ ˋˍˇ˄ ɼʰ˄ʰʵʱΦ  ʆʰ ˉˊˇʿˈ˄ˍʰ 

ʶˋˍʱ˂ʹˋʰ˄ ˋˍˇ ɼʷ˄ˍˊˇ ʇˉʹˊʶˋʾʰˌ ʃˊˈʴ˄˖ˋʹˌ ɮˍ˃ˇˋ˒ʰʽˊʽˁˇˏ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ (Atmospheric 

Environment Service Forecast Centre)Σ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ɼʶ˃ˉʷˁΦ ʁʽ ʶˉʽˋˍʺ˃ˇ˄ʶˌ ˍˇˎ 

ˉʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ˎʽˇʻʷˍʹˋʰ˄ ˃ʽʰ ʶˁʵˇ˔ʺ ˍʹˌ ˃ʶʻˈʵˇˎ ˍʹˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 

ˉˊˇʴ˄˗ˋˇˎ˄ ˍʽˌ ˉˇˋˈˍʹˍʶˌ ˍ˖˄ ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄Φ ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ˇ˄ˇ˃ʱʸʶˍʰʽ SHARP (Short-term 

Automatic Radar Prediction). ʋ́ ʹˋʽ˃ˇˉˇʽʶʾ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽˊˇˏ ʰˉˈ ˊʰ˄ˍʱˊΦ ɳʾ˄ʰʽ ˃ʽʰ ʰˉ˂ʺ ˁʰʽ 

ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺ ʰ˄ʰʴ˄˗ˊʽˋʹ ˁʰʽ ʰ˄ˍʽˋˍˇʾ˔ʹˋʹ ˃ˇˍʾʲ˖˄Φ ɶ ˁʰˍʰˁˊʺ˃˄ʽˋʹ ˉˊˇʲ˂ʷˉʶˍʰʽ ʰˎˍˈ˃ʰˍʰΦ  

ɶ ˃ʷʻˇʵˇˌ ʶ˂ʷʴ˔ʻʹˁʶ ˋˍˇ ɾˈ˄ˍˊʶʰ˂ ˍˇˎ ɼʰ˄ʰʵʱ ʴʽʰ ʶˏˊˇˌ ʷ˖ˌ о h ˃ ʶ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ʵʶʵˇ˃ʷ˄ʰ 

н ʶˍ˗˄ όBellon and Austin, 1978). 

 

5.2.1. ɀŮɗɞŭɞɚɞɔɑŬ 

ɼʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ̝ ʱ́ˍʶˌ ˁʰˊˍʶˋʽʰ˄˗˄ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ CAPPI (Constant Altitude Plan Position 

Indicator)86 ̀  ʁ̀ ˏ˄ʵʶˋʹ ˃ʶ ˊʰ˄ˍʱˊ ˁʰʽ ʰ˄ˍʽˋˍˇʽ˔ʾʸˇ˄ˍʰʽ ˍʰ ˃ˇˍʾʲʰ ̀ ˍˇˎˌ ɻ ˏˇ ˔ʱˊˍʶˌ ˃ʶ ʵʽʰ˒ˇˊʱ мh. 

ɴˉʶʽˍʰ, ʁ ˅ʱʴʶˍʰʽ ʹ ˉˊˈʴ˄˖ˋʹΣ ˉˊˇʶˁʲʱ˂˂ˇ˄ˍʰˌ ˍʹ˄ ˉʰˊʰʴˈ˃ʶ˄ʹ ˁʾ˄ʹˋʹΦ 

                                                           
86 ʆˇ CAPPI ʶʾ˄ʰʽ ˃ʽʰ ʰˉʶʽˁˈ˄ʽˋʹ ˊʰ˄ˍʱˊΣ ˉˇˎ ˉʰˊʷ˔ʶʽ ˃ʽʰ ˇˊʽʸˈ˄ˍʽʰ ˍˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˋˍʰʻʶˊˈ 
ˎ˕ˈ˃ʶˍˊˇ όurlύΦ ɮˉˇˍʶ˂ʶʾ ˋˏ˄ʻʶˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˉʰˊʰˍʹˊʺˋʶ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʴ˖˄ʽ˗˄Φ ʆˇ ˃ʷˊˇˌ ˁʱʻʶ 
ˉʰˊʰˍʺˊʹˋʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶʾ˄ʰʽ ʶˁʶʾ˄ˇ ˉˇˎ ʶʾ˄ʰʽ ˉʽˇ ˁˇ˄ˍʱ ˋˍˇ ʶˉʽʻˎ˃ʹˍˈ ˎ˕ˈ˃ʶˍˊˇ όɾˉʰ˂ˍʱˌΣ 
2006). 

http://en.wikipedia.org/wiki/Constant_altitude_plan_position_indicator


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

84 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʅˍˇˎˌ ˔ʱˊˍʶˌ CAPPI ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʱ˄ʰʲˇˌ 3 kmΣ ʶˉʶʽʵʺ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʰ˄ʱ˂ˎˋʹ ʶʾ˄ʰʽ 

˂ʽʴˈˍʶˊˇ ʶˎʱ˂˖ˍʹ ˋˍʽˌ ʶˉʽʵˊʱˋʶʽˌ ˍ˖˄ ˇˊʴʱ˄˖˄ ˉˇˎ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʷˌ ˃ʶ ˍˇ ʶˏˊˇˌ ˉˊˈʴ˄˖ˋʹˌ.  

ɮ˄ˍʾʻʶˍʰΣ ˇʽ ˔ʱˊˍʶˌ ˃ ʁ˔ʰ˃ʹ˂ʺ ʴ˖˄ʾʰ ʰ˄ˏ˕˖ˋʹˌ ˃ʶˍʰʲʱ˂˂ˇ˄ˍʰʽ ʶ˃˒ʰ˄˗ˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʶˏˊˇˌ 

ˉˊˈʴ˄˖ˋʹˌΣ ˇʵʹʴ˗˄ˍʰˌ ˋʶ ˎˉˇʶˁˍʾ˃ʹˋʹ ˍ˖˄ ʶ˄ˍʱˋʶ˖˄ ̡ ˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˃ʶʴʱ˂ˇ ʶˏˊˇˌ ̄ ˊˈʴ˄˖ˋʹˌ. 

ɴˍˋʽΣ ˍˇ VIL (Vertically Integrated Liquid)87 ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍˊʹʻʶʾ ˋ˖ˋˍʱ ˋʶ ˃ʶʴʱ˂ˇ ʶˏˊˇˌΣ ˂ˈʴ˖ 

ˍʹˌ ˉˊˇˇʵʶˎˍʽˁʺˌ ʰˉ˗˂ʶʽʰˌ ˍ˖˄ ˁʰˍ˗ˍʶˊ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΦ  

ʁʽ ˍʽ˃ʷˌ ˍˇˎ ˁʰ˄ʱʲˇˎ ˎˉˇ˂ˇʴʾʸˇ˄̱ʰʽ ˃ʶˍʰˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ɵ ˍˇˎ ˊʰ˄ˍʱˊ ˋʶ 

ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ RΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ʶˁʻʶˍʽˁʺ ˋ˔ʷˋʹ Marshall-Palmer88Φ ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ 

ʵʽʰˍʹˊʶʾ ˍʹ˄ ˎʵˊˇ˂ˇʴʽˁʺ ʰˁˊʾʲʶʽʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˉʰˊʱ˂˂ʹ˂ʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ˍʹ˄ 

ˉˇˋˈˍʹˍʱ ˍˇˎˌΦ ʁʽ ˔ʱˊˍʶˌ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˋˍˇ ˄ʰ ʵʽʰʻʷˍˇˎ˄ ˁ˂ʾ˃ʰˁʰ ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ мр 

ʶˉʽˉʷʵ˖˄Φ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˃ˇˍʾʲ˖˄ (pattern recognition) ˎˉˇ˂ˇʴʾʸˇ˄ˍʰˌ ˍˇ˄ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ˉʽʻʰ˄ʷˌ ˃ʶˍʰˍˇˉʾˋʶʽˌ ˃ʷ˔ˊʽ ˄ʰ ˋˎ˃ˉʶˊʽ˂ʹ˒ʻʶʾ ˁʰʽ ˄ʰ 

ʰ˄ʰʴ˄˖ˊʽˋˍʶʾ ́  ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˍˇˎ89. 

ɶ ˍʰ˔ˏˍʹˍʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰˌ ̱ ʹ ˃ʷˋʹ ˃ʶˍʰˍˈˉʽˋʹ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ʰ˄ʱ˃ʶˋʰ ˋʶ ɻ ˏˇ 

˃ˇˍʾʲ hʹ˔ˇˏˌ ˁʰˍʱ ˍˇ ˁʰʻˇˊʽˋ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ ʃˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʷˉʶʽˍʰ ʹ ˉˊˈʴ˄˖ˋʹΣ 

˃ʶˍʰˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰˌ ˍˇ˄ ˔ʱˊˍʹ ˃ ʁˍˇ ˁʰˍʱ˂˂ʹ˂ˇ ʵʽʱ˄ˎˋ˃ʰΣ ˁʰʽ ʰˉˇ˃ʰˁˊˏ˄ˇ˄ˍʰˌ ˍʹ˄ ʶʵʰ˒ʽˁʺ ʹ˔˗ 

(ground echo)Φ ɮˁˇ˂ˇˎʻʶʾ ʹ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˍʹˌ ʴʶ˖ʴˊʰ˒ʽˁʺˌ ˎˉʷˊʻʶˋʹˌΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ʰˉˇˋˍʷ˂˂ˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ˃ˈ˄ˍʶ˃ ʴʽʰ ʰˊ˔ʶʽˇʻʷˍʹˋʹΦ ʋˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʶˉʽˉ˂ʷˇ˄ ˉˊˇʿˈ˄ˍʰΣ ˈˉ˖ˌ 

˔ʱˊˍʶˌ ˃ʷʴʽˋˍˇˎ ˏ˕ˇˎˌ ʹ˔ˇˏˌ (echo maximum height) ˁ ʰʽ ʰˉʶʽˁˇ˄ʾˋʶʽˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ. 

 

5.2.2. ȺˊŬɚɐɗŮɡůɖ 

ʅˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʵˏˇ ˍʶ˔˄ʽˁ˗˄Σ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ʽʰ ˉˇˋˇˍʽˁʺ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ 

ˍˇˎ ʵʶʾˁˍʹ CSI (Critical Success Index)90 (Elvander, 1976ύΦ ɱʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ʲʶ˂ˍʽ˗ˋʶ˖˄Σ ˈˉ˖ˌ ˈˍʰ˄ 

ʶ˄ˋ˖˃ʰˍ˗˄ʶˍʰʽ ʹ ʵʽʰ˒ˇˊʽˁʺ ˁʾ˄ʹˋʹ ˍʹˌ ʹ˔ˇˏˌ ˁʰʽ ʹ ˖ˊʾ˃ʰ˄ˋʹ ˁʰʽ ʶ˅ʰˋʻʷ˄ʽˋʹ ˍ˖˄ ˉʶˊʽˇ˔˗˄ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʹ ʵʽʰʵʽˁʰˋʾʰ ʶˉʰ˂ʹʻʶˏʻʹˁʶ ˉˇˋˇˍʽˁʱΦ ɶ ʰ˄ʱ˂ˎˋʹ ʶˉʰ˂ʺʻʶˎˋʹˌ ˉʶˊʽʶ˂ʱ˃ʲʰ˄ʶ 

ˋˎʴˁˊʾˋʶʽˌ ˃ʶˍʰ˅ˏΥ i) ̱ ʹˌ ˉˊˈʴ˄˖ˋʹˌ ˁʰʽ ̱ ʹˌ ̄ ˊʰʴ˃ʰˍʽˁʺˌ ʻʷˋʹˌΣ ˁʰ ̔ii) ̱ ˖˄ ʶ˄ˍʱˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

˃ʶˍʰ˅ˏ ˉʶˊʽˇ˔˗˄ ˍˇˎ ˁʰ˄ʱʲˇˎ ˍˇˎ ˔ʱˊˍʹ ̱ ʹˌ ˉˊˈʴ˄˖ˋʹˌ ˁʰʽ ˍʹˌ ˉˊʰʴ˃ʰˍʽˁʺˌ ʻʷˋʹˌΦ 

                                                           
87 ʆˇ VIL ʶʾ˄ʰʽ ˃ʽʰ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˃ʱʸʰˌ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˋˍʰ ˄ʷ˒ʹΦ ɶ ˃ʷˍˊʹˋʹ 
ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˉʰˊʰˍʹˊ˗˄ˍʰˌ ˍʹ˄ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ʰʷˊʰΣ ˃ʶ ˔ˊʺˋʹ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ όurl). 
88 ʁʽ Marshall and Palmer (1948ύΣ ˋˎ˃ˉʶˊʽʷ˂ʰʲʰ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʷˊʶˎ˄ʰˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ 
˃ʶʴʷʻˇˎˌ ˍ˖˄ ˎʵˊˇˋˍʰʴˇ˄ʽʵʾ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɮˉˇˍʶ˂ʶʾ ˍʹ˄ ˉ˂ʷˇ˄ 
ʵʽʰʵʶʵˇ˃ʷ˄ʹ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍ˖˄ ˎʵˊˇˋˍʰʴˇ˄ʽʵʾ˖˄ όɾˉʰ˂ˍʱˌΣ 2006). 
89 ɮˉˇˍʶ˂ʶʾ ˃ʷˍˊˇ ˔ˊˇ˄ʽˁ˗˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃˗˄ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ˁʰʽ ˍʹˌ ʶˋ˖ˍʶˊʽˁʺˌ ˍʹˌ 
ʵˇ˃ʺˌΦ 
90 CSIΥ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˉˇˎ ʷ˄ʰ ʶˉʶʽˋˈʵʽˇ ˉˊˇʴʽʴ˄˗ˋˁʶˍʰʽ ˇˊʻʱ όƘƛǘǎύΣ ʵʽʰʽˊʶ˃ʷ˄ˇˌ ˃ʶ ˍˇ˄ 
ˋˎ˄ˇ˂ʽˁˈ ʰˊʽʻ˃ˈ ˇˊʻ˗˄ ˉˊˇʴ˄˗ˋʶ˖˄Σ ʶˋ˒ʰ˂˃ʷ˄˖˄ ˋˎ˄ʰʴʶˊ˃˗˄ όŦŀƭǎŜ ŀƭŀǊƳǎύ ˁʰʽ ʰˋˍˇ˔ʽ˗˄ όƳƛǎǎŜǎύ 
(Eumetcal glossary). 

http://en.wikipedia.org/wiki/Vertically_integrated_liquid


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ɶ ˉˊˈʴ˄˖ˋʹ ˁʰʽ ʹ ˉˊʰʴ˃ʰˍʽˁʺ ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˎʴˁˊʾʻʹˁʰ˄ ˋʶ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˋˎ˄ʱ˒ʶʽʰˌ 

(contingency table)91Φ ɳˉʰ˂ʹʻʶˏʻʹˁʰ˄ ˃ˈ˄ˇ ˉˊˇʴ˄˗ˋʶʽˌ ˃ʽʰˌ ˗ˊʰˌΦ ɸʰ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰ˄ ˍʷ˂ʶʽʶˌ 

ˉˊˇʴ˄˗ˋʶʽˌ ʶʱ˄ ̍ ˂ʰ ˍʰ ʸʶˏʴʹ ʲˊʾˋˁˇ˄ˍʰ˄ ˋˍʹ ʵʽʰʴ˗˄ʽˇ.  

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ CSI ˃ʶʽ˗˄ˇ˄ˍʰʽ ʴˊʰ˃˃ʽˁʱ ˃ʶ ˍˇ˄ ˂ˇʴʱˊʽʻ˃ˇ ˍʹˌ ʷ˄ˍʰˋʹˌ ̡ ˊˇ˔ˈˉˍ˖ˋʹˌΦ 

ʆʰ ˔ʰ˃ʹ˂ʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋʶ ˎ˕ʹ˂ʷˌ ʶ˄ˍʱˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʰˉˈ ˍʹ ˋ˔ʶˍʽˁʺ ˍˇˎˌ 

ˉʽ̒h ˄ˈˍʹˍʰ ʶ˃˒ʱ˄ʽˋʹˌΣ ˈˉ˖ˌ ʶˉʾˋʹˌ ˁʰʽ ʰˉˈ ˍʽˌ ˃ʽˁˊʷˌ ˍˇˎˌ ˁ˂ʾ˃ʰˁʶˌΦ ɴˍˋʽΣ ʶʱ˄ ˃ʽʰ ˎ ˕ʹ˂ʺ ̫ ˄ˍʰˋʹ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁˏ˕ʶʽ ˃ ʁ˔ʰ˃ʹ˂ʺ ˉʽʻʰ˄ˈˍʹˍʰΣ  ʹ ʰˁˊʾʲʶʽʰ ˍʹˌ ˉˊˈʴ˄˖ˋʺˌ ˍʹˌ 

ˎˉʰʴˇˊʶˏʶˍʰʽ ˋʶ ˃ʶʴʰ˂ˏˍʶˊˇ ʲʰʻ˃ˈ ʰˉˈ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʶˉʰ˄ʶ˃˒ʱ˄ʽˋʹˌΣ ˉʰˊʱ ʰˉˈ 

ˍˇ˄ ʲʰʻ˃ˈ ʰˁˊʽʲʶʾʰˌ ˍʹˌ ˉˊˇʴ˄˖ˋˍʽˁʺˌ ˍʹˌ ˁʾ˄ʹˋʹˌΦ ʁ CSI ˉʰˊʷ˔ʶʽ ˍʹ˄ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˉˇʽˈˍʹˍʰ 

ˉˊˈʴ˄˖ˋʹˌ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˖ˌ ˃ʷˋˇ ˋˏʴˁˊʽˋʹˌ ˃ʶˍʰ˅ˏ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ 

ˍʶ˔˄ʽˁ˗˄Σ ʺ ʴʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ʵʽʰ˒ˈˊ˖˄ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ʶ˄ˍˈˌ ˃ʽʰˌ ʶˎˊˏˍʶˊʹˌ ̱ ʶ˔˄ʽˁʺˌΦ   

 

5.2.3. ȺˊɘůɖɛɎɜůŮɘɠ 

- ʁʽ ˉʽʻʰ˄˗ˌ ˂ʰ˄ʻʰˋ˃ʷ˄ʶˌ ˉˊˇʴ˄˗ˋʶʽˌΣ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʰ˄˗˃ʰ˂ʹ ̩˃ʶˍʱʵˇˋʹˌ ˍʹˌ ʵʷˋ˃ʹˌ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ όanomalous propagation)92 ˁʰʽ ˔ˇ˄ʵˊˇʶʽʵ˗˄ ˋ˒ʰ˂˃ʱˍ˖˄ ʰ˄ˍʽˋˍˇʾ˔ʹˋʹˌΣ 

ʰˉˇˊˊʾˉˍˇ˄ˍʰ˄ h ˉˈ ˍˇ˄ ˎˉˇ˂ˇʴʽˋˍʺ ˋˏ˃˒˖˄ʰ ˃ʶ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʰ ˁˊʽˍʺˊʽʰ.  

- ɶ ˃ʶʴʱ˂ʹ ˉˇˋˈˍʹˍʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ ˁʰˍʱ ˍˇ˄ ʷ˂ʶʴ˔ˇ όtestύ ˍ˖˄ Bellon and 

Austin (1978ύΣ ʶˉʷˍˊʶ˕ʰ˄ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˁʱˉˇʽ˖˄ ˉˊˇˍʽ˃˗˃ʶ˄˖˄ ˉʶˊʽˇ˔˗˄ ˖ˊʾ˃ʰ˄ˋʹˌ ˁʰʽ 

ʶ˅ʰˋʻʷ˄ʽˋʹˌ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖,˄ ˍˇ ˇˉˇʾˇ ʻʶ˖ˊʺʻʹˁʶ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ʲʺ˃ʰ ˋˍʹ˄ ˁ˂ʽ˃ʰˍˇ˂ˇʴʾʰ 

ˊʰ˄ˍʱˊ93. 

 

5.3. FRONTIERS (1979-80), ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ 

ʆˇ FRONTIERS (Forecasting Rain Optimized using New Techniques of Interactively 

Enhanced Radar and Satellite) ʰˉˇˍʷ˂ʶˋʶ ʷ˄ʰ ˒ʽ˂ˈʵˇ˅ˇ ˋ˔ʷʵʽˇ ˋˍʰ ˍʷ˂ʹ ˍʹˌ ʵʶˁʰʶˍʾʰˌ ˍˇˎ мфтлΣ 

ʰˉˈ ˍʹ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ʇˉʹˊʶˋʾʰ ˍˇˎ ɶ.ɰ.Σ ʴʽʰ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ʶʽˁˈ˄˖˄ ˊʰ˄ˍʱˊ ˁʰʽ ʵˇˊˎ˒ˇˊʽˁ˗˄ 

ʶʽˁˈ˄˖˄ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰ˄ʰ˂ˎʻˇˏ˄ ˁʰʽ ˄ hˉˊˇʴ˄˖ˋˍˇˏ˄ ˃ˇˍʾʲʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ʴʽʰ ˉʶˊʽˈʵˇˎˌ 

˃ʷ˔ˊʽ ʷ˅ʽ ˗ˊʶˌΦ ɴ˄ʰ ʲʰˋʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍˇˎ ˋ˔ʶʵʾˇˎ ̋ ˍʰ˄ ˉ˖ˌ ˇʽ ʶʽˁˈ˄ʶˌ ˇʽ ˇˉˇʾʶˌ ʰˉˇˁˍ˗˄ˍʰ˄ 

ʰˉˈ ʵˇˊˎ˒ˈˊˇˎˌ ʴʶ˖ˋˏʴ˔ˊˇ˄ʹ̩  ̱́ ˇ˔ʽʱˌ94 ˁʰʽ ʵʾˁˍˎʰ ˊʰ˄ˍʱˊ, ˎˉʶˊˍʾʻʶ˄ˍˇ ʰˎˍˈ˃ʰˍʰ ˋʶ ˍʰˁˍʱ 

˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ (˃ʶ ˋˎ˔˄ˈˍʹˍʰ ʰ˄ʰ˄ʷ˖ˋʹˌ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˄ʶ˒ˇˁʱ˂ˎ˕ʹˌ ол 

                                                           
91 ɴ˄ʰˌ ˉʾ˄ʰˁʰˌ ˋˎ˄ʱ˒ʶʽʰˌ ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ˇ ˍˊˈˉˇˌ ʰˉʶʽˁˈ˄ʽˋʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ 
ˁʰʽ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˍʹˌ ˋ˔ʷˋʹˌ ˃ʶˍʰ˅ˏ ʵˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˁʰˍʹʴˇˊʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄Φ ɳʾ˄ʰʽ ˍˇ 
ˁʰˍʹʴˇˊʽˁˈ ʽˋˇʵˏ˄ʰ˃ˇ ˍˇˎ ʴˊʰ˒ʺ˃ʰˍˇˌ ʵʽʰˋˉˇˊʱˌ όscatterplotύ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ 
ˍʹˌ ˋ˔ʷˋʹˌ ˃ʶˍʰ˅ˏ ˋˎ˄ʶ˔˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ όurlύΦ ɳˉʶ˅ʹʴʶʾˍʰʽ ˋ˔ʹ˃ʰˍʽˁʱ ˋˍˇ ʃʰˊʱˊˍʹ˃ʰ ɹɹɹΦ 
92 ɶ ʰ˄˗˃ʰ˂ʹ ˃ʶˍʱʵˇˋʹ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ʶʾʵʹ ˃ʶˍʱʵˇˋʹˌ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁ˗˄ ˁˎ˃ʱˍ˖˄Σ ˍʰ 
ˇˉˇʾʰ ʵʶ˄ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˋʶ ˃ʽʰ ˍˎˉʽˁʺ ʰˍ˃ˈˋ˒ʰʽˊʰ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˃ʹ-ˍˎˉʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ 
ˁʰʽ ˍʹˌ ˎʴˊʰˋʾʰˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˎ˕ˈ˃ʶˍˊˇ  ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ όurl).  
93 ɶ ˁ˂ʽ˃ʰˍˇ˂ˇʴʾʰ ˊʰ˄ˍʱˊ ʰ˒ˇˊʱ ˍʰ ˋˍʰˍʽˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˋˍˇ˄ ˔˗ˊˇ ˁʰʽ ˍˇ˄ ˔ˊˈ˄ˇ ˍʹˌ ʹ˔ˇˏˌ ˊʰ˄ˍʱˊ 
ˁʰʽˊˇˏ όurl). 
94 ɱʶ˖ˋˏʴ˔ˊˇ˄ʹ ˍˊˇ˔ʽʱ ˇ˄ˇ˃ʱʸʶˍʰʽ ʹ ˍˊˇ˔ʽʱ ʶ˄ˈˌ ˍʶ˔˄ʹˍˇˏ ʵˇˊˎ˒ˈˊˇˎ ʴˏˊ˖ ʰˉˈ ˍʹ ʴʹΣ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ 
ˇ ʵˇˊˎ˒ˈˊˇˌ ˁʽ˄ʶʾˍʰʽ ˃ʶ ˍʰ˔ˏˍʹˍʰ ʾˋʹ ˃ʶ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˉʶˊʽˋˍˊˇ˒ʺˌ ˍʹˌ ɱʹˌ όurl). 

http://www.eumetcal.org/resources/ukmeteocal/verification/www/english/msg/ver_categ_forec/uos1/uos1_ko1.htm
http://en.wikipedia.org/wiki/Anomalous_propagation
http://www.answers.com/topic/radar-climatology
http://el.wikipedia.org/wiki/%CE%93%CE%B5%CF%89%CF%83%CF%8D%CE%B3%CF%87%CF%81%CE%BF%CE%BD%CE%B7_%CF%84%CF%81%CE%BF%CF%87%CE%B9%CE%AC


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

86 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

˂ʶˉˍ˗˄)Σ ˁʰʽ ʶˉʾˋʹˌ ˋˎ˄ʵˎʱʸˇ˄ˍʰ˄ ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ʽʰˌ ˄ʷʰˌ ʴʶ˄ʽʱˌ ʰˊʽʻ˃ʹˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄Φ ʁ 

ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ˇˌ ˋˁˇˉˈˌ ʰˎˍ˗˄ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ʺˍʰ˄ ʹ ˉʰˊˇ˔ʺ ˉˊˇʴ˄˗ˋʶ˖˄ ʴʽʰ ˁʰʽˊʽˁʱ ˋˎˋˍʺ˃ʰˍʰ 

˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ όʵʹ˂ʰʵʺΣ ˋˎˋˍʺ˃ʰˍʰ ˃ʶ ˇˊʽʸˈ˄ˍʽʰ ˁ˂ʾ˃ʰˁʰ ˃ʶˊʽˁ˗˄ ʵʶˁʱʵ˖˄ ʺ ʶˁʰˍˇ˄ˍʱʵ˖˄ km, 

ˈˉ˖ˌ ˁʰˍʰʽʴʾʵʶˌΣ ʴˊʰ˃˃ʷˌ ˂ʰʾ˂ʰˉʰˌ, ˃ ʷˍ˖ˉʰ ˎ˒ʷˋʶ˖˄ ό˔ʰ˃ʹ˂˗˄ ʲʰˊˇ˃ʶˍˊʽˁ˗˄ύΣ ʻʰ˂ʱˋˋʽʶˌ ʰˏˊʶˌ 

ˁʰʽ ˍˊˇˉʽˁʷˌ ˋˎˋˍʱʵʶˌ ˄ʶ˒˗˄ύ (Walker, 2011). 

ɼʱˉˇʽʶˌ ʵʽʰʵˊʰˋˍʽˁʷˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˍˇˎ FRONTIERS ʶˉʷˍˊʶˉʰ˄ ˋˍˇ˄ ˃ʶˍʶ˖ˊˇ˂ˈʴˇ-

ˉˊˇʴ˄˗ˋˍʹΥ 

ʰύ ˄ʰ ʶˉʶ˅ʶˊʴʰˋˍʶʾ ˕ʶˎʵ̋ (spurious) ́ ˔˗Σ 

ʲύ ˄ʰ ˉˊˇˋʻʷˋʶʽ ˇˊˇʴˊʰ˒ʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹ ˃ʹ ʰ˄ʽ˔˄ʶˏˋʽ˃ʹ h ˉˈ ˍˇ ˊʰ˄ˍʱˊΣ 

ʴύ ˄ʰ ˍˊˇˉˇˉˇʽʺˋʶʽ ˍʽˌ ʶ˄ˍʱˋʶʽˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʰˉˈ ʲˊˇ˔ˇ˃ ʶˍˊʽˁˇˏˌ 

ˋˍʰʻ˃ˇˏˌ, 

ʵύ ˄ʰ ˁʰˍʰ˔˖ˊʾˋʶʽ ʶˁ ˄ʷˇˎ όreregisterύ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ, 

ύʁ ˄ʰ ˎˉˇ˂ˇʴʾˋʶʽ ʰ˂ʴˇˊʽʻ˃ʽˁʱ ˍʽˌ ˉˇˋˈˍʹˍʶˌ ˍ˖˄ ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄Σ ˁʰʽ 

ˋύ̱ ˄ʰ ˉˊˇʶˍˇʽ˃ʱˋʶʽ ˉˊˇʴ˄˗ˋʶʽˌΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʾʰ ʰˉˈ ˍʽˌ ˍʶ˔˄ʽˁʷˌ ʶˁˍʾ˃ʹˋʹ ̩̱ ʹˌ ˁ ʾ˄ʹˋʹˌ 

ˍʹˌ ʹ˔ˇˏˌ όCollier, 1991). 

 

5.4. RAINSAT  (1982), ȾŬɜŬŭɎɠ 

ɮˉˈ ˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˍˇˎ McGill ˋ̱ ˇ˄ ɼʰ˄ʰʵʱΣ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˃ʽʰ ˃ʶˍʰʴʶ˄ʷˋˍʶˊʹ ʶˁʵˇ˔ʺ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ SHARPΣ ˉˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ RAINSAT (Austin and Bellon, 1982ύΣ ˁʰʽ ʹ ˇˉˇʾʰ ʶ˒ʰˊ˃ˈˋˍʹˁʶ 

ˋˍˇ˄ ɼʰ˄ʰʵʱ ˁʰʽ ˍʹ˄ ɹˋˉʰ˄ʾʰ όNevado, 1990). ʋˊʹˋʽ˃ˇˉˇʾʶʽ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ˁʰʽ ʵˇˊˎ˒ˇˊʽˁʱ, 

ˁʰʻ˗ˌ ˁʰʽ ˃ʽʰ ˃ʷʻˇʵˇ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ʴʽʰ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽ ˉˊˇʴ˄˗ˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ м ʷ˖ˌ 

6h. ʆ ̌RAINSAT ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ʴʽʰ ˄ʰ ʲʰʻ˃ˇ˄ˇ˃ʺˋʶʽ ʵʶʵˇ˃ʷ˄ʰ ʵˇˊˎ˒ˈˊ˖˄ 

GOES (Geostationary Operational Environmental Satelliteϐ ˋˍˇ ˇˊʰˍˈ ˁʰʽ ˎˉʷˊˎʻˊˇ ˒ʱˋ˃ʰ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ95, ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʃʰˊʱʴʶʽ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˔ʰˊˍ˗˄ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ (probability of rain maps) ˁ ʰʽ ˔ʱˊˍʶˌ ˉˊˈʴ˄˖ˋʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ о hΣ ˃ʷˋ˖ 

ˉˊ̌ʶˁʲˇ˂ʺˌΦ  

ɴˉʶʽˍʰ ʰˉˈ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ King et al. (1989), ˃ʶ ʷ˃˒ʰˋʹ ˋˍˇˎˌ ʻʶˊʽ˄ˇˏˌ ˃ʺ˄ʶˌΣ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ˁʰʽ ʲˊˇ˔ˇ˃ ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄ ʴʽʰ ʶˉʰ˂ʺʻʶˎˋʹΣ ˉˊˇʷˁˎ˕ʶ ˈˍʽ 

ˁh ˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌΣ ˍ̌  RAINSAT ʶ˃˒ʰ˄ʾʸʶʽ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˄ʰ ʵʽʰ˔˖ˊʾʸʶʽ ˄ʶ˒˗ʵʶʽˌ 

ˉʶˊʽˇ˔ʷˌ ˃ʶ ˋ˔ʶʵˈ˄ ˃ʹʵʶ˄ʽˁʺ ˉʽʻʰ˄ˈˍʹˍʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʰˉˈ ˄ʶ˒˗ʵʶʽˌ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˋʹ˃ʰ˄ˍʽˁʺ 

ˉʽʻʰ˄ˈˍʹˍʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɾˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ ʵʽʰˁˊʾ˄ʶʽ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˁʰˍʹʴˇˊʾʰ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ 

ʶˉʾˉʶʵʰ ˉʽʻʰ˄ˈˍʹˍʰˌ όʹ˂ʽˇ˒ʱ˄ʶʽʰΣ ˄ʷ˒˖ˋʹ ˃ʶ ˔ʰ˃ʹ˂ʺ ˉʽʻʰ˄ˈˍʹˍʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌ όˉʶˊʾˉˇˎ р҈ύΣ 

˄ʷ˒˖ˋʹ ˃ʶ ˋʹ˃ʰ˄ˍʽˁʺ ˉʽʻʰ˄ˈˍʹˍʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌ όˉʶˊʾˉˇˎ пл҈ύΦ ɶ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˃ˈ˄ˇ 

                                                           
95 ʁʽ ʵˇˊˎ˒ˈˊˇʽ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ GOESΣ ʵʽʰ˔ʶʽˊʽʸˈ˃ʶ˄ˇʽ ʰˉˈ ˍʹ˄ ɳʻ˄ʽˁʺ ʇˉʹˊʶˋʾʰ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ 
ɲˇˊˎ˒ˈˊ˖˄Σ ɲʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʃ˂ʹˊˇ˒ˇˊʽ˗˄ ˍ˖˄ ɶʃɮ NESDIS [United States National Environmental 
Satellite, Data, and Information ServiceϐΣ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˁʰʽˊˇˏΣ ˍʹ˄ ʽ˔˄ʹ˂ʱˍʹˋʹ ˋ˒ˇʵˊ˗˄ 
ˁʰˍʰʽʴʾʵ˖˄Σ ˁʰʽ ˍʹ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ʷˊʶˎ˄ʰΦ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˎˉʷˊˎʻˊ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ʹ˃ʷˊʰˌ ʺ ˄ˏ˔ˍʰˌ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˋʹ˃ʰ˄ˍʽˁʺ ˉˍ˗ˋʹ ˋʶ ʰˎˍʷˌ ˍʽˌ 

ʽˁʰ˄ˈˍʹˍʶˌΦ ʁʽ ˉˊˇʴ˄˗ˋʶʽˌ ˒ʱ˄ʹˁʰ˄ ˄ʰ ʶʾ˄ʰʽ ʰˉ̌ˍʶ˂ʶˋ˃ʰˍʽˁʷˌ ˃ʷ˔ˊʽ ˍʽˌ сh.   

ʁʽ ʁ˄ ʵˇʶˉˇ˔ʽʰˁʷˌ ˋˎʴˁˊʾˋʶʽˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍ́  ̩ ˃ʹ˄ʽʰʾʰˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˍ˖˄ ̝̀ʷˋʶ˖˄ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ (within-season variability comparisons of monthly probability of rain relationships), 

ʶʾ˄ʰʽ ˃ʽˁˊʷˌΣ ʽʵʽʰʾˍʶˊʰ ˍˇ ˁʰ˂ˇˁʰʾˊʽ ˁʰʽ ˍˇ˄ ˔ʶʽ˃˗˄ʰΦ ʃʰˊʰˍʹˊʺʻʹˁʰ˄ ˃ʶʴʱ˂ʶˌ ʹ˃ʶˊʺˋʽʶˌ 

˃ʶˍʰʲˇ˂ʷˌ ˃ʶ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˍʹˌ ʲˊˇ˔ʺˌ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˇˊʰˍ˗˄ ˁʰʽ ˎˉʷˊˎʻˊ˖˄ ˃ʶʴʶʻ˗˄Φ  

ʁʽ ˉˊˇʴ˄˗ˋʶʽˌ оh ˍˇˎ RAINSAT ʵʽʰʻʷˍˇˎ˄ ˉʰˊˈ˃ˇʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʶ ˍʽˌ ʰ˄ʰ˂ˏˋʶʽˌ ˃ʽʰ̩ 

˗ˊʰˌ όKing et al., 1989ύΦ ɶ ˃ʷʻˇʵˇˌ ˁʰˍʹʴˇˊʽˇˉˇʽˇˏˋʶ ˍʽˌ ˍˊʶʽˌ ʾʵʽʶˌ ˁ˂ʱˋʶʽˌΦ ʍˋˍˈˋˇΣ  ́

ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˍ˖˄ ˉʽʻʰ˄ˇˍʺˍ˖˄ ˋ ʁ ˄ʷ˒ʹ ˍʹˌ ˁ˂ʱˋʹˌ ˃ʶ ˍʹ˄ ˎ˕ʹ˂ˈˍʶˊʹ ˉʽʻʰ˄ˈˍʹˍʰ ʵʶ˄ 

ˉʰˊˇˎˋʾʰˋʶ ʽʵʽʰʾˍʶˊʹ ʽˁʰ˄ˈˍʹˍʰΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ (skill scores) ɹ ʽʰ ˉˊˇʴ˄˗ˋʶʽˌ м-h ̋ ˍʰ˄ ˉʰˊˈ˃ˇʽʰ 

˃ʶ ʰˎˍʱ ˍ˖ ˄ʰ˄ʰ˂ˏˋʶ˖˄Σ ʰ˂˂ʱ ʰˉˈ ʶˁʶʾ ˁʰʽ ˉʷˊʰ ʹ ʽˁʰ˄ˈˍʹˍʰ ˋ˔ʶʵˈ˄ ʶˁ˃ʹʵʶ˄ʾˋˍʹˁʶ ˃ʷˋʰ ˋʶ ʷ˅ʽ 

ˉʶˊʾˉˇˎ ˗ˊʶˌΦ ʆˇ ʶˉʾˉʶʵˇ ʽˁʰ˄ˈˍʹˍʰˌ ˋʶ ˍˊʶʽˌ ̠ ˊʶˌ ʺˍʰ˄ ˉʶˊʾˉˇˎ ˍˇ ˃ʽˋˈ ʰˉˈ ʰˎˍˈ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ 

ɴˍˋʽΣ ˇʽ ˍˊʶʽˌ ˗ˊʶˌ ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ ˁʰ˂ʺ ʶˉʽ˂ˇʴʺ ʴʽʰ ʷ˄ʰ ʰˉ˂ˈ ˉˊˇʶˁʲˇ˂ʽˁˈ ˋˏˋˍʹ˃ʰ ˈˉ˖ˌ ˇ 

RAINSAT (King et al., 1989). 

 

5.4.1. Ɇɨɜɞɣɖ 

ʆ ̌RAINSAT ˉʰˊʶʾ˔ʶ ˉʽʻʰ˄ˇˍʽˁʷˌ ʶˁˍʽ˃ʺˋʶʽˌ ʰ˄ʰ˂ˏˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹ ̩(probability of rain 

analysis) ˁʰʽ ˉˊˇʴ˄˗ˋʶʽˌ 3h, ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʶ ̩ˋ̱ ʹ˄ ˇˊʽˇʻʷˍʹˋʹ ˉʶˊʽˇ˔˗˄ ˃ʶ ʲˊˇ˔ˈˉˍ˖ˋ.́  

ɳˉʶʽʵʺ ˍˇ ˋˏˋˍʹ˃ʰ ʶʾ˄ʰʽ ʰˎˍˈ˃ʰˍˇΣ ʰˉˇˍʷ˂ʶˋʶ ̫ ˄ʰ˄ ̀ ˔ʶˍʽˁʱ ˃ʹ ʵʰˉʰ˄ʹˊˈ ̱ ˊˈˉˇ ̄ ʰˊˇ˔ʺˌ ʲˇʺʻʶʽʰˌ 

ˋ ʁ˃ ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ-ˉˊˇʴ˄˗ˋˍʶˌΣ ˋʶ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ʵʶ˄ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰ ˁʰʽ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ʶˉʽ˒ʰ˄ʶʾʰˌ ˋˉʱ˄ʽʰΦ  

 

5.5. NIMROD  (1991), ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ 

ʆ ̌̀ ˏˋˍʹ˃ʰ NIMROD (Nowcasting and Initialization for Modeling using Regional Observation 

Dataύ ˍʹˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʇˉʹˊʶˋʾʰˌ ˍˇˎ ɶ.ɰ., h ˉˇˍʶ˂ʶʾ ˃ ʽʰ ˉʽˇ ˉˊˈˋ˒ʰˍʹ ʶˁʵˇ˔ʺ ˍˇˎ FRONTIERS, 

ˉˇˎ ˋˎ˄ʵˎʱʸʶʽ ˃ ʶˍˊʺˋʶʽˌ ʰˉˈ мо ˊʰ˄ˍʱˊ ˋˍʹ˄ ʶˉʽˁˊʱˍʶʽʰ ˍˇˎ ɶΦɰΦ ˃ʰʸʾ ˃ʶ: 

w ʶ̔ ˁˈ˄ʶˌ ˄ʶ˒˗˄ Meteosat96 ˋˍˇ ˇˊʰˍˈ ˁʰʽ ˎˉʷˊˎʻˊˇ ˒ʱˋ˃ʰ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˁʰʽ ʶʽˁˈ˄ʶˌ 

AVHRR (Advanced Very High Resolution Radiometer97) ̱ ˇˎ NOAA, 

w ʰ˄ʰ˒ˇˊʷˌ ʶˉʽ˒ʱ˄ʶʽʰˌ, 

w ˍʹ˂ʶ˃ʶˍˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄, ˁ ʰʽ 

w ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ʰˊʽʻ˃ʹˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ98,  
 

                                                           
96 ʅʶʽˊʱ ʴʶ˖ˋˏʴ˔ˊˇ˄˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ʵˇˊˎ˒ˈˊ˖˄Φ 
97 ʆˇ AVHRR ʰˉʶʽˁˇ˄ʾʸʶʽ ˍʹ˄ ʰ˄ʽ˔˄ʶˎˈ˃ʶ˄ʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰΣ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ 
ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ˇ ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ˄ʶ˒ˇˁʱ˂ˎ˕ʹˌ  ˁʰʽ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ όurl). 
98 ɶ ʰˊʽʻ˃ʹˍʽˁʺ ˉˊˈʲ˂ʶ˕ʹ ˁʰʽˊˇˏ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˃ʰʻʹ˃ʰˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˖ˁʶʰ˄ˇˏ ˁʰʽ ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ ʴʽʰ ˄ʰ 
ˉˊˇʴ˄˗ˋʶʽ ˍˇ˄ ˁʰʽˊˈ ʲʱˋʶʽ ˍ˖˄ ˍˊʶ˔ˇˎˋ˗˄ ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ όurlύΦ ɮ˄ʰ˂ˏʶˍʰʽ ʶˁˍʶ˄ʷˋˍʶˊʰ ˋˍʹ˄ 
ʰ˄ˍʾˋˍˇʽ˔ʹ ʻʶ˖ˊʹˍʽˁʺ ʶ˄ˈˍʹˍʰ. 

http://noaasis.noaa.gov/NOAASIS/ml/avhrr.html
http://en.wikipedia.org/wiki/Numerical_weather_prediction
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ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

88 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ɮˎˍˈˌ ˇ ˋˎ˄ʵˎʰˋ˃ˈˌ ˁʰʻʽˋˍʱ ʵˎ˄ʰˍʺ ˍʹ˄ ʰˎˍˈ˃ʰˍʹ ʰˉˈ˒ʰˋʹ ʴʽʰ ˍˇ ʶʱ˄ ʹ ʹ˔˗ ˉˊˇʷˊ˔ʶˍʰʽ 

ʰˉˈ ʲˊˇ˔ˈˉˍ˖ˋʹ ʺ ʶʾ˄ʰʽ ̞ ʶˎʵʺ ̩ʁ ˅ʰʽˍʾʰˌ ʁ ʵʰ˒ʽˁˇˏ ʻˇˊˏʲˇˎ ʺ άanapropέ (anomalous propagation), 

ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʰ̄  ̍ άhydrolapseέ99ύΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ˉʶˊʽˋˋˈˍʶˊˇ ʰˁˊʽʲʺ ˃ʶˍʰˍˊˇˉʺ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˊʰ˄ˍʱˊ ˋʶ ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʰˉˈ ˈΣˍʽ ˈˍʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ 

(Strangeways, 2007). ʅˍˇ ˋˏˋˍʹ˃ʰΣ ˎˉʱˊ˔ʶʽ ˃ʽʰ ˖ˊʽʰʾʰ ʵʽˈˊʻ˖ˋʹ ˍ˖˄ ʶʽˁˈ˄˖˄ ˊʰ˄ˍʱˊ ˋʶ 

ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ʰˉˈ ʵʶʵˇ˃ʷ˄ʰ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄.  

To NIMROD  ̄ ʰˊʷ˔ʶʽ ˉˊˇʴ˄˗ˋʶʽˌ ʷ˄ˍʰˋʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˍˏˉ˖˄ 

ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄Σ ˉʽʻʰ˄ˈˍʹˍʰˌ ˔ʽˇ˄ˈˉˍ˖ˋʹˌΣ ˄ʶ˒ˇˁʱ˂ˎ˕ʹˌΣ ˇˊʰˍˈˍʹˍʰˌ ˁʰʽ ˍʰ˔ˏˍʹˍʰˌ ˊʽˉʰʾ˖˄ 

ʰ˄ʷ˃˖˄ (Reyniers, 2008). ɶ ˉˊˈʴ˄˖ˋʹ ʲʰˋʾʸʶˍʰʽ ˋʶ ˃ʽʰ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺ ˍʶ˔˄ʽˁʺ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ 

(advectionύΣ ˍˊˇˉˇˉˇʽʹ˃ʷ˄ʹ ʴʽʰ ˖ˊʾ˃ʰ˄ˋʹ ˁʰʽ ʶ˅ʰˋʻʷ˄ʽˋʹ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉˊˇʿˈ˄ˍʰ ʰˊʽʻ˃ʹˍʽˁ˗˄ 

˃ˇ˄ˍʷ˂˖˄Φ ɲʽʰʴʽʴ˄˗ˋˁˇ˄ˍʰʽ ʶˉʾˋʹˌ ˋ˔ʶˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌΣ ˈˉ˖ˌ ˇ ˍˏˉˇˌ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˃ʷˋ˖ 

ˉʶʵʾ˖˄ NWP.    

 

ǵȑǿȊŭ 5.1.: Ƕȍ ɵůŮȀȍ űȍȐ NIMROD Ȉŭȇ ȍȎȍȃȎŭŲȀŭ ŭȋǽȉȐŰȅȏ 5 km. Ƕŭ ɵȎȍȔȖȋűŭ 

ȍȎŭűȖűȅűŭȏ Ȉŭȇ ȈŭűŭȈȎǿȊȋȇŰȅȏ ɵŭȎǽȃȍȋűŭȇ Űů ȈǽȋŭȂȍ 5 km. Ƕŭ ȋǾŲȅ Ȉŭȇ űŭ ɵůȎȇŰŰȖűůȎŭ 

ůȌŭȃȖȊůȋŭ ɵȎȍȔȖȋűŭ ȑȎȅŰȇȊȍɵȍȇȍȗȋ ȈǽȋŭȂȍ 15 km (Golding, 1998) 

 

ɶ ʰ˄ʱ˂ˎˋʹ ˄ʶ˒˗˄ ʲʰˋʾʸʶˍʰʽ ˁˎˊʾ˖ˌ ˋʶ ʵˇˊˎ˒ˇˊʽˁʷˌ ʰˉʶʽˁˇ˄ʾˋʶʽˌ ˁʰʽ ʶˉʽ˒ʰ˄ʶʽʰˁʷˌ ʰ˄ʰ˒ˇˊʷˌΣ 

˃ʶ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˄ʰ ʵʽʶ˅ʱʴʶˍʰʽ ˃ʶ ˉʰˊˈ˃ˇʽˇ ˍˊˈˉˇ ˈˉ˖ˌ ʹ ʷ˄ˍʰˋʹ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ  

                                                           
99 ʆˇ hydrolapse ʁ ʾ˄ʰʽ ˃ʽʰ ˍʰ˔ʶʾʰ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˎʴˊʰˋʾʰˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˎ˕ˈ˃ʶˍˊˇ όurl). 

http://www.theweatherprediction.com/habyhints/168/


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ɶ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ˇˊʰˍˈˍʹˍʰˌ ˋˎ˄ʵˎʱʸʶʽ ʶˉʽ˒ʰ˄ʶʽʰˁʷˌ ʰ˄ʰ˒ˇˊʷˌ ˃ʶ ˉʶʵʾʰ NWP ˁʰʽ 

ʵˇˊˎ˒ˇˊʽˁʷˌ ʰˉʶʽˁˇ˄ʾˋʶʽˌΥ  ɲʶʵˇ˃ʷ˄ʰ Meteosat ˁ ʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌ ˁʰʽ NOAAð AVHRR 

ˍʹ ˄ˏ˔ˍʰΦ ɶ ˉˊˈʴ˄˖ˋʹ ʶʾ˄ʰʽ ˃ʽʰ ˉˊˇʶˁʲˇ˂ʺΣ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʽˌ ˍʱˋʶʽˌ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ NWP ˁʰʽ 

ˋˍʰʻ˃ʾʸʶʽ ˉˊˇˌ ˍʽˌ ˍʽ˃ʷˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʰˎˍʷˌ ˁʰʻʰˎˍʷˌ όGolding, 1998). 

 

ɲʽʰʵʽˁʰˋʾʰ ˉˊˈʴ˄˖ˋʹˌ ˁ ʰˍʰˁˊʺ˃˄ʽˋʹˌ 

ɶ ˉˊˈʴ˄˖ˋʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵˏˇ ˍ˃ʺ˃ʰˍʰΣ ˃ʽʰ  ˉˊˈʴ˄˖ˋʹ ζˇˊʽʸˈ˄ˍʽʰˌ 

˃ʶˍʰʴ˖ʴʺˌηΣ ˁʰʽ ˃ʽʰ ˉˊˈʴ˄˖ˋʹ ʰˊʽʻ˃ʹˍʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ NWP. ɱʽʰ ˍˇ ˍ˃ʺ˃ʰ ˍʹˌ ˇˊʽʸˈ˄ˍʽʰˌ 

˃ʶˍʰʴ˖ʴʺˌΣ ʰˊ˔ʽˁʱ ˎˉˇʵʽʰʽˊʶʾˍʰʽ ˍˇ ˉʶʵʾˇ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ʵʽʰˁˊʽˍʷˌΣ ˈ˃ˇˊʶˌ ˉʶˊʽ˒ʷˊʶʽʶˌ ˃ʶ ʷ˄ʰ 

ˇˊʽˋ˃ʷ˄ˇ ˁˊʾˋʽ˃ˇ ˃ʷʴʶʻˇˌΣ ˉˇˎ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ contiguous rain areas (CRAsύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʶ˅ʱʴˇ˄ˍʰʽ 

ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʶˁˍʽ˃ʺˋʶʽˌ ʴʽʰ ˍˇ ʵʽʱ˄ˎˋ˃ʰ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ˁʱʻʶ CRAΦ ɶ ˉˊ˗ˍʹ ʶʾ˄ʰʽ ˍˇ ʵʽʱ˄ˎˋ˃ʰ 

ˉˇˎ ˃ʶʴʽˋˍˇˉˇʽʶʾ ˍʹ ˋˎˋ˔ʷˍʽˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ˍˊʷ˔ˇˎˋʰˌ ʻʷˋʹˌ CRA ˁʰʽ ˍʹˌ ʻʷˋʹˌ ˋʶ ˃ʽʰ 

ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶʽˁˈ˄ʰ όʰ˄ˍʽˋˍˇʾ˔ʹˋʹ ˃ˇˍʾʲ˖˄ύΦ ɾʽʰ ʶ˄ʰ˂˂ʰˁˍʽˁʺ ʶˁˍʾ˃ʹˋʹ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ ˂ʺ˕ʹ 

ˍ˖˄ ʵʽʰ˄ˎˋ˃ʰˍʽˁ˗˄ ˉʶʵʾ˖˄ ʰ˄ʷ˃ˇˎ όʰˉˈ ʰˊʽʻ˃ʹˍʽˁʱ ˃ˇ˄ˍʷ˂)h, ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ ˍʹ ʲʷ˂ˍʽˋˍʹ 

ˋˎˋ˔ʷˍʽˋʹΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˍʰ ˃ʷˍˊʰ ˋˎˋ˔ʷˍʽˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˃ʽʰ ˍʶ˂ʽˁʺ ʶˉʽ˂ˇʴʺ ˃ʶˍʰ˅ˏ ˍʹˌ 

ʴˊʰ˃˃ ʽˁʺˌ ˃ʶˍʰˍˈˉʽˋʹˌ ˁʰʽ ˍˇˎ ˉʶʵʾˇˎ ʰ˄ʷ˃ˇˎ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇ ζ̱ ˃ʺ˃ʰ ˇˊʽʸˈ˄ˍʽʰˌ 

˃ʶˍʰʴ˖ʴʺˌη ̱ ʹˌ ˉˊˈʴ˄˖ˋʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ɶ ˍʶ˂ʽˁʺ ˉˊˈʴ˄˖ˋʹ ̀ ˎ˄ˍʱˋˋʶˍʰʽ ʰˉˈ ˃ʽʰ ˋˎʴ˔˗˄ʶˎˋʹ 

ˍʹˌ ̄ ˊˈʴ˄˖ˋʹˌ ˍʹˌ ζˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌη ˃ ʶ ˍʹ ˄̄ ˊˈʴ˄˖ˋʹ ̱ ˇˎ ˃ ˇ˄ˍʷ˂ˇ ˎNWPΣ ʶ˄˗ ˍˇ ʲʱˊˇˌ ˍˇˎ 

ζˍ˃ʺ˃ʰˍˇˌ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌη  ˃ ʶʽ˗˄ʶˍʰʽ ʶˁʻʶˍʽˁʱ ˃ʶ ˍˇ ˉˊˇʴ˄˖ˋˍʽˁˈ ʶˏˊˇˌ  όwŜȅƴƛŜǊǎΣ 2008).   

ʆˇ ǌIMROD ˁʰˍʰʲʱ˂˂ʶʽ ˉˊˇˋˉʱʻʶʽʶˌ ˄ʰ h˄ ˍʽˋˍʰʻ˃ʾˋʶʽ ˍʹ˄ ˋˍʰʵʽʰˁʺ ʰˏ˅ʹˋʹ ˍˇˎ ˏ˕ˇˌ ˍʹˌ 

ʰˁˍʾ˄ʰˌΣ ˁʰʻ˗ˌ ʰˎ˅ʱ˄ʶˍʰʽ ˍˇ ˃ʺˁˇˌ ˍʹˌΦ ʁʽ ʶˁˍʽ˃ʺˋʶʽˌ ʰˉˈ ˍˇ ǌIMROD ̀ ˎʴˁˊʾ˄ˇ˄ˍʰʽ ˃ʶ ˃ʶˍˊʺˋʶʽˌ 

ʰˉˈ ʰˊ˔ʶʾʰ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄ ̀ ʶ ʶʲʵˇ˃ʰʵʽʰʾʰ ˁʰʽ ˃ʹ˄ʽʰʾʰ ʲʱˋʹΣ ˁʰʽ ʴʾ˄ˇ˄ˍʰʽ ˉˊˇˋʰˊ˃ˇʴʷˌ 

ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˊʰ˄ˍʱˊ ʴʽʰ ˄ʰ ʰˉˇˁ˂ʶʽˋˍˇˏ˄ ˋ˒ʱ˂˃ʰˍʰ ˉˇˎ ʶʽˋʱʴˇ˄ˍʰʽ ʰˉˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ʵʽʰ˒ˇˊʶˍʽˁʺˌ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ ˍˇˎ ˊʰ˄ˍʱˊ ˁʰʽ ˍ˖˄ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄ (Strangeways, 2007). 

 

ʁʽ ʶ˄ʰˉˇ˃ʷ˄ˇˎˋʶˌ ʵʽʰ˒ˇˊʷˌ ˋʶ ˃ʹ˄ʽʰʾˇˎˌ ˔ʱˊˍʶˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶΥ  

w ˋ˒ʱ˂˃ʰˍʰ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ʵʽˈˊʻ˖ˋʹˌ,  

w ʶ˂ʰˍˍ˖˃ʰˍʽˁˈ ˎ˂ʽˁˈ όhardwareύ ˍ˖˄ ˊʰ˄ˍʱˊΣ ˁʰʽ  

w ʶʴʴʶ˄ʶʾˌ ʰ˄ʶˉʱˊˁʶʽʶˌ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ˍˇˎ ˊʰ˄ˍʱˊ. 

ʆʷ˂ˇˌΣ ʶˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˈˍʽ ʹ ˁˏˊʽʰ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˃ʶˍʰʲ˂ʹˍʺ ˉˇˎ ʵʶ˄ ˉˊˇˋʰˊ˃ˈʸʶˍʰʽ ˋˍˇ 

ˋˏˋˍʹ˃ʰΣ ʶʾ˄ʰʽ ˇ ʶˉʽ˒ʰ˄ʶʽʰˁˈˌ ʱ˄ʶ˃ˇˌΦ  

 

5.5.2. Ɇɨɔəɟɘůɖ ɛŮ ɛɞɜŰɏɚŬ ŬɟɘɗɛɖŰɘəɐɠ ˊɟɧɔɜɤůɖɠ 

ɾʶ˂ʷ̱ʁˌ ˉʶˊʾˉˍ˖ˋʹˌ ˍˇˎ Golding (1998ύ ˋˎ˃ˉʶˊʽʶ˂ʱ˃ʲʰ˄ʰ˄ ʷ˂ʶʴ˔ˇ ˋʶ ˇˁˍ˗ ˁʰˍʰˋˍʱˋʶʽˌΣ ˈ˂ʶˌ 

ˉ˂ʹ˄ ˃ʽʰˌΣ ˋˎ˃ˉʶˊʽʶ˂ʱ˃ʲʰ˄ʰ˄ ˇ˃ʾ˔˂ʹ ˋʶ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ɶ.ɰΦ  ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʷʵʶʽ˅ʰ˄ ˃ʽʰ 

ˇˎˋʽʰˋˍʽˁʺ ʲʶ˂ˍʾ˖ˋʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˃ʶʻˈʵˇˎˌ NWPΣ ʰˎˍˈ˄ˇ˃˖ ˄ˋˎˋˍʹ˃ʱˍ˖˄ nowcasting ˁʰʽ ˍʹ ̩

ʶ˃˃ˇ˄ʺΣ̩ ʹ ˇˉˇʾʰ ʲʶ˂ˍʾ˖ˋʹ ʶʾ˄ʰʽ ʶ˃˒ʰ˄ʺˌ ˃ʷ˔ˊʽ ˍˇ˄ ˔ˊˈ˄ˇ T+1 (1-hrύ ˁʰʽ ˇˎˋʽʰˋˍʽˁʺ ˃ʷ˔ˊʽ ˍʽˌ  T+3 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

90 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

(3-hrύΣ ʶ˄˗ ˉʰˊʰ˃ʷ˄ʶʽ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʷ˔ˊʽ ˍʽˌ T+6 (6-hrύ ˁʰʽ ʾˋ˖ˌ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇΣ ʶʱ˄ ʶˉʶˁˍʶʽ˄ˈˍʰ˄ ˍˇ 

˃ʺˁˇˌ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄Φ ʆˇ ˋˏˋˍʹ˃ʰ ʵʽʷʻʶˍʶ ˎ˕ʹ˂ʺ ʰ˅ʽˇˉʽˋˍʾʰ ˁʰʽ ˇʽ ˔ˊˈ˄ˇʽ ˉʰˊʱʵˇˋʹˌ (delivery 

timesύ ʶʾ˄ʰʽ ˉˇ˂ˏ ʲˊʰ˔ˏˍʶˊˇʽ ʰˉˈ ʰˎˍˇˏˌ ˉˇˎ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰʽ ˃ʶ ˔ʶʽˊˇˁʾ˄ʹˍʹ ˃ʶˋˇ˂ʱʲʹˋʹΦ ʁ 

ˋˎ˄ʵˎʰˋ˃ˈˌ ˎ˕ʹ˂ʺˌ ʰˁˊʾʲʶʽʰˌ ˁʰʽ ʷʴˁʰʽˊʹˌ ˉʰˊʰʴ˖ʴʺˌ ʶʾ˄ʰʽ ʽʵʽʰʽˍʷˊ˖ˌ ʽˋ˔ˎˊˈˌ ʴʽʰ ˉˊˇʴ˄˗ˋʶʽˌ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˃ʷ˔ˊʽ T+1.  

ʍˋˍˈˋˇΣ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌΣ ˇ ˋˎ˄ʵˎʰˋ˃ˈˌ ʰˁˊʾʲʶʽʰˌ ˁʰʽ ˔˖ˊʽˁ˗˄κ˔ˊˇ˄ʽˁ˗˄ 

˂ʶˉˍˇ˃ʶˊʶʽ˗˄ ʰ˄ˍʰʴ˖˄ʾʸʶˍʰʽ ˍʽˌ ˔ʶʽˊˇˁʾ˄ʹˍʶˌ ˍʶ˔˄ʽˁʷˌ ˃ʷ˔ˊʽ ˍʽˌ T+2/TҌоΦ ʃʷˊʰ ʰˉˈ ʰˎˍˈΣ ˍˇ 

ˋˏˋˍʹ˃ʰ ʶ˃˒ʰ˄ʾʸʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˖ˌ ˉˊˇˌ ˍʰ ʰˁʰˍʷˊʴʰˋˍʰ ʶ˅ʰʴˈ˃ʶ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ 

NWPΣ ˁʰʽ ʻʰ ˃ˉˇˊˇˏˋʶ ˉʽʻʰ˄˗ˌ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˄ʰ ʶˁˉ˂ʹˊ˗ˋʶʽ ˉˇ˂˂ʷˌ ʰˉˈ ˍʽˌ ˂ʽʴˈˍʶˊˇ 

ˋʹ˃ʰ˄ˍʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌΦ ɱʽʰ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ʶˉʽˁʾ˄ʵˎ˄˖˄ ˁʰˍʰˋˍʱˋʶ˖˄Σ ˉʰˊʰ˃ʷ˄ʶʽ 

ˉˊˇˌ ˍˇ ˉʰˊˈ˄ ˃ʽʰ ˅ʶˁʱʻʰˊʹ ʰˉʰʾˍʹˋʹ ʴʽʰ ˔ʶʽˊˇˁʾ˄ʹˍˇ ʷ˂ʶʴ˔ˇ ˉˇʽˈˍʹˍʰˌΣ ʴʽʰ ˃ʶʴʰ˂ˏˍʶˊˇˎˌ 

˔ˊˈ˄ˇˎˌ ˉˊˈʴ˄˖ˋʹˌΦ  

ɶ ˃ʶˍʱʲʰˋʹ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ NWP ˋˍʽˌ T+6 ˗ˊʶˌΣ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˇ˃ʰ˂ʺ ˋˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˍ˖˄ 

ˉʶˊʽˉˍ˗ˋʶ˖˄Σ ʵʾ˄ˇ˄ˍʰˌ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇ˄ ˃ʶˍʶ˖ˊˇ˂ˈʴˇ-ˉˊˇʴ˄˗ˋˍʹ ˄ʰ ˂ʱʲʶʽ ˃ʽʰ ʰˁˇ˂ˇˎʻʾʰ 

ˉˊˇʴ˄˗ˋʶ˖˄ ʰˉˈ ˍˇ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˋˍˇ ʱ˂˂ˇΣ ˔˖ˊʾˌ ʰ˄ʱʴˁʹ ˉˊˇˋʰˊ˃ˇʴʺˌ. 

 

5.5.3. Ɇɨɜɞɣɖ 

ʆˇ ǌIMROD ˉʰˊʷ˔ʶʽ ˃ʽʰ ʶ˄ˇˉˇʽʹ˃ʷ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ʲˊʰ˔ʷˇˌ ʶˏˊˇˎˌΣ 

ʴʶ˒ˎˊ˗˄ˇ˄ˍʰˌ ˍˇ ˔ʱˋ˃ʰ ˃ʶˍʰ˅ˏ ˍˇˎ ˋˎ˃ʲʰˍʽˁˇˏ nowcasting ˁʰʽ ˍˇˎ forecasting. ɮˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ 

ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄ˇ ˋˎ˄ʵˎʰˋ˃ˈ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄˖˄ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˍʶ˔˄ʽˁ˗˄ ˉˇˎ ʵʽʰˍʾʻʶ˄ˍʰʽ ˋˍˇ˄ 

˃ʶˍʶ˖ˊˇ˂ˈʴˇ-ˉˊˇʴ˄˗ˋˍʹ ς̀ ˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˉˊˇʶˁʲˇ˂ʺΣ ʶ˃˃ˇ˄ʺ ˁʰʽ ˃ˇ˄ˍʷ˂ˇ NWPς h ˉˇ˃ʰˁˊˏ˄ˇ˄ˍʰˌ 

ʷˍˋʽ ˍʹ˄ ʰ˄ʱʴˁʹ ˄ʰ ˍʽˌ ˂ʱʲʶʽ ˎˉˈ˕ʹ ˍˇˎˌ ˅ʶ˔˖ˊʽˋˍʱΦ ʁ ˉ˂ʺˊʹˌ ʰˎˍˇ˃ʰˍʽˋ˃ˈˌ ˃ʶʽ˗˄ʶʽ ˍˇˎˌ ˔ˊˈ˄ˇˎˌ 

ˉˊˈʴ˄˖ˋʹˌΣ ʶˉʽˍˊʷˉʶʽ ˉʽˇ ˋˎ˔˄ʷˌ ʶ˄ʹ˃ʶˊ˗ˋʶʽˌ ˁʰʽ ʲʶ˂ˍʽ˗˄ʶʽ ˍʹ ˋˎ˄ʷˉʶʽʰ ʰ˄ʱ˃ʶˋʰ ˋʶ ʶˁˍʶ˂ʷˋʶʽˌ 

ˍˇˎ (Golding, 1998). 

w ɶ ʶ˄oˉˇʾʹˋʹ ˍ˖˄ ˉʹʴ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʶˉʽˍˊʷˉʶʽ ˍʹ ˂ʺ˕ʹ ˍˇˎ ˃ʷʴʽˋˍˇˎ ˇ˒ʷ˂ˇˎˌ ʰˉˈ 

ˊʰ˄ˍʱˊΣ ʵˇˊˎ˒ˈˊˇˎˌ ˁʰʽ ˉʰˊʰˍʹˊʹˋʽʰˁʱ ̀ ˎˋˍʺ˃ʰˍʰ ʶˉʽ˒ʱ˄ʶʽʰˌΦ 

w ɶ ʶ˄ˇˉˇʾʹˋʹ ˍ˖˄ ˃ʶʻˈʵ˖˄ ˉˊˈʴ˄˖ˋʹˌ ˉʰˊʷ˔ʶʽ ˃ʽʰ ʲʷ˂ˍʽˋˍʹ ˋˏ˃˃ʶʽ˅ʹ ˍ˖˄ ʰˁˊʽʲʶʽ˗˄ 

ˉˊˈʲ˂ʶ˕ʹˌ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʰˉˈ ˉʰˊʰˍʹˊʺˋʶʽˌΣ ˁʰʽ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ʰ˄ʱˉˍˎ˅ʹˌ ˉˇˎ 

˂ʰ˃ʲʱ˄ʶˍʰʽ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ NWP.  

w ɶ ʶ˄ˇˉˇʾʹˋʹ ˍˇˎ ˔ʶʽˊʽˋ˃ˇˏ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ όˁʰˍʰˁˊʺ˃˄ʽˋʹΣ 

˄ʶ˒˗ˋʶʽˌΣ ˇˊʰˍˈˍʹˍʰύ ʲˇʹʻʱ ˋˍʹ ʵʽʰˍʺˊʹˋʹ ̱ ʹˌ ˋˎ˄ʷˉʶʽʰˌΦ  

  

5.6. ITWS (1994), ȼɄȷ 

ʆ ̌ˋˏˋˍʹ˃ʰ ITWS (Integrated Terminal Weather Systemύ ʶʾ˄ʰʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˁʰʽˊˇˏ ˍ́  ̩FAA 

(Federal Aviation Administration) ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʰˉˈ ˍˇ ɳˊʴʰˋˍʺˊʽˇ Lincoln ˋˍˇ ˉʰ˄ʶˉʽˋˍʺ˃ʽˇ 

ǋǈǒΦ ʆˇ ITWS ̄ ʰˊʷ˔ʶʽ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʶˌ ˁʰʽˊʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˔ˊʺˋʹ ʰˉˈ ʶ˂ʶʴˁˍʷˌ ʶ˄ʰʷˊʽʰˌ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʶˉʽˍʹˊʹˍʷˌΣ ˉʽ˂ˈˍˇˎˌ ˁʰʽ ʰʶˊˇˉˇˊʽˁʷˌ ʰˉˇˋˍˇ˂ʷˌΦ ɶ ʶʴˁʰˍʱˋˍʰˋʹ ˍ˖˄ ʶˁʵˈˋʶ˖˄ 

ˉʰˊʰʴ˖ʴʺˌ ˍˇˎ ITWS ̀ ʶ ˃ʶʴʱ˂ʰ ʰʶˊˇʵˊˈ˃ʽʰ ˍ˖˄ ɶʃɮΣ ˅ʶˁʾ˄ʹˋʶ ˍˇ нллмΦ 

 

5.6.1. ȺɜůɤɛŬŰɤɛɏɜɞɘ ŬɘůɗɖŰɐɟŮɠ 

ʂˉ˖ˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ рΦнΦΣ ˍˇ ITWS ʶ˄ˋ˖˃ʰˍ˗˄ʶʽ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʰˉˈ 

ˍˇˎˌ ʰʽˋʻʹˍʺˊʶˌ ˍʹˌ FAA ˁ ʰʽ ˍʹˌ ɳʻ˄ʽˁʺˌ ʇˉʹˊʶˋʾʰˌ ɼʰʽˊˇˏ όNWSύ ˍ˖˄ ɶʃɮ ˁ ʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ: 

w TDWR (Terminal Doppler Weather Radar): Ť  TDWR ʶʾ˄ʰʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ 

ɿˍˈˉ˂ʶˊ ˃ʶ ˃ʽʰ ˍˊʽʵʽʱˋˍʰˍʹ ζˁ˖˄ʽˁʺ ʰˁˍʾ˄ʰη όζpencil beamηύ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ 

ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʶˉʽˁʾ˄ʵˎ˄˖˄ ˋˎ˄ʻʹˁ˗˄ ʵʽʰˍ˃ʹˍʽˁ˗˄ ʰ˄ʷ˃˖˄Σ ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ ˁʰʽ 

ʰ˄ʷ˃˖˄ ˁˇ˄ˍʱ ˋʶ ˋʹ˃ʰ˄ˍʽˁʱ ʰʶˊˇʵˊˈ˃ʽʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˁ˂ʾ˃ʰ ˃ʶ ˃ʶʴʱ˂ʹ ʷˁʻʶˋʹ ˋʶ 

ˁʰˍʰʽʴʾʵʶˌΣ ˋˍʽˌ ɶʃɮ100. 

w NEXRAD (Next Generation Weather Radar): ʆˇ NEXRAD ʶʾ˄ʰʽ ʷ˄ʰ ʵʾˁˍˎˇ мсл ˊʰ˄ˍʱˊ 

ˁʰʽˊˇˏ ɿˍˈˉ˂ʶˊ S-band (˃ʶ ˃̋ ˁˇˌ ˁˏ˃ʰˍˇˌ мл cmύ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌΣ ʵʽʰ˔ʶʽˊʽʸˈ˃ʶ˄ˇ ʰˉˈ 

ˍʹ NWS101. 

w Airport Surveillance Radar: ʆˇ ǀSR ʶʾ˄ʰʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˊʰ˄ˍʱˊ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ 

ʰʶˊˇʵˊˈ˃ʽʰ ʴʽʰ ˄ʰ ʰ˄ʽ˔˄ʶˏˋʶʽ ˁʰʽ ʰˉʶʽˁˇ˄ʾˋʶʽ ˍʹ ʻʷˋʹ ʶ˄ˈˌ ʰʶˊˇˋˁʱ˒ˇˎˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ 

ˍ˖˄ ˍʶˊ˃ʰˍʽˁ˗˄ ˋˍʰʻ˃˗˄102.  

w Low Level Wind Shear Alert System: ʆˇ LLWAS ˁʰˍʰʴˊʱ˒ʶʽ ˍʹ ˃ʷˋʹ ˍʰ˔ˏˍʹˍʰ ˍˇˎ 

ʶˉʽ˒ʰ˄ʶʽʰˁˇˏ ʰ˄ʷ˃ˇˎΣ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʺ ˍˇˎΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ʵʾˁˍˎˇ 

ˋˍʰʻ˃˗˄ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹˌ (remote sensor stationsύΣ ˇʽ ˇˉˇʾˇʽ ʲˊʾˋˁˇ˄ˍʰʽ ˁˇ˄ˍʱ ˋʶ 

ʵʽʰʵˊˈ˃ˇˎˌ ˉˊˇˋʰˉˇʴʶʾ˖ˋʹˌ ˁʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍ˖˄ ʵʽʰʵˊˈ˃˖˄ ʶˉʽʲʾʲʰˋʹˌκʰˉˇʲʾʲʰˋʹˌ ˋʶ 

ʷ˄ʰ ʰʶˊˇʵˊˈ˃ʽˇ103. 

w Automated Weather and Surface Observing Systems, AWOS/ASOS. 

w ʅˎˋˍʺ˃ʰˍʰ h ˄ʾ˔˄ʶˎˋʹˌ ́ ˂ʶˁˍˊʽˁ˗˄ ʁ ˁˁʶ˄˗ˋʶ˖˄. 

w ɼʰʽˊʽˁʱ ˃ ˇ˄ˍʷ˂ʰ ̱ ʹˌ NWS.  

w ɮʶˊˇˋˁʱ˒ʹ, ˃ ʷˋ˖ ̱ ˇˎ ʅˎˋˍʺ˃ʰˍˇˌ MDCRS (Meteorological Data Collection and Reporting 

System)104. 

 

5.6.2. ɀŮɗɞŭɞɚɞɔɑŬ 

 ʆˇ ITWS ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʽʰ ˃ʶʻˇʵˇ˂ˇʴʾʰ άrapid prototypingέ (ζˍʰ˔ʶʾʰˌ 

ˉˊ˖ˍˇˍˎˉˇˉˇʾʹˋʹˌη)Φ ʆˇ ʶˊʴʰˋˍʺˊʽˇ ɽʾ˄ˁˇ˂˄ ˍˇˎ ɾɹʆ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ 

Microburst PredictionΣ ˃ʶ ˄ʷʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ʴʽʰ ʷ˂ʶʴ˔ˇ ˍʹˌ ʶ˒ʽˁˍˈˍʹˍʰˌ ʲˊʰ˔ˎˉˊˈʻʶˋ˃˖˄ 

                                                           
100 (url). 
101 (url). 
102 (url). 
103 (url). 
104 ʆˇ MDCRS ʶʾ˄ʰʽ ˋ˔ʶʵʽʰˋ˃ʷ˄ˇ ʴʽʰ ˄ʰ ˎˉˇˋˍʹˊʾ˅ʶʽ ʲʶ˂ˍʽ˖˃ʷ˄ʹ ˉˊˈʴ˄˖ˋʹ ˁʰʽˊˇˏΣ ʽʵʽʰʾˍʶˊʰ ʴʽʰ 
ʰ˄ʷ˃ˇˎˌ ˎ˕ʹ˂ˈˍʶˊ˖˄ ʶˉʽˉʷʵ˖˄ όǳǇǇŜǊ-ŀƛǊ ǿƛƴŘύ ˁʰʽ ʶˉʽˁʾ˄ʵˎ˄ʰ ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ όurl). 

http://en.wikipedia.org/wiki/Terminal_Doppler_Weather_Radar
http://en.wikipedia.org/wiki/NEXRAD
http://en.wikipedia.org/wiki/Airport_surveillance_radar
http://en.wikipedia.org/wiki/Low_level_windshear_alert_system
https://wiki.ucar.edu/download/attachments/50664683/MDCRS%20Product%20Format%20Description.pdf?version=1&modificationDate=1259631916000&api=v2


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

92 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˉˊˇʲ˂ʷ˕ʶ˖˄ ˍʹˌ ˃ʶˍʰʴ˖ʴʺˌΦ ʆˇ ˉˊ˖ˍˈˍˎˉˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ʶʽˁˈ˄ʰˌ ˃ʶ ˍʶ˔˄ʹˍʺ 

˄ˇʹ˃ˇˋˏ˄ʹ όmachine-intelligentύΣ ˁʰʽ ˍʶ˔˄ʽˁʷˌ ˋˎʴ˔˗˄ʶˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ όdata fusion)105Σ ʴʽʰ ˄ʰ 

ˁʰʻˇˊʾˋʶʽ ˍʹ˄ ˖ˊʾ˃ʰ˄ˋʹ ˁʰʽ ˍʹ˄ ʶ˅ʰˋʻʷ˄ʽˋʹ ˍ˖˄ ˁˎˍˍʱˊ˖˄ όWolfson et al., 1994ύΣ ʽ˔˄ʹ˂ʱˍʹˋʹ 

ˁʰˍʰʽʴʾʵʰˌ ʴʽʰ ˄ʰ ˁʰʻˇˊʾˋʶʽ ˍʹ˄ ˉʶˊʽʲʱ˂˂ˇˎˋʰ ˁʾ˄ʹˋʹ ˍˇˎ ˁˎˍˍʱˊˇˎ ˁʰʽ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˁʰˍʰʽʴʾʵʰˌΣ 

ˉʽʻʰ˄ˇˍʽˁʷˌ ʶˁˍʽ˃ʺˋʶʽˌ ʴʽʰ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎ ˁˎˍˍʱˊˇˎ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋʶ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʶˌ ˍʱˋʶʽˌΣ 

ˁʰʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ˉˇˋˈˍʹˍʰˌ ˄ʶ˒˗˄ ˋ˖ˊʶʽˍ˗˄ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋʶ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ GOESΦ ʁ 

ʰ˂ʴˈˊʽʻ˃ˇˌ ˉʰˊʱʴʶʽ ˃ʽʰ ˋˎ˄ʶ˔ʺ ˉˊˈʴ˄˖ˋʹ ʴʽʰ ол ˂ʶˉˍʱΣ ʶˉʽ˂ˏˇ˄ˍʰˌ ˍʰˎˍˇ˔ˊˈ˄˖ˌ ˉʷ˄ˍʶ 

ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˊˈʴ˄˖ˋʹˌ όforecast problemsύ ʷ˅ʽ ˂ʶˉˍ˗˄ όWilson et al., 1998).  

 

ǵȑǿȊŭ 5.2.: çȇǽȃȎŭȊȊŭ űȓȋ ŰȐȋȇŰűȓŰȘȋ űȍȐ ITWS (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ˉˊ˖ˍˈˍˎˉˇ) 

 

5.6.3. ɄɟɞɥɧɜŰŬ əŬɘɟɞɨ 

ʆʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʰ ˉˊˇʿˈ˄ˍʰ ˁʰʽˊˇˏ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˍˇ ITWS ̀ ˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ 

ʰ˄ʾ˔˄ʶˎˋʹ ˁʰʽ ˉˊˈʴ˄˖ˋʹ ʵʽʰˍ˃ʹˍʽˁ˗˄ ʰ˄ʷ˃˖˄ ˁʰʽ microburst (˃ʽˁˊˇʶˁˊʺ˅ʶ˖˄)106, ˍʹ˄ ʷ˄ˍʰˋʹ 

ˁˎˍˍʰˊʽˁ˗˄ ˁʰˍʰʽʴʾʵ˖ ˄ ˁʰʽ ˁʰˍʶˏʻˎ˄ˋʹ ˁʾ˄ʹˋʹˌΣ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ʹ˂ʶˁˍˊʽˁʷˌ ʶˁˁʶ˄˗ˋʶʽˌ, 

˂ʶˉˍˇ˃ʶˊʶʾˌ ʰ˄ʷ˃ˇˎˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ̱ ˖˄ ̱ ʶˊ˃ʰˍʽˁ˗˄ ˋˍʰʻ˃˗˄Σ ˁʰʽ ˖ˊʽʰʾʰ ˉˊˈʴ˄˖ˋʹ ˁʰˍʰʽʴʾʵʰˌΦ ʆʰ 

ʰˊ˔ʽˁʱ ˉˊˇʿˈ˄ˍʰ ˉʰˊʺ˔ʻʹˋʰ˄ ʰˉˈ ʶˊʴʰˋˍʹˊʽʰˁʱ ˂ʶʽˍˇˎˊʴʽˁʱ ˉˊ˖ˍˈˍˎˉʰ ˉˇˎ ˂ʶʽˍˇˏˊʴʹˋʰ˄ ˋˍˇ 

ɾʷ˃˒ʽˌΣ ˍˇ ʁˊ˂ʱ˄ˍˇΣ ˍˇ ɿˍʱ˂ʰˌ ˁʰʽ ˍʹ ɿʷʰ ʇˈˊˁʹΦ ɮˎˍʱ ˍʰ ˉˊˇʿˈ˄ˍʰ ʲʶ˂ˍʽ˗ʻʹˁʰ˄ ˃ʷˋ˖ 

                                                           
105 ɶ ˋˎʴ˔˗˄ʶˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ όŘŀǘŀ ŦǳǎƛƻƴύΣ ʶʾ˄ʰʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ  ʶ˄ˇˉˇʾʹˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ ʵʶʵˇ˃ʷ˄˖˄ 
ˁʰʽ ʴ˄˗ˋʹˌ ʴʽʰ ˍˇ ʾʵʽˇ ˉˊʰʴ˃ʰˍʽˁˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΣ ˋʶ ˃ʽʰ ˋˎ˄ʶˉʺΣ ʰˁˊʽʲʺ ˁʰʽ ˔ˊʺˋʽ˃ʹ ʰ˄ʰˉʰˊʱˋˍʰˋʹ όurl).  
106 ɴ˄ʰ ʷ˄ˍˇ˄ˇΣ ˍˇˉʽˁˈ ˁʰʻˇʵʽˁˈ ˊʶˏ˃ʰ ʰʷˊʰ ˉˇˎ ʶ˅ʰˉ˂˗˄ʶˍʰʽ ˋˍˇ ʷʵʰ˒ˇˌΣ ˉˊˇˁʰ˂˗˄ˍʰˌ ˍʰ˔ʶʾʶˌ 
ʰ˂˂ʰʴʷˌ ˋˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˁʰʽ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʰ˄ʷ˃ˇˎ όurl).  

http://www.ll.mit.edu/mission/aviation/faawxsystems/itws.html
http://en.wikipedia.org/wiki/Data_fusion
http://dictionary.reference.com/browse/microburst
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˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˋʹ˃ʰ˄ˍʽˁ˗˄ ˁʰʽˊʽˁ˗˄ ʶˉʶʽˋˇʵʾ˖˄ ˁʰʽ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʰˉˈ ˔ˊʺˋˍʶˌ 

ʰʶˊˇʴˊʰ˃˃˗˄ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎ ˁʰʽ ʶˉʽ˔ʶʽˊʹˋʽʰˁˇˏˌ ˔ˊʺˋˍʶˌ ˍʹˌ FAAΦ ʆʰ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ˇ˒ʷ˂ʹ 

ˍˇˎ ITWS όˉΦ˔Φ ˃ʶʾ˖ˋʹ ˁʰʻˎˋˍʶˊʺˋʶ˖˄ ˋʶ ʰʶˊˇʵˊˈ˃ʽʰ), ʰ˅ʽˇ˂ˇʴʺʻʹˁʰ˄ ˍˈˋˇ ʰˉˈ ˋˎ˄ʶ˄ˍʶˏ˅ʶʽˌ 

˔ˊʹˋˍ˗˄ ˈˋˇ ˁʰʽ ʰˉˈ ʰ˄ʱ˂ˎˋʹ ʶˉʽ˔ʶʽˊʹˋʽʰˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ όˈˉ˖ˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ˁʰʻˎˋˍʶˊʺˋʶʽˌΣ 

ˉʰˊʰˁˇ˂ˇˎʻʺˋʶʽˌ ̄ ˍʺˋʶ˖˄Σ ˁʰʽ ˁʰʽˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰύ107. 

 

5.7. WDSS (1996), ȼɄȷ 

ɶ ˉˊ˗ˍʹ ʶˁʵˇ˔ʺ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ WDSS (Warning Decision Support System ̃Eilts et al., 1996) 

ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʰˉˈ ˍˇ ʶˊʴʰˋˍʺˊʽˇ NSSL ˍˇˎ ǌǎǀǀΣ ˋˍʽˌ ʰˊ˔ʷˌ ˍʹˌ ʵʶˁʰʶˍʾʰˌ ˍˇˎ мффлΣ ˁʰʽ 

ʰ˒ˇ˃ˇʽ˗˄ʶʽ ɻ ʶʵˇ˃ʷ˄ʰ ʰˉˈ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˊʰ˄ˍʱˊ όJohnson et al., 1995). 

ʆˇ WDSS ˉʰˊʷ˔ʶʽ ʰˉʶʽˁˈ˄ʽˋʹ ˁʰʽ ʷ˄ʰ ʶˏˊˇˌ ʶ˒ʰˊ˃ˇʴ˗˄ ʴʽʰ ˎˉˇ˂ˇʴʽˋ˃ˈ ʽ˔˄ʹ˂ʰˍʺˋʶ˖˄ 

ˁʰˍʰʽʴʾʵʰˌΣ ʰ˄ʾ˔˄ʶˎˋʹ ˔ʰ˂ʰʸʽˇˏΣ ʰ˄ʾ˔˄ʶˎˋʹ ˃ʶˋˇˁˎˁ˂˗˄˖˄Σ ˋʽ˒˗˄˖˄ ˁʰʽ ʽˋ˔ˎˊ˗˄ ʰ˄ʷ˃˖˄Σ 

ʶˁˍʾ˃ʹˋʹ ʰʻˊˇʽˋˍʽˁ˗˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄Σ ˁʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍˇˎ ˉˊˇˁʰˍʰʽʴʽʵʽˁˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ (near-

storm environment) (Johnson et al., 1995).  

ʁʽ ʰ˂ʴˈˊʽʻ˃ˇʽ tornado vortex signature108 ˁʰʽ h˄ʾ˔˄ʶˎˋʹ ̩ ˃ʶˋˇˁˎˁ˂˗˄˖˄109 ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ʶˉʽ˔ʶʽˊʺˋʶʽˌ ʰˉˈ ˍʹ˄ ɳʻ˄ʽˁʺ ʇˉʹˊʶˋʾʰ ɼʰʽˊˇˏ ˍ˖˄ ɶʃɮΣ ʶ˒ʰˊ˃ˈˋˍʹˁʰ˄Σ 

ʶ˂ʷʴ˔ʻʹˁʰ˄ ˁʰʽ ʶˉʰ˂ʹʻʶˏˍʹˁʰ˄ ʴʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ˃ʷˋʰ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ WDSS (Lakshmanan et 

al.Σ 2007). ɱʽʰ ˄ʰ ˎˉˇˋˍʹˊʽ˔ʻˇˏ˄ ˉʰ˄ʶˉʽˋˍʹ˃ʽʰˁˇʾ ˁʰʽ ʱ˂˂ˇʽ ʶˊʶˎ˄ʹˍʷˌΣ ʵʽʰ˄ʷ˃ˇ˄ˍʰʽ ʵ˖ˊʶʱ˄ 

ʶˁʵˇ˔ʷˌ ˍˇˎ ˋˍʰʻ˃ˇˏ ʶˊʴʰˋʾʰˌ ˍ˖˄ ʶˉʽ˔ʶʽˊʹˋʽʰˁ˗˄ ʰ˂ʴˇˊʾʻ˃˖˄ WSR-88D Algorithm Testing and 

Display System Weather Surveillance Radar-1988 (NSSL, 1996̃ Lakshmanan et al., 2007). 

 

5.8. GANDOLF  (1997), ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ 

ʆˇ мффпΣ ʹ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ʇˉʹˊʶˋʾʰ ˍˇˎ ɶΦɰΦ ʶʴˁʰʻʾʵˊˎˋʶ ʷ˄ʰ ˁˇʽ˄ˈ ˉˊˈʴˊʰ˃˃ʰ ɴˊʶˎ˄ʰˌ ˁʰʽ 

ɮ˄ʱˉˍˎ˅ʹˌ ˃ʶ ˍˇ˄ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ ʁˊʴʰ˄ʽˋ˃ˈ ˎˉʶˏʻˎ˄ˇ ɹ ʽʰ ˉˊˈʴ˄˖ˋʹ ˉ˂ʹ˃˃ˏˊʰˌ ˋˍʹ˄ ɮʴʴ˂ʾʰ ˁʰʽ 

ˍʹ˄ ʁˎʰ˂ʾʰΣ ʴʽʰ ˄ʰ ʶ˅ʶˊʶˎ˄ʺˋʶʽ ˍʰ ˇ˒ʷ˂ʹ ʶ˄ˈˌ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ˇˏˌ ʶ˄˄ˇʽˇ˂ˇʴʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ 

(Object-Oriented conceptual Model, (OOM)110 ˃ʶˍʰʴ˖ʴʺˌ ˋˍˇ nowcasting ˉˇˍʱ˃ʽ˖˄ ˉ˂ʹ˃˃ˎˊ˗˄Φ 

ɮˎˍˈ ˉʶˊʽʶ˂ʱ˃ʲʰ˄ʶ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʶ˄ˈˌ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ˍˇˎ GANDOLF 

(Generating Advanced Nowcasts for Deployment in Operational Land Surface Flood ForecastύΣ ˉˇˎ 

                                                           
107 (url). 
108 ʆˇ tornado vortex signatureΣ ʶʾ˄ʰʽ ʷ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ ɿˍˈˉ˂ʶˊΣ 
ˎˉˇʵʶʽˁ˄ˏʶʽ ˍʹ˄ ˉʽʻʰ˄ʺ ˉʰˊˇˎˋʾʰ ʶ˄ˈˌ ʽˋ˔ˎˊˇˏ ˃ʶˋˇˁˎˁ˂˗˄ʰ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋʶ ˁʱˉˇʽˇ ˋˍʱʵʽˇ 
tornadogenesis (url). 
109 ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʰ˄ʾ˔˄ʶˎˋʹˌ ˃ʶˋˇˁˎˁ˂˗˄˖˄ ˍʹˌ NSSL ʶʾ˄ʰʽ ˋ˔ʶʵʽʰˋ˃ʷ˄ˇˌ ˗ˋˍʶ ˄ʰ ʰ˄ʽ˔˄ʶˏʶʽ ʰˎˍˈ˃ʰˍʰ 
ˁʰʽ ˄ʰ ʵʽʰʴʽʴ˄˗ˋˁʶʽ ˍʰ ˃ˇˍʾʲʰ ʰˁˍʽ˄ʽˁʺˌ ˍʰ˔ˏˍʹˍʰˌ ˊʰ˄ˍʱˊ ɿˍˈˉ˂ʶˊ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˋˍˊˇʲʽ˂ʽˋ˃ˇˏˌ 
ˋʶ ˁ˂ʾ˃ʰˁʰ м-10 km ˃ ʷˋʰ ˋʶ ˁʰˍʰʽʴʾʵʶˌ όStumpf et al., 1998). 
110 ɮ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʷˌ ˃ˇ˄ˍʷ˂ˇ ˃ʶˍʰʴ˖ʴʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ƴƻǿŎŀǎǘ 
ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶˉʶʽˋˇʵʾ˖˄ ˃ʶˍʰʴ˖ʴʺˌ ʰʷˊʽʰˌ ˃ʱʸʰˌΦ 

http://www.ll.mit.edu/mission/aviation/faawxsystems/itws.html
http://en.wikipedia.org/wiki/Tornado_vortex_signature
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94 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˋ˔ʶʵʽʱˋˍʹˁʶ ʴʽʰ ˄ʰ ʶˁˍʶ˂ʷˋʶʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʁʁɾ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶˉʶʽˋˇʵʾ˖˄ ˃ʶˍʰʴ˖ʴʺˌ ʰʷˊʽ˖˄ 

˃ʰʸ˗˄Φ  

 

ǵȑǿȊŭ 5.3.: ǫ ŮȇǽűŭȌȅ ȐȉȇȈȍȗ (hardware) űȍȐ ŰȐŰűǿȊŭűȍȏ GANDOLF (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ 

ɵȎȓűȖűȐɵȍ űȓȋ Pierce et al. [2000]) 

 

ʆˇ GANDOLF (Pierce et al., 2000ύ όʅ˔Φ рΦоΦύΣ ˋ˔ʶʵʽʱˋˍʹˁʶ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʰ ʴʽʰ nowcasting 

˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌ ˉˇ˂ˎˁˎˍˍʰˊʽˁ˗˄ ˁʰˍʰʽʴʾʵ˖˄ ˃ʶˍʰʴ˖ʴʺˌΦ ɳʾ˄ʰʽ ʷ˄ʰ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʷˌ ʷ˃ˉʶʽˊˇ 

ˋˏˋˍʹ˃ʰ όexpert systemύ ˉˇˎ ʰ˄ʰ˂ˏʶʽ ʵʶʵˇ˃ʷ˄ʰ ˍˊʽʵʽʱˋˍʰˍʹˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ʴʽʰ ˄ʰ 

ʰ˄ʰʴ˄˖ˊʾˋʶʽ ˃ʶˍʰʴ˖ʴʽˁʷˌ ˇ˄ˍˈˍʹˍʶˌΦ ʁʽ ˇ˄ˍˈˍʹˍʶˌ ˁʰˍʹʴˇˊʽˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˋˍʱʵʽʰ ʰ˄ʱˉˍˎ˅ʹˌΣ ˁʰʽ 

ʷˉʶʽˍʰΣ ʲʱˋʶʽ ʶ˄ˈˌ ʶ˄˄ˇʽˇ˂ˇʴʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ʽʵʰ˄ʽˁʺˌ ʶ˅ʷ˂ʽ˅ʹˌ ˁʰˍʰʽʴʾʵʰˌ ʶˁˍʶ˂ʶʾˍʰʽ nowcast ʴʽʰ 

˃ʶ˂˂ˇ˄ˍʽˁʱ ˋˍʱʵʽʰΦ ɶ ˁʾ˄ʹˋʹ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ˉˊˇʲ˂ʷˉʶˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰ˄ʷ˃ˇˎˌ 

ˁʰˍʶˎʻˎ˄ˍʺˊʽˇˎ ʶˉʽˉʷʵˇˎ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ LAPS111Φ ʆˇ ʶ˄˄ˇʽˇ˂ˇʴʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ 

ʰ˄ʰˉˍˏˋˋʶʽ ˄ʷʰ ʺ ʻˎʴʰˍˊʽˁʱ ˁˏˍˍʰˊʰ ˁʰˍʱ ˃ʺˁˇˌ ˍ˖˄ ˎˉʰˊ˔ˇˎˋ˗˄ ˁʰˍʰʽʴʾʵ˖˄ ˁʰʽ ˋʶ ˁʰʻʰˊˈ 

ˉʶˊʽʲʱ˂˂ˇ˄Σ ˃ʶ ˍʹ˄ ˉˊˇːˉˈʻʶˋʹ ˈˍʽ ʹ ˋˏʴˁ˂ʽˋʹ ˋˍˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˇˊʽʰˁˈ ˋˍˊ˗˃ʰ όboundary layer 

convergenceύ ˉˇˎ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ʰˊʽʻ˃ʹˍʽˁʱ  ˃ˇ˄ˍʷ˂ʰ NWPΣ ʶʾ˄ʰʽ ʶˉʰˊˁ˗ˌ ʽˋ˔ˎˊʺΦ 
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5.8.1. ȹɞɛɐ 

ʆˇ ˃ˇ˄ˍʷ˂ˇ OOM ˍˇˎ GANDOLF ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ ˉˊˈʴ˄˖ˋʹ ˃ʶˍʰʴ˖ʴʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰ˄ʱ˂ˎˋʹ н ƪƳΦ ʆˇ ̀ˏˋˍʹ˃ʰ ̫ ˔ʶʽ ʶʴˁʰˍʰˋˍʰʻʶʾ ˋʶ ʷ˄ʰ˄ ˋˍʰʻ˃ˈ ʶˊʴʰˋʾʰˌ UNIXΦ ɶ 

ʵʽʰʵʽˁʰˋʾʰ ˉˊˇʶʽʵˇˉˇʾʹˋʹˌ ˍʹˌ ˉ˂ʹ˃˃ˏˊʰˌ όʅ˔Φ рΦоΦύ ʷ˔ʶʽ ʰˎˍˇ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʷˋʰ ˋʶ ʷ˄ʰ 

ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ˇ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˋˏˋˍʹ˃ʰ ˃ʶ ˍʹ˄ ˇ˄ˇ˃ʰˋʾʰ CASCADE (Catchment Assessment System 

Concerned with the Adequate Dissemination of Effective flood warningsύΦ ʆˇ CASCADE ʶ˄ˇˉˇʽʶʾ 

ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˍʹˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˍʹ˄ ʰˉˇ˒ˈˊˍʽˋʹ ˍ˖˄ 

ˉˇˍʰ˃˗˄ ˃ʶ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˍʹˌ ˉˇˍʱ˃ʽʰˌ ʶˁˊˇʺˌ ˁʰʽ ʵʽʱ˒ˇˊ˖˄ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄˖˄ ʵʽʰʵʽˁʰˋʽ˗˄ 

ʷʴˁʰʽˊʹˌ ˉˊˇʶʽʵˇˉˇʾʹˋʹˌ όHaggett, 1995ύΦ  ɴ˄ʰ ˃ʹ ʴˊʰ˃˃ʽˁˈ ʰˉˇʻʹˁʶˎˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʲˊˇ˔ʺˌ-

ʰˉˇˊˊˇʺˌΣ ʴ˄˖ˋˍˈ ˖ˌ IEM (Isolated Event Model)Σ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˉˊˇʲ˂ʷ˕ʶʽ ˍʽˌ ˍʽ˃ʷˌ 

ʰʽ˔˃ʺˌ ˍʹˌ ˉˇˍʱ˃ʽʰˌ ʶˁˊˇʺˌ όPierce et al., 2000).  

 

5.8.2. ȹŮŭɞɛɏɜŬ 

ʆˇ GANDOLF ˂ʰ˃ʲʱ˄ʶʽ ˃ʶʴʱ˂ˇ ʶˏˊˇˌ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˉˇʽˁʾ˂ʰ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ˎˉˇ˂ˇʴʽˋˍʽˁʱ 

ˋˎˋˍʺ˃ʰˍʰ ˁʰʽ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɮˎˍʱ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʵʶʵˇ˃ʷ˄ʰ 

ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎ ʰˉˈ ˊʰ˄ˍʱˊ ˁʰʽ ʵˇˊˎ˒ˈˊˇˎˌ ˁʰʽ ˃ʽʰ ˉˇʽˁʽ˂ʾʰ ˉˊˇʿˈ˄ˍ˖˄ ˉˊˈʴ˄˖ˋʹˌ ʰˉˈ ˍˇ 

ˋˏˋˍʹ˃ʰ Nimrod112 ˁʰʽ ʰˉˈ ˍˇ ɾˇ˄ˍʷ˂ˇ ɾʷˋʹˌ ɼ˂ʾ˃ʰˁʰˌ όǋǋύ ˍʹˌ ɾʶˍΦ ʇˉʹˊʶˋʾʰˌ ˍˇˎ ɶΦɰΦ ɳʾ˄ʰʽ 

ˋʹ˃ʰ˄ˍʽˁˈ ʴʽʰ ˍʹ˄ ʶˉʽˍˎ˔ʺ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˄ʰ ʶʾ˄ʰʽ ˔ˊˇ˄ʽˁʱ ˋˎ˄ʶˉʺˌ όtimelinessύ ʹ ˂ʺ˕ʹ 

ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʁ ˁˏˁ˂ˇˌ мл ˂ʶˉˍ˗˄ ˍˇˎ ʁʁɾ ˎˉʰʴˇˊʶˏʶʽ ˈˍʽ ʵʶʵˇ˃ʷ˄ʰ ʵˇˊˎ˒ˈˊ˖˄ ˁʰʽ ˊʰ˄ˍʱˊ 

multi-beamΣ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ˍ˖˄ ˁˎˍˍʱˊ˖˄ ˃ʶˍʰʴ˖ʴʺˌΣ ˉˊʷˉʶʽ ˄ʰ 

˂ʹ˒ʻˇˏ˄ ʶ˄ˍˈˌ ˂ʾʴ˖˄ ˂ʶˉˍ˗˄ Data Time. 

 

5.8.3. Ⱥɜɜɞɘɞɚɞɔɘəɧ ɛɞɜŰɏɚɞ 

ʆˇ ʶ˄˄ˇʽˇ˂ˇʴʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʴʽʰ ˁˏˍˍʰˊʰ ˃ʶˍʰʴ˖ʴʺˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍˇ GANDOLF 

ˉˊˇˍʱʻʹˁʶ ʰˉˈ ˍˇˎˌ Hand and Conway (1995ύΦ ʆˇ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˈ ˁʰˍʰ˄ʷ˃ʶʽ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ʶ˄ˈˌ 

ˁˎˍˍʱˊˇˎ ˁʰˍʰʽʴʾʵʰˌ ˋʶ ʷ˅ʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋˍʱʵʽʰ όyoung developing, developing, young mature, fully 

mature, early dissipating and dissipatingύΦ ɾʰʸʾ ˃ʶ ˃ʽʰ ˂ʶˉˍˇ˃ʶˊʺ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˋˍʰʵʾ˖˄Σ 

ʵʾʵʶˍʰʽ ʶˉʾˋʹˌ ˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ ˍʰˎˍˇˉˇʾʹˋʹˌ ˍˇˎ ˋˍʰʵʾˇˎ ʶ˅ʷ˂ʽ˅ʹˌ ʴʽʰ ˃ʾʰ ʵʶʵˇ˃ʷ˄ʹ ˉʰˊʰˍʺˊʹˋʹ 

ˊʰ˄̱ɦ ˊ ˍˇˎ ˁˎˍˍʱˊˇˎΦ ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˈˍʽ ʵʶ˄ ʽˋ˔ˏʶʽ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˇˊʴʰ˄˖˃ʷ˄ʹˌ ˃ʶˍʰʴ˖ʴʺˌΣ ʴʽʰ 

ˉʰˊʱɻʁʽʴ˃ʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˃ʶˍ˖ˉʽˁ˗˄ ʸ˖˄˗˄Φ ʅˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˎˍʷˌΣ ˍˇ GANDOLF ʵʶ˄ 

ʶˁˍʶ˂ʶʾˍʰʽΣ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʷ˅ˇʵˇʽ ʰˉˈ ˍˇ NIMRODΦ ʆˇ ˁʰˍʱ ˉˈˋˇ˄ ˋˎ˄ˍˊʷ˔ˇˎ˄ ˇʽ ˋ˖ˋˍʷˌ 

ˉˊˇːˉˇʻʷˋʶʽˌ ʴʽʰ ˄ʰ ʶˁˍʶ˂ʶˋˍʶʾ ʶʾˍʶ ˍˇ GANDOLF ʶʾˍʶ ˍˇ NIMRODΣ ʶˉʰ˂ʹʻʶˏʶˍʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵʽʱ˒ˇˊʰ ˁˊʽˍʺˊʽʰΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˍʹ˄ ɾʶˍʰʴ˖ʴʽˁʺ ɲʽʰʻʷˋʽ˃ʹ ɲˎ˄ʹˍʽˁʺ 

ɳ˄ʷˊʴʶʽʰ όCAPE) (Reyniers, 2008). 

   

                                                           
112 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

96 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

5.8.4. ȺˊɑˊŮŭŬ ŭɟɎůɖɠ 

ʆˇ ˋˏˋˍʹ˃ʰ ˃ˉˇˊʶʾ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ˋʶ ʷ˄ʰ ʰˉˈ ˍˊʾʰ ʵʽʰˁˊʽˍʱ ʶˉʾˉʶʵʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʹˌ 

˂ʶʽˍˇˎˊʴʾʰˌΥ 

ɳˉʾˉʶʵˇ м: ʃʰˊʰˁˇ˂ˇˏʻʹˋʹ όʅˎʴˁʷ˄ˍˊ˖ˋʹ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄ύ 

w ɮ˄ʱˁˍʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ h ˉˈ ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰ. 

w ɮ˄ʰʴ˄˗ˊʽˋʹ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ̀ ʶ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊΦ 

w ʃˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʵʽʰʴ˄˖ˋˍʽˁˇˏ ʶ˂ʷʴ˔ˇˎ όdiagnosticsύ ˖ˌ ˉˊˇˌ ˍʹ ˃ʶˍʰʴ˖ʴʺ ʰʷˊʽ˖˄ ˃ʰʸ˗˄. 

ɳˉʾˉʶʵˇ нΥ ɲˊʱˋʹ όʃʰˊʰʴ˖ʴʺ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˉˊˇʴ˄˗ˋʶ˖˄ ˃ʶˍʰʴ˖ʴʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌύ 

w ɶ ˁʰˍʰˁˊʺ˃˄ʽˋʹ ʶʾ˄ʰʽ ˃ʶˍʰʴ˖ʴʽˁʺ ˃ʹ-˃ʶˍ˖ˉʽˁʺΤ 

w ɳˉʽ˂ˇʴʺ ˁʰˍʱ˂˂ʹ˂ʹˌ ˉˊˈʴ˄˖ˋʹˌ όʶʱ˄ ʵʶ˄ ʷ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ˃ʶˍʰʴ˖ʴʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʰΣ ʹ 

ˉˊˈʴ˄˖ˋʹ ʰ˄ʰˍʾʻʶˍʰʽ ˋˍˇ ˋˏˋˍʹ˃ʰ NIMROD). 

w ɲʹ˃ʽˇˎˊʴʾʰ ˉˊˇʶʽʵˇˉˇʽʹˍʽˁ˗˄ ˃ʹ˄ˎ˃ʱˍ˖˄. 

w ʅˏʴˁˊʽˋʹ ʰˉˈʵˇˋʹˌ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ. 

ɳˉʾˉʶʵˇ о:  ʅˎ˄ʰʴʶˊ˃ˈˌ όɾʶˍʱʵˇˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ ɼʷ˄ˍˊˇ ʃˊˇʶʽʵˇˉˇʾʹˋʹˌ ʃ˂ʹ˃˃ˏˊʰˌ [Flood 

Warning Centre]) 

w ɮˉˇˋˍˇ˂ʺ ˃ʹ˄ˎ˃ʱˍ˖˄ ˉˊˇʶʽʵˇˉˇʾʹˋʹˌ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ ˃ʶˍʰʴ˖ʴʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˁʰʽ 

ˉˊˈʴ˄˖ˋʹ ˇʵʹʴʽ˗˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ όforecast guidance).  

 

5.8.5. ȺˊŬɚɐɗŮɡůɖ 

ʋˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍˊʾʰ ˃ˇ˄ˍʷ˂ʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʴʽʰ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˉ˂ʹ˃˃ˎˊ˗˄ ˋʶ ʻʶˊʽ˄ʷˌ 

ʵˇˁʽ˃ʷˌ όPierce et al., 2000ύΥ ˍˇ NIMRODΣ ˍˇ LFM όɾˇ˄ˍʷ˂ˇ ʆˇˉʽˁʺˌ ʃˊˈʴ˄˖ˋʹˌύ ˍˇˎ ɹ˄ˋˍʽˍˇˏˍˇˎ 

ʇʵˊˇ˂ˇʴʾʰˌΣ ˁʰʽ ˍˇ OOM (GANDOLF) όʃʽ˄Φ рΦмΦύ. 

ʆʰ ˍˊʾʰ ˃ˇ˄ˍʷ˂ʰ ˍʶʾ˄ˇˎ˄ ˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʰˉ˗˂ʶʽʶˌ ˋˍʹ ˔˖ˊʽˁʺ ʰˉˈʵˇˋʹ ˁʰˍʱ ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ 

˔ˊˈ˄ˇˎ ˉˊˈʴ˄˖ˋʹˌΣ ˁʰʽ ˍʹˌ ˃ʶʾ˖ˋʹˌ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍ˖˄ ˎˉˇ˂ʶˁʰ˄˗˄Φ ɶ ˋˍʰˍʽˋˍʽˁʺ ʶˉʰ˂ʺʻʶˎˋʹ ˍʹˌ 

ʰˉˈʵˇˋʹˌ ˍˇˎ OOM (GANDOLFύ ˁʰˍʱ ˍʽˌ ˍˊʶʽˌ ʻʶˊʽ˄ʷˌ ʵˇˁʽ˃ʷˌΣ ʵʶ˄ ʶˎ˄ˈʹˋʶ ʰˉˇ˒ʰˋʽˋˍʽˁʱ ˍʹ 

˔ˊʺˋʹ ˍˇˎ ʷ˄ʰ˄ˍʽ ˍ˖˄ ˎˉʰˊ˔ˇˎˋ˗˄ ˉˊˇʶˁʲˇ˂ʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˋʶ ˉʶˊʽˈʵˇˎˌ ˃ʶˍʰʴ˖ʴʺˌ ʰʷˊʽʰˌ ˃ʱʸʰˌΦ 

ʍˋˍˈˋˇΣ ʹ ʰˉˈʵˇˋʺ ˍˇˎ ˁʰˍʱ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˋʹ˃ʰ˄ˍʽˁ˗˄ ʷ˄ˍˇ˄˖˄ ˋˎ˃ʲʱ˄ˍ˖˄ ˃ʶˍʰʴ˖ʴʽˁʺˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʶˉʷʵʶʽ˅ʶ ˋˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ ˉˊˇʴ˄˗ˋˍʶˌ ˉ˂ʹ˃˃ˎˊ˗˄ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍʹˌ 

˔ˊʺˋʹˌ ˍʹˌ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ˇˏˌ ˃ʶʻˈʵˇˎ όHand, 1996̃ Pierce and Hardaker, 1997ύΦ ʆˇ OOM 

˒ʱ˄ʹˁʶ ˄ʰ ʶʾ˄ʰʽ ʽˁʰ˄ˈ ʴʽʰ ʰ˄ʰʴ˄˗ˊʽˋʹ ʰˎˍ˗˄ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˃ʶˍʰʴ˖ʴʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˉˇˎ ʶʾ˄ʰʽ 

ˉʽˇ ˉʽʻʰ˄ˈ ˄ʰ ʶˉʽ˃ʶʾ˄ʶʽ ˃ʷˋ˖ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˉʰˊʰʴ˖ʴʺˌ ˄ʷ˖˄ όʻˎʴʰˍˊʽˁ˗˄ύ ˁˎˍˍʱˊ˖˄Φ 

LFM ˁ ʰʽ Nimrod 

ʁˏˍʶ ˍˇ LFMΣ ˇˏˍʶ ˍˇ NIMROD ʶˉʷʵʶʽ˅ʰ˄ ʽʵʽʰʾˍʶˊʹ ʽˁʰ˄ˈˍʹˍʰ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˍʹˌ ʵʽʱˊˁʶʽʰˌ 

ʷ˄ˍˇ˄˖˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄Φ ɼʰʽ ˍʰ ʵˏˇ ˃ˇ˄ˍʷ˂ʰ ʷ˔ˇˎ˄ ˃ʽʰ ˍʱˋʹ ˄ʰ ʶ˅ˇ˃ʰ˂ˏ˄ˇˎ˄ ˍʰ ˉʰˊʰˍʹˊʹ˃ʷ˄ʰ 

ˉʶʵʾʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˈˍʰ˄ ʰˎ˅ʱ˄ʶˍʰʽ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌΦ 

 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 5: ǑǓǑǒǆǋǀǒǀ NOWCASTING 97 

ǳȀȋŭȈŭȏ 5.1.: ǧȌȇȍȉȖȃȅŰȅ ǯȍȋűǾȉȓȋ Nimrod, LFM (ǯȍȋűǾȉȍ ǶȍɵȇȈǿȏ ǳȎȖȃȋȓŰȅȏ) Ȉŭȇ OOM 

(GANDOLF) Űů ūůȎȇȋǾȏ çȍȈȇȊǾȏ  

ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ 

˃ˇ˄ˍʷ˂ˇˎ 
NIMROD LFM OOM (GANDOLF) 

ʅˎ˔˄ˈˍʹˍʰ ˁˏˁ˂ˇˎ 

(run cycle) 
ол ˂ʶˉˍʱ р ˂ʶˉˍʱ р ʺ мл ˂ʶˉˍʱ 

ʋˊˇ˄ʽˁˈ ʲʺ˃ʰ 

˃ˇ˄̱̫ ˂ˇˎ 
15 ˂ ʶˉˍʱ 15 ˂ ʶˉˍʱ 10 ˂ ʶˉˍʱ 

ʋ˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ 5 km  2 km 2 km 

ʃʹʴʺ ɲʶʵˇ˃ʷ˄˖˄  
ʅˏ˄ʻʶˍʶˌ ʰ˄ʰ˂ˏˋʶʽˌ ʵʽˁˍˏˇˎ 

ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ ˍˇˎ ɶɰ 

ɲʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ʰˉˈ 

˃ʽʰ ˍˇˉˇʻʶˋʾʰ όǎƛƴƎƭŜ-

site) 

ɲʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ʰˉˈ ˃ʽʰ 

ˍˇˉˇʻʶˋʾʰ όǎƛƴƎƭŜ-site) 

ɳˏˊˇˌ  ˉˊˈʴ˄˖ˋʹˌ 6 ̠ ˊʶˌ 2 ̠ ˊʶ̩ 3 ̠ ˊʶˌ 

ɰʱˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ 

ˉˊˈʴ˄˖ˋʹˌ 

ɱˊʰ˃˃ʽˁʺ ˉˊˇʶˁʲˇ˂ʺ ˁʰʽ 

ˋˎʴ˔˗˄ʶˎˋʹ ˃ʶ ˉˊˇʴ˄˗ˋʶʽˌ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʰˉˈ NWP 

ɱˊʰ˃˃ʽˁʺ ˉˊˇʶˁʲˇ˂ʺ  

ɱˊʰ˃˃ʽˁʺ ˉˊˇʶˁʲˇ˂ʺ ˃ʶ ˃ʹ-

ʴˊʰ˃˃ʽˁʺ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ 

ʶ˅ʰˋʻʷ˄ʽˋʹ  

ɾʷʻˇʵˇˌ ˇˊʽʸˈ˄ˍʽʰˌ 

˃ʶˍʰʴ˖ʴʺˌ 

(advection) 

ɱˊʰ˃˃ʽˁʺ ˉˊˇʶˁʲˇ˂ʺ ˍ˖˄ 

ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ 

˃ʷˋ˖ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʽ 

ˍˊʽʵʽʱˋˍʰˍ˖˄ ʰ˄ʷ˃˖˄ ʰˉˈ ˍˇ 

ɾɾ 

ɱˊʰ˃˃ʽˁʺ ˉˊˇʶˁʲˇ˂ʺ 

ˍ˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˃ʷˋ˖ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ 

ɱˊʰ˃˃ʽˁʺ ˉˊˇʶˁʲˇ˂ʺ 

˃ʶˍʰʴ˖ʴʽˁ˗˄ ˁˎˍˍʱˊ˖˄ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ 

ˍˊʽʵʽʱˋˍʰˍˇˎˌ ʰ˄ʷ˃ˇˎˌ ʰˉˈ 

ˍˇ ɾɾ 

ɲˎ˄ʰˍˈˍʹˍʰ ˃ʹ-

ʴˊʰ˃˃ʽˁʺˌ 

ˉˊˈʴ˄˖ˋʹˌ  

 

ɿʰʽΦ ʅˎʴ˔˗˄ʶˎˋʹ ˉˊˇʴ˄˗ˋʶ˖˄ 

ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ ˁʰʽ 

ˉˊˇʴ˄˗ˋʶ˖˄ ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ 

ʰˉˈ ˍˇ ɾɾ 

ʂ˔ʽΦ ɳ˅ˇ˃ʰ˂ˏ˄ʶʽ ˍʰ 

ˉʶʵʾʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ 

ˉˊˇˌ ˍʹ ˃ʷˋʹ ˍʽ˃ʺ ˍˇˎ 

ˉʶʵʾˇˎ ˋʶ ˃ʶʴʱ˂ˇ 

ʶˏˊˇˌ  

ɿʰʽΦ ɮ˄ʱˉˍˎ˅ʹ ˄ʷ˖˄ 

˃ʶˍʰʴ˖ʴʽˁ˗˄ ˁˎˍˍʱˊ˖˄ 

˔ˊʹ̀̔ ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ˉʶʵʾˇ 

ʰ˄ʶ˃ˇ˂ˇʴʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ 

ˋˏʴˁ˂ʽˋʹˌ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ 

˔ʰ˃ʹ˂ˇˏ ˎ˕ˇ˃ʷˍˊˇˎ όƭƻǿ 

level wind field convergence) 

ˁh ʽ ʰ˄ʱˉˍˎ˅ʹ ʻˎʴʰˍˊʽˁ˗˄ 

ˁˎˍˍʱˊ˖˄ 

ɮʵˎ˄ʰ˃ʾʶˌ 

ʇˉˇʶˁˍʽ˃ʱ ˍʽˌ ˍʽ˃ʷˌ ʰʽ˔˃ʺˌ ˍʹˌ 

ʷ˄ˍʰˋʹˌ ˍʹˌ ˃ʶˍʰʴ˖ʴʽˁʺˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʃʶˊʽˇˊʽˋ˃ʷ˄ʹ 

ʽˁʰ˄ˈˍʹˍʰ ˄ʰ ˉˊˇʲ˂ʷ˕ʶʽ ˄ʷʰ 

ʰ˄ʱˉˍˎ˅ʹ 

ɳˉʽˊˊʶˉʺˌ ˋʶ 

ˋ˒ʱ˂˃ʰˍʰ ˇˊʽʸˈ˄ˍʽʰˌ 

˃ʶˍʰʴ˖ʴʺˌ όadvection) 

ʶ˄ˍˈˌ ˁʰˍʰˋˍʱˋʶ˖˄ 

˃ʶˍʰʴ˖ʴʺˌ όŎƻƴǾŜŎǘƛǾŜ 

situations) 

ɾˉˇˊʶʾ ˄ʰ ˉˊˇˁˏ˕ʶʽ 

ˋˎʴ˔ˊˇ˄ʽˋ˃ˈˌ όsynchronized 

pulsingύ ˍ˖˄ ˃ʶˍʰʴ˖ʴʽˁ˗˄ 

ˉʶʵʾ˖˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ  

ɲˎ˄ʰˍʱ ˋʹ˃ʶʾʰ 

ɮˉ˗˂ʶʽʰ ʽˁʰ˄ˈˍʹˍʰˌ ˉˊˈʴ˄˖ˋʹˌ 

˃ʶ ʲˊʰʵˏˍʶˊˇ ˊˎʻ˃ˈ ʰˉˈ ˈΣˍʽ ˃ʶ 

˃ˇ˄ˍʷ˂ʰ ˊʰ˄ˍʱˊ ˃ʽʰˌ ʻʷˋʹˌ 

(single-site) 

ɾˉˇˊʶʾ ˄ʰ ʶˉʽ˂ˏˋʶʽ 

ˁʰ˂ˏˍʶˊʰ ʰˉˈ ˍˇ 

Nimrod ̱ ʽˌ ʰʽ˔˃ʷˌ ˍ˖˄ 

ʶ˄ˍʱˋʶ˖˄ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ  

ɾˉˇˊʶʾ ˄ʰ ˉˊˇʲ˂ʷ˕ʶʽ 

ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ʶ˅ʰˋʻʷ˄ʽˋʹΦ 

ɾˉˇˊʶʾ ˄ʰ ʶˉʽ˂ˏˋʶʽ ˍʽˌ ʰʽ˔˃ʷˌ 

ˍ˖˄ ʶ˄ˍʱˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ˁʰʽ ˄ʰ ˍʽˌ ʵʽʰˍʹˊʺˋʶʽ ˁʰˍʱ 

ˍʹ˄ ˉˊˈʴ˄˖ˋʹΣ ʶʱ˄ ˔ˊʶʽʰˋˍʶʾ 
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5.8.6. ȷɜŮˊɎɟəŮɘŮɠ 

ʆˇ  OOM (GANDOLFύ ʵʶ˄ ʷ˔ʶʽ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˄ʰ ˉˊˇʴ˄˗ˋʶʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ˃ʶˍʰʴ˖ʴʺˌ 

ʰˉˈ ˁʰʻʰˊˈ ˉʶˊʽʲʱ˂˂ˇ˄Σ ʶˁˍˈˌ ʰˉˈ ˁʰˍʰˋˍʱˋʶʽˌ ˈˉˇˎ ˎˉʱˊ˔ʶʽ ˋʹ˃ʰ˄ˍʽˁʺ ˋˏʴˁ˂ʽˋʹ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ 

ʵʽʰʴ˄˖ˋ˃ʷ˄ʹ ʰˉˈ NWP ˋˍʹ˄ ˁʰˍ˗ˍʶˊʹ ˍˊˇˉˈˋ˒ʰʽˊʰ (Hand, 1996ύΦ ɴˍˋʽΣ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ 

ˉʶˊʽˇˊʾʸʶˍʰʽ ʴʶ˄ʽˁʱ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˍʹˌ ˃ʶ˂˂ˇ˄ˍʽˁʺˌ ʰ˄ʱˉˍˎ˅ʹˌ ˉʰˊʰˍʹˊʹ˃ʷ˄˖˄Σ ˃ʶˍʰʴ˖ʴʽˁ˗˄ 

˄ʶ˒˗˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˁʰʽ ˁʱʻʶ ˄ʷʰˌ ˉʶˊʽˇ˔ʺˌ ˃ʶˍʰʴ˖ʴʺˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʵʽʶʴʶˊʻʶʾ h ˉˈ ˎˉʱˊ˔ˇ˄ˍʰ 

˗ˊʽ˃ʰ ˁˏˍˍʰˊʰΦ ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽΣ ʰˎˍˈ ˉʶˊʽˇˊʾʸʶʽ  ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˋˍʹ˄ ˉʰˊˇ˔ʺ 

ˉˊˇʴ˄˗ˋʶ˖˄ ˃ʶˍʰʴ˖ʴʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˉˇ˂ˏ ˃ʽˁˊˇˏ ʶˏˊˇˎˌ ό˃ʶ ˃ʷʴʽˋˍˇ ʶˏˊˇˌ ˂ʾʴ˖˄ ˖ˊ˗˄ύΦ 

ɳˉʾˋʹˌΣ ˋʹ˃ʶʽ˗ʻʹˁʰ˄ ʰ˄ʶˉʱˊˁʶʽʶˌ ˋˍʹ˄ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ όlife cycle modelύ ʶ˄ˍˈˌ 

ˍʹˌ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ˇˏˌ ˉˊˇʴ˄˖ˋˍʽˁʺˌ ˃ʶʻˈʵˇˎΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʶˉʽˋʹ˃ʱ˄ʻʹˁʶ ˈˍʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ 

ʶ˅ʰˊˍ˗˄ˍʰ˄ ʰˉˈ ʽˋˍˇˊʽˁˈ ˍ˖˄ ˋˍʰʵʾ˖˄ ˍ˖˄ ˁˎˍˍʱˊ˖˄ ʰˉˈ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʶˁˍʶ˂ʷˋʶʽˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ 

ʴʽʰ ˄ʰ ˉˊˇʴ˄˗ˋʶʽ ˍʹ ʵʽʱˊˁʶʽʰ ˁʰʽ ˍʹ ˃ˇˊ˒ʺ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˉˇˎ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ˁʱʻʶ ˁˏˍˍʰˊˇΦ 

ɮˎˍˈ ˋʺ˃ʰʽ˄ʶ ˈˍʽ ˇʽ ˈ˃ʲˊˇʽ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰ˄ ˃ʶˍʰ˅ˏ ʵʽʰʵˇ˔ʽˁ˗˄ ʶˁˍʶ˂ʷˋʶ˖˄ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ 

ʰˉˇˁ˂ʶʾˇ˄ˍʰ˄ ʰˉˈ ˍˇ˄ ˉˊˇʴ˄˖ˋˍʽˁˈ ˁˏˁ˂ˇ ˋˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʶˁˍʷ˂ʶˋʹΦ  ɳˉʽˉ˂ʷˇ˄Σ ˋʶ ˃ʶˊʽˁʷˌ 

ˉʶˊʽˋˍʱˋʶʽˌΣ ˗ˊʽ˃ʰ ˁˏˍˍʰˊʰ ˋʶ ˃ʽʰ ζ̀ ˎʴˁʶˁˊʽ˃ʶ˄ˇˉˇʾʹˋʺη ̱ ˇˎˌ όinstantiationύ ʷʵʶʽ˅ʰ˄ ˃ʽʰ ˍʱˋʹ ˄ʰ 

ʰˁˇ˂ˇˎʻʺˋˇˎ˄ ˋˎʴ˔ˊˇ˄ʽˋ˃ʷ˄ˇˎˌ ˁˏˁ˂ˇˎˌ ʸ˖ʺˌΣ ʶ˄˗ ˍʰ ʶ˅ʰˋʻʶ˄ˇˏ˄ˍʰ ˁˏˍˍʰˊʰ ʴʶ˄ʽˁ˗ˌ 

ʰˉˇˋˎ˄ʻʷˍˇ˄ˍʰ˄ ˔˖ˊʾˌ ˄ʰ ʰ˄ʰˉˍˏ˅ˇˎ˄ ʻˎʴʰˍˊʽˁʱ ˁˏˍˍʰˊʰΦ ɮˎˍʺ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˇʵʺʴʹˋʶ ˋʶ 

ˇˊʽˋ˃ʷ˄ʶˌ ˉˊˇʴ˄˗ˋʶʽˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˍˇˎ ǎǎǋ ˋʶ ˃ʹ-ˊʶʰ˂ʽˋˍʽˁˇˏˌ ˉʰ˂˃ˇˏˌ όunrealistic pulsing) 

ˍˇˎ ˊʰ˄ˍʱˊ ʴʽʰ ˍʽˌ ʶ˄ˍʱˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ  

 

5.9. SWIRLS, (1999), ɉɞɜɔə Ⱦɞɜɔə  

ʆˇ ˋˏˋˍʹ˃ʰ nowcasting ˍˇˎ ɮˋˍʶˊˇˋˁˇˉʶʾˇˎ ˍˇˎ ʋˇ˄ʴˁ ɼˇ˄ʴˁ SWIRLS (Short-range Warning 

of Intense Rainstorms in Localized Systems) ̡ ˊʾˋˁʶˍʰʽ ˋʶ ˂ʶʽˍˇˎˊʴʾʰ h ˉˈ ˍˇ мфффΦ  

ɰʰˋʾʸʶˍʰʽ ˋˍʹ˄ ˉˊˇʶˁʲˇ˂ʺ ʹ˔ˇˏˌ ˊʰ˄ˍʱˊΣ ˃ʷˋ˖ ˍʹˌ ˍʶ˔˄ʽˁʺˌ TREC113. ɾʶ ˃ʽʰ ˁʰˍʱ˂˂ʹ˂ʹ 

ʶˉʽ˂ˇʴʺ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˉʾ˅ʶ˂ ˍ˖˄ ˉʽ˄ʱˁ˖˄ ˋʁ ˔ʱˊˍʶˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ  ˊʰ˄ˍʱˊΣ ˍʰ ʶ˅ʰʴˈ˃ʶ˄ʰ 

ʵʽʰ˄ˏˋ˃ʰˍʰ TREC ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˄ʰ ˉʰˊʰˁˇ˂ˇˎʻʺˋˇˎ˄ ˁʰʽ ˄ʰ ˉˊˇʶˁʲʱ˂˂ˇˎ˄ 

ˍʹ˄ ˁʾ˄ʹˋʹ ˍʹˌ ʹ˔ˇˏˌ ˋʶ ˈ˂ˇ ˍˇ ˒ʱˋ˃ʰ ˍʹˌ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌΣ ʰˉˈ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˁˏˍˍʰˊʰ ˃ʶˍʰʴ˖ʴʺˌ 

ό˃ˇ˄ˇˁˎˍˍʰˊʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌΣ single-cellύΣ ˎˉʶˊˁˎˍˍʰˊʽˁʷˌ όsupercells), ̄ ˇ˂ˎˁˎˍˍʰˊʽˁʱ ˋˎ˃ˉ˂ʷʴ˃ʰˍʰ 

(multicell clusters), ˃ʷ˔ˊʽ ˇ˃ʱʵʁ̩ ʸ˖˄˗˄ ʲˊˇ˔ʺˌ ʺ ʴˊʰ˃˃ʷˌ ˂ʰʾ˂ʰˉʰˌ όsquall lines)114 (Li and Lai, 

2004). 

To SWIRLS ʵʽʰʻʷˍʶʽ ˃ʶˊʽˁʱ ˃ˇ˄ʰʵʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˍʹˌ 

ˉˊˇˋʰˊ˃ˇʴʺˌ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˍʹˌ ˋ˔ʷˋʹˌ ½ ς R. ɶ ˉˊˇˋʰˊ˃ˇʴʺ ʰˎˍʺ ʰˉˇˍʶ˂ʶʾ ˔ˊʺˋʽ˃ˇ 

ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍˇ˄ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍ˖˄ ʶˉʶʽˋˇʵʾ˖˄ ˋˍʰ ˇˉˇʾʰ ʵʽʰ˒ʷˊʶʽ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ 

ˎʵˊˇˋˍʰʴˇ˄ʽʵʾ˖˄ ʰˉˈ ˍʹ ˄ʶˁʻʶˍʽˁʺ ˋ˔ʷˋʹ Marshall-Palmer όˈˉ˖ˌ ˁʰˍʱ ˍʹ˄ ʶˉˇ˔ʺ ˍ˖˄ ˃ˇˎˋ˗˄˖˄ύ. 

                                                           
113 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 
114 ʁʽ ˍˏˉˇʽ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΦ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ɴ˄ ʰ ʱ˂˂ˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʶʾ˄ʰʽ ˈˍʽ ˉʶˊʽʷ˔ʶʽ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ 

ʽ˔˄ʹ˂ʱˍʹˋʹˌΣ ʷ˄ʰ˄ ʴʽʰ ˉʶˊʽˇ˔ʷˌ ˁʰʽ ʷ˄ʰ˄ ʴʽʰ ˁˏˍˍʰˊʰ όReyniers, 2008).  

ʅˍʹ ʲʱˋʹ ˍˇˎ TREC, ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉˇˋˇˍʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ  όQPF) 

ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˔ʰˊˍ˗˄ ˉˊˈʴ˄˖ˋʹˌ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʶ̄ ʱ˄˖ 

ʰˉˈ ˍˇˉʽˁʺ ˉʶˊʽˇ˔ʺΦ ɮˎˍˇʾ ˇʽ ˔ʱˊˍʶˌ ˉʰˊʷ˔ˇˎ˄ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺ ˁʰʻˇʵʺʴʹˋʹ ˋˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ-

ˉˊˇʴ˄˗ˋˍʶˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰ˅ʽˇ˂ˇʴʺˋˇˎ˄ ˍˇ ̀ ʶ˄ʱˊʽˇ ˉʽʻʰ˄ˈˍʹˍʰˌ ʲˊˇ˔ʺˌ ˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ˗ˊʶˌ ˁʰʽ 

˄ʰ ʵʽʶˎˁˇ˂ˏ˄ˇˎ˄ ˍʹ ˂ʺ˕ʹ ʰˉˇ˒ʱˋʶ˖˄ ˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ʅˎˋˍʺ˃ʰˍˇˌ ʃˊˇʶʽʵˇˉˇʾʹˋʹˌ 

ɰˊˇ˔ˈˉˍ˖ˋʹˌ όRainstorm Warning SystemύΦ ɾʶˊʽˁʱ ˉʰˊʱˉ˂ʶˎˊʰ ˇ˒ʷ˂ʹ ˍʹˌ ʶˉʽ˔ʶʽˊʹˋʽʰˁʺ ̩

ˉˊˈʴ˄˖ˋʹ ̩˃ ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ ˋˍˇ ʋˇ˄ʴˁ ɼˇ˄ʴˁΣ ʶʾ˄ʰʽ ˍʰ ˉʰˊʰˁʱˍ˖Φ  

ʃˊ˗ˍˇ˄Σ ʹ ʶˉʷˁˍʰˋʹ ˍʹˌ ˍʶ˔˄ʽˁʺˌ TREC ̀ ˍʹ˄ ˇ˃ʰʵʽˁʺ ʰ˄ʾ˔˄ʶˎˋʹ ́ ˔ˇˏˌ όGTrackύ ʷ˔ʶʽ ʵ˗ˋʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ-ˉˊˇʴ˄˗ˋˍʶˌ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋˇˎ˄ ˉˇʽˇˍʽˁʷˌ ʶʽˁʰˋʾʶˌ ʴʽʰ ˍʹ˄ 

ˉʽʻʰ˄ˇ˒ʱ˄ʶʽʰ ˍʹˌ ̄ ʰˊʰˍʶˍʰ˃ʷ˄ʹˌ ʽˋ˔ˎˊʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʺ ˍˇˎ ʵˎ˄ʰ˃ʽˁˇˏ ʶ˄ʽˋ˔ˎ˃ʷ˄ʹˌ ʰ˄ʱˉˍˎ˅ʹˌ 

ˁʰˍʰʽʴʾʵʰˌΦ 

 ɲʶˏˍʶˊˇ˄Σ ʹ ʶˉʷˁˍʰˋʹ ˍ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ QPF ˋʶ ˉˊˇʴ˄˖ˋˍʽˁˈ ʶˏˊˇˌ ˍˊʽ˗˄ ˖ˊ˗˄Σ 

ˎˉˇˋˍʹˊʽʸˈ˃ʶ˄ˇʽ ʰˉˈ ʵʶʵˇ˃ʷ˄ʰ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ʰˉˈ ʷ˄ʰ ʵʾˁˍˎˇ 

ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄ ˎ˕ʹ˂ʺˌ ˉˎˁ˄ˈˍʹˍʰˌΣ ʷ˔ʶʽ ʵ˗ˋʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ-

ˉˊˇʴ˄˗ˋˍʶˌ ˄ʰ ˉʰˊʷ˔ˇˎ˄ ʰ˅ʽˈˉʽˋˍʶˌ ˋˎ˃ʲˇˎ˂ʷˌ ˁʰʽ ˁʰʻˇʵʺʴʹˋʹ ˋʶ ʴʶ˖ˍʶ˔˄ʽˁˇˏˌ ˃ʹ˔ʰ˄ʽˁˇˏˌ ʴʽʰ 

ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˁʽ˄ʵˏ˄ˇˎ ˁʰˍˇ˂ʽˋʻʺˋʶ˖˄.  

ʆˊʾˍˇ˄Σ ʶˁˍˈˌ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ʶ˒ʰˊ˃ˇʴ˗˄Σ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ TREC ʶʽˋʱʴˇ˄ˍʰʽ 

ʶˉʾˋʹˌ ˋʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ LAPS115, ˍˇ ̌̄ˇʾˇ ˂ʺ˒ʻʹˁʶ ʰˉˈ ˍˇ ɳˊʴʰˋˍʺˊʽˇ FSL 

(Forecast Systems Laboratory) ˍˇˎ NOAAΦ ɾʷˋ˖ ˍʹˌ ʰ˒ˇ˃ˇʾ˖ˋʹˌ ˍ˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ TREC ˁʰʽ 

ʱ˂˂˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˍˇˎ ʰ˄ʷ˃ˇˎΣ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʰ˔ʻʶʾ ˃ʽʰ ˍˊʽʵʽʱˋˍʰˍʹ ʵˇ˃ʺ ˍˊˇˉʽˁ˗˄ 

ˁˎˁ˂˗˄˖˄116 ̀ ʶ ˋ˔ʶʵˈ˄ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ hh ˅ʽˇ˂ˇʴʹʻʶʾ h ˉˈ ˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ-

ˉˊˇʴ˄˗ˋˍʶˌ ˇʽ ʶˉʽˉˍ˗ˋʶʽˌ ̱ ˖  ˄ˁ ˎˁ˂˗˄˖˄ ˋˍʹ˄ ʶˉʰ˒ʺ ̱ ˇˎˌ ˃ʶ ˍˇ ʷʵʰ˒ˇˌΦ 

 

5.9.1. ɄŮɟɘɞɟɘůɛɞɑ 

ʇˉʱˊ˔ˇˎ˄ ˖ˋˍˈˋˇ ˁʱˉˇʽˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˋˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʶ˒ʰˊ˃ˇʴʺˌ ˃ʽʰˌ ʰˉ˂ʺˌ ˍʶ˔˄ʽˁʺˌ ˋʶ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ʰˁˈ˃ʰ ˁʰʽ ˃ʷˋʰ ˋˍˇ ʶˏˊˇˌ ˍ˖˄ ˂ʾʴ˖˄ ˖ˊ˗˄ ˍˇˎ nowcastΦ ʁ ˉʽˇ 

ˉˊˇ˒ʰ˄ʺˌ ʶʾ˄ʰʽ ʹ ʶˉʾˉˍ˖ˋʹ ˍˇˎ ˋˎ˄ʵˎʰˋ˃ˇˏ ˍ˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ TREC ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔˖ˊʽˁʷˌ 

ˁ˂ʾ˃ʰˁʶˌ ʴʽʰ ˍʹ˄ ˉˊˇʶˁʲˇ˂ʺ ˍʹˌ ˁʾ˄ʹˋʹˌ ʹ˔ˇˏˌΦ ʆˇ ˉˊˈʲ˂ʹ˃ʰ ʵʶ˄ ʶʾ˄ʰʽ ʰ˃ʶ˂ʹˍʷˇ ʰˁˈ˃ʰ ˁʰʽ ʴʽʰ ʷ˄ʰ 

˃ʶ˃ˇ˄˖˃ʷ˄ˇ ˋˏˋˍʹ˃ʰ ʲˊˇ˔ʺˌΣ ˉˈˋˇ ˃ʱ˂˂ˇ˄ ʴʽʰ ˉˇ˂˂ʰˉ˂ʱ ˋˎˋˍʺ˃ʰˍʰ ˉˇˎ ʰ˂˂ʹ˂ʶˉʽʵˊˇˏ˄ ˁʰʽ 

ˋˎʴ˔˖˄ʶˏˇ˄ˍʰʽΦ ʃʰˊˈ˃ˇʽʶˌ ˋˎ˄ʻʺˁʶˌ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ʶˉʾˋʹˌ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˍˊˇˉʽˁ˗˄ ˁˎˁ˂˗˄˖˄Φ ʆʰ 

ʶ˅ʰʴˈ˃ʶ˄ʰ ʵʽʰ˄ˏˋ˃ʰˍʰ TREC ʰˉˇˍʶ˂ˇˏ˄ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ˋˎ˄ʵˎʰˋ˃ˈ ˍʹˌ ˉʶˊʽˋˍˊˇ˒ʽˁʺˌ 

ˁʾ˄ʹˋʹˌ ˍ˖˄ ˋˉʶʽˊˇʶʽʵ˗˄ ʸ˖˄˗˄ ʲˊˇ˔ʺˌ ˉʶˊʽ ̱ ˇ ˁʷ˄ˍˊˇ ˍˇˎ ˁˎˁ˂˗˄ʰΣ ˁʰʽ ˍʹˌ ˁʾ˄ʹˋʹˌ ˍˇˎ ʾʵʽˇˎ ˍˇˎ 

                                                           
115 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 
116 ʆˊˇˉʽˁˈˌ ˁˎˁ˂˗˄ʰˌ ʶʾ˄ʰʽ ʷ˄ʰ ˍʰ˔ʷ˖ˌ ˉʶˊʽˋˍˊʶ˒ˈ˃ʶ˄ˇ ˋˏˋˍʹ˃ʰ ˁʰˍʰʽʴʾʵʰˌΣ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ 
ʷ˄ʰ ˁʷ˄ˍˊˇ ˔ʰ˃ʹ˂ʺˌ ˉʾʶˋʹˌΣ ʽˋ˔ˎˊˇˏˌ ʰ˄ʷ˃ˇˎˌ ˁʰʽ ˋˉʶʽˊˇʶʽʵʺ ʵʽʱˍʰ˅ʹ ˁʰˍʰʽʴʾʵ˖˄ ˉˇˎ ˉʰˊʱʴˇˎ˄ ʽˋ˔ˎˊʺ 
ʲˊˇ˔ˈˉˍ˖ˋʹ όurl). 

http://en.wikipedia.org/wiki/Tropical_cyclone


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

100 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˁˎˁ˂˗˄ʰΦ ɳʾ˄ʰʽ ʵˎˋ˔ʶˊʷˌ ˄ʰ ɻ̔ ʰˁˊʽʻˇˏ˄ ʰˎˍʱ ˍʰ ʵˏˇ ˋˎˋˍʰˍʽˁʱ ʰˉˈ ʷ˄ʰ ˃ʶ˃ˇ˄˖˃ʷ˄ˇ ˋʶˍ 

ʵʽʰ˄ˎˋ˃ʱˍ˖˄ TREC.  

ɴ˄ʰˌ ʱ˂˂ˇˌ ˉʶˊʽˇˊʽˋ˃ˈˌ ˉˇˎ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾΣ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ˉʶʵʾ˖˄ 

ʰ˄ʷ˃ˇˎ ˉˇˎ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ʰˉˈ ˍˇ LAPSΦ ɽˈʴ˖ ʷ˂˂ʶʽ˕ʹˌ ʰ˅ʽˈˉʽˋˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁˇ˄ˍʱ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰΣ 

ʻʰ ʶʾ˄ʰʽ ʵˎˋ˔ʶˊʷˌ ʴʽʰ ˍˇ LAPS ˄ʰ ˉʰˊʷ˔ʶʽ ˇˎˋʽ˗ʵʶʽˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʰ˄ʷ˃˖˄ ˁʱˍ˖ ʰˉˈ м km. ɮˁˈ˃ʰ 

ˁʰʽ ʰ˄ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ˁʱˍ˖ ʰˉˈ ˍˇ м kmΣ ˉˊˇʲ˂ʺ˃ʰˍʰ clutter117 ό˃ˈ˄ʽ˃ˇʽ ʺ˔ˇʽ 

ʰˉˈ ˍˇ ʰ˄ʱʴ˂ˎ˒ˇ ˍˇˎ ʶʵʱ˒ˇˎˌύ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ ˂ˇ˒˗ʵʶˌ ʰ˄ʱʴ˂ˎ˒ˇ ˍˇˎ ʋˇ˄ʴˁ ɼˇ˄ʴˁ 

ˋʹ˃ʰʾ˄ˇˎ˄ ˉ˖ˌ ʹ ˉˇʽˈˍʹˍʰ ˍ˖˄ ʶ˅ʰʴˈ˃ʶ˄˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ TREC ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʶʴʴˎʹ˃ʷ˄ʰ 

ˁʰ˂ʺΦ ɾʷ˔ˊʽ ˄ʰ ʴʾ˄ˇˎ˄ ʵʽʰʻʷˋʽ˃ʰ ˉʶˊʽˋˋˈˍʶˊʰ ʵʶʵˇ˃ʷ˄ʰ ˁˇ˄ˍʱ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰΣ ʹ ʶˊ˃ʹ˄ʶʾʰ ˁʰʽ 

˔ˊʺˋʹ ˍ˖˄ ˉʶʵʾ˖˄ ʰ˄ʷ˃˖˄ ˉˇˎ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ʰˉˈ ˍˇ LAPS ̄ ʶˊʽˇˊʾʸʶˍʰʽ ˋʶ ʶˉʾˉʶʵʰ ʶ̄ ʱ˄˖ ʰˉˈ м km. 

ɱʽʰ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˍʹˌ ʶˉʰ˒ʺˌ ˃ʶ ˍˇ ʷʵʰ˒ˇˌΣ ʹ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʹ ˋˍˊʰˍʹʴʽˁʺ ʶʾ˄ʰʽ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ˉˇʽˇˍʽˁʷˌ h ˄ʰʴ˖ʴʷˌ ʲʱˋʶʽ ˍ˖˄ ˃ ʶˍʰʲˇ˂˗˄ ˋˍʹ˄ ʷ˄ˍʰˋʹ ˃ ʷˋ˖ ˃ʽʰˌ ʰˁˇ˂ˇˎʻʾʰˌ 

ʵʽʰʵˇ˔ʽˁ˗˄ ʰ˄ʰ˂ˏˋʶ˖˄ LAPS (Li and Lai, 2004).  

 

5.10. Auto-Nowcaster (2000), ȼɄȷ 

ʆˇ ANC ʁ ʾ˄ʰʽ ʷ˄ʰ ʷ˃ˉʶʽˊˇ όexpertύ ˋˏˋˍʹ˃ʰ ˂ˇʴʽˋ˃ʽˁˇˏ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʴ˄˗ˋʹ όknowledge-

based) ˁ ʰʽ ʰ˄ʷˉˍˎ˅ʶ ˍˇ NCAR ̱ ˖˄ ɶʃɮΦ ʃʰˊʱʴʶʽ ˉʶˊʽˇʵʽˁʱ όˁʱʻʶ ˉʷ˄ˍʶ ˂ʶˉˍʱύ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʰ όл-

1h) nowcast ˔˖ˊˇ˔ˊˇ˄ʽˁˇˏ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˁʰˍʰʽʴʾʵ˖˄Φ ɴ˄ʰ ˁˏˊʽˇ ˋˎˋˍʰˍʽˁˈ ˍˇˎ ANC ʶʾ˄ʰʽ ʹ 

ʽˁʰ˄ˈˍʹˍʱ ˍˇˎ ˄ʰ ʰ˄ʰʴ˄˖ˊʾʸʶʽ ˁʰʽ ˄ʰ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʽˌ ʴˊʰ˃˃ʷˌ ˋˏʴˁ˂ʽˋʹˌ ˍ˖˄ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ ˋˍˇ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˇˊʽʰˁˈ ˋˍˊ˗˃ʰ όboundary layer convergence linesύΦ ʁʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋˍˇ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˇˊʽʰˁˈ ˋˍˊ˗˃ʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˃ʰʸʾ ˃ʶ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰˍʰʽʴʾʵʰˌ ˁʰʽ ˄ʶ˒˗˄Σ ʴʽʰ 

˄ʰ ʲʶ˂ˍʽ˗ˋˇˎ˄ ˍʹ˄ ˉˊˇʶˁʲˇ˂ʺ ˍ˖˄ nowcast ʰ˄ʱˉˍˎ˅ʹˌΣ ˖ˊʾ˃ʰ˄ˋʹˌ ˁʰʽ ʶ˅ʰˋʻʷ˄ʽˋʹˌκʵʽʱ˂ˎˋʹˌ ˍʹˌ 

ˁʰˍʰʽʴʾʵʰˌ όstorm initiation, growth, and dissipation). ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ʽʰ ˊˇˎˍʾ˄ʰ ʰˋʰ˒ˇˏˌ 

˂ˇʴʽˁʺˌ118 ɹ ʽʰ ˄ʰ ˋˎ˄ʵˎʱˋʶʽ ˉʶʵʾʰ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ όpredictor fieldsύ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ 

ˉʰˊʰˍʹˊʺˋʶʽˌΣ ʷ˄ʰ ʰˊʽʻ˃ʹˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇˏ ˇˊʽʰˁˇˏ ˋˍˊ˗˃ʰˍˇˌ ˁʰʽ ˍˇ ˋˎʸˎʴʷˌ ˍˇˎ 

(adjointύΣ ʶʾˋˇʵˇʽ όinputύ ˍˇˎ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎ-ˉˊˇʴ˄˗ˋˍʹΣ ˁʰʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ʰ˄ʾ˔˄ʶˎˋʹˌ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Φ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍʰˍʽˋˍʽˁʺˌ ʶˉʰ˂ʺʻʶˎˋʹˌ ʷʵʶʽ˅ʰ˄ ˈˍʽ ˍˇ ANC ˎˉʶˊˍʶˊˇˏˋʶ 

ˋˎˋˍʹ˃ʰˍʽˁʱ ʰˉˈ ˃ʶʻˈʵˇˎˌ ˉˊˇʶˁʲˇ˂ʺˌ ˁʰʽ ʶ˃˃ˇ˄ʺˌ όMueller et al., 2003).  

ʅˍˇ ˋˏˋˍʹ˃ʰ ʴʾ˄ʶˍʰʽ ˔ˊʺˋʹ ˍˈˋˇ ʶ˄ˈˌ ǘǊŀŎƪŜǊ ˁˎˍˍʱˊ˖˄ όʆɹʆɮɿ) ̍ ˋˇ ˁh ʽ ʶ˄ˈˌ tracker ̄ ʶ́ʽˇ˔˗˄ 

(CTREC - Cartesian Tracking Radar Echoes by CorrelationύΣ ˈ˃˖ˌ ʵʶ˄ ʵʽʰˍʾʻʶˍʰʽ h ˁˈ˃ʹ ʹ ʰˎˍˈ˃ʰˍʹ 

ʶˉʽ˂ˇʴʺ ʴʽʰ ˍˇ ˉˇʽʰ ʰˉˈ ˍʽˌ ʵˎˇ ˃ʶʻˈʵˇˎˌ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ όWilson, 2014)119.  

 

                                                           
117 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 
118 ɶ ʰˋʰ˒ʺˌ ˂ˇʴʽˁʺ ʶʾ˄ʰʽ ˃ʽʰ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹΣ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋʶ ζʲʰʻ˃ˇˏˌ ʰ˂ʹʻʶʾʰˌη 
ˉʶˊʽˋˋˈˍʶˊˇ ˉʰˊʱ ˋˍˇ ˋˏ˄ʹʻʶˌ ζˋ˖ˋˍˈ ʺ ˂ʱʻˇˌη όм ʺ лύ ˍʹˌ ˂ˇʴʽˁʺˌ BooleanΣ ˉʱ˄˖ ˋˍʹ˄ ˇˉˇʾʰ 
ʲʰˋʾʸˇ˄ˍʰʽ ˇʽ ˋˏʴ˔ˊˇ˄ˇʽ ˎˉˇ˂ˇʴʽˋˍʷˌ όurl). 
119 (Senior Scientist, Research Applications Laboratory, Hydrometeorological Applications Program, 
University Corporation for Atmospheric Research, 2014, ˉˊˇˋ˖ˉʽˁʺ ʁ ˉʽˁˇʽ˄˖˄ʾʰ). 

http://whatis.techtarget.com/definition/fuzzy-logic


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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5.10.1. ɀŮɗɞŭɞɚɞɔɑŬ 

ʆʰ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ ˋˏˋˍʹ˃ʰ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˊʰ˄ˍʱˊ 

ˉ˂ʺˊˇˎˌ ʰ˄ʱ˂ˎˋʹˌ όWSR-88DύΣ ʵˇˊˎ˒ˈˊˇˎˌΣ ʶˉʽ˒ʰ˄ʶʽʰˁˇˏˌ ˋˍʰʻ˃ˇˏˌ όˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ 

ˁʰʽ ʶʽʵʽˁ˗˄ ʵʽˁˍˏ˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˋˍʰʻ˃˗˄Σ mesonetsύΣ ʹ˂ʶˁˍˊʽˁʷˌ ʶˁˁʶ˄˗ˋʶʽˌΣ profiler, 

ʰˊʽʻ˃ʹˍʽˁʱ ˃ˇ˄ˍʷ˂ʰΣ ˁʰʽ ˊʰʵʽˇʲˇ˂ʾˋʶʽˌ όradiosondesύΦ ɮˎˍʱ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋʱʴˇ˄ˍʰʽ ˋʶ 

ʰ˂ʴˇˊʾʻ˃ˇˎˌ ʰ˄ʱ˂ˎˋʹˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˉʶʵʾ˖˄ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ όpredictorsύ όʅ˔Φ 

рΦпΦύΦ ʁʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ʰ˄ʱ˂ˎˋʹˌ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˊˇˎˍʾ˄ʶˌ ˉˇʽˇˍʽˁˇˏ ʶ˂ʷʴ˔ˇˎ ʵʶʵˇ˃ʷ˄˖˄Σ 

ʰ˂ʴˇˊʾʻ˃ˇˎˌ ʰ˄ʾ˔˄ʶˎˋʹˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Σ ˁʰʽ VDRAS120Φ ʅʶ ˃ʶˊʽˁʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˖˒ʶ˂ʶʾ ʹ 

˔ʶʽˊˇˁʾ˄ʹˍʹ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ʻʷˋʹˌ ˍ˖˄ ˋˎ˄ˈˊ˖˄ όboundariesύ ʰˉˈ ˍˇ˄ ˃ʶˍʶ˖ˊˇ˂ˈʴˇ-ˉˊˇʴ˄˗ˋˍʹ ˋˍˇ 

ANCΦ ʁʽ ʻʷˋʶʽˌ ˍ˖˄ ˋˎ˄ˈˊ˖˄ ˉˇˎ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˁʰˍʱ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ 

ʶʽˋʰʴˈ˃ʶ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ʰ˂ʴˇˊʾʻ˃ˇˎˌ nowcastΣ ˁʰʽ ʴʽʰ ʶˁˉʰʾʵʶˎˋʹ ˍˇˎ ʰ˂ʴˈˊʽʻ˃ˇˎ ʰ˄ʾ˔˄ʶˎˋʹˌ 

ˍˇˎ ˋˎ˄ˈˊˇˎ όάCOLIDEέύΦ ɳˉʶʽʵʺ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ʰˎˍˈˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋʰʴ˖ʴʺˌ ˍˇˎ 

˃ʶˍʶ˖ˊˇ˂ˈʴˇˎ-ˉˊˇʴ˄˗ˋˍʹ ˖ˌ ˁʰʻˇʵʺʴʹˋʹ ʴʽʰ ˃ʽʰ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇΣ ʹ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ˋˎ˄ˈˊ˖˄ ʵʶ˄ 

ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ʴʾ˄ʶˍʰʽ ʰ˄ʱ ˍʰˁˍʱ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰΦ 

 

ǵȑǿȊŭ 5.4.: çȇǽȃȎŭȊȊŭ Ȏȍǿȏ űȍȐ ŰȐŰűǿȊŭűȍȏ Auto-Nowcaster (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ 

ɵȎȓűȖűȐɵȍ űȍȐ Saxon [2005]) 

 

                                                           
120 ʆˇ VDRAS ʶʾ˄ʰʽ ʷ˄ʰ п-D ˋˏˋˍʹ˃ʰ ˃ʶˍʰʲˇ˂ʽˁʺˌ ʰ˒ˇ˃ˇʾ˖ˋʹˌ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋʶ ʷ˄ʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ 
˃ˇ˄ˍʷ˂ˇ ʰˉ˂ʺˌ ʵˎ˄ʰ˃ʽˁʺˌΣ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʶ˄ˋ˖˃ʰˍ˗ˋʶʽ ˈ˂ʰ ˍʰ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ 
ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ LIDAR ˁʰʽ ˊʰ˄ˍʱˊ ʰ˄ʷ˃˖˄ ʰˁˍʽ˄ʽˁʺˌ ʵʽʶˏʻˎ˄ˋʹˌΦ ʆˇ ˉʰˊʰʴˈ˃ʶ˄ˇ 
ˉˊˇʿˈ˄ ʶʾ˄ʰʽ ˃ʽʰ ˎ˕ʹ˂ʺˌ ʶˎˁˊʾ˄ʶʽʰˌ ʰ˄ʱ˂ˎˋʹ ˔ʰ˃ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄Σ 
ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ʰ˄ʷ˃˖˄Σ ˈˉ˖ˌ ˁʰʽ ʲˊʰ˔ʷʰ  όол ˂ʶˉˍ˗˄ύ nowcast (Crook and Sun, 2002̃ Sun 
et al., 2010). 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

102 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʆʰ ˉʶʵʾʰ ˉˊˈʴ˄˖ˋʹˌ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ ˃ʷˋ˖ ˃ʽʰˌ ˉˊˇˋʷʴʴʽˋʹˌ ʰˋʰ˒ˇˏˌ ˂ˇʴʽˁʺˌΦ ɮˎˍʺ ʹ 

ˉˊˇˋʷʴʴʽˋʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ̀ ˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˃˃ʶˍˇ˔ʺˌ όmembership functions)121 ɹ ʽʰ ˄ʰ ʰ˄ˍʽˋˍˇʽ˔ʺˋʶʽ 

ˍʰ ˉʶʵʾʰ ˍ˖˄ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʶ ˍʰ ˉʶʵʾʰ ˉʽʻʰ˄o˒ʱ˄ʶʽʰˌ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ όlikelihood 

fields). Th  ʰʵʽʱˋˍʰˍʰ ˉʶʵʾʰ ˉʽʻʰ˄ˇ˒ʱ˄ʶʽʰˌ ˉˊˇˇˊʾʸˇ˄ˍʰʽ ˄ʰ ʰ˄ʰˉʰˊʰˋˍʺˋˇˎ˄ ˍʹ ˋ˔ʷˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ˉʶʵʾ˖˄ ˍ˖˄ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˁʰʽ ˍʹˌ ˏˉʰˊ˅ʹˌ ˃ʶˍʰʴ˖ʴʽˁ˗˄ ˁʰˍʰʽʴʾʵ˖˄ ˍʹ ˔ˊˇ˄ʽˁʺ 

ˋˍʽʴ˃ʺ ˍʹˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ όvalidation timeύΦ ɮˎˍʱ ˍʰ ˉʶʵʾʰ ˉʽʻʰ˄ˇ˒ʱ˄ʶʽʰˌ ʵʶ˄ ʶʾ˄ʰʽ ʽˋˇʵˏ˄ʰ˃ʰ ˃ʶ ˍʹ˄ 

ˉʽʻʰ˄ˈˍʹˍʰ˜ ˎ˕ʹ˂ʷˌ ˍʽ˃ʷˌ ˉʽʻʰ˄ˇ˒ʱ˄ʶʽʰˌ ʴʽʰ ʷ˄ʰ ˉʶʵʾˇ ˃ʽʰˌ ˉˊˇʴ˄˖ˋˍʽˁʺˌ ˉʰˊʰ˃ʷˍˊˇˎ ˃ˉˇˊʶʾ ˄ʰ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʷˌ ˉʽʻʰ˄ˈˍʹˍʶˌΦ ʆʰ ˉʶʵʾʰ ˉʽʻʰ˄ˇ˒ʱ˄ʶʽʰˌ ˋˍʰʻ˃ʾʸˇ˄ˍʰʽ ˁʰʽ ʰʻˊˇʾʸˇ˄ˍʰʽ 

ʴʽʰ ˄ʰ ˉʰˊʰʴʱʴˇˎ˄ ʷ˄ʰ ˋˎ˄ʵˎʰˋ˃ʷ˄ˇ ˉʶʵʾˇΣ ˍˇ ˇˉˇʾˇ ˒ʽ˂ˍˊʱˊʶˍʰʽ ˁʰʽΣ ʰ˒ˇˏ ̱ ʶʻʶʾ ˁʱˉˇʽˇ ˁʰˍ˗˒˂ʽΣ 

ˉʰˊʱʴʶʽ nowcast ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˃ʶ ˃ʶˍʰʴ˖ʴʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʰΦ ʆʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʰ nowcast 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ ˁʰʻˇʵʺʴʹˋʹ ʰˉˈ ˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ-ˉˊˇʴ˄˗ˋˍʶˌΦ  

 

5.10.2. ɄɟɞɔɜɤůŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ  

ʁʽ ˉˊˇʴ˄˖ˋˍʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ˄ Auto-nowcaster (Mueller et al. 

2003), ʁ ʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

1) ʃˊˇʶˁʲˇ˂ʺ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ (dBZύΥ ʇˉˇʵʶʽˁ˄ˏʶʽ ˍʹ˄ ˉˊˇʶˁʲʶʲ˂ʹ˃ʷ˄ʹ ʻʷˋʹ ˍʹˌ ʹ˔ˇˏˌ 

ˊʰ˄ˍʱˊΦ 

2) ʃˊˇʶˁʲˇ˂ʺ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌΣ ʷˉʶʽˍʰ ʰˉˈ ʰ˒ʰʾˊʶˋʹ ˍ˖˄ ʵʽʰˋˍˊ˖˃ʰˍʽˁ˗˄ (stratiform) 

ˉʶˊʽˇ˔˗˄ (dBZύΥ ɳˉʽˋʹ˃ʰʾ˄ʶʽ ˍʽˌ ˃ʶˍʰʴ˖ʴʽˁʷˌ ˉʶˊʽˇ˔ʷˌΦ    

3) ɴˁˍʰˋʹ ˁʰˍʰʽʴʾʵʰˌ (km2ύΥ ʃʰˊʷ˔ʶʽ ˍʹ˄ ʷˁˍʰˋʹ ˉˇˎ ˉʶˊʽˁ˂ʶʾʶˍʰʽ ʰˉˈ ˍˇ ˉʶˊʾʴˊʰ˃˃ʰ ˍ˖˄ 

35-dBZΦ ɶ ʷˁˍʰˋʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˖ˌ ʷ˄ʵʶʽ˅ʹ ˍʹˌ ʵʽʱˊˁʶʽʰˌ ʸ˖ʺˌ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Φ 

4) ɮˊ˄ʹˍʽˁˇʾ ˁʰʽ ʻʶˍʽˁˇʾ ˊˎʻ˃ˇʾ ʰ˄ʱˉˍˎ˅ʹˌ (km2 h-1ύΥ ʇˉˇʵʶʽˁ˄ˏʶʽ ˍˇ˄ ˊˎʻ˃ˈ ʰˏ˅ʹˋʹˌ ˍʹˌ 

ʷˁˍʰˋʹˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ˜ ʰˉˈ ˃ˈ˄ʹ ˍʹˌΣ ʹ ˃ʶˍʰʲˇ˂ʺ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ  

ʵʶ˄ ˉʰˊʷ˔ʶʽ ˁʰ˂ʱ nowcastτ˖ˋˍˈˋˇΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌΣ 

ˍʷˍˇʽʶˌ ˍʱˋʶʽˌ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʶˌΦ  

5) ɮʻˊˇʽˋˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹ (mmύΥ ɳ˅ʱʴʶʽ ˖ˊʽʰʾʰ ʰʻˊˇʽˋˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ʲʱˋʶʽ ˍʹˌ 

ˍˎˉʽˁʺˌ ʶˁʻʶˍʽˁʺˌ ˋ˔ʷˋʹˌ ZςR̃ ˍˇ ˉʶʵʾˇ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˉʶˊʽˇˊʾˋʶʽ ˍˇ nowcast ʴʽʰ 

˃ʶˍʰʴ˖ʴʺ ˋʶ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ʷ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ʲˊˇ˔ˈˉˍ˖ˋʹΦ  

6) ʁˊʽʰˁʺ ˍˇˉˇʻʶˋʾʰ ˁʰʽ ˍʰ˔ˏˍʹˍʰ (m s-1ύΥ ʇˉˇʵʶʽˁ˄ˏʶʽ ˍʹ˄ ˍˇˉˇʻʶˋʾʰ ˈˉˇˎ ʹ ˃ʶˍʰʴ˖ʴʺ 

ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ˄ ˄ʰ ʶ˄ʶˊʴˇˉˇʽʹʻʶʾ ʰˉˈ ʴˊʰ˃˃ʷˌ ˋˏʴˁ˂ʽˋʹˌ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ ˋˍˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ 

ˇˊʽʰˁˈ ˋˍˊ˗˃ʰ όboundary layer convergence line).  

                                                           
121 ɶ ˋˎ˄ʱˊˍʹˋʹ ˋˎ˃˃ʶˍˇ˔ʺˌ όƳŜƳōŜǊǎƘƛǇ ŦǳƴŎǘƛƻƴύΣ ʶ˄ˈˌ ʰˋʰ˒ˇˏˌ ˋʶˍ ʵʶʵˇ˃ʷ˄˖˄Σ ʶʾ˄ʰʽ ˃ʽʰ ʴʶ˄ʾˁʶˎˋʹ 
ˍʹˌ ʵʶʾˁˍˊʽʰˌ ʶ˅ʾˋ˖ˋʹˌ όʵʾ˄ʶˍʰʽ ʰˉˈ ˍˇ ˃ʹʵʶ˄ʽˋ˃ˈ ˍʹˌ ˃ʽˁˊˈˍʶˊʹˌ ʵˏ˄ʰ˃ʹˌ ˍˇˎ ˔ ώɵˇˏˉʰˌΣ 2013ϐύ ˋʶ 
ˁ˂ʰˋʽˁʱ ˋʶˍΦ ɮ˄ʰˉʰˊʽˋˍʱ ˍˇ˄ ʲʰʻ˃ˈ ʰ˂ʹʻʶʾʰˌ ˖ˌ ʶˉʷˁˍʰˋʹ ˍʹˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ όurlύΦ ɾʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌ 
ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋʹ˃ʰʾ˄ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ˋˎ˃˃ʶˍˇ˔ʺ ˋˍˇ ˋˏ˄ˇ˂ˇΦ ɼʱʻʶ ˋˏ˄ˇ˂ˇ ˉˇˎ ˇˊʾʸʶˍʰʽ ˃ʷˋ˖ ˃ʽʰˌ 
ˋˎ˄ʱˊˍʹˋʹˌ ˋˎ˃˃ʶˍˇ˔ʺˌ ˁʰ˂ʶʾˍʰʽ ʰˋʰ˒ʷˌ ˋˏ˄ˇ˂ˇ όŦǳȊȊȅ ǎŜǘύ όɾʰˁˊˈˉˇˎ˂ˇˌ ˁʰʽ ɳˎˋˍˊʰˍʽʱʵʹˌΣ 2013b). 

http://en.wikipedia.org/wiki/Membership_function_(mathematics)


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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7) ʅˏʴˁˊˇˎˋʹ ˇˊʾ˖˄ ˁʰʽ ˋˏʴˁˊˇˎˋʹ ˇˊʾˇˎ-ˁʰˍʰʽʴʾʵʰˌΦ ɶ ʻʷˋʹ ˃ʽʰˌ ˋˏʴˁˊˇˎˋʹˌ ˇˊʾ˖˄ 

ˍʶʾ˄ʶʽ ˄ʰ ʶˎ˄ˇʶʾ ˉʶˊʽˋˋˈˍʶˊˇ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˁʰˍʰʽʴʾʵ˖˄Σ ˂ˈʴ˖ ˍ˖˄ ʶ˄ʽˋ˔ˎ˃ʷ˄˖˄ 

ˁʰˍʰˁˈˊˎ˒˖˄ ˍʰ˔ˎˍʺˍ˖˄ ˁʰʽ ʶˎ˄ˇʿˁ˗˄ ʵʽʰˍ˃ʹˍʽˁ˗˄ ʰ˄ʷ˃˖˄ ˔ʰ˃ʹ˂ˇˏ ˎ˕ˇ˃ʷˍˊˇˎΦ 

8) ɼʰˍʶˎʻˎ˄ˍʺˊʽʰ ˊˇʺ ʰʷˊʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ˋˏ˄ˇˊʰ (Boundary-relative steering flow) (m s-

1ύΥ ɾʷˍˊˇ ˍˇˎ ̱ ˊˈˉˇˎ ˃ ʶˍʰˁʾ˄ʹˋʹˌ ˍ˖˄ ˄ʶ˒˗˄ ̀ ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˋˏ˄ˇˊˇ˜ ʶʱ˄ ʹ ˁʰˍʶˎʻˎ˄ˍʺˊʽʰ 

ˊˇʺ ʶʾ˄ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ (<6 m s-1ύΣ ˄ʷ˒ʹ ˉˇˎ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ˋˎ˄ˈˊˇˎ ˁʰʽ 

˃ʶˍʰˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ˍʹ˄ ˁʰˍʶˎʻˎ˄ˍʺˊʽʰ ˊˇʺΣ ʻʰ ˉʰˊʰ˃ʶʾ˄ˇˎ˄ ˁˇ˄ˍʱ ˋˍˇ ˋˏ˄ˇˊˇ ˁʰʽ ˉʽʻʰ˄˗ˌ 

ʻʰ ˋ˔ʹ˃ʰˍʾˋˇˎ˄ ʷ˄ʰ ˎˉˇˋˍʹˊʽʸˈ˃ʶ˄ˇ ʰ˄ˇʵʽˁˈ ˊʶˏ˃ʰ˜ ʰˎˍʱ ˍʰ ˄ʷ˒ʹ ʶʾ˄ʰʽ ˉʶˊʽˋˋˈˍʶˊˇ 

ˉʽʻʰ˄ˈ ˄ʰ ʶ˅ʶ˂ʽ˔ʻˇˏ˄ ˋʶ ˁʰˍʰʽʴʾʵʶˌ ˉʰˊʱ ˍʰ ˄ʷ˒ʹ ˋʶ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ˎˉʱˊ˔ʶʽ ʽˋ˔ˎˊʺ 

ˁʰˍʶˎʻˎ˄ˍʺˊʽʰ ˊˇʺ ʰʷˊʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ˈˊʽʰ όҔмл m s-1).  

9) ɲʽʰˍ˃ʹˍʽˁˈˌ ʱ˄ʶ˃ˇˌ ˔ʰ˃ʹ˂ˇˏ ˎ˕ˇ˃ʷˍˊˇˎ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ˋˏ˄ˇˊʰ (m s-1ύΥ ɾʷˍˊˇ ˍˇˎ 

ʵˎ˄ʰ˃ʽˁˇˏ ʷ˄ˍˇ˄˖˄ ʰ˄ˇʵʽˁ˗˄ ˊʶˎ˃ʱˍ˖˄˜ ˋʶ ˋˎ˄ʻʺˁʶˌ ˈˉˇˎ ˎˉʱˊ˔ʶʽ ʽˋ˔ˎˊˈˌ ʵʽʰˍ˃ʹˍʽˁˈˌ 

ʱ˄ʶ˃ˇˌ ˔ʰ˃ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ όғмн m s-1ύΣ ˇ ˇˊʽʸˈ˄ˍʽˇˌ ˋˍˊˇʲʽ˂ʽˋ˃ˈˌ ˉˇˎ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍˇ 

ˊʶˏ˃ʰ ˉˎˁ˄ˈˍʹˍʰˌ ʺ ˍˇ ˋˏ˄ˇˊˇ ʶʾ˄ʰʽ ˉʽˇ ˉʽʻʰ˄ˈ ˄ʰ ʰ˄ˍʽˋˍˇʽ˔ʹʻʶʾ ˃ʶ ˍˇ˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ 

ˇˊʽʸˈ˄ˍʽˇ ˋˍˊˇʲʽ˂ʽˋ˃ˈ˜ ˈˍʰ˄ ˇ ˇˊʽʸˈ˄ˍʽˇˌ ˋˍˊˇʲʽ˂ʽˋ˃ˈˌ ˃ʶˍʰ˅ˏ ˍˇˎ ˊʶˏ˃ʰˍˇˌ ˉˎˁ˄ˈˍʹˍʰˌ 

ˁʰʽ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʷ˔ˇˎ˄ ˉʶˊʾˉˇˎ ʾʵʽˇ ˃ʷʴʶʻˇˌ ˁʰʽ ʰ˄ˍʾʻʶˍʹ ˁʰˍʶˏʻˎ˄ˋʹΣ ˍˇ ʰ˄ˇʵʽˁˈ 

ˊʶˏ˃ʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʶʾ˄ʰʽ ˁʰˍʰˁˈˊˎ˒ˇ ˁʰʽ ʶˎ˄ˇʶʾ ˉʶˊʽˋˋˈˍʶˊˇ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ 

ˁʰˍʰʽʴʾʵʰˌΦ  

10) MaxW (m s-1ύΥ ɾʷˍˊˇ ˍʹˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ˍʰ˔ˏˍʹˍʰˌ ˉˇˎ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍˇ ˋˏ˄ˇˊˇΦ 

11) Radar Cu (dBZύΥ ʇˉˇʵʶʽˁ˄ˏʶʽ ˉʶˊʽˇ˔ʷˌ ʰ˄ʱˉˍˎ˅ʹˌ ʲʱˋʶʽ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ  ˊʰ˄ˍʱˊ˜ 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ ˍˊʽ˗˄ ʲʹ˃ʱˍ˖˄˜ ʰˊ˔ʽˁʱΣ ʰˉˇˁˍʱˍʰʽ ʹ ˃ʷʴʽˋˍʹ 

ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˋʶ ˃ʽʰ ˋˍʺ˂ʹ ˉˇˎ ʶˁˍʶʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ о ˁʰʽ с km ˉʱ˄˖ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ 

(AGLύ˜ ˍˇ ˉʶʵʾˇ ˒ʽ˂ˍˊʱˊʶˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ˄ ʵʽʰ˃ʶˊʽˋˍʺ ʵʽʰˋˍˊ˖˃ʰˍʽˁ˗˄ -

˃ʶˍʰʴ˖ʴʽˁ˗˄ ˉʶˊʽˇ˔˗˄ όstratiformðconvective partitionerύ ʴʽʰ ˄ʰ ʰˉˇ˃ʰˁˊˎ˄ʻʶʾ ʹ 

ʵʽʰˋˍˊ˖˃ʰˍʽˁʺ ʹ˔˗ όstratiform echoύ˜ ˍʶ˂ʽˁ˗ˌΣ ˍˇ ˉʶʵʾˇ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˃ʶ ˍʹ ˁʰˍʶˎʻˎ˄ˍʺˊʽʰ 

ˊˇʺ ˍˇˎ ʰʷˊʰ όsteering flow winds). 

12) ɳʾʵˇˌ ˄ʷ˒ˇˎˌ (ʰˉˈ ʵˇˊˎ˒ˈˊˇ)Υ ʇˉˇʵʶʽˁ˄ˏʶʽ ʶʾʵʹ ˄ʶ˒˗˄ ʲʱˋʶʽ ˍʹˌ ˂ʶˎˁʰˏʴʶʽʰˌ122 ˁʰʽ 

ˎˉʷˊˎʻˊ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄˜ ˍʰ ˋ˖ˊʶʽˍˈ˃ˇˊ˒ʰ ˄ʷ˒ʹ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˄ʰ 

ˎˉˇʵʹ˂˗ˋˇˎ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˋˍʰʻʶˊˈˍʹˍʰ˜ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋ˖ˊʶʾˍʶˌ ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˇˊʽʸˈ˄ˍʽʶˌ ˃ʶˍʰʴ˖ʴʽˁʷˌ ˁˎ˂ʺˋʶʽˌ όhorizontal convective rollsύ ʺ ˈˊʽʰΣ 

ʶˎ˄ˇˇˏ˄ ˉʶˊʽˋˋˈˍʶˊˇ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˁʰˍʰʽʴʾʵ˖˄Φ   

13) ʃˍ˗ˋʹ ʻʶˊ˃ˇˁˊʰˋʾʰˌ (ʰˉˈ ˎˉʷˊˎʻˊʰ ʵʶʵˇ˃ʷ˄ʰ) ( Č h ˄ʱ мр minύΥ ɾʷˍˊˇ ˍʹˌ ˃ʶˍʰʲˇ˂ʺˌ 

ˋˍʹ˄ ʻʶˊ˃ˇˁˊʰˋʾʰ ʲʱˋʶʽ ˎˉʷˊˎʻˊ˖˄ ʵʶʵˇ˃ʷ˄˖˄ όIRύ ˁʱʻʶ мр ˂ʶˉˍʱ˜ ʹ ˉˍ˗ˋʹ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋˍʽˌ ˁˇˊˎ˒ʷˌ ˍ˖˄ ˄ʶ˒˗˄ ˋʶ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋ˖ˊʶʾˍʶˌ ˃ʰʸʾ ˃ʶ 

ˋˏʴˁ˂ʽˋʹ ʰʷˊʽ˖˄ ˃ʰʸ˗˄ ˋˍˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˇˊʽʰˁˈ ˋˍˊ˗˃ʰΣ ʰˉˇˍʶ˂ˇˏ˄ ʷ˄ʵʶʽ˅ʹ ʰ˄ʱˉˍˎ˅ʹˌ 

˄ʶ˒˗˄Φ  

                                                           
122 ɶ ˂ʶˎˁʰˏʴʶʽʰ ʶʾ˄ʰʽ ˍˇ ˃ʷˍˊˇ ˍʹˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˃ʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʺ ʶ˄ˈˌ ˋ˗˃ʰˍˇˌ όurl). 

http://el.wikipedia.org/wiki/%CE%9B%CE%B5%CF%85%CE%BA%CE%B1%CF%8D%CE%B3%CE%B5%CE%B9%CE%B1


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

104 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

14) IR tempςclearΥ ʁˊʽˇʻʶˍʶʾ ˉʶˊʽˇ˔ʷˌ ˃ʶ ʰʾʻˊʽˇ ˇˎˊʰ˄ˈΣ ʲʱˋʶʽ ˎˉʷˊˎʻˊ˖˄ ʵʶʵˇ˃ʷ˄˖˄˜ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˉʶˊʽˇˊʾˋʶʽ ˍˇ nowcast ˁ ʰˍʰʽʴʾʵ˖˄Φ 

15) ɴʵʰ˒ˇˌ ό˃ˇˊ˒ˇ˂ˇʴʾʰύΥ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ʰˎ˅ʺˋʶʽ ˍʹ˄ ˉʽʻʰ˄ˇ˒ʱ˄ʶʽʰ ˍʹˌ 

˃ʁ ˍʰʴ˖ʴʺˌ ʶˉʱ˄˖ ʰˉˈ ˈˊʹ ˁʰʽ ˄ʰ ˍʹ ˃ʶʽ˗ˋʶʽ ˋʶ ˉʶˊʽˇ˔ʷˌ ˂ʶˁʰ˄˗˄ ʰˉˇˊˊˇʺˌΦ  

 

5.10.3. ɆɡɜŬɟŰɐůŮɘɠ ůɡɛɛŮŰɞɢɐɠ 

ʁˊʽˋ˃ʷ˄ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˃˃ʶˍˇ˔ʺˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ ANC ɻ ʾʵˇ˄ˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ рΦрΦ 

 

ǵȑǿȊŭ 5.5.: ǵȐȋȅȆȇŰȊǾȋůȏ ŰȐȋŭȎűǿŰůȇȏ ŰȐȊȊůűȍȑǿȏ ɵȍȐ ȑȎȅŰȇȊȍɵȍȇȍȗȋűŭȇ Űűȍ ANC. 

ǧȎȇȆȊȍȗȋűŭȇ Ȉŭȇ ůɵůȌȅȃȍȗȋűŭȇ ȂǽŰůȇ űȅȏ ɵȎȍȅȃȍȐȊǾȋȅȏ ůȋȖűȅűŭȏ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ 

ɵȎȓűȖűȐɵȍ űȓȋ Mueller et al.[2003]) 

 

5.10.4. ɄŬɟŬŭŮɑɔɛŬŰŬ 

Nowcast ˍˇˎ ANC ол ˂ʶˉˍ˗˄ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˋˍʽˌ ɳʽˁˈ˄ʶˌ рΦм ˁʰʽ рΦн ˃ʶ ˂ʶˎˁʷˌ ʴˊʰ˃˃ʷˌΣ ˃ʰʸʾ 

˃ʶ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ʵʶʵˇ˃ʷ˄ʰ ʶˉʰ˂ʺʻʶˎˋʹˌΦ ʆʰ ʶ˄˄ʷʰ ˋˍʽʴ˃ʽˈˍˎˉʰ ˂ʰ˃ʲʱ˄ˇ˄ˍʰ˄ ˁʱʻʶ му ˂ʶˉˍʱΦ ʆʰ 

nowcast ˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍʰ ˋˍʽʴ˃ʽˈˍˎˉʰ a ˁʰʽ b ˉˊˇʲ˂ʷˉˇˎ˄ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˁʰˍʰʽʴʾʵ˖˄ ˉˇˎ 

ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˋˏʴˁˊˇˎˋʹ ˋˎ˄ˈˊ˖˄Φ ʅˍʰ c, d, e ̌ ʽ ˁʰˍʰʽʴʾʵʶˌ ʷ˔ˇˎ˄ ʺʵʹ ʰ˄ʰˉˍˎ˔ʻʶʾ ˁʰʽ ˍʰ nowcast 

ʶʾ˄ʰʽ ʴʽʰ ˖ˊʾ˃ʰ˄ˋʹ ˁʰˍʰʽʴʾʵʰˌΦ ʆʷ˂ˇˌΣ ˋˍʰ f, g, h, iΣ ˍʰ nowcast ˉˊˇʲ˂ʷˉˇˎ˄ ʶ˅ʰˋʻʷ˄ʽˋʹ ˍʹˌ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˁʰˍʰʽʴʾʵʰˌ ˁʰʻ˗ˌ ˍˇ ˋˏ˄ˇˊˇ ʰˉˇ˃ʰˁˊˏ˄ʶˍʰʽ ʰˉˈ ʰˎˍʺ˄Φ ɱʶ˄ʽˁʱΣ ˍʰ nowcast ол ˁʰʽ ʴʽʰ сл min ̋ ˍʰ˄ 

ʰˊˁʶˍʱ ˁʰ˂ʱ (Mueller et al., 2003). 

ɴ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ nowcast 60- min ɻ ʾ˄ʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ рΦоΦ  

 

ǩȇȈȖȋŭ 5.1.: Nowcast 30 ȉůɵűȘȋ [ŰűȇȃȊȇȖűȐɵŭ a) Ǿȓȏ e)] Ȉŭȇ ůɵŭȉǿȆůȐŰȅ [ŰűȇȃȊȇȖűȐɵŭ aõ) 

Ǿȓȏ eõ)] ŭȋǽɵűȐȌȅȏ Ȉŭȇ ȓȎȀȊŭȋŰȅȏ ȈŭűŭȇȃȀŮŭȏ Űűȍ ǰűǾȋȂůȎ, ǭȍȉȍȎǽȋűȍ, ǫǳǧ űȍȋ Ǭȍȗȉȇȍ 

2001. Ƕȍ ȊůŰȍŮȇǽŰűȅȊŭ ȉǿȒȅȏ ůȀȋŭȇ 18 ȉůɵűǽ. Ūȇŭ űŭ ŰűȇȃȊȇȖűȐɵŭ a) Ǿȓȏ e) űŭ ȉůȐȈǽ ȂǾȉȅ 

ȐɵȍŮůȇȈȋȗȍȐȋ ŭȋǾȊȍȐȏ VDRAS ȑŭȊȅȉȍȗ ȐȒȍȊǾűȎȍȐ (low-level winds), ȍȇ ȃȎŭȊȊǾȏ ȃŭȉǽȄȇȍȐ 

ȑȎȘȊŭűȍȏ ŭȋȆȎȓɵȍȃůȋǿ ŰȗȋȍȎŭ (human-generated boundaries) Ȉŭȇ űŭ ȉůȐȈǽ 

ɵůȎȇȃȎǽȊȊŭűŭ űŭ nowcast. ǵűŭ ŰűȇȃȊȇȖűȐɵŭ aõ) Ǿȓȏ eõ) űŭ ȉůȐȈǽ ɵůȎȇȃȎǽȊȊŭűŭ ŮȅȉȘȋȍȐȋ 

űȅȋ ȅȑȘ ůɵŭȉǿȆůȐŰȅȏ. Ƕȍ ŭȋȍȇȑűȖ ɵȎǽŰȇȋȍ ŭȋŭɵŭȎȇŰűǽ űȍ ŮȇǽŰűȅȊŭ 0ð10 dBZǉ űȍ ŰȈȍȗȎȍ 

ɵȎǽŰȇȋȍ, 10ð25 dBZǉ ȑŭȈȀ, 25ð35 dBZǉ ȈȀűȎȇȋȍ, 35ð45 dBZǉ ȎȍȄ, 45ð55 dBZǉ Ȉŭȇ ȈȖȈȈȇȋȍ, >55 

dBZ. (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Mueller et al.[2003]) 
 

5.10.5. ɄɟɞɓɚɐɛŬŰŬ 

ʅʹ˃ʰ˄ˍʽˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ˋˍʽˌ ˇˉˇʾʶˌ ˋˎ˔˄ʱ ʴʾ˄ʶˍʰʽ ʶˋ˒ʰ˂˃ʷ˄ʹ ˉˊˈʴ˄˖ˋʹΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ 

w ˄ʷ˒ʹ ˉˇˎ ʵʶ˄ ˃ʶˍʰˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ˍˇˎˌ ʰ˄ʷ˃ˇˎˌ ˁʰˍʶˎʻˎ˄ˍʺˊʽˇˎ ʶˉʽˉʷʵˇˎ όsteering-

level windsύ ˁʰʽ ʰ˄ˍΩ ʰˎˍˇˏ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˉˊˇˋˁˇ˂˂ʹ˃ʷ˄ʰ ˋˍˇ ˋˏ˄ˇˊˇΣ ˃ʶˍʰˁʽ˄ˇˏ˃ʶ˄ʰ 

ʷˍˋʽ ˃ʶ ˍʹ˄ ˁʾ˄ʹˋʹ ˍˇˎ ˋˎ˄ˈˊˇˎΣ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

106 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

w ˋ˒ˇʵˊʷˌ ˁʰˍʰʽʴʾʵʶˌ ˉˇˎ ˁʽ˄ˇˏ˄ˍʰʽ ʵʶ˅ʽˈˋˍˊˇ˒ʰ όright movers)123 ʺ ʰ˄ʰˉˍˏˋˋˇˎ˄ 

ˍˈ˅ˇΣ  

w ˋˏ˄ˇˊʰ ˉˇˎ ʲˊʰʵˎˉˇˊˇˏ˄ ʺ ʶˉʽˍʰ˔ˏ˄ˇˎ˄Σ ˁʰʽ  

w ʰˊ˔ʽˁʷˌ ˁʽ˄ʺˋʶʽˌ ˁʰˍʰʽʴʾʵ˖˄ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ʶˋ˒ʰ˂˃ʷ˄ʰ ˋʶ ʰ˄ʷ˃ˇˎˌ 

ˁʰˍʶˎʻˎ˄ˍʺˊʽˇˎ ʶˉʽˉʷʵˇˎ όsteering-level windsύΣ ˈˍʰ˄ ʹ ˁʰˍʰʽʴʾʵʰ ˋˍʹ˄ 

ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ʶʾ˄ʰʽ ˋˎ˄ʵʶʵʶ˃ʷ˄ʹ ˃ʶ ʷ˄ʰ ʶ˅ʰ˄ʰʴˁʰˋˍʽˁˈ ˋˍˇʽ˔ʶʾˇΣ ˈˉ˖ˌ ˍˇ ʷʵʰ˒ˇˌ 

ʺ ˍʰ ˋˏ˄ˇˊʰΦ  

ɸʷ˃ʰˍʰ ˋˍʰʻʶˊˈˍʹˍʰˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ʴʾ˄ˇ˄ˍʰʽ ʶˉʾˋʹˌ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʱ ˈˍʰ˄ ʹ ˉʶˊʾˇʵˇˌ ˍˇˎ 

nowcast ˁʰʽ ʹ ʷˁˍʰˋʹ ʰˎ˅ʱ˄ˇ˄ˍʰʽΦ ʆˇ ANC ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʰ ˄ʷ˒ʹ ˖ˌ ˎˉˇˁʰˍʱˋˍʰˍˇ ˍʹˌ 

ˋˍʰʻʶˊˈˍʹˍʰˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ ɶ ˔ˊʺˋʹ ˍ˖˄ ˄ʶ˒˗˄ ˂ʶʽˍˇˎˊʴʶʾ ˁʰ˂ʱ ʴʽʰ ˃ʽˁˊʷˌ ˉʶˊʽˈʵˇˎˌ όлς30 

minύΣ ʰ˂˂ʱ ˍʰ nowcast ˃ʶʴʰ˂ˏˍʶˊ˖˄ ˉʶˊʽˈʵ˖˄ ʰˉʰʽˍˇˏ˄ ˉʽˇ ʱ˃ʶˋʶˌ ˃ʶˍˊʺˋʶʽˌ ˁʰʽ nowcast 

ˋˍʰʻʶˊˈˍʹˍʰˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ   

 

ǩȇȈȖȋŭ 5.2.: Nowcast 30 ȉůɵűȘȋ [ŰűȇȃȊȇȖűȐɵŭ f) Ǿȓȏ i)] Ȉŭȇ ůɵŭȉǿȆůȐŰȅ [ŰűȇȃȊȇȖűȐɵŭ fõ) Ǿȓȏ 

iõ)] ůȌŭŰȆǾȋȅŰȅȏ ȈŭűŭȇȃȀŮŭȏ Űűȍ ǰűǾȋȂůȎ, ǭȍȉȍȎǽȋűȍ, ǫǳǧ űȍȋ Ǭȍȗȉȇȍ 2001. Ƕȍ 

ȊůŰȍŮȇǽŰűȅȊŭ ȉǿȒȅȏ ůȀȋŭȇ 18 ȉůɵűǽ. Ūȇŭ űŭ ŰűȇȃȊȇȖűȐɵŭ f) Ǿȓȏ i) űŭ ȉůȐȈǽ ȂǾȉȅ 

ȐɵȍŮůȇȈȋȗȍȐȋ ŭȋǾȊȍȐȏ VDRAS ȑŭȊȅȉȍȗ ȐȒȍȊǾűȎȍȐ (low-level winds), ȍȇ ȃȎŭȊȊǾȏ ȃŭȉǽȄȇȍȐ 

ȑȎȘȊŭűȍȏ ŭȋȆȎȓɵȍȃůȋǿ ŰȗȋȍȎŭ (human-generated boundaries) Ȉŭȇ űŭ ȉůȐȈǽ 

ɵůȎȇȃȎǽȊȊŭűŭ űŭ nowcast. ǵűŭ ŰűȇȃȊȇȖűȐɵŭ fõ) Ǿȓȏ iõ) űŭ ȉůȐȈǽ ɵůȎȇȃȎǽȊȊŭűŭ ŮȅȉȘȋȍȐȋ 

űȅȋ ȅȑȘ ůɵŭȉǿȆůȐŰȅȏ. Ƕȍ ŭȋȍȇȑűȖ ɵȎǽŰȇȋȍ ŭȋŭɵŭȎȇŰűǽ űȍ ŮȇǽŰűȅȊŭ 0ð10 dBZǉ űȍ ŰȈȍȗȎȍ 

ɵȎǽŰȇȋȍ, 10ð25 dBZǉ ȑŭȈȀ, 25ð35 dBZǉ ȈȀűȎȇȋȍ, 35ð45 dBZǉ ȎȍȄ, 45ð55 dBZǉ Ȉŭȇ ȈȖȈȈȇȋȍ, >55 

dBZ. (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Mueller et al.[2003]) 

 

                                                           
123 ʇˉˇʵʹ˂˗˄ʶʽ ˃ʽʰ ˁʰˍʰʽʴʾʵʰ ˉˇˎ ˋˍˊʷ˒ʶˍʰʽ ʵʶ˅ʽˈˍʶˊʰ όʵʶ˅ʽˈˋˍˊˇ˒ʹ ˁʾ˄ʹˋʹύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ˄ ˁˏˊʽˇ 
ʱ˄ʶ˃ˇ όurl). 

http://www.stormtrack.org/forum/archive/index.php/t-3927.html


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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5.10.6. ɆɡɛˊŮɟɎůɛŬŰŬ 

ʆʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍˇˎ ANC ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ ˃ʷʴʽˋˍˇ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˁʰˍʰʽʴʾʵ˖˄ ˉˇˎ 

ʶ˅ʰ˄ʰʴˁʱʸˇ˄ˍʰʽ ˋˍˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈ ˇˊʽʰˁˈ ˋˍˊ˗˃ʰΣ ˁʰʽ ʰˉˇʵʾʵʶʽ ˁʰ˂ʱ ˋʶ ˋˎ˄ʻʺˁʶˌ ˍˈˋˇ ʰˋʻʶ˄ˇˏˌ 

ˈˋˇ ˁʰʽ ʽˋ˔ˎˊˇˏ ˋˎ˄ˇˉˍʽˁˇˏ ʶ˅ʰ˄ʰʴˁʰˋ˃ˇˏΦ ɮˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ʰ˄ʾ˔˄ʶˎˋʹˌ ˋˎ˄ˈˊ˖˄ 

ˍʶʾ˄ˇˎ˄ ˄ʰ ˉʰˊʷ˔ˇˎ˄ ʶˉʰˊˁʺ ʽˁʰ˄ˈˍʹˍʰ ʴʽʰ ˉˊˈʴ˄˖ˋʹ ол ˂ʶˉˍ˗˄Σ ʶˉʶʽʵʺ ˍʰ nowcast ʶ˅ʰˊˍ˗˄ˍʰʽ 

ˁˎˊʾ˖ˌ ʰˉˈ ˉʰˊʰˍʹˊʺˋʶʽˌ ˊʰ˄ˍʱˊ ˁʰʽ ʵˇˊˎ˒ˈˊ˖˄ ʺʵʹ ʰ˄ʶˉˍˎʴ˃ʷ˄˖˄ ˁʰˍʰʽʴʾʵ˖˄ ˁʰˍʱ ˍˇ ˋˍʱʵʽˇ 

ˍʹˌ ˖ˊʾ˃ʰ˄ˋʹˌ ˁʰʽ ˍʱˋʶ˖˄ ˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍˇˎˌΦ ʃʰˊˈ˂ˇ ˉˇˎ ˍʰ ʰˁˊʽʲʺ nowcast 30 

˂ʶˉˍ˗˄ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ʰˉˈ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˍ˖˄ ˋˎ˄ˈˊ˖˄Σ ˇ ˁʰʻˇˊʽˋ˃ˈˌ ˍˇˎˌ ʵʶ˄ 

ʶʾ˄ʰʽ ˍˈˋˇ ˁˊʾˋʽ˃ˇˌΣ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ʰˎˍʱ ˍ˖˄ сл ˂ʶˉˍ˗˄Φ  

 

ǩȇȈȖȋŭ 5.3.: ǳŭȎǽŮůȇȃȊŭ nowcast 60 ȉůɵűȘȋ. Ƕŭ ŰűȇȃȊȇȖűȐɵŭ ŮůȀȑȋȍȐȋ (a) űȍ 

ɵȎȍůȈȂůȂȉȅȊǾȋȍ ɵůŮȀȍ ŭȋŭȈȉŭŰűȇȈȖűȅűŭȏ, (b) űȍ nowcast űȍȐ ANC, Ȉŭȇ (c) űȅȋ ůɵŭȉǿȆůȐŰȅ. 

Ƕȍ ȈŭȋȍȋȇȈȖ nowcast űȍȐ ANC ŲŭȀȋůűŭȇ ȓȏ űŭ ȉůȐȈǽ ɵůȎȇȃȎǽȊȊŭűŭ Ȉŭȇ Űűȇȏ űȎůȇȏ ůȇȈȖȋůȏ. 

Ƕȍ ŭȋȍȇȑűȖ ɵȎǽŰȇȋȍ ŭȋŭɵŭȎȇŰűǽ űȍ ŮȇǽŰűȅȊŭ 0ð10 dBZǉ űȍ ŰȈȍȗȎȍ ɵȎǽŰȇȋȍ, 10ð25 dBZǉ 

ȑŭȈȀ, 25ð35 dBZǉ ȈȀűȎȇȋȍ, 35ð45 dBZǉ ȎȍȄ, 45ð55 dBZǉ Ȉŭȇ ȈȖȈȈȇȋȍ, >55 dBZ (ɵȎȍŰŭȎȊȍȃǿ 

ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Mueller et al.[2003]) 

 

5.11. WDSSïII  (2002), ȼɄȷ 

ʁ̔ ʰ˂ʴˈˊʽʻ˃ˇʽ WDSSðII  (Warning Decision Support SystemðIntegrated Information) 

ʰ˄ʰˉˍˏ˔ʻʹˁʰ ˄h ˉˈ ˍˇ ɳˊʴʰˋˍʺˊʽˇ NSSL ˁ ʰʽ ̱ ˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˍʹˌ ʁˁ˂ʰ˔ˈ˃ʰ ˍ˖˄ ɶʃɮ όLakshmanan, 

2002̃ Lakshmanan et al., 2007). ʆˇ WDSSðII  ʰ̄ ˇˍʶ˂ʶʾ ˍ́  ʵʶˏˍʶˊʹ ʴʶ˄ʽʱ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 
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ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʶˊʴʰ˂ʶʾ˖˄ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹΣ ˍʹ ʵʽʱʴ˄˖ˋʹ ˁʰʽ ˍʹ˄ ˇˉˍʽˁˇˉˇʾʹˋʹ ˁʰʽˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ 

˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˃ʶ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹ. ɳʾ˄ʰʽ ʶ˂ʱ˔ʽˋˍʰ ˍʶˁ˃ʹˊʽ˖˃ʷ˄ˇ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʱΦ  

ʆˇ ̀ˏ ˋˍʹ˃ʰ ˉʰˊʷ˔ʶʽ ʰˊʽʻ˃ˈ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄˖˄ ʰ˂ʴˇˊʾʻ˃˖˄124, ˉˇˎ ʵʽʰ˔ʶʽˊʾʸˇ˄ˍʰʽ 

ʵʶʵˇ˃ʷ˄ʰ ˉˇ˂˂ʰˉ˂˗˄ ˉʹʴ˗˄ ʴʽʰ ˄ʰ ˉʰˊʷ˔ˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˃ʶ ˎ˕ʹ˂ʺ ˔ˊˇ˄ʽˁʺ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ˔˖ˊʽˁʺ 

ˁʱ˂ˎ˕ʹ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ʷ˄ʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ όʲʽʲ˂ʽˇʻʺˁʶˌ ˋʶ C++, ˁΦʰΦύ ʴʽʰ ˍʹ˄ 

ʰ˄ʱˉˍˎ˅ʹ ˄ʷ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄Φ ʆʰ ʶˉʽ˃ʷˊˇˎˌ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ɿˍˈˉ˂ʶˊ WSR-88D ˎˉˈˁʶʽ˄ˍʰʽ ˋʶ 

ʷ˂ʶʴ˔ˇ ˉˇʽˈˍʹˍʰˌ ʰˉˈ ʷ˄ʰ˄ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ˇ ʰ˂ʴˈˊʽʻ˃ˇ ˍʶ˔˄ʹˍ˗˄ ˄ʶˎˊ˖˄ʽˁ˗˄ ʵʽˁˍˏ˖˄ όANN ) 

(Lakshmanan et al., 2007ύ ʴʽʰ ˄ʰ ʰˉˇ˃ʰˁˊˎ˄ʻʶʾ ʹ ʹ˔˗ ˃ʹ-ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ˄ʰ ˎ˂ˇˉˇʽʹʻʶʾ dealiase 

ˋˍʹ˄ ˍʰ˔ˏˍʹˍʰΣ ˁʰʽ ˄ʰ ʶˁˍʽ˃ʹʻʶʾ ʹ h ʸʽ˃ˇˎʻʽʰˁʺ ʵʽʱˍ˃ʹˋʹ (Smith and Elmore, 2004).   

 

ǩȇȈȖȋŭ 5.4.: ǧȋŭȈȉŭŰűȇȈȖűȅűŭ Űűȇȏ 0900Z (5.7.a.) ŰȐŰűǽŮȓȋ  Ȋů ŭȎȇȆȊȍȗȏ 1 Ȉŭȇ 2 ɵȍȐ 

ŭȋŭȃȋȓȎȀŰűȅȈŭȋ Űűȅȋ ȈȉȀȊŭȈŭ 0 (ȍ ŭȉȃȖȎȇȆȊȍȏ k ð means ɵȎŭȃȊŭűȍɵȍȇůȀ ŰȐŰűŭŮȍɵȍȀȅŰȅ 

Űů ȈȉȀȊŭȈůȏ ŭȋűȇɵȎȍŰȓɵůȐűȇȈǾȏ űȅȏ ŮȐȋȅűȇȈǿȏ ȈȀȋȅŰȅȏ ȃȇŭ ŮȇŭŲȍȎůűȇȈȖ ɵȎȍȃȋȓŰűȇȈȖ 

ůȗȎȍȏ) Ȋů űŭ ɵȎȍȈȗɵűȍȋűŭ ŮȇŭȋȗŰȊŭűŭ ȈȀȋȅŰȅȏ Ȉŭȇ ǾȋűŭŰȅȏ ȃȇŭ nowcast 60-ȉůɵűȓȋ Ȋů 

ŭȋŭȃȋȓȎȇŰűȇȈǽ ɵȎȖȃȋȓŰȅȏ ŰȐŰűǽŮȓȋ 1 Ȉŭȇ 2 Űů ůȗȎȍȏ 30 Ǿȓȏ 60 dBZ (5.7.Ȃ.) Ȉŭȇ Űů 40 Ǿȓȏ 

70 dBZ (5.7.ȃ.) ȃȇŭ űȇȏ 13 Ǭŭȋ. 2007. ǵűŭ ǵȑǿȊŭűŭ 5.7.Ů. Ȉŭȇ 5.7.ů. ŰȐȃȈȎȀȋȍȋűŭȇ ȍȇ ȎȐȆȊȍȀ 

ŭȋǽɵűȐȌȅȏ ȃȇŭ ůȗȎȍȏ 30 Ǿȓȏ 60 dBZ Ȉŭȇ 40 Ǿȓȏ 70-dBZ ŭȋűȀŰűȍȇȑŭ, ůɵȇȈŭȉȐɵűȖȊůȋȍȇ Ȋů űȍ 

ɵȎȍůȃȋȓŰȊǾȋȍ ɵůŮȀȍ ŭȋǾȊȍȐ. ǧȐȌȅűȇȈǾȏ űǽŰůȇȏ ůȊŲŭȋȀȄȍȋűŭȇ Ȋů ȈȖȈȈȇȋȅ ŭɵȖȑȎȓŰȅ, ůȋȘ 

űǽŰůȇȏ ůȌŭŰȆǾȋȅŰȅȏ Ȋů ɵȎǽŰȇȋȅ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȍȐ Lack [2007]) 
 

                                                           
124 ʁˊʽˋ˃ʷ˄ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ʃʰˊʱˊˍʹ˃ʰ L±Φ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ʆˇ ˂ˇʴʽˋ˃ʽˁˈΣ ʰ˒ˇˏ ʵʶ˔ˍʶʾ ˍʰ ʰ˄ʶˉʶ˅ʷˊʴʰˋˍʰ ʵʶʵˇ˃ʷ˄ʰΣ ˍʰ ˃ʶˍʰˍˊʷˉʶʽ ˋʶ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ 

ˉˎˁ˄ˇˍʺˍ˖˄ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ʽʶˊʰˊ˔ʽˁʺ ˃ʷʻˇʵˇ ˇ˃ʰʵˇˉˇʾʹˋʹˌ k-means125 ˃ˉˇˊʶʾ ˄ʰ 

ʰ˄ʰʴ˄˖ˊʾˋʶʽ ˋˎˋˍʱʵʶˌ ˁʰˍʰʽʴʾʵ˖˄ όstorm clustersύ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ όLakshmanan et al., 

2002ύΦ ɶ ʽʶˊʰˊ˔ʽˁʺ ˃ʷʻˇʵˇˌ ˇ˃ʰʵˇˉˇʾʹˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʶˉʽˉˊˈˋʻʶˍʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˄ʰ 

ʰ˄ˍʽˋˍˇʽ˔ʾˋʶʽ ˉʾ˅ʶ˂κʵʶʵˇ˃ʷ˄ʰ ˋʶ ˃ʽʰ ˋˎˋˍʱʵʰ ς ̱ ʹ˄ ɳˎˁ˂ʶʾʵʶʽʰ ʰˉˈˋˍʰˋʹ ˁʰʽ ʷ˄ʰ ˃ʷˍˊˇ ʴʶʽˍ˄ʾʰˋʹˌΦ 

ɶ ˍʶ˔˄ʽˁʺ ˉʰˊʷ˔ʶʽ ʶ˃˒˖˂ʶˎ˃ʷ˄ʶˌ ʵʽʰ˃ʶˊʾˋʶʽˌ όnested partitionsύΣ ˋˍʽˌ ˇˉˇʾʶˌ ˇʽ ʰ˄ʰʴ˄˖ˊʽˋ˃ʷ˄ʶˌ 

ʵˇ˃ʷˌ ˁʰˍʰʽʴʾʵʰˌ ʶʾ˄ʰʽ ʰˎˋˍʹˊ˗ˌ ʽʶˊʰˊ˔ʽˁʷˌΣ ˈˉˇˎ ʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˁ˂ʾ˃ʰˁʰ ˋˎ˄ˍʾʻʶˍʰʽ ʰˉˈ 

ˉˇ˂˂ʰˉ˂ʷˌ ˋˎˋˍʱʵʶˌ ˃ʽˁˊˈˍʶˊ˖˄ ˁ˂ʽ˃ʱˁ˖˄Φ ɴˉʶʽˍʰΣ ʹ ˁʾ˄ʹˋʹ ˍ˖˄ ˋˎˋˍʱʵ˖˄ ˁʰˍʰʽʴʾʵʰˌ ʶˁˍʽ˃ʱˍʰʽ 

ˋˎʴˁˊʾ˄ˇ˄ˍʰˌ ʵˏˇ ʵʽʰʵˇ˔ʽˁʱ ˉ˂ʰʾˋʽʰΣ ʰ˄ˍʽˋˍˇʽ˔ʾʸˇ˄ˍʰˌ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʱ ˍʽˌ ˋˎˋˍʱʵʶˌ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ 

ˍˇˎ ˔ˊˈ˄ˇˎΣ ʲˊʾˋˁˇ˄ˍʰˌ ʷˍˋʽ ˍʹ˄ ˁʾ˄ʹˋʹ ˉˇˎ ʶ˂ʰ˔ʽˋˍˇˉˇʽʶʾ ˍˇ ʰˉˈ˂ˎˍˇ ˋ˒ʱ˂˃ʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ 

ˉ˂ʰʽˋʾ˖˄Φ ʆˇ nowcasting ʁ ˁˍʶ˂ʶʾˍʰʽ ʲʱˋʶʽ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˁʾ˄ʹˋʹˌΣ ˖ˊʾ˃ʰ˄ˋʹˌ ˁʰʽ ʶ˅ʰˋʻʷ˄ʽˋʹˌ ʰˉˈ 

ˍʰ ˍˊʷ˔ˇ˄ˍʰ ʵʶʵˇ˃ʷ˄ʰΦ 

ʅˏ˃˒˖˄ʰ ˃ʶ ˃ʶ˂ʷˍʹ ˍˇˎ Lack (2007ύΣ ˍˇ ƪ-means nowcast ˍˇˎ WDSS-II  ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʱʴʶʽ 

ʶˎˊˏ ˒ʱˋ˃ʰ ˎ˂ˇˉˇʽʺˋʶ˖˄ ˃ʶˍʰʲʱ˂˂ˇ˄ˍʰˌ ˍˇ ʶˏˊˇˌ ˍʹˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ʴʽʰ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍ˖˄ 

ˋˎˋˍʱʵ˖˄ όʅ˔. рΦтΦύΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ˇʵʹʴʶʾ ˋʶ ʵʽʰ˒ˇˊʷˌ ˍ˖˄ ˁʽ˄ʺˋʶ˖˄ ˁʰʽ ˍ˖˄ ʶ˄ˍʱˋʶ˖˄ ˁʰʽ 

ʶʽˁʱʸʶˍʰʽ ʰˉˈ ˍˇ˄ ˋˎʴʴˊʰ˒ʷʰ ˈˍʽ ˉˊˇˁʰ˂ʶʾˍʰʽ ʰˉˈ ˍʹ ˋˏʴˁ˂ʽˋʹ ˋˍˇ ʰ˄ʶ˃ˇ˂ˇʴʽˁˈ ˉʶʵʾˇΦ 

 

5.12. CARDS (2002), ȾŬɜŬŭɎɠ 

ʆˇ CARDS ʶʾ˄ʰʽ ʷ˄ʰ ʶˉʽ˔ʶʽˊʹˋʽʰˁˈ ʷ˃ˉʶʽˊˇ ˋˏˋˍʹ˃ʰ nowcasting ˍʹˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ 

ʇˉʹˊʶˋʾʰˌ ˍˇˎ ɼʰ˄ʰʵʱΦ ɳˋˍʽʱʸʶʽ ˋˍʽˌ ʰ˄ʱʴˁʶˌ ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˈʴ˖˄-ˉˊˇʴ˄˖ˋˍ˗˄ ʴʽʰ ʻʶˊʽ˄ˈ 

ʶˉʽˁʾ˄ʵˎ˄ˇ ˁʰʽˊˈ [Joe et al., 2002 ˁ ʰʽ Joe (2014)126]. ɳʾ ˄ʰʽ ʶ˂ʱ˔ʽˋˍʰ ˍʶˁ˃ʹˊʽ˖˃ʷ˄ˇ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʱ.  

ʃʁ ˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉˊˇˋʷʴʴʽˋʹ ʰ˄ʾ˔˄ʶˎˋʹˌ ˁˎˍˍʱˊ˖˄ όcell ð based)Σ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˉˊˈˍˎˉˇ ˍˇˎ 

ʆɹʆɮɿ, ˃ʶ ˍˊˇˉˇˉˇʽʺˋʶʽˌ ʴʽʰ ˍˇ ˁʰ˄ʰʵʽˁˈ ˁ˂ʾ˃ʰΣ ˁʰʽ ʷ˄ʰ ˋ˔ʺ˃ʰ ˉˊˈʴ˄˖ˋʹ ̩ˇˊʽʸˈ˄ˍʽʰˌ ˃ʁ ˍʰʴ˖ʴʺˌ 

(advection) ˉˇˎ ʷ˔ʶʽ ʶ˅ʶ˂ʽ˔ʻʶʾ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰ SHARP (Bellon and Austin, 1978)Φ ʁ ˉˊ˗ˍˇˌ ˋˍˈ˔ˇˌ 

ˍ̌  ˎCARDS ʶʾ˄ʰʽ ʹ ˉʰˊˇ˔ʺ ˁʰʻˇʵʺʴʹˋʹˌ ʴʽʰ ˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ ς ˉˊˇʴ˄˗ˋˍʶˌ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰˌ 

ˉˊˇʴ˄˖ˋˍʽˁʷ̩ ̄ʰ́ʰ˃ʷˍˊˇˎˌ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰΦ ɮˎˍʷˌ ˇʽ ˉˊˇʴ˄˖ˋˍʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽΣ ˈˉ˖ˌ  ́

ˉˊˇʶˁʲˇ˂ʺ ˃ˇˍʾʲ˖ ˄ˊʰ˄ˍʱˊΣ ˃ʶˋˇˁˎˁ˂˖˄ʽˁ˗˄ ˃ˇˍʾʲ˖˄Σ ʵʽʱˍ˃ʹˋʹˌ ˍˇˎ ʰ˄ʷ˃ˇˎΣ ˁΦʰ. ˉʰˊʷ˔ˇ˄ˍʰʽ 

ˋˍˇ˄ ˃ʶˍʶ˖ˊˇ˂ˈʴˇ ς ̄ ˊˇʴ˄˗ˋˍʹ ˉˇˎ ˍʽ̩ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʴʽʰ ˄ʰ ʶˋˍʽʱˋʶʽ ˋʶ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ (Reyniers, 2008). 

ʆˇ ˋˏˋˍʹ˃ʰ ʷ˔ʶʽ ˎʽˇʻʶˍʺˋʶʽ ˃ʽʰ ˍʶ˔˄ʽˁʺ ʰˋʰ˒ˇˏˌ ˂ˇʴʽˁʺˌ ʴʽʰ ˄ʰ ˍʰ˅ʽ˄ˇ˃ʺˋʶʽ ˍʽˌ ˁʰˍʰʽʴʾʵʶˌ ̀ ʶ 

ˍʷˋˋʶˊʽˌ ˁʰˍʹʴˇˊʾʶˌΦ ɶ ˍʶ˔˄ʽˁʺ ʰˎˍʺ ʷ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ ˊˎʻ˃ʾˋʶ˖˄ ˁʰʽ ʰ˒ˇˊʱ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˍ˖˄ 

ˁʰˍ˖˒˂ʾ˖˄ ʴʽʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˋʶ ʰʵˏ˄ʰ˃ʶˌΣ ˃ʷˍˊʽʶˌΣ ʽˋ˔ˎˊʷˌ ˁʰʽ ˋ˒ˇʵˊʷˌ ˁʰˍʰʽʴʾʵʶˌΦ ɼʱˉˇʽʶˌ 

ˉʰˊʱ˃ʶˍˊˇʽ όJoe et al. 2012ύΣ ʶʾ˄ʰʽΥ  

                                                           
125 H ˋˎˋˍʰʵˇˉˇʾʹˋʹ k-means ʶʾ˄ʰʽ ˃ʽʰ ˃ʷʻˇʵˇˌ ʵʽʰ˄ˎˋ˃ʰˍʽˁʺˌ ˁʲʱ˄ˍ˖ˋʹˌ όvector quantization), 
ʵʹ˃ˇ˒ʽ˂ʺˌ ʴʽʰ ʰ˄ʱ˂ˎˋʹ ˋˎˋˍʱʵ˖˄ ˋˍʹ˄ ʶ˅ˈˊˎ˅ʹ ʵʶʵˇ˃ʷ˄˖˄ όdata miningύΦ ʅˁˇˉˈˌ ˍʹˌ ʶʾ˄ʰʽ ˄ʰ 
ʵʽʰ˃ʶˊʾˋʶʽ n ˉʰˊʰˍʹˊʺˋʶʽˌ ˋʶ k ˋˎˋˍʱʵʶˌ όˇ˃ʱʵʶˌύ όurlύΦ ɼʱʻʶ ˋˎˋˍʱʵʰ ˋˎˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ʷ˄ʰ ˁʶ˄ˍˊʽˁˈ 
ˋʹ˃ʶʾˇ όŎŜƴǘǊƻƛŘύ ˁʰʽ ˁʱʻʶ ˋʹ˃ʶʾˇ ʰ˄ʰˍʾʻʶˍʰʽ ˋˍʹ ˋˎˋˍʱʵʰ ˃ʶ ˍˇ ˁˇ˄ˍʽ˄ˈˍʶˊˇ ˁʶ˄ˍˊʽˁˈ ˋʹ˃ʶʾˇΦ ʁ 
ʰˊʽʻ˃ˈˌ ˍ˖˄ ˇ˃ʱʵ˖˄ kΣ ʶʾ˄ʰʽ ʶʾˋˇʵˇˌ ˋˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ όɾʰˁˊˈˉˇˎ˂ˇˌ ˁʰʽ ɳˎˋˍˊʰˍʽʱʵʹˌΣ 2013a). 
126 (Acting Research Manager & Research Scientist, Environment Canada, 2014, ˉˊˇˋ˖ˉʽˁʺ ʁ ˉʽˁˇʽ˄˖˄ʾʰ). 

http://en.wikipedia.org/wiki/K-means_clustering
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110 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

w ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˁʰˍʶˎʻˏ˄ˋʶ˖˄ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ʰˏ˅ʹˋʹ ˋˍʹ˄ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰΣ  

w ˍˇ ˃ʷˋˇ ˃ˇˍʾʲˇ ʵʽʰˍ˃ʹˍʽˁˇˏ ʰ˄ʷ˃ˇˎΣ  

w ˍˇ ˃ʷˋˇ ˃ʷʴʶʻˇˌ ˔ʰ˂ʰʸʽˇˏΣ  

w ˍˇ ʵˎ˄ʰ˃ʽˁˈ ˊʽ̠̄ ˄Σ  

w ʹ ˉˇˋˈˍʹˍʰ VIL ,  

w ʹ ˃ʷʴʽˋˍʹ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˁʰʽ  

w ʹ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˁˇˊˎ˒ʺˌ ˍˇˎ ˁˎˍˍʱˊˇˎ.  

 ɴ˄ʰ ˔ˊʺˋʽ˃ˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉˇˎ ˍˇ CARDS ζˁ ˂ʹˊˇ˄ˈ˃ʹˋʶη h ˉˈ ˍˇ SHARP ʁ ʾ˄ʰʽ ʹ ʷ˄˄ˇʽʰ ˍʹˌ 

ζ̄ ˂ʷˇ˄ ˉʽʻʰ˄ʺ̩η (most probable) ˉˊˈʴ˄˖ˋʹ ̩ˁʰʽ ˍʹˌ ζʵˎˋ˃ʶ˄ʷˋˍʶˊʹˌ ˉʶˊʾˉˍ˖ˋʹη̩ (worst case). 

ʂˍʰ˄ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ ̄ ˊˇʴ˄˗ˋʶʽˌ ˉˊˇʶˁʲˇ˂ʺˌ ɹ ʽʰ ˋʹ˃ʶʽʰˁʷˌ ̄ ʶˊʽˇ˔ʷˌΣ ˍˇ CARDS ̄ ʰˊʱʴʶʽ ˖ˌ ʷ˅ˇʵˇ 

ˍʽˌ ʱ˃ʶˋʶˌ ˍʽ˃ʷˌ ˁh ˍʱ ˃ʺˁˇˌ ˍˇˎ ʵʽʰ˄ˏˋ˃ʰˍˇˌ ˁʾ˄ʹˋʹˌ ˁʰʽ ʶˉʾˋʹˌ ˍ ́˃ʷʴʽˋˍ ́ʹ˔˗ ʶ˄ˈˌ ˍˇ˃ʷʰ ˁʰʽ 

ˋˍʽˌ ʵˏˇ ˉ˂ʶˎˊʷˌ ˍˇˎ ʵʽʰ˄ˏˋ˃ʰˍˇˌ ˁʾ˄ʹˋʹˌΦ ɼʰˍʱ ˃ʾʰ ʷ˄˄ˇʽʰ, ̱ ˇ ˉʰˊʰˉʱ˄˖ h ˉˇˍʶ˂ʶʾ ̫ ˄ʰ˄ ̝ ʰ˃ʹ˂ʺˌ 

ˍʱ˅ʹˌΣ ʰˁʰˍʷˊʴʰˋˍˇ ˉˊˈʵˊˇ˃ˇ ζ̀ ˍʰˍʽˋˍʽˁʺ ̩ ˉˊˈʴ˄˖ˋʹˌη̃  ́ ˉʰˊˇˎˋʾʰˋʹ ʵʹ˂ʰʵʺ ˍˈˋˇ ˍ˖˄ 

ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄˖˄ ˍʽ˃˗˄ ˁʰʽ ˃ʽʰ ʰʾˋʻʹˋʹ ˍʹˌ ʰʲʶʲʰʽˈˍʹˍʰˌΦ ɲʶ˄ ʰˉˇˍʶ˂ʶʾ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ʵʰˉʰ˄ʹˊʺ 

˃ʷʻˇʵˇ όReyniers, 2008).    

 ʋˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ ʶˉʾʵʶʽ˅ʹ ˉˊˈʴ˄˖ˋʹˌ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ nowcasting ˋˍˇ ʅʾʵ˄ʶː ˁʰʽ ˋˍˇ 

ʃʷˁʽ˄ˇ, ʴʽʰ ˍʽˌ ˇˉˇʾʶˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʶˁˍʶ˄ʺˌ ʰ˄ʰ˒ˇˊʱ ˋ̱  ̌ʶˉˈ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇ ˍʹˌ ˉʰˊˇˏˋʰˌ 

ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʁ ˊʴʰˋʾʰˌ. 

  

5.13. TIFS (2002), ȷɡůŰɟŬɚɑŬ 

ɶ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ʇˉʹˊʶˋʾʰ ˍʹˌ ɮˎˋˍˊʰ˂ʾʰˌ ʰ˄ʷˉˍˎ˅ʶ ʷ˄ʰ ʶˊʴʰ˂ʶʾˇ ˃ʶ ˍʹ˄ ˇ˄ˇ˃ʰˋʾʰ TIFS 

(Thunderstorm Interactive Forecast ̃ ˉˊˈˍʶˊʰ ʴ˄˖ˋˍˈ ˖ˌ ThunderBoxύ ʴʽʰ ˍʹ ʵʽʰʵˊʰˋˍʽˁʺ 

ˉʰˊʰʴ˖ʴʺ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄˖˄ ˉˊˇʶʽʵˇˉˇʽʺˋʶ˖˄ ʶˉʽˁʾ˄ʵˎ˄ˇˎ ˁʰʽˊˇˏ ˁʰʽ ʱ˂˂˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ ʰˉˈ 

ʾ˔˄ʹ ˁʰˍʰʽʴʾʵ˖˄Σ ʰˎˍˈ˃ʰˍʰ ʵʽʰʴ˄˖ˋ˃ʷ˄ hʰˉˈ ˎˉˇˋˍʹˊʽˁˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ʰˉˈ˒ʰˋʹˌ ˁʰˍʰʽʴʾʵʰˌ 

ʵʶʵˇ˃ʷ˄˖ ˄ˊʰ˄ˍʱˊΣ ˈˉ˖ˌ ˍˇ TITANΣ ˍˇ WDSSΣ ˍˇ CARDS ˁ ʰʽ ˍˇ ANCΦ ʆˇ TIFS ʶʾ˄ʰʽ ˋ˔ʶʵʽʰˋ˃ʷ˄ˇ ʴʽʰ 

˄ʰ ʶ˒ʰˊ˃ˈʸʶʽ ˍʽˌ ˉˊˈˋ˒ʰˍʶˌ ʶ˅ʶ˂ʾ˅ʶʽˌ ˋˍʹ˄ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ˊʰ˄ˍʱˊ ʰ˄ʾ˔˄ʶˎˋʹ ˁʰʽ ʽ˔˄ʹ˂ʱˍʹˋʹ 

ˁˎˍˍʱˊ˖˄ ˁʰˍʰʽʴʾʵʰˌ ʴʽʰ ˍʹ˄ ʰˉˇʵˇˍʽˁʺ ˉʰˊʰʴ˖ʴʺ ʶˉʽ˔ʶʽˊʹˋʽʰˁ˗˄ ˉˊˇʴ˄˗ˋʶ˖˄ ˁʰʽ 

ˉˊˇʶʽʵˇˉˇʽʺˋʶ˖˄Φ  

ʆˇ ˋˏˋˍʹ˃ʰ ʰ˒ˇ˃ˇʽ˗˄ʶʽ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʶˌ ʰ˄ʽ˔˄ʶˏˋʶʽˌ ˁʰʽ ʾ˔˄ʹ ˁˎˍˍʱˊ˖˄ ˁʰˍʰʽʴʾʵʰ,̩ 

ʶˉʽˍˊʷˉʶʽ ʴˊʰ˒ʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ʰˉˈ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ-ˉˊˇʴ˄˗ˋˍʶˌ όˁʱˉˇʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉˇˎ 

˃ˉˇˊˇˏ˄ ˄ʰ ˃ʶˍʰʲ˂ʹʻˇˏ˄ ˃ʶ ʶˎ˔ʷˊʶʽʰ ʶʾ˄ʰʽ ʹ ̒ʷˋʹ, ʹ ˍʰ˔ˏˍʹˍʰΣ ʹ ˁʰˍʶˏʻˎ˄ˋʹΣ ˍˇ ˋ˔ʺ˃ʰΣ ˍˇ 

˃ʷʴʶʻˇˌ ˁʰʽ ʹ ʷ˄ˍʰˋʹ ʶ˄ˈˌ ˁˎˍˍʱˊˇˎύΣ ˁʰʽ ˉʰˊʱʴʶʽ ˉˊˇʿˈ˄ˍʰ ʴˊʰ˒ʽˁ˗˄ ˁʰʽ ˁʶʽ˃ʷ˄ˇˎ ʰˉˈ ˍʰ ˎˉˇ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ɻ ʶʵˇ˃ʷ˄ʰΦ ʁ text generator (ζˁʶʽ˃ʶ˄ˇʴˊʱ˒ˇˌη) ̝ ˊʹˋʽ˃ˇˉˇʽʶʾ ˃ʽʰ ˋˏ˄ˍˇ˃ʹ ̄ ˊˇˋʷʴʴʽˋʹ 

ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʹ ˋˍˇ ʶˁʱˋˍˇˍʶ ˉʶʵʾˇ ˇˊʽˋ˃ˇˏΦ ʆʰ ʴˊʰ˒ʽˁʱ ˉˊˇʿˈ˄ˍʰ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʷ˄ʰ˄ ˔ʱˊˍʹ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˉʶˊʽˇ˔˗˄ ˉˇˎ ʷ˔ˇˎ˄ ˉ˂ʹʴʶʾ ʰˉˈ ˁʰˍʰʽʴʾʵʶˌ ˁʰʽ ˉˊˇʴʽʴ˄˗ˋˁʶˍʰʽ ˈˍʽ ʻʰ ˉ˂ʹʴˇˏ˄Σ ˈˉ˖ˌ ʶˉʾˋʹˌ ˁʰʽ 

˃ʶˍʶ˖ʴˊʱ˃˃ʰˍʰ (meteograms)127 ɹ ʽʰ ʶˉʽ˂ʶʴ˃ʷ˄ʶˌ ˍˇˉˇʻʶˋʾʶˌ όBally, 2004).   

ʆˇ TIFS ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʰˊ˔ʽˁʱ ʴʽʰ ˄ʰ ˎˉˇˋˍʹˊʾ˅ʶʽ ˍˇ ʃˊˈʴˊʰ˃˃ʰ ɳˉʾʵʶʽ˅ʹˌ nowcasting ˍ˖˄ 

ʁ˂ˎ˃ˉʽʰˁ˗˄ ɮʴ˗˄˖˄ ˍˇˎ ʅˏʵ˄ʶː128 ˍˇ нлллΦ ɮˉˈ ˍˈˍʶ ʶˉʶˁˍʱʻʹˁʶ ʴʽʰ ˄ʰ ˎˉˇˋˍʹˊʾ˅ʶʽ ʷ˄ʰ ʶˏˊˇˌ 

ˉˊˇʿˈ˄ˍ˖˄ ˉˊˇʶʽʵˇˉˇʽʺˋʶ˖˄ ˁʰˍʰʽʴʾʵʰˌ ˁʰ ̔ ʷ˔ʶʽ ʶʴˁʰˍʰˋˍʰʻʶʾ ˋˍˇ ʆˇˉʽˁˈ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˈ 

ɱˊʰ˒ʶʾˇ ˍˇˎ ʅˏʵ˄ʶː (Sydney Regional Office of the Bureau of Meteorology) ʴʽʰ ʶˉʽ˔ʶʽˊʹˋʽʰˁʺ 

˔ˊʺˋʹΦ  

 

5.13.1. ȺűŬɟɛɞɔɐ ůŰɞɡɠ ɃɚɡɛˊɘŬəɞɨɠ ȷɔɩɜŮɠ Űɞɡ ɆɨŭɜŮɦ 

ʁˊʽˋ˃ʷ˄ʶˌ ˃ʶ˂ʷˍʶˌ ʶˉʾʵˊʰˋʹˌ όAnderson-Berry et al., 2004ύ ˁʰʽ ʶˉʰ˂ʺʻʶˎˋʹˌ όEbert et al., 

2004) ʴʽʰ ˍˇ ʃˊˈʴˊʰ˃˃ʰ ɳˉʾʵʶʽ˅ʹˌ nowcasting ˍ˖˄ ʁ˂ˎ˃ˉʽʰˁ˗˄ ɮʴ˗˄˖˄ ˍˇˎ ʅˏʵ˄ʶː ˉˇˎ ʷʵʶʽ˅ʰ˄ 

ˈˍʽ ˍˇ TIFS ̫ ʴʽ˄ʶ ʰˉˇʵʶˁˍˈ h ˉˈ ˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ - ̄ ˊˇʴ˄˗ˋˍʶ ̩˃ ʶ ʻʶˍʽˁʱ ˋ˔ˈ˂ʽʰΣ ˇʵʺʴʹˋʰ˄ ˋʶ 

ˉˊˇʶʽʵˇˉˇʽʺˋʶʽˌ ʰ˄˗ˍʶˊʶˌ ʰˉˈ ʶˁʶʾ˄ʶˌ ˉˇˎ ʻʰ ʶʾ˔ʰ˄ ʵˇʻʶʾ ʰˉˈ ʰ˄ʶˉʶ˅ʷˊʴʰˋˍ ́ ʽ˔˄ʹ˂ʱˍʹˋʹ 

ˁʰˍʰʽʴʾʵ˖˄ TITAN.  

ʆˇ ʅ˔ʺ˃ʰ рΦсΦ ʵʶʾ˔˄ʶʽ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʶˊʴʰˋʾʰˌ ˍˇˎ TIFS ˄ʰ ʶˁˍʶ˂ʶʾˍʰʽ ˋʶ ˃ʽʰ ʰ˄ʰˉʰˊʱˋˍʰˋʹ 

TITAN ˁˎˁ˂˖˄ʽˁʺˌ ˁʰˍʰʽʴʾʵʰˌ ʵˎˍʽˁʱ ˍˇˎ ʅˏʵ˄ʶːΦ ʁ ˉʾ˄ʰˁʰˌ ʶ˂ʷʴ˔ˇˎ ˁʰʽ ʹ ˋ˔ʶˍʽˁʺκʻʶ˃ʰˍʽˁʺ 

ʲˇʺʻʶʽʰ ʲˊʾˋˁˇ˄ˍʰʽ ˉʱ˄˖ ʰˊʽˋˍʶˊʱΦ ɶ ʴˊʰ˒ʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍˇ 

ʶˉʱ˄˖ ʵʶ˅ʽˈ ˋˁʷ˂ˇˌ ˁʰʽ ˍˇ ʰˎˍˇ˃ʱˍ˖ˌ ˉʰˊʰʴˈ˃ʶ˄ˇ ˉˊˇʶʽʵˇˉˇʽʹˍʽˁˈ ˁʶʾ˃ʶ˄ˇ ʲˊʾˋˁʶˍʰʽ ˁʱˍ˖Φ ʁ 

˃ʶˍʶ˖ˊˇ˂ˈʴˇˌ-ˉˊˇʴ˄˗ˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʶ˅ʶˊʴʰˋˍʶʾ ʴˊʰ˒ʽˁʱ ˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ 

ˁ˂ʽˁ ˁʰʽ drag ̱ ˇˎ ˉˇ˄ˍʽˁʽˇˏΦ ɳ˄ʰ˂˂ʰˁˍʽˁʱΣ ʹ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇʲ˂ʹʻʶʾ ˋʶ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ˃ʷˋ˖ ˉ˂ʹˁˍˊˇ˂ˇʴʾˇˎ ˋʶ ʷ˄ʰ˄ ʷ˂ʶʴ˔ˇ ʵʶʵˇ˃ʷ˄˖˄ ˉʰˊˈ˃ˇʽˇ ˃ʶ ʰˎˍˈ˄ ˍ˖˄ ˂ˇʴʽˋˍʽˁ˗˄ 

˒ˏ˂˂˖˄Φ  

но ˉˊˇʶʽʵˇˉˇʽʺˋʶʽˌ TIFS ʶˁʵˈʻʹˁʰ˄ ˍʽˌ ˉʷ˄ˍʶ ʹ˃ʷˊʶˌ ˍˇˎ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ɳˉʾʵʶʽ˅ʹˌ όFDP). 

ɱʶ˄ʽˁʱ ʲʰˋʾˋˍʹˁʰ˄ ˋʶ ʽ˔˄ʹ˂ʰˍʺˋʶʽˌ ˁˎˍˍʱˊ˖˄ ʰˉˈ ˍˇ TITANΣ ˃ʶ ˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ-ˉˊˇʴ˄˗ˋˍʶˌ 

˄ʰ ˒ʽ˂ˍˊʱˊˇˎ˄ ˉʶˊʾˉˇˎ ˍʰ нκо ˍ˖˄ ʽ˔˄˗˄ όtracksύ ˉˇˎ ʻʶ˖ˊʺʻʹˁʰ˄ ʰˋʺ˃ʰ˄ˍʶˌ ʺ ʶˋ˒ʰ˂˃ʷ˄ʶˌΦ ɮˎˍʺ 

ʹ ʵʽʰʵʽˁʰˋʾʰ ˇʵʺʴʹˋʶ ˋʶ ˃ʽʰ ʰ˅ʽˇˋʹ˃ʶʾ˖ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍ˖˄ ˃ʷˋ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ ˍʹˌ ʻʷˋʹˌ ˉˊˈʴ˄˖ˋʹˌ 

ˍ˖˄ ˁˎˍˍʱˊ˖˄ ˋˍʽˌ ˉˊˇʶʽʵˇˉˇʽʺˋʶʽˌ ˍˇˎ TIFS ό˃ʷˋˇ ˋ˒ʱ˂˃ʰ ʻʷˋʹˌΥ 11.4 kmύ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ 

ʰ˄ʶˉʶ˅ʷˊʴʰˋˍʶˌ ˁʰʽ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʰ ˉʰˊʰʴˈ˃ʶ˄ʶˌ ʽ˔˄ʹ˂ʰˍʺˋʶʽˌ ˍˇˎ TITAN ό˃ʷˋˇ ˋ˒ʱ˂˃ʰ 

ʻʷˋʹˌΥ 19.6 km).   

                                                           
127 ʆˇ ˃ʶˍʶ˗ʴˊʰ˃˃ʰ όmeteogramύ ʶʾ˄ʰʽ ˃ʽʰ ˔ˊˇ˄ʽˁʺ ʵʽʰˍˇ˃ʺ όtime cross-sectionύ ʵʶʵˇ˃ʷ˄˖˄ ʶ˄ˈˌ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ʶˉʽ˒ʰ˄ʶʽʰˁˇˏ ˋˍʰʻ˃ˇˏ ʰ˄ʰ˒ˇˊʱˌ ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄Φ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ 
ʻʶˊ˃ˇˁˊʰˋʾʰΣ ʰ˄ʷ˃ˇˎˌΣ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹΣ ˄ʷ˒ʹ ˁʰʽ ˍʽˌ ˍˊʷ˔ˇˎˋʶˌ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ όurl). 
128 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 

http://weather.unisys.com/surface/meteogram/


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

112 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

 

ǵȑǿȊŭ 5.6.: ǵűȇȃȊȇȖűȐɵȍ űȅȏ ůŲŭȎȊȍȃǿȏ űȍȐ TIFS. Ƕȍ ɵŭȎǽȃȓȃȍ ȈůȇȊǾȋȍȐ ůȊŲŭȋȀȄůűŭȇ Űűȍ 

Ȉǽűȓ ȊǾȎȍȏ űȅȏ ůŲŭȎȊȍȃǿȏ. ǧȐűȖ űȍ ɵŭȎǽŮůȇȃȊŭ ŮůȀȑȋůȇ Ȋȇŭ ŭȋŭɵŭȎǽŰűŭŰȅ ȈȐȈȉȓȋȇȈǿȏ 

ȈŭűŭȇȃȀŮŭȏ (tornadic storm) ȂŭŰȇŰȊǾȋȅ Űűȍ TITAN, Űűȍ ŮȐűȇȈȖ ǵȗŮȋůȕ, Űűȇȏ 3 ǰȍůȊȂȎȀȍȐ űȍȐ 

2000 (Bally, 2004). 

 

5.14. S-PROG, (2003), ȷɡůŰɟŬɚɑŬ 

ʆˇ S-PROG (Spectral Prognosis) (Seed, 2003ύΣ ʶʾ˄ʰʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ nowcasting ˉˇˎ ʲʰˋʾʸʶˍʰʽ 

ˋˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ˃ʶˍʰʴ˖ʴʺ (advectionύ ˁʰʽ ʶˁ˃ʶˍʰ˂˂ʶˏʶˍʰʽ ˍʹ˄ ˉʰˊʰˍʺˊʹˋʹ ˈˍʽ ˍʰ ˉʶʵʾʰ ʲˊˇ˔ʺˌ 

ˋˎ˄ʺʻ˖ˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍˈˋˇ ˔˖ˊʽˁʷˌ ˈˋˇ ˁʰʽ ʵˎ˄ʰ˃ʽˁʷˌ ʽʵʽˈˍʹˍʶˌ ʶ˅ʰˊˍʹ˃ʷ˄ʶˌ ʰˉˈ ˍʹ˄ ˁ˂ʾ˃ʰˁʰΣ 

ʵʹ˂ʰʵʺ ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ʶ˄ˈˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˇˏ ˍˇˎ ̄ ʶʵʾˇ ˎʁ ʾ˄ʰʽ ˋˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍˇˎ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˇˏ 

(ʶˎˊʶʾʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʶ˅ʶ˂ʾˋˋˇ˄ˍʰʽ ʲˊʰʵˏˍʶˊʰ ʰˉˈ ˈΣˍʽ ˍʰ ˃ʽˁˊʱύΣ ˁʰʽ ˈˍʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˈ˂˖˄ 

ˍ˖˄ ˁ˂ʾ˃ʰˁ˖ ˄ʰˉˈ ˍʽˌ ʶ˅˖ˍʶˊʽˁʷˌ ʷ˖̩ ˍʽˌ ʶˋ˖ˍʶˊʽˁʷˌ ˉʰˊʰˍʹˊʹ˃ʷ˄ʶ ̩ˁ˂ʾ˃ʰˁʶˌ ʶʾ˄ʰʽ ˉʰˊˈ˄ˍʰ ˋˍˇ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˉʶʵʾˇΦ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˒ʾ ˂ˍˊʰ Fourier129 ʴʽʰ ˄ʰ ʰˉˇˋˎ˄ʻʷˋˇˎ˄ ˍˇ ˉʶʵʾˇ ʲˊˇ˔ʺˌ ˋˍʰ ˒ʰˋ˃ʰˍʽˁʱ 

ˍˇˎ ˋˎˋˍʰˍʽˁʱ. ɶ ɽʰʴˁˊʰ˄ʸʽʰ˄ʺ ˔ˊˇ˄ʽˁʺ ʶ˅ʷ˂ʽ˅ʹ (Lagrangian temporal evolution) ˃ˇ˄ˍʶ˂ˇˉˇʽʶʾˍʰʽ 

˃ʷˋ˖ ʶ˄ˈˌ ˃ˇ˄ˍʷ˂ˇˎ ʰˎˍˇˉʰ˂ʽ˄ʵˊˈҡʹˋʹˌ ʵʶˏˍʶˊʹˌ ˍʱ˅ʹˌ AR(2)130, ʴʽʰ ˁʱʻʶ ʶˉʾˉʶʵˇ ˍʹˌ 

ʰ˂˂ʹ˂ˇˎ˔ʾʰˌ ˁ˂ʽ˃ʱˁ˖˄ όcascade), ˍˇ ˇˉˇʾˇ ʶ˅ˇ˃ʰ˂ˏ˄ʶʽ ʰˎˍˈ˃ʰˍʰ ˍˇ ˉʶʵʾˇ ˉˊˈʴ˄˖ˋʹˌ ˁʰʻ˗ˌ ˇʽ 

ʵˇ˃ʷˌ ˋˍʽˌ ʵʽʱ˒ˇˊʶˌ ˁ˂ʾ˃ʰˁʶˌ ʶ˅ʶ˂ʾˋˋˇ˄ˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎˌΦ  

ʆˇ ˃ˇ˄ˍʷ˂ˇ ʶʾ˄ʰʽ ʽˁʰ˄ˈ ˄ʰ ˉʰˊʷ˔ʶʽ ˋˎˋˍʹ˃ʰˍʽˁʱ nowcast ˋˎ˄ʹʻʽˋ˃ʷ˄ʹˌ ʺ garden variety131 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʶʾ ʶˉˇ˃ʷ˄˖ˌ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʱ ˖ˌ ˉˊˇˌ ˍʰ ˋˎˋˍʺ˃ʰˍʰ nowcasting ˉˇˎ 

ˉʰˊʰˁˇ˂ˇˎʻˇˏ˄ ˍ̔ ˌ ʶˉʽˁʾ˄ʵˎ˄ʶ ̩ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁʰʽ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ˄ ʽ˔˄ʹ˂ʱˍʹˋʹ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄. 

ɴ˄ʰ ʶ˂ˁˎˋˍʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʶʾ˄ʰʽ ˈˍʽ ˇ ˉ˂ʺˊʹˌ ˁˏˁ˂ˇˌ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ˔ˊʶʽʱʸʶˍʰʽ 

˃ˈ˄ˇ ˂ʾʴʰ ʵʶˎˍʶˊˈ˂ʶˉˍʰΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʴʽʰ ˉʰˊʰʴ˖ʴʺ ˉʽʻʰ˄ˇˍʽˁ˗˄ 

ˉˊˇʴ˄˗ˋʶ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋʶ ˃ʶʴʱ˂ˇ ʰˊʽʻ˃ˈ ˎˉˇʻʶˍʽˁ˗˄ ̄ ˊˇˋˇ˃ˇʽ˗ˋʶ˖˄Φ  

 

ǵȑǿȊŭ 5.7.: ǯǾŰŭ űůűȎŭȃȓȋȇȈǽ ŰŲǽȉȊŭűŭ ȃȇŭ ɵȎȍȃȋȘŰůȇȏ ȂŭŰȇŰȊǾȋůȏ ȊȖȋȍ Űů ȍȎȇȄȖȋűȇŭ 

Ȋůűŭȃȓȃǿ (Advect.) Ȉŭȇ ȍȎȇȄȖȋűȇŭ Ȋůűŭȃȓȃǿ Ȋů ůȌȍȊǽȉȐȋŰȅ (S_PROG) (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ 

ɵȎȓűȖűȐɵȍ űȍȐ Seed [2003]) 

 

 

5.14.1. ɀŮɚɏŰŮɠ ˊŮɟɑˊŰɤůɖɠ 

ɾʽʰ ʰ˄ʱ˂ˎˋʹ ʶ˄ˈˌ ʶˉʶʽˋˇʵʾˇˎ ʲˊˇ˔ˈˉˍ˖ˋʹˌ пу-h ̀ ˍʹ ɾʶ˂ʲˇˏˊ˄ʹ ˍʹˌ ɮˎˋˍˊʰ˂ʾʰˌΣ ʷʵʶʽ˅ʶ ˈˍʽ 

ʹ ˃ʷʻˇʵˇˌ ˉʰˊʺʴʰʴʶ ʶˁˍʽ˃ʺˋʶʽˌ ˋˎˋ˔ʷˍʽˋʹˌ ˔ˊˇ˄ʽˁˇˏ ʶˏˊˇˎˌ ˉˇˎ ʶʾ˔ʶ ʵˇ˃ʺ ˔ʰ˃ʹ˂ʺˌ ˋˎ˔˄ˈˍʹˍʰˌ 

                                                           
129 ʆˇ ˒ʾ˂ˍˊˇ CƻǳǊƛŜǊ ʶʾ˄ʰʽ ʷ˄ʰ ʶʾʵˇˌ ˋˎ˄ʱˊˍʹˋʹˌ ˒ʽ˂ˍˊʰˊʾˋ˃ʰˍˇˌ όfiltering functionύ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍˇ˄ 
˔ʶʽˊʽˋ˃ˈ ˋˎˋˍʰˍʽˁ˗˄ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˋˎ˔˄ˈˍʹˍʶˌ ʶ˄ˈˌ ˋʺ˃ʰˍˇˌ όurl). 
130 ɴ˄ʰ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˇˉʰ˂ʽ˄ʵˊˈҡʹˋʹˌ όARύ ʰˉˇˍʶ˂ʶʾ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʶ˄ˈˌ ʶʾʵˇˎˌ ˍˎ˔ʰʾʰˌ ʵʽʰʵʽˁʰˋʾʰˌ˜ ˖ˌ 
ˍʷˍˇʽˇΣ ˉʶˊʽʴˊʱ˒ʶʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˔ˊˇ˄ʽˁʱ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ʶˌ ʵʽʰʵʽˁʰˋʾʶˌ ˋˍʹ ˒ˏˋʹΣ ˍʰ ˇʽˁˇ˄ˇ˃ʽˁʱ ˁΦ˂ˉΦ 
(url). 
131 ɾʽʰ ʲˊˇ˔ˈˉˍ˖ˋʹ ˉˇˎ ʶʾ˄ʰʽ ʴʶ˄ʽˁʱ ʰˋʻʶ˄ʺˌ ˁʰʽ ˋˎ˄ʺʻ˖ˌ ˈ˔ʽ ˋ˒ˇʵˊʺΦ   

http://terpconnect.umd.edu/~toh/spectrum/FourierFilter.html
http://en.wikipedia.org/wiki/Autoregressive_model#AR.282.29
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114 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

(low-frequency structureύΣ ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ˈˍʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʰ˄ˍʰˉˇˁˊʾ˄ʶˍʰʽ ˋʶ ʰ˂˂ʰʴʷˌ ˋˍʹ ˒ˏˋʹ ˍˇˎ 

ˉʶʵʾˇˎ ʲˊˇ˔ʺˌ ˉˇˎ ʰ˄ʽ˔˄ʶˏʶˍʰʽΦ  

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ʶʾ˄ʰʽ ʵʶʾˁˍʶˌ CAPPI ˋˍʰ мрлл mΣ ʷ˔ˇˎ˄ ˔ˊˇ˄ʽˁʺ ʰ˄ʱ˂ˎˋʹ мл minΣ ˔˖ˊʽˁʺ 

ʰ˄ʱ˂ˎˋʹ м kmΣ ˁʰʽ ˁʰ˂ˏˉˍˇˎ˄ ˃ʽʰ ˉʶˊʽˇ˔ʺ нрс km x 256 km ˁʶ˄ˍˊʰˊʽˋ˃ʷ˄ʹ ˋˍˇ ˊʰ˄ˍʱˊΦ ʅʶ ˁʱʻʶ 

˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˉˊˇʴ˄˗ˋʶʽˌ ʰˉˈ ʵʷˁʰ ˃ʷ˔ˊʽ ʶ˅ʺ˄ˍʰ ˂ʶˉˍ˗˄Σ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋʶ 

ˇˊʽʸˈ˄ˍʽʰ ˃ʶˍʰʴ˖ʴʺ ˃ʶ ˁʰʽ ˔˖ˊʾˌ ʶ˅ˇ˃ʱ˂ˎ˄ˋʹΦ  

ɶ ʶ˅ˇ˃ʱ˂ˎ˄ˋʹ ˍ˖˄ ˉˊˇʴ˄˖ˋˍʽˁ˗˄ ˉʶʵʾ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ ˉˊˈʴ˄˖ˋʹˌ ʶʾ˄ʰʽ 

ʶ˃˒ʰ˄ʺˌΦ ʆˇ ˁˏˊʽˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ʶ˅ˇ˃ʱ˂ˎ˄ˋʹˌ ʶʾ˄ʰʽ ˈˍʽ ˍʰ ˃ʷˋʰ ˍʶˍˊʰʴ˖˄ʽˁʱ 

ˋ˒ʱ˂˃ ʰˍʰ (rmseύ ʴʽʰ ˍʽˌ ˉˊˇʴ˄˗ˋʶʽˌ ˋʶ ʶˁˍʱˋʶʽˌ ˃ʽˁˊˈˍʶˊʶˌ ʰˉˈ нрс km,2 ʁ ʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʰ όʅ˔Φ рΦтΦύΦ 

ɴ˄ʰ ˁʰʽ˄ˇˍˈ˃ˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʶʾ˄ʰʽ ˈˍʽ ˍʰ ˈˊʽʰ ˉˊˇʲ˂ʶ˕ʽ˃ˈˍʹˍʰˌ (predictability 

limits) ˎ ˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˋʶ ˁʱʻʶ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ. ɴˍˋʽΣ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˉˊˇʴ˄˗ˋʶʽˌ ˉˇˎ ʶʾ˄ʰʽ ˉˇ˂ˏ 

ˁˇ˄ˍʱ ˋʶ ʰˎˍʷˌ ˍ˖˄ ʰˉ˂˗˄ ˃ʶʻˈʵ˖˄ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ ˋʶ ˁʰˍʰˋˍʱˋʶʽˌ ˈˉˇˎ ʹ ɽʰʴˁˊʰ˄ʸʽʰ˄ʺ 

ʰ˄ʱˉˍˎ˅ʹ ʶʾ˄ʰʽ ʲˊʰʵʶʾʰ ˋʶ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ˁ˂ʾ˃ʰˁʶˌ ˁʰʽ ʶ˅ʰˋʻʶ˄ʶʾ ˍʰ˔ʷ˖ˌ ˍʽˌ ˂ʶˉˍˇ˃ʷˊʶʽʶˌ ˃ʽˁˊʺˌ 

ˁ˂ʾ˃ʰˁʰˌ ˋʶ ʵˎ˄ʰ˃ʽˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌΣ ˉˊˇʶʽʵˇˉˇʽ˗˄ˍʰˌ ˍˇ˄ ˔ˊʺˋˍʹ ʴʽʰ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʹ ʰˁˊʾʲʶʽʰ ˍʹˌ 

ˉˊˈʴ˄˖ˋʹˌ ˉʶˊʽˇˊʾʸʶˍʰʽ ʰˉˈ ˃ʽˁˊʱ ˈˊʽʰ ˉˊˇʲ˂ʶ˕ʽ˃ˈˍʹˍʰˌ ʺ ʵˎˋˁˇ˂ʾʶˌ ˋˍʹ˄ ʽ˔˄ʹ˂ʱˍʹˋʹ ˍˇˎ 

ˉʶʵʾˇˎ. ɶ ˃ ʷʻˇʵˇˌ, ɹ ʽʰ ˁ˂ʾ˃ʰˁʶˌ ˃ʽˁˊˈˍʶˊʶˌ ʰˉˈ мс km, ̄ ʰˊʺʴʰʴʶ ˋ˒ʱ˂˃ʰˍʰ ˉˊˈʴ˄˖ˋʹˌ ˃ ʽˁˊˈˍʶˊʰ 

ʰˉˈ ʶˁʶʾ˄ʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ʰˉ˂ʺ ɽʰʴˁˊʰ˄ʸʽʰ˄ʺ ʶ˃˃ˇ˄ʺΣ ʲʰˋʽˋ˃ʷ˄ʹ ˋˍʰ ʾʵʽʰ ʵʽʰ˄ˏˋ˃ʰˍʰ 

˃ʶˍʰˍˈˉʽˋʹˌΦ  

 

5.14.2. ɀŮɘɞɜŮəŰɐɛŬŰŬ  

ʆˇ ˃ˇ˄ˍʷ˂ˇ ˉʰˊˇˎˋʾʰˋʶ ˃ʽˁˊˈˍʶˊˇ ʲʰʻ˃ˈ ʶˉʽˍˎ˔ʾʰˌ ˋʶ ˁʰˍʰˋˍʱˋʶʽˌ ˈˉˇˎ ˃ʶʴʱ˂ʶˌ ˋ˒ˇʵˊʷˌ 

ˁʰˍʰʽʴʾʵʶˌ ˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ˍʰ˔ˏˍʹˍʰ ˉˇˎ ʵʽʷ˒ʶˊʶ ˋʹ˃ʰ˄ˍʽˁʱ ʰˉˈ ˍ ́˃ʷˋʹ ˇˊʽʸˈ˄ˍʽʰ ˃ʶˍʰʴ˖ʴʺ ˍˇˎ 

ˉʶʵʾˇˎ (mean field advection).  

ɴ˄ʰ ˉʽʻʰ˄ˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ̱ ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʷʴˁʶʽˍʰʽ ˋˍʹ ˔ˊʺˋʹ ʶ˄ˈˌ ˃ʶ˃ˇ˄˖˃ʷ˄ˇˎ ʵʽʰ˄ˏˋ˃ʰˍˇˌ 

ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ ʴʽʰ ˇ˂ˈˁ˂ʹˊˇ ˍˇ ˉʶʵʾˇ.  

 

5.15. MAPLE, (2004), ȾŬɜŬŭɎɠ 

ʆˇ MAPLE (McGill Algorithm for Precipitation Nowcasting Using Semi-Lagrangian 

Extrapolationύ ʶʾ˄ʰʽ ʷ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ nowcasting ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʰˉˈ ˍˇ 

ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ McGill ̱ ˇˎ ɼʰ˄ʰʵʱΦ  

ʆˇ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ˃ʹ ˉˊˇʴ˄˗ˋʽ˃˖˄ ˁ˂ʽ˃ʱˁ˖˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˄ʰ 

ʲʶ˂ˍʽ˗ˋʶʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ όrms). ɾʶ˂ʷˍʶˌ ʷ˔ˇˎ˄ ʰ˄ʰ˂ˏˋʶʽ ˍʹ˄ ʶ˅ʱˊˍʹˋʹ ˁ˂ʾ˃ʰˁʰˌ (scale 

dependence) ˍʹˌ ˉˊˇʲ˂ʶ˕̔˃̍ ˍʹˍʰˌ ˍ˖˄ ˃ˇˍʾʲ˖˄ ˋˍʽʴ˃ʽʰʾʰ ̩ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ (instantaneous 

rainfall rate) ˁ ʰʽ ˍ˖˄ ˉʽʻʰ˄ˇˍʽˁ˗˄ ˉˊˇʴ˄˗ˋʶ˖˄Φ ʆˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ McGill ̱ ˇˎ ɼʰ˄ʰʵʱΣ ˃ʶ ˁʾ˄ʹˍˊˇ ˍʹ 

ˋˎ˔˄ʱ ˍˇˉʽˁʺ ˁʰʽ ʵʽʰ˂ʶʾˉˇˎˋʰ ˒ˏˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ 

ˁˎ˃ʰˍˇ˃ˇˊ˒˗ ˄(wavelet transform) ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˃ʷˍˊ˖˄ ˉˊˇʲ˂ʶ˕ʽ˃̱̍ ʹˍʰˌ ˋʶ ˁʱʻʶ ˁ˂ʾ˃ʰˁʰΦ 

ɮˎˍʱ ˍʰ ˃ʷˍˊʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʷˉʶʽˍʰ ʴʽʰ ˄ʰ ˋ˔ʶʵʽʰˋˍˇˏ˄ ʲʷ˂ˍʽˋˍʰ ˉˊˇʴ˄˖ˋˍʽˁʱ ˒ ʾ˂ˍˊʰΦ ɮˎˍʺ ʹ 

˃ʷʻˇʵˇˌ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ˋˎ˄ʻʶˍʽˁʷˌ ʰˉʶʽˁˇ˄ʾˋʶʽˌ ˊʰ˄ˍʱˊ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ (radar 
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composites of rainfall reflectivityύ ʶˉʱ˄˖ ʰˉˈ ˃ʶɹʱ˂ˇ ˃ʷˊˇˌ ˍ˖˄ ʹˉʶʽˊ˖ˍʽˁ˗˄ ɶʃɮ ˁʰʽ ʰ˄ʰˉˍˏ˔ʻʹˁʶ 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ʹ ʴʽʰ ʶˉʽ˔ʶʽˊʹˋʽʰˁʷˌ ˉˊˇʴ˄˗ˋʶʽˌ ˍ̟ ˄ ʁ˄ ˍʱˋʶ˖˄ ˉʶˊʽˇ˔˗˄ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ.  

ʆ̌  ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ˉˊˈʴ˄˖ˋʹˌ ̄ ˇˎ ʶʾ˄ʰʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ ˋˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ MAPLE, ̄ ʶˊʽ˂ʰ˃ʲʱ˄ʶʽΥ   

w ˃ʶˍʰʲˇ˂ʽˁʺ ̔ ˔˄ʹ˂ʱˍʹˋʹ ́ ˔ˇˏˌ (variational echo tracking),  

w ˃ʽʰ ʹ˃ʽ-ɽʰʴˁˊʰ˄ʸʽʰ˄ʺ ˃ʷʻˇʵˇ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ132, 

w ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ʲʰˋʽˋ˃ʷ˄ˇ ˋˍʹ˄ ˁ ˂ʾ˃ʰˁʰ (scale-based filtering)Σ ˁʰʽ  

w ˁʰˍʱ˂˂ʹ˂ʶ ̩̄ ˊˇˋʰˊ˃ˇʴʷˌ ˁ ˂ʾ˃ʰˁʰˌ (rescaling) ̱ ˖˄ ˒ʽ˂ˍˊʰˊʽˋ˃ʷ˄˖˄ ˉʶʵʾ˖˄ nowcast. 

 

ʁʽ Turner et al. (2004), ʵʽʁ́ ʶˏ˄ʹˋʰ˄ ˍʹ˄ ʶ˅ʱˊˍʹˋʹ ˍʹˌ ˁ˂ʾ˃ʰˁʰˌ ˍ˖˄ nowcast ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ 

ɳ˒ʰˊ˃ˈˋˍʹˁʰ˄ ˃̌ ˄ˍʷ˂ʰ ˉˊˇʲ˂ʶ˕ʽ˃ˈˍʹˍʰˌ ʶ˅ʰˊˍʹ˃ʷ˄ʰ ʰˉˈ ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ʶˉʱ˄˖ ˋˍʹ˄  ˉˊˇʴ˄˖ˋˍʽˁʺ 

˃ʷʻˇʵˇ ʴʽʰ ˄ʰ ˋ˔ʶʵʽʰˋˍˇˏ˄ ˉˊˇʴ˄˖ˋˍʽˁʱ ˒ʾ˂ˍˊʰ ˉˇˎ ˃ʶʽ˗˄ˇˎ˄ ˍʰ rms ˋ˒ʱ˂˃ʰˍʰΦ ɮ˄ʰˉˍˏ˔ʻʹˁʰ˄ 

ʲʷ˂ˍʽˋˍʰ ˉˊˇʴ˄˖ˋˍʽˁʱ ˒ʾ˂ˍˊʰ ώoptimal forecast filters (OFFύϐ ˁʰʽ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ˋ˔ʶʵˈ˄-ʲʷ˂ˍʽˋˍʰ 

ˉˊˇʴ˄˖ˋˍʽˁʱ ˒ʾ˂ˍˊʰ ώnear-optimal forecast filters (NOFF)]133, ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʷˍˊʰ 

ˉˊˇʲ˂ʶ˕ʽ˃ˈˍʹˍʰˌ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ˁ˂ʾ˃ʰˁʰˌΣ ʲʰˋʽˋ˃ʷ˄ʹˌ ˋˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ˁˎ˃ʰˍˇ˃ˇˊ˒˗˄ 

(wavelet transform). ʁʽ ˁˎ˃ʰˍˇ˃ˇˊ˒ʷˌ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ʴʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʶʾ˄ʰʽ 

˂ʽʴˈˍʶˊˇ ʶˎʰʾˋʻʹˍʶˌ ˋˍʹ˄ ʶˉʾʵˊʰˋʹ Gibbs (Gibbs effect)134, ʹ ˇˉˇʾʰ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˎ˔˄ʱ ˃ʶˍʰ ʰˉˈ 

ʷ˄ʰ˄ ˋˎ˄ʹʻʽˋ˃ʷ˄ˇ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ Fourier. 

ɾˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˃ʰʸʾ ˃ʶ ˍˇ ʰˊ˔ʽˁˈ nowcast ʴʽʰ ˄ʰ ʰˉʶʽˁˇ˄ʾˋʶʽ ˍʹ˄ ˉˊˇʴ˄˖ˋˍʽˁʺ 

ʰʲʶ̡h ʽˈˍʹˍʰΦ  

 

5.15.1. ȷɜŮˊɎɟəŮɘŮɠ  

ʁʽ ˒ʽ˂ˍˊʰˊʽˋ˃ʷ˄ʶˌ ˉˊˇʴ˄˗ˋʶʽˌ ʴʽʰ ˃ʶʴʰ˂ˏˍʶˊˇˎˌ ˔ˊˈ˄ˇˎˌ ˉˊˈʴ˄˖ˋʹˌ ʰ˄ˍʰ˄ʰˁ˂ˇˏ˄ ˍʹ˄ 

ʷ˂˂ʶʽ˕ʹ ˉˊˇʲ˂ʶ˕ʽ˃ˈˍʹˍʰˌ ʴʽʰ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ˁ˂ʾ˃ʰˁʶˌΣ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˎ˕ʹ˂ˈˍʶˊʶˌ ʶ˄ˍʱˋʶʽˌΦ 

ɴˍˋʽΣ ʶ˅ˇ˃ʰ˂ˏ˄ˇ˄ˍʰʽ ˋʶ ˔ʰ˃ʹ˂ʷˌ ˍʽ˃ʷˌ ʶ̄ ʱ˄˖ ʰˉˈ ˃ʶʴʱ˂ʶˌ ˉʶˊʽˇ˔ʷˌΦ ɼʰʻ˗ˌ ˇʽ ˃ʽˁˊʷˌ ˉʶˊʽˇ˔ʷˌ 

ˎ˕ʹ˂ˈˍʶˊ˖˄ ˊˎʻ˃˗˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʽˋˇˋˁʶ˂ʾʸˇ˄ˍʰʽ ˃ʶ ˉʰˊʰˁʶʾ˃ʶ˄ʶˌ ˉʶˊʽˇ˔ʷˌΣ ʹ ζˎ ˒η̋ ˍ˖˄ 

˃ˇˍʾʲ˖˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˔ʱ˄ʶˍʰʽΦ ɼʰˍΩ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΣ ˁʰʻ˗ˌ ˇʽ ˉˊˇʴ˄˖ˋˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ 

˃ʽˁˊˈˍʶˊʶˌ ʵˇ˃ʷˌ ˁʰˍʰʽʴʾʵʰˌ ʴʾ˄ˇ˄ˍʰʽ ʰ˄ʰˁˊʽʲʶʾˌΣ ˍˇ ˒ʾ˂ˍˊˇ NOFF ʰˉˇ˃ʰˁˊˏ˄ʶʽ ʰˎˍʷˌ ˍʽˌ 

˂ʶˉˍˇ˃ʷˊʶʽʶˌ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˃ʶʽ˖ʻˇˏ˄ ̱ ʰ ˃ʷˋʰ ̱ ʶˍˊʰʴ˖˄ʽˁʱ ˋ˒ʱ˂˃ʰˍʰΦ ʂˉˇˎ ˍʰ rms ɻ ʶ˄ ʶʾ˄ʰʽ ˍˇ 

                                                           
132 ɶ ʹ˃ʽ-ɽʰʴˁˊʰ˄ʸʽʰ˄ʺ ˃ʷʻˇʵˇˌ ώSemi-Lagrangian scheme (SLSύϐ ʶʾ˄ʰʽ ˃ʽʰ ʰˊʽʻ˃ʹˍʽˁʺ ˃ʷʻˇʵˇˌ ˉˇˎ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˎˊʷ˖ˌ ˋʶ ʰˊʽʻ˃ʹˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˉˊˈʴ˄˖ˋʹˌ ˁʰʽˊˇˏ ʴʽʰ ˍʹ˄ ʶ˄ˇˉˇʾʹˋʹ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ 
ˉˇˎ ʵʽʷˉˇˎ˄ ˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˁʾ˄ʹˋʹ όurl). 
133 ʆʰ ʲʱˊʹ ˍʹˌ ˁ˂ʾ˃ʰˁʰˌ όscale weightsύ ʴʽʰ ʷ˄ʰ ˒ʾ˂ˍˊˇ OFF ʁ ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍˇ ˒ʱˋ˃ʰ ˁʰʽ ˍˇ cospectrum 
ˁˎ˃ʰˍˇ˃ˇˊ˒ʺˌ ώTo cospectrum ʰ˒ˇˊʱ ˍʹ˄  ˒ʰˋ˃ʰˍʽˁʺ ʰˉˇˋˏ˄ʻʶˋʹ ˍ˖˄ ˋˎˋˍʰˍʽˁ˗˄ ʶ˄ˍˈˌ ˒ʱˋʹˌ όin-
phaseύ ˍʹˌ ˋˎ˃˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ʵˎˇ ˔ˊˇ˄ʽˁ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ όurlύϐΦ ɾʶˍʱ ˍʹ˄ ʶˉʰ˂ʺʻʶˎˋʹ ˍ˖˄ 
ˉˊˇʴ˄˗ˋʶ˖˄ ʰˉˈ ˍʽˌ ˉʽˇ ˉˊˈˋ˒ʰˍʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌΣ ʰˎˍʱ ʻʰ ʺˍʰ˄ ˍʰ ʽʵʰ˄ʽˁʱ ʲʱˊʹ ˁ˂ʾ˃ʰˁʰˌ όscale 
weightsύ ʴʽʰ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˔ˊˈ˄ˇˎˌ ˉˊˈʴ˄˖ˋʹˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʷ˄ʰ ˒ʾ˂ˍˊˇ ɿʁCC ʻʰ 
˃ˉˇˊˇˏˋʶ ˄ʰ ʶ˅ʰ˔ʻʶʾ ʰˉˈ ʲʱˊʹ ˁ˂ʾ˃ʰˁʰˌ όscale weightsύ ʴʽʰ ʷ˄ʰ˄ ˃ʶ˃ˇ˄˖˃ʷ˄ˇ ˔ˊˈ˄ˇ ˉˊˈʴ˄˖ˋʹˌΣ 
˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʽʰ ˉˊˈʴ˄˖ˋʹ ʰ˃ʷˋ˖ˌ ˉˊʽ˄ ˍˇ˄ ˔ˊˈ˄ˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ό¢ǳǊƴŜǊ et al., 2004).  
134 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 

http://en.wikipedia.org/wiki/Semi-Lagrangian_scheme
http://www.answers.com/topic/cospectrum
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116 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

˃ˈ˄ˇ ˋ˔ʶˍʽˁˈ ˃ʷˍˊˇ ˉˊˇʴ˄˖ˋˍʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌΣ  ˇʽ ˉˊˇʴ˄˗ˋʶʽˌ ǌOFF ˃ˉˇˊˇˏ˄ ˄ʰ ʵʶ˔ˍˇˏ˄ 

ˉˊˇˋʰˊ˃ˇʴʺ ˁ˂ʾ˃ʰˁʰˌ όrescaling) ʴʽʰ ˄ʰ ˉˊˇʴ˄˗ˋˇˎ˄ ʰˁˊʽʲʷˋˍʶˊʰ ˍʽˌ ʶˁˍʱˋʶʽˌ ʲˊˇ˔ʺˌ ʶ̄ ʱ˄˖ ʰˉˈ 

ʵˇˋ˃ʷ˄ˇ ˁ ʰˍ˗˒˂ʽΣ ˃ʶ ˁˈˋˍˇˌ ˁʱˉˇʽʰ ʰˏ˅ʹˋʹ ˋˍʰ ˃ʷˋʰ ˍʶˍˊʰʴ˖˄ʽˁʱ ˋ˒ʱ˂˃ʰˍʰΦ  

ɾʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ ˉˊˈʴ˄˖ˋʹˌΣ ˇʽ ˉˊˇʴ˄˗ˋʶʽˌ ʴʾ˄ˇ˄ˍʰʽ ˂ʽʴˈˍʶˊˇ ʰ˅ʽˈˉʽˋˍʶˌ ˋˍʹ˄ 

ʶˁˍʾ˃ʹˋʹ ̱ ʹ ̩̫ ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ʷ˄ʰ ˋʹ˃ʶʾˇ όʺ ˉʱ˄˖ ʰˉˈ ˃ʽˁˊˈˍʶˊʶˌ ʶˁˍʱˋʶʽˌύΦ ʃʰˊˈ˂ˇ ˉˇˎ 

ˇʽ ˒ʽ˂ˍˊʰˊʽˋ˃ʷ˄ʶˌ ˉˊˇʴ˄˗ˋʶʽˌ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ʰˎˍʺ˄ ˍʹ˄ ʰˊ˔ʺΣ ˁʱʻʶ nowcast h ˉʶʽˁˇ˄ʾʸʶʽ 

˃ʽʰ ˃ʶ˃ˇ˄˖˃ʷ˄ʹ ˍʽ˃ʺ ˋʶ ˁʱʻʶ ˍˇˉˇʻʶˋʾʰΦ ʆʷˍˇʽʰ ˉˊˇʿˈ˄ˍʰ ˉʶˊʽʷ˔ˇˎ˄ ˉʶˊʽˋˋˈˍʶˊ ́ˉ˂ʹˊˇ˒ˇˊʾ h

ʰˉˈ ˒ʽ˂ˍˊʰˊʽˋ˃ʷ˄ʶˌ ˉˊˇʴ˄˗ˋʶʽˌ ˋ ʁ˃ ʶʴʰ˂ˏˍʶˊˇˎˌ ˔ˊˈ˄ˇˎˌ ˉˊˈʴ˄˖ˋʹˌΦ 

 

ǩȇȈȖȋŭ 5.5.:  ǩɵȇɵűȘŰůȇȏ űȍȐ ŲȀȉűȎȍȐ NOFF ȃȇŭ űȅȋ ɵůȎȀɵűȓŰȅ űȅȏ 25ȅȏ ǯŭǦȍȐ 2001, Ȋů 

ȑȎǿŰȅ ɵȎȍȂȉǾȒůȓȋ ɵȍȐ Ǿȃȇȋŭȋ Űűȇȏ 0500 UTC. Ƕŭ ŰȑǿȊŭűŭ ŮůȀȑȋȍȐȋ (a) űȇȏ ŭȎȑȇȈǾȏ 

ɵŭȎŭűȅȎǿŰůȇȏ Űűȇȏ 0500 UTC ŭɵȖ űȇȏ ȍɵȍȀůȏ ɵŭȎǿȑȆȅŰŭȋ ȍȇ ɵȎȍȃȋȘŰůȇȏ, (b) űȅȋ ɵȎȖȃȋȓŰȅ 

ȃȇŭ űȇȏ 0530 UTC (ȑȎȖȋȍȏ ɵȎȖȃȋȓŰȅȏ 30 min ), (c) űȅȋ ɵȎȖȃȋȓŰȅ ȃȇŭ űȇȏ 0700 UTC (ȑȎȖȋȍȏ 

ɵȎȖȃȋȓŰȅȏ 2 h), Ȉŭȇ (d) űȅȋ ɵȎȖȃȋȓŰȅ ȃȇŭ űȇȏ 1300 UTC (ȑȎȖȋȍȏ ɵȎȖȃȋȓŰȅȏ 8 h) (Turner et 

al. 2004) 

 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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5.15.2. ȺűŬɟɛɞɔɐ 

ɳˉʶʽʵʺ ˍʰ ˒ʾ˂ˍˊʰ OFF ˁʰʽ NOFF ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ʴʽʰ ˄ʰ ʲʶ˂ˍʽ˗ˋˇˎ˄ ˍʹ˄ ˉˊˇʴ˄˖ˋˍʽˁʺ 

ˋˎˋ˔ʷˍʽˋʹ ˁʰʽ ˍʰ ˃ʷˋʰ ˍʶˍˊʰʴ˖˄ʽˁʱ ˋ˒ʱ˂˃ʰˍʰΣ ˉˊʷˉʶʽ ˄ʰ ʶˉʰ˂ʹʻʶˎʻʶʾ ʹ ʽˁʰ˄ˈˍʹˍʱ ˍˇˎˌ ˋˍˇ ˄ʰ 

ˉˊˇʲ˂ʷˉˇˎ˄ ʶˁˍʱˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉˇˎ ˎˉʶˊʲʰʾ˄ˇˎ˄ ʷ˄ʰ ˁʰˍ˗˒˂ʽΦ ʅˍʹ˄ ɳʽˁˈ˄ʰ рΦрΦ ˇʽ ˉˊˇʴ˄˗ˋʶʽˌ 

NOFF ˉʶˊʽʷ˔ˇˎ˄ ˂ʽʴˈˍʶˊʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋˍʽˌ ˁʰˍʰ˄ˇ˃ʷˌ ʷ˄ˍʰˋʹˌΣ ˁʰʻ˗ˌ ˇ ˔ˊˈ˄ˇˌ ˉˊˈʴ˄˖ˋʹˌ 

ʰˎ˅ʱ˄ʶˍʰʽΦ ɶ ˋˎ˄ˇ˂ʽˁʺ ʷˁˍʰˋʹ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ˉˊˇʴʽʴ˄˗ˋˁʶˍʰʽ ʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹΣ ʰˎ˅ʱ˄ʶˍʰʽ ˃ʶ ˍʹ˄ 

ʰˏ˅ʹˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ ˉˊˈʴ˄˖ˋʹˌΦ  

ɶ ˉˊˇʲ˂ʶˉˈ˃ʶ˄ʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ʶ˅ʰˉ˂˗˄ʶˍʰʽ ʶˉʱ˄˖ ʰˉˈ ˃ʶʴʱ˂ʶˌ ˉʶˊʽˇ˔ʷˌΣ ʰ˄ˍʽˋˍʰʻ˃ʾʸˇ˄ˍʰˌ 

ˍʹ˄ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹ ʰʲʶʲʰʽˈˍʹˍʰ ˋˍʹ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʻʷˋʹ ˍ˖˄ ˃ˇˍʾʲ˖˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ 

 

5.15.3. ȷˊɞŰŮɚɏůɛŬŰŬ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶ˒ʰˊ˃ˈˋˍʹˁʰ˄ ʴʽʰ ɽʰʴˁˊʰ˄ʸʽʰ˄ʱ nowcast ʹˉʶʽˊ˖ˍʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌΣ ʲʱˋʶʽ 

ˋˎ˄ʻʶˍʽˁ˗˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʰˉˈ ˊʰ˄ˍʱˊ όcomposite radar observations of 

precipitationύΦ ʆʰ ˉˊˇʴ˄˖ˋˍʽˁʱ ˒ʾ˂ˍˊʰΣ ˍʰ ˇˉˇʾʰ ˉˊˇˋʰˊ˃ˈʸˇ˄ˍʰʽ ˋˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄Σ 

ˉʰˊʷ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ʲʶ˂ˍʽ˗ˋʶʽˌ ˋˍʹ˄ ʰˁˊʾʲʶʽʰ ˉˊˈʴ˄˖ˋʹˌΣ ˋʶ ʻʷ˃ʰˍʰ ˋˎˋ˔ʷˍʽˋʹˌ ˁʰʽ ˋ˒ʰ˂˃ʱˍ˖˄ 

rmsΦ ɱʽʰ ˍʰ ˍʷˋˋʶˊʰ ˋˎ˃ʲʱ˄ˍʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʰˉˈ ˍˇˎˌ Turner et al. (2004ύΣ ʹ 

˃ʷˋʹ ˋˎˋ˔ʷˍʽˋʹ ˋˍˇ˄ ˔ˊˈ˄ˇ ˉˊˈʴ˄˖ˋʹˌ ˍʶˋˋʱˊ˖˄ ˖ˊ˗˄ ʰˎ˅ʺʻʹˁʶ ʰˉˈ лΦрл ʴʽʰ ˍʰ ʰˊ˔ʽˁʱ nowcast 

ˋʶ лΦсн ˃ʶ ˉˊˇʴ˄˖ˋˍʽˁˈ ˒ʽ˂ˍˊʱˊʽˋ˃ʰΦ 

 

5.15.4. ȼ ɛŮɚɏŰɖ ˊŮɟɑˊŰɤůɖɠ Űɖɠ ɁɧŰɘŬɠ ȾɞɟɏŬɠ  

ʁ ˋˁˇˉˈˌ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˍ˖˄ Lee et al. (2010), ʺˍʰ˄ ˄ʰ ʰ˅ʽˇ˂ˇʴʺˋʶʽ ˍʹ˄ ˉˊˇʴ˄˖ˋʽ˃ˈˍʹˍʰ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ MAPLE ˋˍʹ˄ ɼˇˊʶʰˍʽˁʺ ˔ʶˊˋˈ˄ʹˋˇ ˁʰʽ ˄ʰ ˉʰˊʷ˔ʶʽ ˁʰˍʶˎʻˎ˄ˍʺˊʽʶˌ ʴˊʰ˃˃ʷˌ ʴʽʰ ˍʹ˄ 

ˉˊʰˁˍʽˁʺ ˍˇˎ ʶ˒ʰˊ˃ˇʴʺΦ ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ʶˁˍʶ˂ʷˋˍʹˁʶ ɹ ʽʰ ˍʹ ʻʶˊʽ˄ʺ ˉʶˊʾˇʵˇ ˍˇˎ нллу 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ˍʶ˔˄ʽˁʺ CRA (Contiguous Rain Area135). 

ʆˇ MAPLE ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ ˃ʷʻˇʵˇ VET (Variational Echo Trackingύ ʴʽʰ ˄ʰ ʶˁˍʽ˃ʺˋʶʽ ˍˇ 

ʲʷ˂ˍʽˋˍˇ ˉʶʵʾˇ ˍ˖˄ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˁʾ˄ʹˋʹˌ ˈˉ˖ˌ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ˍˇˎˌ Germann and Zawadzki, 

(2002ύΦ ɳ˄ ˋˎ˄ˍˇ˃ʾʰΣ ˉˊˈˍʶʽ˄ʰ˄ ˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ ˍˊʽ˗˄ ʲʹ˃ʱˍ˖˄Φ ʃˊ˗ˍˇ˄Σ ˍˇ ˉʶʵʾˇ ˁʾ˄ʹˋʹˌ ˍʹˌ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ˃ʁ ˍʰʲˇ˂ʽˁʺ ʽ˔˄ʹ˂ʱˍʹˋʹ ˍʹˌ ʹ˔ˇˏˌ (variational radar echo 

tracking)Φ ɲʶˏˍʶˊˇ˄Σ ʹ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˃ʷˋ˖ ˃ʽʰˌ ˍˊˇˉˇˉˇʽʹ˃ʷ˄ʹˌ ʹ˃ʽ-

ɽʰʴˁˊʰ˄ʸʽʰ˄ʺˌ ˃ʶʻˈʵˇˎ136 ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ ˉˇˎ ʻʶ˖ˊʶʾ ˍʹ˄ ˁʾ˄ʹˋʹ ˋˍʰʻʶˊʺΦ ʆˊʾˍˇ˄Σ ˇʽ 

ˉˊˇʴ˄˗ˋʶʽˌ ʶ˃˃ˇ˄ʺˌ Euler ˁ ʰʽ Lagrange137 ̀ ˎʴˁˊʾ˄ˇ˄ˍʰʽ ˃ʶ ˍʽˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ʴʽʰ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶ ʾ́  

ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˁʰʽ ʱ˂˂ʰ ˃ʷˍˊʰ ˉˊˇʴ˄˖ˋʽ˃ˈˍʹˍʰˌΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ˃ʶ ʶʽˁˈ˄ʶˌ ˉˇˎ 

ʷ˔ˇˎ˄ ʰ˄ʰ˂ˎʻʶʾ ˋʶ ˋˎ˄ʽˋˍ˗ˋʶˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˁ˂ʾ˃ʰˁʶˌΣ ʴʽʰ ˄ʰ ˉʶˊʽʴˊʰ˒ʶʾ ʹ ʶ˅ʱˊˍʹˋʹ ˁ˂ʾ˃ʰˁʰˌ 

ˍʹˌ ˉˊˇʴ˄˖ˋʽ˃ˈˍʹˍʰˌ.  

                                                           
135 ɶ ˃ʷʻˇʵˇˌ CRA ̄ ˇˎ ˉˊˇˍʱʻʹˁʶ ʰˉˈ ˍˇˎˌ ɳbert ˁ ʰʽ McBride (2000ύ ʵʽʰ˔˖ˊʾʸʶʽ ˉˇˋˇˍʽˁʱ ˍʹ˄ ʻʷˋʹΣ ˍˇ˄ 
ˈʴˁˇ όʺ ʷ˄ˍʰˋʹΣ volumeύ ˁʰʽ ˍˇ ˋ˒ʱ˂˃ʰ ˍˇˎ ˃ˇˍʾʲˇˎΣ ˉˇˎ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋˍˇ ˋˎ˄ˇ˂ʽˁˈ ˋ˒ʱ˂˃ʰΦ 
136 ɮ˄ʰ˂ˏʻʹˁʶ ˉˊˇʴʶ˄ʷˋˍʶˊʰΦ  
137 ɼʰˍʱ ʷ˄ʰ˄ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ˇ ˍˊˈˉˇΣ ˋˍʹ˄ ʶ˃˃ˇ˄ʺ 9ǳƭŜǊ ʽˋ˔ˏʶʽ ˈˍʽ ʹ ˉʰˊʰˍʺˊʹˋʹ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ 
ˉˊˈʴ˄˖ˋʹ ʶ˄˗ ˋˍʹ˄ ʶ˃˃ˇ˄ʺ Lagrange ̱ ʰ ˃ˇˍʾʲʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˃ʶˍʰˁʽ˄ˇˏ˄ˍʰʽΣ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˍˇ ˉʶʵʾˇ 
ˍʹˌ ˁʾ˄ʹˋʹˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ όPanziera, 2012ύΦ ɮ˄ʰ˂ˏʻʹˁʰ˄ ˉˊ˖ˍˏˍʶˊʰ ˋʶ ʻʶ˖ˊʹˍʽˁʺ ʶ˄ˈˍʹˍʰΦ  
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ǵȑǿȊŭ 5.8.: ǳůȎȇȍȑǿ ǾȉȉůȇȒȅȏ ŮȇŭŰűǿȊŭűȍȏ ůȊɵȇŰűȍŰȗȋȅȏ 95% űȓȋ ȊůűŭűȍɵȀŰůȓȋ CRA ȃȇŭ 

ȈŭȆǾȋŭ ŭɵȖ űȍȐȏ ȑȎȖȋȍȐȏ ɵȎȖȃȋȓŰȅȏ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Lee et al. 

[2010]) 

ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ʆˇ ˋ˒ʱ˂˃ʰ ˋˍʹ˄ ˉˊˇʶʴ˄˖ˋ˃ʷ˄ʹ ʻʷˋʹ ʰˎ˅ʱ˄ʶˍʰʽ ˃ʶ ˍˇ˄ ˔ˊˈ˄ˇ ˉˊˈʴ˄˖ˋʹˌ ʰ˂˂ʱ ˁʰˍʰ˄ʷ˃ʶˍʰʽ 

ˁˎˊʾ˖ˌ ʶ˄ˍˈˌ нл km ˃ ʷ˔ˊʽ ˁʰʽ ʴʽʰ о h όʅ˔Φ рΦуΦύΣ ˁʰʽ ˉʰˊʰ˃ʷ˄ʶʽ ʶ˄ˍˈˌ ˍˇˎ т҈ ˉʶˊʾˉˇˎ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ 

ˋ˒ʱ˂˃ʰˍˇˌ ˁʰʻˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉʶˊʽˈʵˇˎ ˉˊˈʴ˄˖ˋʹˌ όʅ˔Φ рΦфΦύΦ  

 

ǵȑǿȊŭ 5.9.: ǭŭűŭȋȍȊǿ űȓȋ ŰŲŭȉȊǽűȓȋ ȊȍűȀȂȍȐ, ȆǾŰȅȏ Ȉŭȇ ȖȃȈȍȐ ŭȋŭȈȉŭŰűȇȈȖűȅűŭȏ, ȓȏ 

ɵȍŰȍŰűȖ % űȍȐ ŰȐȋȍȉȇȈȍȗ ŰŲǽȉȊŭűȍȏ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Lee et al. 

[2010]) 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ʆˇ ˇʴˁˇ˃ʶˍˊʽˁˈ ˋ˒ʱ˂˃ʰ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ όʺ ˃ʶˊˇ˂ʹ˕ʾʰΣ biasύ ʷ˔ʶʽ ˍʹ ˃ʽˁˊˈˍʶˊʹ ˋˎ˄ʶʽˋ˒ˇˊʱΣ 

˃ʶ ˉˇˋˇˋˍˈ ˃ʽˁˊˈˍʶˊˇ ˍˇˎ о҈Φ ɶ ʶˉʰ˂ʺʻʶˎˋʹ ˍˇˎ ʴʶʴˇ˄ˈˍˇˌ ˎˉˇʵʶʽˁ˄ˏʶʽ ˈˍʽ ˍˇ MAPLE ʵʽʰˍʹˊʶʾ 

ʰ˅ʽˈˉʽˋˍʶˌ ˉˊˇʴ˄˗ˋʶʽˌ ˃ʷ˔ˊʽ нΦр hΣ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˍˈˋˇ ˍʹ˄ ʻʷˋʹ ˈˋˇ ˁʰʽ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ 

 

5.16. STEPS (2006), ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ, ȷɡůŰɟŬɚɑŬ 

ʆˇ STEPS (Short-Term Ensemble Prediction Systemύ ʶʾ˄ʰʽ ʷ˄ʰ ˉʽʻʰ˄ˇˍʽˁˈ όˋˍˇ˔ʰˋˍʽˁˈύ 

ˋˏˋˍʹ˃ʰ  nowcasting ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ˉˇˎ ˋˎʴ˔˖˄ʶˏʶʽ nowcast ˉˊˇʶˁʲˇ˂ʺˌ ˃ʶ downscaled 

(ˎˉˇʲʽʲʰˋ˃ʷ˄ʹˌ ˁ˂ʾ˃ʰˁʰˌ) ˉˊˇʴ˄˗ˋʶʽˌ NWP. ɮ˄ʰˉˍˏ˔ʻʹˁʶ ʰˉˈ ˍʹ˄ ɰˊʶˍʰ˄ʽˁʺ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ 

ʇˉʹˊʶˋʾʰ όMet Officeύ ˋʶ ˋˍʶ˄ʺ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ˍˇ˄ ɲˊΦ Alan W. Seed ˍʹˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ 

ʇˉʹˊʶˋʾʰˌ ˍʹˌ ɮˎˋˍˊʰ˂ʾʰˌΦ ɮˉˇˍʶ˂ʶʾ ʷ˄ʰ ʰˉˈ ˍʰ ˉʶˊʽˇˊʽˋ˃ʷ˄ʰ ˉʽʻʰ˄ˇˍʽˁʱ ˋ˔ʺ˃ʰˍʰΦ ɰʰˋʾʸʶˍʰʽ ˋˍˇ 

˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˉˈ ˍˇ S-PROG138 (Seed et al., 2005ύΦ ʆˇ STEPS ˉˊˇˋˉʰʻʶʾ ˄ʰ 

ˋˎ˂˂ʱʲʶʽ ˈ˂ʶˌ ˍʽˌ ˉʹʴʷˌ ʰʲʶʲʰʽˈˍʹˍʰˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍˇ nowcastingΣ ˃ˇ˄ˍʶ˂ˇˉˇʽ˗˄ˍʰˌ ˍʽˌ ˖ˌ 

ʰʲʶʲʰʽˈˍʹˍʰ ˋˍʹ ˄ˍʰ˔ˏˍʹˍʰ ˃ʶˍʰʴ˖ʴʺˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˁʰʽ ˖ˌ ʰʲʶʲʰʽˈˍʹˍʰ 

ˋˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ˍˇˎ ˃ˇˍʾʲˇˎ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ɶ ʰʲʶʲʰʽˈˍʹˍʰ ˍʹˌ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ 

˃ˇ˄ˍʶ˂ˇˉˇʽʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ˍˎ˔ʰʾˇ ˉʶʵʾˇ ˍʰ˔ˎˍʺˍ˖˄ ˍˇ ˇˉˇʾˇ ˋˎˋ˔ʶˍʾʸʶˍʰʽ ˋˍˇ˄ ˔˗ˊˇΦ ɶ ʰʲʶʲʰʽˈˍʹˍʰ 

ˋˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ˍˇˎ ˉʶʵʾˇˎ ˃ˇ˄ˍʶ˂ˇˉˇʽʶʾˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ S-PROG ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍʽˁʺ 

ˉˊˇˋʷʴʴʽˋʹ ʰ˂˂ʹ˂ˇˎ˔ʾʰˌ ˁ˂ʽ˃ʱˁ˖˄ όmultiplicative cascade approach) (Seed, 2003ύΦ ɾʽʰ ʽʶˊʰˊ˔ʾʰ 

˃ˇ˄ˍʷ˂˖˄ ʰˎˍˇˉʰ˂ʽ˄ʵˊˈҡʹˋʹˌ ʵʶˏˍʶˊʹˌ ˍʱ˅ʹˌ AR-2 ˋˍʰ ʶˉʾˉʶʵʰ ˍʹˌ ʰˁˇ˂ˇˎʻʾʰˌΣ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ 

ˉʽˇ ˍʰ˔ʶʾʰ ʶʽˋʰʴ˖ʴʺ ˍˇˎ ʻˇˊˏʲˇˎ ˋˍʽˌ ˉʶˊ̔̌ ˊʽˋ˃ʷ˄ʶˌ ˁ˂ʾ˃ʰˁʶˌΦ ʃʰˊʱʴʶˍʰʽ ʷ˄ʰ ˋˏ˄ˇ˂ˇ 

ˉˊˇʴ˄˗ˋʶ˖˄ ˉˇ˂˂ʰˉ˂˗˄ ʵʶʽʴ˃ʱˍ˖˄ (ensemble)Σ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ 

ʰˉˈ ʷ˄ʰ˄ ʰˊʽʻ˃ˈ ʱ˂˂˖˄ ʶ˒ʰˊ˃ˇʴ˗˄ ˈˉ˖ˌ ʹ ˎʵˊˇ˂ˇʴʽˁʺ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ.     

ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ ˉʰˊʱʴʶʽ ʰ˅ʽˈˉʽˋˍʶˌ ˉˊˇʴ˄˗ˋʶʽˌ ˍʹˌ ̄ ʽʻʰ˄ˈˍʹˍʰ̩ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʴʽʰ ̝ ˊˈ˄ˇˎˌ 

ˉˊˈʴ˄˖ˋʹˌ ˃ʷ˔ˊʽ ˁʰʽ с h,  ˁʰʽ ˉʰˊʰˍʹˊʶʾˍʰʽ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ˉˊˇʴ˄˖ˋˍʽˁʺ ˉʶˊʾˇʵˇ ʽˁʰ˄ˈˍʹˍʰ 

ˉˊˈʴ˄˖ˋʹˌ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍʹˌ ˁ ˂ʽ˃ʰˍˇ˂ˇʴʾʰ.̩ 

 

 

5.16.1. ɀŮɗɞŭɞɚɞɔɑŬ 

ɶ ʴʶ˄ʽˁʺ ʽʵʷʰ ˍˇˎ ˈ˂ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˍˊʽ˗˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʰ˂˂ʹ˂ˇˎ˔ʽ˗˄ 

(cascadesύΦ ɶ ˉˊ˗ˍʹ ʰ˂˂ʹ˂ˇˎ˔ʾʰΣ ʹ ζʰˁˇ˂ˇˎʻʾʰ ˉ́ ˇʶˁ̡ ˇ˂ʺˌηΣ ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ʹ ʾʵʽʰ ˃ʶ ˍˇˎ 

ʰ˂ʴˇˊʾʻ˃ˇˎ S-PROGΦ ɶ ʵʶˏˍʶˊʹΣ ʹ ζʰˁˇ˂ˇˎʻʾʰ ʻˇˊˏʲˇˎηΣ ˉʶˊʽʷ˔ʶʽ ˔˖ˊʽˁʱ ˁʰʽ ˔ˊˇ˄ʽˁʱ 

ˋ˔ʶˍʽʸˈ˃ʶ˄ˇ ʻˈˊˎʲˇΦ ʁ ʻˈˊˎʲˇˌ ζʶʽˋʱʴʶˍʰʽη ˋʶ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁ˂ʾ˃ʰˁʰ ʶʱ˄ ʶˁʶʾ˄ʹ ʰˉ˖˂ʷˋʶʽ 

ʵʶ˅ʽˈˍʹˍʰ ̀ ˍ́ ˄̄ ˊˈʴ˄˖ˋʹΦ ʍˌ ʶˁ ˍˇˏˍˇˎΣ ˇ ʻˈˊˎʲˇˌ ʻʰ ʶʽˋʱʴʶˍʰʽ ˉˊ˗ˍʰ ˋʶ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ˁ ˂ʾ˃ʰˁʶˌ, 

ʰ˒ˇˏ ˍʰ ˃ʽˁˊˈˍʶˊʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʲˊˇ˔ʺˌ ʶ˅ʰ˒ʰ˄ʾʸˇ˄ˍʰʽ ˉˊ˗ˍʰ ˋˍʹ˄ ʰˁˇ˂ˇˎʻʾʰ ˍʹˌ ˉˊˇʶˁʲˇ˂ʺˌ, 

ʶ˄˗ ʹ ʶʽˋʰʴ˖ʴʺ ˍˇˎ ʻˇˊˏʲˇˎ ʻʰ ˂ʱʲʶʽ ˔˗ˊʰ ˋʶ ʷ˄ʰ ˃ʶˍʰʴʶ˄ʷˋˍʶˊˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ʴʽʰ ˍʽˌ ʁ ˎˊˏ̱ ʶˊʶˌ 

ˁ˂ʾ˃ʰˁʶˌΦ ɶ ʰˁˇ˂ˇˎʻʾʰ ˍˇˎ ʻˇˊˏʲˇˎ ˇʵʹʴʶʾˍʰʽ ʰˉˈ ˍˇ ʾʵʽˇ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˇˉʰ˂ʽ˄ʵˊˈҡʹˋʹˌ ʵʶˏˍʶˊʹˌ 

ˍʱ˅ʹˌ !w-н ˈˉ˖ˌ ˋˍʹ˄ ʰˁˇ˂ˇˎʻʾʰ ˉˊˇʶˁʲˇ˂ʺˌΣ ˁʰʽ ʷ˔ʶʽ ˍ ȟ ˊʻʱ ̀ ˍʰˍʽˋˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˔ˊˇ˄ʽˁʺˌ 

                                                           
138 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

120 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˋˎˋ˔ʷˍʽˋʹˌΦ ɶ ˍˊʾˍʹ ʰˁˇ˂ˇˎʻʾʰ ʶʾ˄ʰʽ ˍˇ downscaled ˃ ˇ˄ˍʷ˂ˇ NWP, ̄ ˇˎ ʁ ˅ʰˋ˒ʰ˂ʾʸʶʽ ˈˍʽ ʹ ˉˊˈʴ˄˖ˋʹ 

ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʶ˅ʶ˂ʾˋˋʶˍʰʽ ˉˊˇˌ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ʶ˅ʷ˂ʽ˅ʹˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˋʶ 

ʶˎˊʶʾʰ ˁ˂ʾ˃ʰˁʰΦ ʃˊʽ˄ ʰˉˈ ˍʹ˄ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍʹˌ ˍʶ˂ʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌΣ ̄́ ʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ̌ 

ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ˍˊʽ˗˄ ʰˁˇ˂ˇˎʻʽ˗˄ ʴʽʰ ˁʱʻʶ ʶˉʾˉʶʵˇ cascade ˃ʶ˃ˇ˄˖˃ʷ˄ʰΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ʲʰ́˗ ˄

ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˃ʽʰ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʵʶ˅ʽˈˍʹˍʰ ̩̱ ˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ cascade. 

ʆˇ ˉʶʵʾˇ ˍʰ˔ˏˍʹˍʰˌ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ˖ˌ ʷ˄ʰˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍˇˎ ζʵʽʰʴ˄˖ˋ˃ʷ˄ˇˎη ˉʶʵʾˇˎ 

ˍʰ˔ˏˍʹˍʰˌ ˁʰʽ ʶ˄ˈˌ ˉʶʵʾˇˎ ˍʰ˔ˏˍʹˍʰˌ ˃ʶ ʲʱˋʹ NWPΦ ʆˇ ʵʽʰʴ˄˖ˋ˃ʷ˄ˇ ˉʶʵʾˇ ˍʰ˔ˏˍʹˍʰˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˇˉˍʽˁʺ ˊˇʺ (OF)139 ˃ ʁʷ˄ʰ ˋˏˋˍʹ˃ʰ backward-in-time ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ. 

ɲʶʵˇ˃ʷ˄ˇˎ ˈˍʽ  ́OF ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʱʴʶʽ ˉˇ˂ˏ ʻˇˊˎʲ˗ʵʹ ˉʶʵʾʰ ˍʰ˔ˏˍʹˍʰˌ ˋʶ ˁʰˍʰˋˍʱˋʶʽˌ ˍʰ˔ʷ˖ˌ 

ˁʽ˄ˇˏ˃ʶ˄˖˄ ˁ ˎˍˍʱˊ˖˄, ʁ ˒ʰˊ˃ˈʸʶˍʰʽ ʷ˄ʰ ˋˎ˄ˇ˂ʽˁˈ ʵʽʱ˄ˎˋ˃ʰ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ ʴʽʰ ˇ˂ˈˁ˂ʹˊˇ ˍˇ  

ˉʶʵʾˇ ˉˊʽ˄ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ OFΦ ɮˁˈ˃ʹ ˁʰʽ ˍˈˍʶ ˍˇ ˉʶʵʾˇ ̱ ʰ˔ˏˍʹˍʰˌ ʶ˅ʰˁˇ˂ˇˎʻʶʾ ˄ʰ 

ˉʶˊʽʷ˔ʶʽ ʰˊˁʶˍ ̍ʻˈˊˎʲˇΣ ˁʰʽ ˖ˌ ʶˁ ˍˇˏˍˇˎ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ ʵʽʰʴ˄˖ˋ˃ʷ˄ˇ ˉʶʵʾˇ ˃ʽʰ ˔ˊˇ˄ʽˁʺ 

ʶ˅ˇ˃ʱ˂ˎ˄ˋʹΦ ʆˇ ˉʶʵʾˇ NWP ˉʰˊʱʴʶˍʰʽ ˁʰˍʱ ˍˇ˄ ʾʵʽˇ ˍˊˈˉˇ ˈˉ˖ˌ ˁʰʽ ˍˇ ʵʽʰʴ˄˖ˋ˃ʷ˄ˇ ˉʶʵʾˇ ̃ʰ˄ˍʾ 

ʴʽʰ ʶʽˁˈ˄ʶˌ ˊʰ˄ˍʱˊ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˉˊˇʴ˄˗ˋʶʽˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ NWP. ʅˍʹ 

ˋˎ˄ʷ˔ʶʽʰΣ ˍʰ ʵˏˇ ˉʶʵʾʰ ˍʰ˔ˏˍʹˍʰˌ ˋˎʴ˔˖˄ʶˏˇ˄ˍʰʽΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʰ ʾʵʽʰ ʲʱˊʹ ˈˉ˖ˌ ˋˍˇ 

ˋˎ˄ʵˎʰˋ˃ˈ cascade (Reyniers, 2008). 

 

5.16.2. ȷˊɞŰŮɚɏůɛŬŰŬ 

ɶ ˉˊˈʴ˄˖ˋʹ ˎ˕ʹ˂ˈˍʶˊ˖˄ ʶ˄ˍʱˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʰˉ̌ʵʶʾ˔ʻʹˁʶ ˉʶˊʽˋˋˈˍʶˊˇ ʵˎˋ˔ʶˊʺˌ, h ˂˂ʱ 

ʵʽʰ˒ʰʾ˄ʶˍʰʽ ̔ ˁʰ˄ˈˍʹˍʰ ʷ˖ˌ ̫ ˅ʽ ˗ˊʶˌ ʴʽʰ ˁʰˍ˗˒˂ʽʰ ˃ʷ˔ˊʽ ˁʰʽ м mm hҍ1Φ ɹˁʰ˄ˈˍʹˍʰ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˔ʶʽ 

ˁʰʽ ˋʶ ˎ˕ʹ˂ˈˍʶˊʶ̩  ʁ˄ ˍʱˋʶʽˌΣ ʰ˂˂ʱ ʹ ˉʽʻʰ˄ˈˍʹˍʰ ˍʷˍˇʽʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˁʱʻʶ ˋʹ˃ʶʾˇ ˍʹˌ ʶʾ˄ʰʽ 

ˍˈˋˇ ˔ʰ˃ʹ˂ʺ ˉˇˎ ʻʰ ʰˉʰʽˍˇˏˋʶ ˍʶˊʱˋˍʽˇ ˃ʷʴʶʻˇˌ ʵʶʽʴ˃ʱˍ˖˄ όensemble size) ʴʽʰ ˄ʰ ʶˉʽˍˏ˔ʶʽ 

ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ʰˁˊʽʲʶʾʰˌ ˍʹ̩ ˋˎ˄ʱˊˍʹˋʹ ̩ ˉˎˁ˄ˈˍʹˍʰˌ ˉʽʻʰ˄ˈˍʹˍʰˌ όp.d.fΦύ ˍ˖˄ ˎ˕ʹ˂ˈˍʶˊ˖˄ 

ʶ˄ˍʱˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɱʽʰ ˍʹ ˋ˖ˋˍʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˋʶ ˎ˕ʹ˂ʷˌ ʶ˄ˍʱˋʶʽˌ ʲˊˇ˔ʺˌΣ ʻʰ 

ʺˍʰ˄ ʶˉʾˋʹˌ ʰˉʰˊʰʾˍʹˍʹ ʹ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˉˊˇʴ˄˗ˋʶ˖˄ ˁʰʽ ʶˉʰ˂ʹʻʶˏˋʶ˖˄ ʴʽʰ ˃ʶʴʰ˂ˏˍʶˊʹ 

ˉʶˊʾˇʵˇ ʰˉˈ ʷ˄ʰ˄ ˃ʺ˄ʰΦ όBowler et al., 2006). 

ɳ˒ˈˋˇ˄ ˍʰ ʶˉʾˉʶʵʰ ˋˍʹ˄ ʰˁˇ˂ˇˎʻʾʰ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ˁ˂ʾ˃ʰˁʶˌ 

ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʰˉˈ ˍˇ άringingέ140 ̱ ˖˄ ʁ ˎˊˏʁ̱ ˊ̟  ˄ˁ ˂ʾ˃ʰˁ˖˄Σ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ʶˊ˖ˍʹʻʶʾ ʶʱ˄ ˎˉʱˊ˔ʶʽ 

˄ˈʹ˃ʰ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ AR-н ˋʶ ʰˎˍʱ ˍʰ ʶˉʾˉʶʵʰΦ ɼʱʻʶ ˃ʽˁˊʺ ʰ˂˂ʰʴʺ ˋˍʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʶˎˊʶʾʰˌ ˁ˂ʾ˃ʰˁʰˌΣ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ʷ˔ʶʽ ˃ʶʴʱ˂ʹ ʶˉʾʵˊʰˋʹ ˋˍʽˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ 

ˁ˂ʾ˃ʰˁʶˌ ˋˍʹ˄ ʰˁˇ˂ˇˎʻʾʰ ˁʰʽ ʹ ʶ˃˃ˇ˄ʺ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹˌ ˁ˂ʾ˃ʰˁʰˌ ˃ˉˇˊʶʾ ˄ʰ 

ˎˉˇʶˁˍʽ˃ʹʻʶʾΦ ɮˎˍʺ ʹ ʶˉʾʵˊʰˋʹ ʷ˔ʶʽ ʶ˂ʰ˔ʽˋˍˇˉˇʽʹʻʶʾ ʰˉˈ ˍʹ ˔ˊʺˋʹ ʶ˄ˈˌ Gaussian window 

ζɱˁʰˇˎˋʽʰ˄ˇˏ ˉʰˊʰʻˏˊˇˎη141 ̀ ˍˇ ˒ʽ˂ˍˊʱˊʽˋ˃ʰΣ ʰ˂˂ʱ ʵʶ˄ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ʰˉˇ˒ʶˎ˔ʻʶʾ ʶ˄ˍʶ˂˗ˌΦ   

                                                           
139 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 
140 ʁʽ ˉʰˊʶ˃ʲˇ˂ʷˌ άǊƛƴƎƛƴƎέ ʶʾ˄ʰʽ ˉʰˊʶ˃ʲˇ˂ʷˌ ˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˖ˌ ˕ʶˎʵʺ ˋʺ˃ʰˍʰ ˁˇ˄ˍʱ ˋʶ ʰˉˈˍˇ˃ʶˌ 
˃ʶˍʰʲʱˋʶʽˌ ˋʶ ʷ˄ʰ ˋʺ˃ʰ˜ ʹ ˇ˄ˇ˃ʰˋʾʰ ˍˇˎˌ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇ ˈˍʽ ˍˇ ʶ˅ʰʴˈ˃ʶ˄ˇ ˋʺ˃ʰ ˇ˃ˇʽʱʸʶʽ ˃ʶ ˒ʻʾ˄ˇˎˋʰ 
ˍʰ˂ʱ˄ˍ˖ˋʹ ˁˇ˄ˍʱ ˋʶ ʶʾˋˇʵˇ ʰˉˈˍˇ˃ʹˌ ˃ʶˍʱʵˇˋʹˌΣ ˉʰˊʶ˃˒ʶˊˇˏˌ ˃ˇˊ˒ʺˌ ˃ʶ ˁʰ˃ˉʱ˄ʰ ˃ʶˍʱ ʰˉˈ ˁˊˇˏˋʹ 
(url). 
141 ʁ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ Fourier ˃ʽʰˌ ɱˁʰˇˎˋʽʰ˄ʺˌ ˋˎ˄ʱˊˍʹˋʹˌΣ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ɱˁʰˇˎˋʽʰ˄ʺ ˋˎ˄ʱˊˍʹˋʹ 
όʽʵʽˇˋˎ˄ʱˊˍʹˋʹ όeigenfunctionύ ˍˇˎ ɾʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ Fourier) (url). 

http://en.wikipedia.org/wiki/Ringing_artifacts
http://en.wikipedia.org/wiki/Window_function#Gaussian_window


 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 5: ǑǓǑǒǆǋǀǒǀ NOWCASTING 121 

ɶ ʶˁˍʽ˃˗˃ʶ˄ʹ ʷ˄ˍʰˋʹ ʲˊˇ˔ʺˌ ˉˇˎ ˉʶˊʽʷ˔ʶˍʰʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʷ˔ʶʽ ʻʶ˖ˊʹʻʶʾ ʰˉʰ˂˂ʰʴ˃ʷ˄ʹ ʰˉˈ 

ˋ˒ʱ˂˃ʰˍʰ ʶ˒ˈˋˇ˄ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʶˌ ʰ˅ʽˈˉʽˋˍʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ʴʽʰ ˍʹ˄ ʰʲʶʲʰʽˈˍʹˍʰ ʰˎˍˇˏ ˍˇˎ 

ˉˊˇʿˈ˄ˍˇˌΦ  ɸʰ ʺˍʰ˄ ˉʽʻʰ˄ˈ ˄ʰ ˋˎ˃ˉʶˊʽ˂ʹ˒ʻʶʾ ˋʶ ʰˎˍˈ ˍˇ ˋˏˋˍʹ˃ʰ ʹ ʰʲʶʲʰʽˈˍʹˍʰ ˍ˖˄ 

ˉʰˊʰˍʹˊʺˋʶ˖˄Σ ʶʱ˄ ʺˍʰ˄ ʵʽʰʻʷˋʽ˃ h ˉˇ˂˂ʰˉ˂ʱ ʵʶʾʴ˃ʰˍʰ ˉʽʻʰ˄˗˄ ˉʰˊʰˍʹˊʺˋʶ˖˄Φ 

ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ˍʷˍˇʽˇ ˋˏ˄ˇ˂ˇΣ ʻʰ ʺˍʰ˄ ʵˎ˄ʰˍʺ ʹ ʵʽʱʴ˄˖ˋʹ ˉˇ˂˂ʰˉ˂˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˉʽʻʰ˄˗˄ 

ˍʰ˔ˎˍʺˍ˖˄ ˃ʶˍʰʴ˖ʴʺˌ ˁʰʽ ˉʰˊʰ˃ʷˍˊ˖˄ ˍʹˌ ʰˁˇ˂ˇˎʻʾʰˌΦ  

ɴ˔ʶʽ ʵˇʻʶʾ ʽʵʽʰʾˍʶˊʹ ˋʹ˃ʰˋʾʰ ˋˍˇ ˄ʰ ʵʽʰˋ˒ʰ˂ʽˋˍʶʾ ˈˍʽ ʹ ˉˊˇʶʴ˄˖ˋ˃ʷ˄ʹ ˁʰˍʰ˄ˇ˃ʺ ʶ˄ˍʱˋʶ˖˄ 

ʲˊˇ˔ʺˌ ʻʰ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ˍʹ˄ ˉʰˊʰˍʹˊʹ˃ʷ˄ʹΦ ʍˋˍˈˋˇΣ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ 

ʵʽʰʵˊʰ˃ʰˍʾʸʶʽ ˇˎˋʽʰˋˍʽˁˈ ˊˈ˂ˇ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˇʽ ʶ˄ˍʱˋʶʽˌ ʲˊˇ˔ʺˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ 

˂ˇʴʰˊʽʻ˃ˇˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺΦ ɮˎˍˈ ʵʶ˄ ʽˋ˔ˏʶʽ ˉʱ˄ˍˇˍʶΣ ʽʵʽʰʾˍʶˊʰ ʴʽʰ ˉ̫ ˊʰˋ˃ʰ ˃ʶˍ˗ˉˇˎ ˈˉˇˎ 

˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˔ʶʽ ˃ʽʰ ˃ʶʴʱ˂ʹ ʷˁˍʰˋʹ ˃ʶ ˃ʷˍˊʽʰˌ ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹ όˉʶˊʾˉˇˎ м ˃ʶ п mm hҍ1ύ ˃ʶ 

˂ʾʴʶˌ ˃ˈ˄ˇ ʶˁˍʱˋʶʽˌ ʰˋʻʶ˄ˇˏˌ ʺ ́ʰʴʵʰʾʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˃ʽʰ ̩ʶˎˊˏˍʶˊʹˌ 

ˉʶˊʽˇ˔ʺ ̩˔˖ˊʾˌ ʲˊˇ˔ˈˉˍ˖ˋʹΦ ʆˇ STEPS ˍʶʾ˄ʶʽ ˄ʰ ˉˊˇʴʽʴ˄˗ˋˁʶʽ ˉˇ˂ˏ ˂ʾʴʹ ˃ʷˍˊʽʰ ʲˊˇ˔ˈˉˍ˖ˋʹΣ  

ʰ˂˂ʱ ˍʹ ˋ˖ˋˍʺ ˋ˔ʶʵˈ˄ ˉˇˋˈˍʹˍʰ ʰˋʻʶ˄ˇˏˌ ̡ ˊˇ˔ˈˉˍ˖ˋʹˌ όBowler et al., 2006).  

ɴˉʶʽˍʰ ʰˉˈ ʶ˅ʷˍʰˋʹ ˍ́  ̩ ɽʰʴˁˊʰ˄ʸʽʰ˄ʺ ̩ ʶ˃˃ˇ˄ʺ ̩ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ 

ˉˊˇʷˁˎ˕ʶ ̍ ˍʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˋʶ ˁ˂ʾ˃ʰˁʶˌ ʶˎˊˏˍʶˊʶˌ h ˉˈ млл km ˃ ˉˇˊʶʾ ˄ʰ ˎ˒ʾˋˍʰ˄ˍʰʽ ɹ ʽʰ ˉˇ˂˂ʷˌ 

˗ˊʶˌΦ ʍˋˍˈˋˇΣ ˍʰ ̝h ˊʰˁˍʹˊʽˋˍʽˁʱ ˋʶ ˁ˂ʾ˃ʰˁʶˌ ˉʶˊʾˉˇˎ сп km ʶ˃˃ʷ˄ˇˎ˄ ʴʽʰ ˉˇ˂ˏ ˃ʽˁˊˈˍʶˊʶˌ 

ˉʶˊʽˈʵˇˎˌΣ ˃ʶ ˍʰ ˍˊʷ˔ˇ˄ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˄ʰ ʶ˅ʹʴˇˏ˄ ˃ˈ˄ˇ ˍˇ рл҈ ˍʹˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍ˖˄ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˋˍʹ˄ ʾʵʽʰ ̝ ˖ˊʽˁʺ ˁ˂ʾ˃ʰˁʰ ол ˂ʶˉˍʱ ʰˊʴˈˍʶˊʰΦ 

ɶ ʽˁʰ˄ˈˍʹˍʰ ˍ˖˄ nowcast NWP ˋʶ ʷ˄ʰ ʶˏˊˇˌ ˔˖ˊʽˁ˗˄ ˁ˂ʽ˃ʱˁ˖˄ ʷ˔ʶʽ ʶ˅ʶˍʰˋˍʶʾ ʰˉˈ ˍʰ 

ˋˍʰˍʽˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌ NWP ˋˍˇ ɶ˄˖˃ʷ˄ˇ ɰʰˋʾ˂ʶʽˇ ʴʽʰ ˍˇ˄ ɮˉˊʾ˂ʽˇ 

ˍˇˎ нллоΦ ɮʻˊˇʾˋˍʹˁʰ˄ ˍʰ ˋˍʰˍʽˋˍʽˁʱ ʴʽʰ ˉˊˇʴ˄˗ˋʶʽˌ ˃ʶ ˔ˊˈ˄ˇˎˌ ˉˇˎ ˉˇʽˁʾ˂ˇˎ˄ ˃ʶˍʰ˅ˏ п ˁʰʽ му h 

ˁʰʽ ʲˊʷʻʹˁʶ ˈˍʽ ˇʽ ˉˊˇʴ˄˗ˋʶʽˌ ˉʰˊˇˎˋʾʰʸʰ˄ ˎ ˕ʹ˂ʺ ˋˎˋ˔ʷˍʽˋʹ ˃ʶ ʰ˄ʰ˂ˏˋʶʽˌ ʲˊˇ˔ʺˌ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋʶ 

ˊʰ˄ˍʱˊ ˃ˈ˄ˇ ˍ˖˄ ʶˎˊˏ̱ ʶ̟́ ˄ ˁ˂ʽ˃ʱˁ˖˄ όʴˏˊ˖ ˋˍʰ рмн km). To downscaling (ˎˉˇʲ̡̔ʰˋ˃ˈˌ ˍʹˌ 

ˁ˂ʾ˃ʰˁʰˌ) ˍ˖˄ ˉˊˇʴ˄˗ˋʶ˖˄ NWP ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʰ˄ʰ˂ˇʴʾʰ ˃ʶˍʰ˅ˏ ˍʹˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˋʶ ˃ʽʰ 

ʰˁˇ˂ˇˎʻʾʰ ˉˇ˂˂ʰˉ˂˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˊʰ˄ˍʱˊ ˁʰʽ ˍʹˌ ˔ˊˇ˄ʽˁʱ ˋˎʴ˔ˊˇ˄ʽˋ˃ʷ˄ʹˌ όtime ð synchronous) 

ˉˊˈʴ˄˖ˋʹˌ ensemble NWP ˉˇˎ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʴʽʰ ˃ʽʰ ˉʶˊʾˇʵˇ ʶ˄ˈˌ ˃ʹ˄ˈˌΦ ɳˉˇ˃ʷ˄˖ˌΣ ʰˎˍʺ ʹ 

˃ʷʻˇʵˇˌ ʵʶ˄ ʶʾ˄ʰʽ ˋˎ˄ˍˇ˄ʽˋ˃ʷ˄ʹ ʴʽʰ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸʶʽ ʰˁˊʰʾʰ ˋˎ˃ʲʱ˄ˍʰΣ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇʵʶʽ˔ʻʶʾ 

ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˃ʽʰ ˉˊˇˋʷʴʴʽˋʹ ˉˇˎ ˉˊˇˋʰˊ˃ˈʸʶʽ ˍʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍʹˌ ʰˁˇ˂ˇˎʻʾʰˌ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵʽhɹ ˄˖ˋˍʽˁˇˏˌ ʶ˂ʷʴ˔ˇˎˌ ˃ ˇ˄ˍʷ˂˖ ˄όˈˉ˖ˌ ˍˇ ˋˎ˄ˇ˂ʽˁʱ ˁ ʰˍʰˁˊʹ˃˄ʾˋʽ˃ˇ ˄ʶˊˈ VIL  

ʺ ʹ ɾʶˍʰʴ˖ʴʽˁʺ ɲʽʰʻʷˋʽ˃ʹ ɲˎ˄ʹˍʽˁʺ ɳ˄ʷˊʴʶʽʰ (CAPE).   

ɶ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʲˊˇ˔ʺˌκ˃ʹ-ʲˊˇ˔ʺˌ ʶʾ˄ʰʽ ʰ˅ʽˇˋʹ˃ʶʾ˖ˍʰ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ 

ʶˁʶʾ˄ʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˍ́ ˌ ̡́ ˇ˔ʺˌΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˋˍʰ ˁʰˍ˗ˍʶˊʰ ʶˉʾˉʶʵʰ 

ʰˁˇ˂ˇˎʻʾʰˌ ό˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹˌ ˁ˂ʾ˃ʰˁʰˌύ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ʴˏˊ˖ ʰˉˈ ˍʰ ˋˏ˄ˇˊʰ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɱʽʰ ʰˎˍˈ˄ ˍˇ˄ ˂ˈʴˇ ʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹˌ 

ˁ˂ʾ˃ʰˁʰˌ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˔˖ˊʽˁʱΦ ɮˎˍʺ ʹ ʵʽʰ˒ˇˊʱ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˉˇˎ ˇʵʹʴʶʾ ˋˍʹ˄ ʰ˄ʱʴˁʹ 

ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹˌ ˍʹˌ ʰˁˇ˂ˇˎʻʾʰˌ ʻˇˊˏʲˇˎ ˋʶ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ʵʽʰ˒ˇˊʶˍʽˁʺ ʰˉˈ ˍʹ ˃ˇ˄ʱʵʰΦ 

ʍˋˍˈˋˇΣ ʰˎˍʺ ʹ ˉˊˇˋʰˊ˃ˇʴʺ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ʰʵˊʺ ˁʰʽ ʵʶ˄ ʰ˄ʰʵʹ˃ʽˇˎˊʴʶʾ ʰˉˇ˂ˏˍ˖ˌ ˇˊʻʱ ˍʹ ʵˇ˃ʺ 

ˍ˖˄ ʶʽˋʰʴˈ˃ʶ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ    



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 
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ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʆʷ˂ˇˌΣ ʶ˒ˈˋˇ˄ ˍˇ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ˉˇˎ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ʽˋˇˍˊˇˉʽˁˈΣ ˍʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉˇˎ ˉʰˊʺ˔ʻʹˋʰ˄ ʰˉˈ ˍʹ˄ ʰˁˇ˂ˇˎʻʾʰ ʻˇˊˏʲˇˎ ˍʶʾ˄ˇˎ˄ ˄ʰ ʶʾ˄ʰʽ ˁˎˁ˂ʽˁʺˌ ˒ˏˋʹˌ. 

ɮˎˍˈ ʵʶ˄ ʶʾ˄ʰʽ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈ ˍ˖˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄Σ ˇʽ ˇˉˇʾʶˌ ˋˎ˔˄ʱ 

ˉʰˊʰˍʱˋˋˇ˄ˍʰʽ ˋʶ ʸ˗˄ʶˌ όˈˉ˖ˌ ˍʰ ˃ʶˍ˖ˉʽˁʱ ˋˎˋˍʺ˃ʰˍʰύΦ ʍˋˍˈˋˇΣ ʹ ʶˉʷˁˍʰˋʹ ˋʶ ʷ˄ʰ ʰ˄ʽˋˇˍˊˇˉʽˁˈ 

˒ʾ˂ˍˊˇ ʶʾ˄ʰʽ ˉʽʻʰ˄˗ˌ ʰˉʰʴˇˊʶˎˍʽˁʱ ʵʰˉʰ˄ʹˊʺ  (Bowler et al., 2006). 

 

5.17. SWIRLS-2 (2010), ɉɞɜɔə Ⱦɞɜɔə 

ɶ ʶˁʵˇ˔ʺ ʵʶˏˍʶˊʹˌ ʴʶ˄ʽʱˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ nowcast SWIRLS ˍˇˎ ɮˋˍʶˊˇˋˁˇˉʶʾˇˎ ˍˇˎ ʋˇ˄ʴˁ 

ɼˇ˄ʴˁ ʲˊʾˋˁʶˍʰʽ ˎˉˈ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ʷ˂ʶʴ˔ˇ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˋˍˇ ʋˇ˄ʴˁ ɼˇ˄ʴˁΣ ʰˉˈ ˍˇ нллт. ʆˇ 

SWIRLS-2 ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʽʰ ʴˁʱ˃ʰ ˎˉˇˋˎˋˍʹ˃ʱˍ˖˄Σ ˎˉʶˏʻˎ˄ʰ ʰ˄ˍʽˋˍˇʾ˔˖ˌ ʴʽʰΥ ˍʹ˄ ʰ˒ˇ˃ˇʾ˖ˋʹ 

ˋˎ˃ʲʰˍʽˁ˗˄ ˁʰʽ ˍʹ˂ʶˉʽˋˁˇˉʽˁ˗˄ ɻ ʶʵˇ˃ʷ˄˖˄ ˉʰˊʰˍʺˊʹˋʹˌ, ̱ ʹ˄ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ nowcast, 

ˈˉ˖ˌ ʶˉʾˋʹˌ ˁʰʽ ˍʹ˄ ˉʰˊʰʴ˖ʴʺΣ ʵʽʱʵˇˋʹ ˁʰʽ ˇˉˍʽˁˇˉˇʾʹˋʹ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˃ʷˋ˖ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 

ˁʰ˄ʰ˂ʽ˗˄Φ 

ɳʽˋʱʴʶʽ ˄ ʷʶˌ ˍʶ˔˄ʽˁʷˌ ƴƻǿŎŀǎǘƛƴƎΣ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΥ  

( )h ɾʾ˅ʹ όblending) ˁʰʽ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹ ˔ˊʺˋʹ nowcast ʲʰˋʽˋ˃ʷ˄˖ ˄ˋʶ ˊʰ˄ˍʱˊ ˁʰʽ ʰ˄ʱ˂ˎˋʹ 

ˁʰʽ ˉˊˈʴ˄˖ˋʹ ˃ˇ˄ˍʷ˂˖ ˄NWP ˎ ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ. 

( ύ̡ ɮ˄ʾ˔˄ʶˎˋʹ ˁʰʽ nowcasting ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˎ˕ʹ˂ʺˌ ʶˉʾʵˊʰˋʹˌΣ ˈˉ˖ˌ ʹ˂ʶˁˍˊʽˁ˗˄ 

ʶˁˁʶ˄˗ˋʶ˖˄Σ ˋ˒ˇʵˊ˗˄ ʴˊʰ˃˃˗˄ ˂ʰʾ˂ʰˉʰ ̩ˁ ʰʽ ˔ʰ˂ʰʸʽˇˏΣ ʲʱˋʶʽ ʶ˄˄ˇʽˇ˂ˇʴʽˁ˗˄ ˃ ˇ˄ˍʷ˂˖˄. 

( )ɹ ɾʷʻˇʵˇ ʽ˔˄ʹ˂ʱˍʹˋʹˌ ˁʰˍʰʽʴʾʵʰˌ ˉˇ˂˂ʰˉ˂˗˄ ˁ˂ʾ˃ʰˁ˖Σ˄ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ˁʱ˄ʰʲˇ (grid-

based, multi-scale storm-tracking method). 

( ύɻ ʃʽʻʰ˄ˇˍ̔ ˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ʰʲʶʲʰʽˇˍʺˍ˖˄ ˍˇˎ nowcast ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ˄ 

ʽ˔˄ʹ˂ʱˍʹˋʹΣ ˍʹ˄ ˖ˊʾ˃ʰ˄ˋʹ ˁʰʽ ˍʹ˄ ʶ˅ʰˋʻʷ˄ʽˋʹ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΦ  

 

5.17.1. ɄɟɞɥɧɜŰŬ 

ʆʰ ˁˏˊʽʰ ˉˊˇʿˈ˄ˍʰ ˍˇˎ SWIRLS-2 ̀ ˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ рΦнΦΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ 

ʶ˅ʰʴˈ˃ʶ˄˖˄ NWP ˁʰʽ ˉʰˊʰˍʹˊʹˋʽʰˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ ʴʽʰ ˄ʰ ʵʽʶˎˁˇ˂ˏ˄ˇ˄ˍʰʽ ˇʽ ˃ʶˍʶ˖ˊˇ˂ˈʴˇʽ - 

ˉˊˇʴ˄˗ˋˍʶˌ ˁʰʽ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʷˌ ˋˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍʹˌ ˍˊʷ˔ˇˎˋʰˌ ˁʰˍʱˋˍʰˋʹˌ ˍˇˎ ˁʰʽˊˇˏ ˁʰʽ 

ʴʽʰ ˇˉˍʽˁʺ ʶˉʰ˂ʺʻʶˎˋʹ ˍ˖˄ nowcast ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰ όˋˍʽʴ˃ʽˈˍˎˉˇ ˋˍˇ ʅ˔Φ рΦмлΦύΦ ʂ˂ʰ ˍʰ ˉˊˇʿˈ˄ˍʰ 

nowcast ʶ˄ʹ˃ʶˊ˗˄ˇ˄ˍʰʽ ˁʱʻʶ ʷ˅ʽ ˂ʶˉˍʱ ˋʶ ˋˎʴ˔ˊˇ˄ʽˋ˃ˈ ˃ʶ ˍʽˌ ˋʰˊ˗ˋʶʽˌ ˊʰ˄ˍʱˊΦ ɶ ˍˎˉʽˁʺ 

ˁʰʻˎˋˍʷˊʹˋʹ όlatencyύ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ мн ˂ʶˉˍʱ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˍˇˎˌ ˔ˊˈ˄ˇˎˌ ʷ˄ʰˊ˅ʹˌ ˍ˖˄ ˋʰˊ˗ˋʶ˖˄ 

ˊʰ˄ˍʱˊΦ ɾʶ ˔ˊˈ˄ˇ ʶ˄ʹ˃ʷˊ˖ˋʹˌ ˍʰ ʷ˅ʽ ˂ʶˉˍʱΣ ʶʾ˄ʰʽ ˋ˔ʶʵˈ˄ ʰʵˏ˄ʰˍˇ˄ ˇʽ ˔ˊʺˋˍʶˌ ˄ʰ ʰ˒ˇ˃ˇʽ˗ˋˇˎ˄ 

ˈ˂ʰ ˍʰ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ nowcast ˁ ʰʽ ˄ʰ ʶ˅ʱʴˇˎ˄ ˍʰ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʹ˄ˏ˃ʰˍʰ ʴʽʰ ˎˉˇˋˍʺˊʽ˅ʹ 

ˁʰʽˊʽˁ˗˄ ˉˊˇʶʽʵˇˉˇʽʺˋʶ˖˄ ʺ ʱ˂˂˖˄ ˋ˔ʶˍʽˁ˗˄ ʰˉˇ˒ʱˋʶ˖˄Φ  

 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ǳȀȋŭȈŭȏ 5.2.: ǳȎȍȔȖȋűŭ űȍȐ SWIRLS-2, Űűȍ ǳȎȖȃȎŭȊȊŭ ǩɵȀŮůȇȌȅȏ űȓȋ ǲ.ǧ. űȍȐ ǳůȈȀȋȍȐ, 

2008. 

ɳʾʵˇˌ ʅˍˇʽ˔ʶʾʰ ɮ˄ʱ˂ˎˋʹˌκʃˊˈʴ˄˖ˋʹˌ ɳˏˊˇˌ ˉˊˈʴ˄˖ˋʹˌ 

Q
P

F 

ʃˊˇʴ˄˗ˋʶʽˌ ʰ̒ ˊˇʽˋˍʽˁʺˌ ̡ ˊˇ˔ˈˉˍ˖ˋʹˌΣ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋʶ ˊʰ˄ˍʱˊ 0-1 h, 0-2 h & 0-3 h 

ɾʾ˅ʹ ̄ ˊˇʴ˄˗ˋʶ˖ ˄́ ʰ˄ˍʱˊ ˁʰʽ NWP ɹ ʽʰ ʰʻˊˇʽˋˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹ 0-1h, 0-нƘΣ Χ Σ л-6 h 

ʂ˃ˇʽʰ ˃ʾ˅ʹ QPFΣ ˇˉˍʽˁˇˉˇʽʹ˃ʷ˄ ́̀ ˍˇ Google Earth 0-1h, 0-нƘΣ Χ Σ л-6 h 

ʃʽʻʰ˄ˈˍʹˍʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ (˃ʾ˅ʹ QPF) 0-1 h, 0-3 h & 0-6 h 

ɹ
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ʹ
˂
ʱ
ˍ
ʹ
ˋ
ʹ

 ̩ ɮ˄ʰʴ˄˗ˊʽˋʹΣ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ˉˊˈʴ˄˖ˋʹ ˁˎˍˍʱˊ˖˄ ˁ ʰˍʰʽʴʾʵʰˌ  0-60 min 

ɲʽʰ˄ˎˋ˃ʰˍʽˁˈ ˉʶʵʾˇ TREC ˁ ʾ˄ʹˋʹˌ-ʹ˔ˇˏˌ - 

ʃˇ˂˂ʰˉ˂ʺˌ ˁ˂ʾ˃ʰˁʰˌ ˇˉˍʽˁʺ ˊˇʺ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ɻ ʽʰ˄ˎˋ˃ʰˍʽˁˇˏ ̄ ʶʵʾˇ ˎˁ ʾ˄́̀ʹˌ-

ʹ˔ˇˏˌ 

ɾʶˍʰʲˇ˂ʽˁʺˌ ɮ˄ʱ˂ˎˋʹˌ (Multi-scale Optical flow by Variational Analysis, MOVA)142  

- 
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ʆ̫ ˋˋʶˊʰ ʁ ʾʵʹ ˁˎˍˍʱˊ˖˄ ʶˉʽˁʾ˄ʵˎ˄˖˄ ˁʰʽˊʽˁ˗˄ ̀ ˎ˄ʻʹˁ˗˄Υ ˁʰˍʰʽʴʾʵʰΣ ʰ˄ʱˉˍˎ˅ʹ 

ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄ ˄ ʶ˒˗˄-ʶʵʱ˒ˇˎˌ όcloud to ground ς CG)143, downburst144 

όʽˋ˔ˎˊˈ ˁʰʻˇʵʽˁˈ ˊʶˏ˃ʰύ ˁʰʽ ˔ʰ˂ʱʸʽ 

0-30 min 

ʅ˒ˇʵˊʷˌ ʴˊʰ˃˃ʷˌ ˂ʰʾ˂ʰˉʰˌ ˂ ˈʴ˖ ʽˋ˔ˎˊ˗˄ ˁʰʻˇʵʽˁ˗˄ ˊʶˎ˃ʱˍ˖˄ ˉʱ˄˖ ʰˉˈ ˍʹ˄ 

ˉʶˊʽˇ˔ʺ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ʽˋ˔ˏʶʽ ʹ ˉˊˇʶʽʵˇˉˇʾʹˋʹ  
0-30 min 

ʃʽʻʰ˄ˈˍʹˍʰ ʰˉʶʽ˂ʺˌ ʰˉˈ ˁʶˊʰˎ˄ˈ 0-1 h, 0-2 h & 0-3 h 
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ɲʽʰʵˊʰˋˍʽˁˇʾ GUIsκ˔ʱˊˍʶˌ ʴʽʰ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ʽ˔˄ʹ˂ʱˍʹˋʹ ˃ʶ ˊʰ˄ˍʱˊΣ 

ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ˁʰʽˊˇˏΣ ˍʶ˒ʽʴˊʱ˃˃ʰ̱h ˁ ʰʽ ʵʶʾˁˍʶˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˋˍʰʻʶˊˈˍʹˍʰˌ 
ʷ˖ˌ 6 h 

ʃʾ˄ʰˁʰˌ SWIRLS ɹʽʰ ɳ˄ˇˉˇʽʹ˃ʷ˄ʹ ɮˉʶʽˁˈ˄ʽˋʹ ʃˊˇʶʽʵˇˉˇʽʺˋʶ˖˄ ʅ˒ˇʵˊ˗˄ 

ɼʰˍʰʽʴʾʵ˖ ˄[SWIRLS Panel for Integrated Display of Alerts on Severe Storms 

(SPIDASS)] (ɻ̔ ʰʵʽˁˍˎʰˁˈ ̄ ʶˊʽʲʱ˂˂ˇ˄ ʁ ˊʴʰˋʾʰˌ ɹ ʽʰ ʁ ˄ˇˉˇʽʹ˃ʷ˄ʹ h ˉʶʽˁˈ˄ʽˋʹ ̍ ˂˖˄ 

ˍ˖˄ ̄ ˊˇʶʽʵˇˉˇʽʺˋʶ˖˄ ɹ ʽʰ ʁ ˉʽˁʾ˄ʵˎ˄ hˁ ʰʽˊʽˁʱ ˒ ʰʽ˄ˈ˃ʶ˄ʰ) 

ʷ˖ˌ 6 h ˁ ʰʽ 

ˉʰ˂ʰʽˈˍʶˊʶˌ 

ˁʰˍʰʴˊʰ˒ʷˌ 

N
W

P 

ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˇʾ ̝ ʱˊ̱ʁ ˌ ʰˉˈ ɾʹ-ʇʵˊˇˋˍʰˍʽˁʱ ɾˇ˄ˍʷ˂ʰ ό˖ˊʽʰʾʶˌ ʰʻˊˇʽˋˍʽˁʷˌ 

ʲˊˇ˔ˇˉˍ˗ˋʶʽˌΣ ʻʶˊ˃ˇˁˊʰˋʾʰΣ ˋ˔ʶˍʽˁʺ ˎʴˊʰˋʾʰΣ ʱ˄ʶ˃ˇʽΣ ʽˋˇʲʰˊʶʾˌ ˁ ʰ˃ˉˏ˂ʶˌ145 

.ˁ˂.̄Σ ˋʶ ˍˎˉʽˁʱ ʶˉʾˉʶʵʰύ 

ʷ˖ˌ 9 h 
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 3D ɻ ʶʵˇ˃ʷ˄ʰ ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄Σ ˇˉˍʽˁˇˉˇʽʹ˃ʷ˄ʰ ˋˍˇ Google Earth - 

ɲˇˊˎ˒ˇˊʽˁʷˌ ʶʽˁˈ˄ʶˌ FY-2D όˉˊˇʹʴˇˎ˃ʷ˄˖ˌ FY-2C)146 , ˁ ʰ˄ʱ˂ʽʰ ˎˉʶˊˏʻˊˇˎ (IR), 

ˇˊʰˍˇˏ (VIS) ˁ ʰʽ ˎʵˊʰˍ˃˗˄ (WV) 
- 

                                                           
142 ɾʽʰ ˃ʷʻˇʵˇˌ ʴʽʰ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʽ˔˄ʹ˂ʱˍʹˋʹˌ ʹ˔ˇˏˌ ˊʰ˄ˍʱˊΦ ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ˄ ˇˉˍʽˁʺ 
ˊˇʺΣ ˃ʽʰ ˍʶ˔˄ʽˁʺ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˁʾ˄ʹˋʹˌ ˋˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ʶʽˁˈ˄˖˄Σ ˁʰʽ 
˖ˌ ˍʶ˔˄ʽˁʺ ˃ʶˍʰʲˇ˂ʽˁʺˌ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹˌ όvariational minimizationύ ʴʽʰ ˄ʰ ʶ˅ʱʴʶʽ ˍˇ ʵʽʰ˄ˎˋ˃ʰˍʽˁˈ ˉʶʵʾˇ 
ˍʹˌ ˁʾ˄ʹˋʹˌΦ ɾʷˋ˖ ˃ʽʰˌ ʰˁˇ˂ˇˎʻʾʰˌ ʶ˄ˈˌ ʶˏˊˇˎˌ ˁ˂ʽ˃ʱˁ˖˄Σ ˍˇ MOVA ˃ˉˇˊʶʾ ˄ʰ ʰˉʶʽˁˇ˄ʾˋʶʽ ˁʰ˂ˏˍʶˊʰ 
ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ˉʶʵʾˇ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˁʾ˄ʹˋʹˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌ Σ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ TREC ˁʰʽ ˍˇ GTrack ˍʰ 
ˇˉˇʾʰ ʰˉˇʵʾʵˇˎ˄ ˁʰ˂ʱ ˋˍʹ˄ ʽ˔˄ʹ˂ʱˍʹˋʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˃ʽˁˊ˗˄ ˁ˂ʽ˃ʱˁ˖˄ ˁʰʽ ˇ˂ˈˁ˂ʹˊ˖˄ ˁʰˍʰʽʴʾʵ˖˄Σ 
ʰ˄ˍʽˋˍˇʾ˔˖ˌ όSrivastava et al., 2012). 
143 ʁʽ ʹ˂ʶˁˍˊʽˁʷˌ ʶˁˁʶ˄˗ˋʶʽˌ ˄ʶ˒˗˄-ʶʵʱ˒ˇˎˌ ώcloud-to-ground (CGύϐ ʶʾ˄ʰʽ ʹ˂ʶˁˍˊʽˁʷˌ ʶˁ˒ˇˊˍʾˋʶʽˌ 
ˁʶˊʰˎ˄ˇˏ ˃ʶˍʰ˅ˏ ʶ˄ˈˌ ˁʰˍʰʽʴʽʵˇ˒ˈˊˇˎ ˄ʷ˒ˇˎˌ όthundercloudύ ˁʰʽ ˍˇˎ ʶʵʱ˒ˇˎˌ όurl). 
144 To downburst ʁ ʾ˄ʰʽ ʷ˄ʰ ʽˋ˔ˎˊˈ ˋˏˋˍʹ˃ʰ ʰ˄ʷ˃˖˄ ˋˍˇ ʶˉʾˉʶʵˇ ˍˇˎ ʶʵʱ˒ˇˎˌΣ  ˉˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˃ʽʰ 
˃ʶ˃ˇ˄˖˃ʷ˄ʹ ˉʹʴʺΣ ˉ˄ʷˇ˄ˍʰˌ ˋʶ ʶˎʻʶʾʰ ʴˊʰ˃˃ʺ ˉˊˇˌ ˈ˂ʶˌ ˍʽˌ ˁʰˍʶˎʻˏ˄ˋʶʽˌ ʰˉˈ ʰˎˍʺ˄ ˍʹ˄ ˉʹʴʺ όurl). 
145 ɱˊʰ˃˃ʷˌ ˉˇˎ ˋˎ˄ʵʷˇˎ˄ ˋʹ˃ʶʾʰ ʾˋʹˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˉʾʶˋʹˌ όurl). 
146 H ̄ ˊ˗ˍʹ ʴʶ˄ʽʱ ʴʶ˖ˋˏʴ˔ˊˇ˄˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ʵˇˊˎ˒ˈˊ˖˄ ˍʹˌ ɼʾ˄ʰˌ όFY-2) (url). 

http://en.wikipedia.org/wiki/Lightning#Cloud_to_ground_.28CG.29
http://en.wikipedia.org/wiki/Downburst
http://en.wikipedia.org/wiki/Isobar
http://www.nsmc.cma.gov.cn/newsite/NSMC_EN/Channels/100181.html
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124 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

 

ǵȑǿȊŭ 5.10.: ǵűȇȃȊȇȖűȐɵȍ ŭɵȖ űȍȋ ɵȀȋŭȈŭ ůȉǾȃȑȍȐ űȍȐ Swirls-2, 6 ǯŭȎűȀȍȐ 2009 

(ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȍȐ Li, [2012]) 

ʆˇ SPIDASS (SWIRLS Panel for Integrated Display of Alerts on Severe StormsΣ ˁˏˊʽˇ 

ˉʶˊʽʲʱ˂˂ˇ˄ ʶˊʴʰˋʾʰˌ ˍˇˎ SWIRLS-2ύ ʴʽʰ ˄ʰ ʲˇʹʻʺˋʶʽ ˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎˌ-ˉˊˇʴ˄˗ˋˍʶˌ ʺ ˈˋˇˎˌ 

˂ʰ˃ʲʱ˄ˇˎ˄ ʰˉˇ˒ʱˋʶʽˌ ˄ʰ ʰˉˇˊˊˇ˒ʺˋˇˎ˄ ˁʰʽ ˄ʰ ʶˁˍʽ˃ʺˋˇˎ˄ ˍʹ˄ ˍʶˊʱˋˍʽʰ ˉˇˋˈˍʹˍʰ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ 

ˎˉˇ ʶˉʶ˅ʶˊʴʰˋʾʰΣ ʶ˅ʱʴʶʽ ˁʰʽ ˉʰˊˇˎˋʽʱʸʶʽ ˍʰ ˉʽˇ ˁˊʾˋʽ˃ʰ ˉˊˇʶʽʵˇˉˇʽʹˍʽˁʱ ˃ʹ˄ˏ˃ʰˍʰΣ ˋˏ˃˒˖˄ʰ ˃ʶ 

ˍʽˌ ˍˇˉʽˁʷˌ ʰ˄ʱʴˁʶˌ ˁʰʽ ˁˊʽˍʺˊʽʰ ˉˊˇʶʽʵˇˉˇʾʹˋʹˌΦ ɾˈ˂ʽˌ ʶˁʵˇʻʶʾ ˍˇ ˃ʺ˄ˎ˃ʰ ˉˊˇʶʽʵˇˉˇʾʹˋʹˌΣ 

ʵʽʰʵʾʵʶˍʰʽ ʰˎˍˈ˃ʰˍʰ ˃ʷˋ˖ ʵʽʰ˒ˈˊ˖˄ ʵʽʰˏ˂˖˄ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˊʰʵʽˇ˒˖˄ʽˁ˗˄ ˁʰʽ 

ˍʹ˂ʶˇˉˍʽˁ˗˄ ˃ʶˍʰʵˈˋʶ˖˄Σ ʰˎˍˈ˃ʰˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˍʹ˂ʶ˒˖˄ʽˁʺˌ ˎˉˇˋˍʺˊʽ˅ʹˌΣ ʽˋˍˇˋʶ˂ʾʵ˖˄ ˍˇˎ 

ʵʽʰʵʽˁˍˏˇˎΣ ʶ˒ʰˊ˃ˇʴ˗˄ ʴʽʰ ʷ˅ˎˉ˄ʰ ˍʹ˂ʷ˒˖˄ʰ ˁʰʽ ˃ʷˋ˖˄ ˁˇʽ˄˖˄ʽˁʺˌ ʵʽˁˍˏ˖ˋʹˌ ˈˉ˖ˌ ˍˇ Twitter 

(Joe et al., 2012). 

 

5.17.2. ȺɜɜɞɘɞɚɞɔɘəɎ ɛɞɜŰɏɚŬ 

ɱʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʶˉʽˁʾ˄ʵˎ˄˖ ˄ˁʰʽˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˁʰʽ ˍ˖˄ nowcast ˃ʶ ˔ˊʺˋʽ˃ˇˎˌ ˔ˊˈ˄ˇˎˌ 

ˉˊˈʴ˄˖ˋʹˌ ˉˇˎ ʶˉʰˁˇ˂ˇˎʻˇˏ˄Σ ˍˇ SWIRLS-2 ʵʽʶˊʶˏ˄ʹˋʶ ʵʽʱ˒ˇˊʰ ʶ˄˄ˇʽˇ˂ˇʴʽˁʱ ˃ˇ˄ˍʷ˂ʰ ʴʽʰ ˄ʰ 

ʲˇʹʻʺˋʶʽ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˁʰʽ ʶ˅ʰʴ˖ʴʺ h ˉʰˊʰʾˍʹˍ˖˄ ˁʰʽ ˋʹ˃ʰ˄ˍʽˁ˗˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄Φ  



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 

 

ǉǄǔǀǊǀǈǎ 5: ǑǓǑǒǆǋǀǒǀ NOWCASTING 125 

ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍˇ ˎˉˇˋˏˋˍʹ˃ʰ ˉˊˈʴ˄˖ˋʹˌ ˍʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄ ˄ʶ˒˗˄-

ʶʵʱ˒ˇˎˌ όCG), DELITE (Detection of cloud Electrification and Lightning based on Isothermal 

Thunderstorm Echoes), ̫ ˁʰ˄ʶ ˔ˊʺˋʹ ˉˊˇˉˇ˃ˉ˗˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍ ̌ʁ ˄˄ˇʽˇ˂ˇʴʽˁˈ ˃ ˇ˄ˍʷ˂ˇ ʶ˄ˈˌ 

ʹ˂ʶˁˍˊˇ˒ˈˊˇˎ ˋ˖ˊʶʽˍˈ˃ˇˊ˒ˇˎ ˄ʷ˒ˇˎˌ ˃ʶ ˍʹ˄ ˁˏˊʽʰ ˉʹʴʺ ʹ˂ʶˁˍˊʽˋ˃ˇˏ ˍˇˎ ˄ʰ ʲˊʾˋˁʶˍʰʽ ˋʶ 

ʽˋˇʻʶˊ˃ʽˁʱ ʶˉʾˉʶʵʰ ʶ̄ ʱ˄˖ ʰˉˈ ˍˇ ʶˉʾˉʶʵˇ ˉʰʴˇˉˇʾʹˋʹˌ (freezing level)147, ˁʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˇˏˌ 

˒ˇˊʶʾˌ ˍˇˎ ˒ˇˊˍʾˇˎ ˄ʰ ʷ˔ˇˎ˄ ˍʹ ˃ˇˊ˒ʺ ˉʱʴˇˎ ʺ ˃ʰ˂ʰˁˇˏ ˔ʰ˂ʰʸʽˇˏ όgraupel-ʴˁˊˈˉʶ˂ύΣ ˍʰ ˇˉˇʾʰ 

˃ˉˇˊˇˏ˄ ˄ʰ ʶ˄ˍˇˉʽˋˍˇˏ˄ ˖ˌ ʹ˔˗ ˈˍʰ˄ ʶʾ˄ʰʽ ˎʴˊʱ. ɱʽʰ ˍʹ˄ ʰ˄ʱˁˍʹˋʹ ʹ˔ˇˏˌ ˋʶ ˋˍʰʻʶˊʱ ʶˉʾˉʶʵʰ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌΣ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʴ˄˖ˋˍʺ ˋʶ ˋ˔ʶʵˈ˄ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ʹ ˂ʶˉˍˇ˃ʶˊʺˌ ʻʶˊ˃ʽˁʺ ʵˇ˃ʺ 

ˍʹˌ ˍˊˇˉˈˋ˒ʰʽˊʰˌΣ ˁʰʽ ˍʷˍˇʽʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ʰ˄ʱ˂ˎˋʹ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ʽˋˇʻʶˊ˃ʽˁʺ ̩ʹ˔ˇˏˌ, ˁʰˍʷˋˍʹ 

ˉʽʻʰ˄ʺ ˃ʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ʰ˄ʱ˂ˎˋʹˌ LAPS. ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ʵʶʵˇ˃ʷ˄ʰ ́ ʰ˄ˍʱˊ 

ˁʰʽ ʱ˂˂ʶˌ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ʶʾ˄ʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˋ˔ʶˍʽˁʷˌ ˃ʶ ˃ʽˁˊˇ˒ˎˋʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ˇʵʹʴˇˏ˄ 

ˋˍˇ˄ ʶ˅ʹ˂ʶˁˍˊʽˋ˃ˈ ʶ˄ˈˌ ˋ˖ˊʶʽˍˈ˃ˇˊ˒ˇˎ ˄ʷ˒ˇˎˌ όʅ˔Φ рΦм1ΦύΦ ɮˎˍʷˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ 

ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˊʰ˄ˍʱˊ ˋˍʽˌ ʽˋˇʻʶˊ˃ʽˁʷˌ  ˍ˖˄ лЈC, -10Ј/ ˁʰʽ -20Ј/Σ ˍˇ ʻʶˊ˃ʽˁˈ ˉˊˇ˒ʾ˂ ˍʹˌ 

ˍˊˇˉˈˋ˒ʰʽˊʰˌ όʰˉˈ NWP ʺ ˍʰ ˉʽˇ ˉˊˈˋ˒ʰˍʰ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ˊʰʵʽˇʲˇ˂ʾˋʶ˖˄ύΣ ˍˇ ˏ˕ˇˌ 

ˁˇˊˎ˒ʺˌ ˍʹˌ ʹ˔ˇˏˌ όecho top height) ˁʰʽ ˍ ̌VIL . ɶ ʰ˄ʱˉˍˎ˅ʹ ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄ ˄ʶ˒˗˄-

ʶʵʱ˒ˇˎˌ όCG) ̒  hh ˄ʰ˃ʷ˄ʶˍʰʽ ʶʱ˄ ˎ ˉʶˊʲ˂ʹʻˇˏ˄ ̱ ʰ ˁhʻˇˊʽˋ˃ʷ˄ʰ ˈˊʽʰ. 

ʆˇ ʶ˄˄ˇʽˇ˂ˇʴʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ˎˉˇˋˎˋˍʺ˃ʰˍˇˌ BRINGO (Buoyancy-supported Rimed Ice 

Nugget and Graupel Overhangύ ˉˇˎ ˎˉˇˋˍʹˊʾʸʶʽ ˍˇ ƴƻǿŎŀǎǘƛƴƎ ˔ʰ˂ʰʸʽˇˏ ʺˍʰ˄ ˋ˔ʶˍʽˁʱ ʰˉ˂ˇʿˁˈΦ ʁ 

ˋ˔ʶʵʽʰˋ˃ˈˌ ˍˇˎ ʲʰˋʾˋˍʹˁʶ ˋˍʹ˄ ʰˎˍˈ˃ʰˍʹ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹ ̩ overhanging (ˉˊˇʶ˅ʷ˔ˇˎˋʰˌ) ʹ˔ˇˏˌ 

ˊʰ˄ˍʱˊΣ ˉˇˎ ˋˎ˄ʺʻ˖ˌ ˋˎ˄ʰ˄ˍʱˍʰʽ ˋʶ ˔ʰ˂ʰʸˇˉˍ˗ˋʶʽˌΣ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʽˋ˔ˎˊʺˌ ʶʽˋˊˇʺˌ ˁʰʽ 

ʱ˄˖ˋʹˌ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ (riming) ̄ ʱʴˇ ˎ̋  graupelΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˃ʽʰ ˉˊˇʶ˅ʷ˔ˇˎˋʰ 

ʹ˔˗ ˃ʁ  ˍʱˋʹ ˔ʰ˂ʰʸʽˇˏ όhail-proneύ ʰ˄ʰʴ˄˖ˊʾʸʶˍʰʽ ʰˉˈ ˍ ̌ BRINGO ˖ˌ ǇƛȄŜƭǎ ʷ˄ˍˇ˄ʹ ̩

ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˉˇˎ ˎˉʶˊʲʰʾ˄ˇˎ˄ ˍʰ сл Ř.½ ˋʶ ˎ˕ˈ˃ʶˍˊʰ ʱ˄˖ ˍ˖˄ о ˔ʽ˂ʽˇ˃ʷˍˊ˖˄Σ ˃ʶ VIL  ˋˍh 

˔ʰ˃ʹ˂ˈˍʶˊʰ м-2 km ˂ ʽʴˈˍʶˊˇ h ˉˈ р ƳƳΦ  

 

5.17.1. ɄŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ ï ɄŬɟɎŭŮɘɔɛŬ ɃɚɡɛˊɘŬəɩɜ ȷɔɩɜɤɜ ɄŮəɑɜɞɡ 

ɱʽʰ ˁ˖ʵʽˁˇˉˇʾʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ GIS ˁʰʽ ʽˋ˔ˎˊʷˌ пD ˃ʹ˔ʰ˄ʷˌ ˇˉˍʽˁˇˉˇʾʹˋʹˌΣ ˈˉ˖ˌ ˍˇ Google 

EarthΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˍˇ ˉˊˈˍˎˉˇ KML148 (Keyhole Markup LanguageύΦ ɶ ʰ˄ʱˉˍˎ˅ʹ ˉˊˇʿˈ˄ˍ˖˄ 

nowcast ˍˇˎ SWIRLS-2 ʲʰˋʾˋˍʹˁʶ ˋʶ GIS ʴʽʰ ˔ʱˊˍʶˌ ˉˊˇʶʴ˄˖ˋ˃ʷ˄ʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ оD 

ʰˉʶʽˁˇ˄ʾˋʶʽˌ ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄ όʷ˄ʰ ˋˍʽʴ˃ʽˈˍˎˉˇ ʰˉˈ ˍʽˌ мп ɮˎʴΦ нллу ʴʽʰ ˍˇˎˌ ʁΦɮΦ ˍˇˎ 

ʃʶˁʾ˄ˇˎ ʵʾʵʶˍʰʽ ˋˍˇ ʅ˔Φ рΦмнύΦ 

ʁʽ ˔ˊʺˋˍʶˌ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋˇˎ˄ zoom-in, zoom-outΣ ˄ʰ ʵʽʰ˃ˇˊ˒˗ˋˇˎ˄ 

ˉʰ˄ˇˊʰ˃ʽˁʺ ʻʷʰ ˁʰʽ ˄ʰ ˉˊˇˋʻʷˋˇˎ˄ ˁʾ˄ʹˋʹ όanimateύ ˋˍˇˎˌ ˔ʱˊˍʶˌ ˉˊˈʴ˄˖ˋʹˌ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʆʷˍˇʽʶˌ ˂ʶʽˍˇˎˊʴʾʶˌ ʷʵ˖ˋʰ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇˎˌ ˔ˊʺˋˍʶˌ ˄ʰ ʶˉʽˁʶ˄ˍˊ˖ʻˇˏ˄ ˋˍʽˌ 

ʰ˄ʱʴˁʶˌ ˍˇˎˌ όˉΦ˔Φ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˉˇˋˈˍʹˍʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʽʰ ʴʶʽˍˇ˄ʽʱ 

                                                           
147 ʆˇ ʶˉʾˉʶʵˇ ˉʰʴˇˉˇʾʹˋʹˌ ʺ ʹ ʽˋˇʻʶˊ˃ʽˁʺ ˍ˖˄ лϲCΣ ʰ˄ʰˉʰˊʽˋˍʱ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˋˍˇ ˇˉˇʾˇ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ 
ʲˊʾˋˁʶˍʰʽ ˋˍˇˎˌ лϲC όˋʹ˃ʶʾˇ ˉʺ˅ʹˌ ˍˇˎ ˄ʶˊˇˏύ ˋʶ ˃ʽʰ ʶ˂ʶˏʻʶˊʹ ʰˍ˃ˈˋ˒ʰʽˊʰ όurl). 
148 ʆˇ KML ʶʾ˄h̔ ʷ˄ʰ ʶʾʵˇˌ ʰˊ˔ʶʾ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ʰˉʶʽˁˈ˄ʽˋʹ ʴʶ˖ʴˊʰ˒ʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ 
ʷ˄ʰ˄ ˁʰˍʱ˂˂ʹ˂ˇ ˉʶˊʽʹʴʹˍʺΣ ˈˉ˖ˌ ˍˇ Google EarthΣ ˍˇ Google Maps ˁ ʰʽ ˍˇ Google Maps ɹ ʽʰ ˁʽ˄ʹˍʱ όurl). 

http://en.wikipedia.org/wiki/Freezing_level
https://developers.google.com/kml/
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126 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ώneighborhood of interestϐύΣ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʹ˄ ʾʵʽʰ ˗ˊʰ ˎˉˈ˕ʹ ˍʹ ˋˎ˄ˇ˂ʽˁˈˍʶˊʹ 

ʶʽˁˈ˄ʰ όˉΦ˔Φ ʰ˄ʱ˄ˍʹ ˔˖ˊʽˁʺ ˁʱ˂ˎ˕ʹ ˁʰʽ ˍʱˋʶʽˌ ˁʾ˄ʹˋʹˌ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌύΦ 

 

ǵȑǿȊŭ 5.11.: ǩȋȋȍȇȍȉȍȃȇȈȖ ȊȍȋűǾȉȍ ȅȉůȈűȎȇȈȘȋ ůȈȈůȋȘŰůȓȋ ȋůŲȘȋ-ůŮǽŲȍȐȏ (CG) űȍȐ 

SWIRLS-2. ǫ ȈȗȎȇŭ ɵȅȃǿ űȓȋ ȅȉůȈűȎȇȈȘȋ ŲȍȎűȀȓȋ ȆůȓȎůȀűŭȇ Ȗűȇ ȂȎȀŰȈůűŭȇ Űűȍ ŰűȎȘȊŭ 

ȊȇȈűǿȏ ŲǽŰȅȏ (mixed-phase) ȊůűŭȌȗ 0 Ȉŭȇ -20ЈC. ǳȎȇȋ ŭɵȖ űȍȋ ůȌȅȉůȈűȎȇŰȊȖ, űȍ ŭȋȍŮȇȈȖ 

ȎůȗȊŭ ŭȋŭȊǾȋůűŭȇ ȋŭ ŮȇŭȑȓȎȀŰůȇ űȍȐȏ ŲȍȎůȀȏ űȍȐ ŲȍȎűȀȍȐ ȈŭűŭȈȖȎȐŲŭ. ǲȇ ŲȍȎůȀȏ űȍȐ 

ŭȎȋȅűȇȈȍȗ ŲȍȎűȀȍȐ (ŮȅȉŭŮǿ űŭ graupel), ŭȋŭȊǾȋůűŭȇ ȈȐȎȀȓȏ ȋŭ ɵŭȎŭȊůȀȋȍȐȋ Űűȍ ŰűȎȘȊŭ 

ȊȇȈűǿȏ ŲǽŰůȓȏ. Ƕȍ ŭȋȍŮȇȈȖ ȎůȗȊŭ ŭȋűȉůȀ űȍ super-cooled (èȐɵůȎȒȐȑȆǾȋé) ȂȎȖȑȇȋȍ ȋůȎȖ 

Űů ŭȐűȖ űȍ ŰűȎȘȊŭ Ȉŭȇ ȐȃȎŭȀȋůȇ űȍȐȏ ŲȍȎůȀȏ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Joe 

et al. [2012]) 

 

 

ǵȑǿȊŭ 5.12.: ǵűȇȃȊȇȖűȐɵȍ űȓȋ ɵȎȍȔȖȋűȓȋ KML űȍȐ SWIRLS-2: 3D ŭɵůȇȈȖȋȇŰȅ ȅȉůȈűȎȇȈȘȋ 

ůȈȈůȋȘŰůȓȋ Űů ɵȎŭȃȊŭűȇȈȖ ȑȎȖȋȍ ȃȇŭ űȍ ǳůȈȀȋȍ, Űűȇȏ 14 ǧȐȃ. 2008 (űŭ ŰȗȊȂȍȉŭ  ò+ó, ò=ó 

Ȉŭȇ òcó ŭȋŭɵŭȎȇŰűȍȗȋ ŭȋűȇŰűȍȀȑȓȏ ȆůűȇȈǿ ȅȉůȈűȎȇȈǿ ůȈȈǾȋȓŰȅ cloud-to-ground (CG), 

ŭȎȋȅűȇȈǿ CG Ȉŭȇ ȅȉůȈűȎȇȈǿ ůȈȈǾȋȓŰȅ CG Űů ŮȇŭŲȍȎůűȇȈǽ ȐȒȖȊůűȎŭ)  (Yeung et al., 2009) 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ʅˍˇ ʅ˔Φ рΦмоΦ ˋˍʽˌ фΥол ˃Φ˃Φ ˋˍʽˌ у ɮˎʴˇˏˋˍˇˎ нллуΣ ˍʹ˄ ʹ˃ʷˊʰ ˍʹˌ ˍʶ˂ʶˍʺˌ ʷ˄ʰˊ˅ʹˌ ˍ˖˄ ʁΦɮΦΣ 

ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˇʽ ˉˊˇʲʶʲ˂ʹ˃ʷ˄ʶˌ ʻʷˋʶʽˌ όˁʾˍˊʽ˄ʶˌ ʶ˂˂ʶʾ˕ʶʽˌύ TҌм ˁʰʽ TҌн ˖ˊ˗˄ ˍ˖˄ ʰˉʶʽ˂˗˄ 

ʹ˂ʶˁˍˊʽˁ˗˄ ʶˁˁʶ˄˗ˋʶ˖˄ ˉˇˎ ˉ˂ʹˋʽʱʸˇˎ˄ ʰˉˈ ˄ˇˍʽˇʵˎˍʽˁʱΦ ɮˎˍˈ ʰˏ˅ʹˋʶ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˈˍʽ ʻʰ 

ˉ˂ʺ˅ˇˎ˄ ˁʰˍʰʽʴʾʵʶˌ ˍˇ ɳʻ˄ʽˁˈ ʅˍʱʵʽˇ όˁˈˁˁʽ˄ʹ ˁˇˎˁʾʵʰύΦ  

 

ǵȑǿȊŭ 5.13.: ǳŭȎǽŮůȇȃȊŭ ȑǽȎűȅ ůɵȇȈȀȋŮȐȋȓȋ ȈŭȇȎȇȈȘȋ ŲŭȇȋȍȊǾȋȓȋ űȍȐ SWIRLS-2, Űů 

ɵȎŭȃȊŭűȇȈȖ ȑȎȖȋȍ, 9:30 Ȋ.Ȋ. Űűȇȏ 8 ǧȐȃ.2008, űȅȋ ȅȊǾȎŭ űȅȏ Ƕůȉůűǿȏ ǠȋŭȎȌȅȏ űȓȋ 

ǲȉȐȊɵȇŭȈȘȋ ǧȃȘȋȓȋ. ǩɵȇɵȎȖŰȆůűŭ ŰȅȊůȇȓȊǾȋůȏ ůȀȋŭȇ ȍȇ ɵȎȍȂůȂȉȅȊǾȋůȏ ȆǾŰůȇȏ (ůȉȉůȀȒůȇȏ 

ȈȀűȎȇȋȅȏ ŭɵȖȑȎȓŰȅȏ) Ȋȇŭȏ ȘȎŭȏ Ȉŭȇ Ůȗȍ ȓȎȘȋ, ůȋȖȏ ůȇŰȂǽȉȉȍȋűȍȏ ȈȐűűǽȎȍȐ ȅȉůȈűȎȇȈȘȋ 

ůȈȈůȋȘŰůȓȋ (ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Yeung et al., [2009]) 

ʆʶ˂ʽˁʱΣ ˇʽ ʰˉʶʽ˂ʹˍʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌ ʶ˅ʰˋʻʷ˄ʽˋʰ˄Σ ˁʱˍʽ ˉˇˎ ʻʶ˖ˊʺʻʹˁʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ʴʽʴʰ˄ˍʽʰʾʰˌ 

ˉˊˇˋˉʱʻʶʽʰˌ ˍˊˇˉˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰʽˊˇˏ ʰˉˈ ˍʽˌ ʰˊ˔ʷˌ ˍˇˎ ʃʶˁʾ˄ˇˎ όYeung et al., 2009). 

 

5.18. THESPA, (2010), ȷɡůŰɟŬɚɑŬ 

ʁ h˂ʴˈˊʽʻ˃ˇˌ THESPA (Thunderstorm Environment Strike Probability Algorithm) ˉʰˊʱʴʶʽ 

ˉʽʻʰ˄ˈˍʹˍʶˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˉ˂ʺ˅ʹ h ˉˈ ˁʰˍʰʽʴʾʵʶˌ (strike probability) ̄ ˇˎ ʁ ˄ˍˇˉʾʸˇ˄ˍʰʽ ˃ʶ ˋˎˋˍʺ˃ʰˍʰ 

nowcast. ɴ˔ʶʽ ʶ˄ˋ˖˃ʰˍ˖ʻʶʾ ˋˍˇ ʅˏˋˍʹ˃ʰ TIFS ̄ ˇˎ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉˊ˖ˍˏˍʶˊʰΦ 

ɾʽʰ ˋˏ˄ˍˇ˃ʹ ˁˊʽˍʽˁʺ ˍ˖˄ ˎˉʰˊ˔ˈ˄ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʶ˄ˍˇˉʽˋ˃ˇˏ ˁʰʽ nowcast ˁʰˍʰʽʴʾʵ˖˄ ʰˉˈ 

ˍˇˎˌ Dance et al. (2010), ʷʵʶʽ˅ʶ ˈˍʽ ˍʰ ˉʶˊʽˋˋˈˍʶˊʰ ˋˎˋˍʺ˃ʰˍʰ ˉʰˊʱʴˇˎ˄ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ 

ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˍˇ ˋ˔ʺ˃ʰΣ ˍˇ ˃ʷʴʶʻˇˌ ˁʰʽ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Σ ʰ˂˂ʱ ˈ˔ʽ ʰˉˈ 

ˉʽʻʰ˄ˈˍʹˍʶˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʰˉˈ ʱ˂˂ʰ ˋˎˋˍʺ˃ʰˍʰΦ ɾʶˊʽˁʱ ˋˎˋˍʺ˃ʰˍʰ nowcast 

ˉʰˊʱʴˇˎ˄ ˉˊʱʴ˃ʰˍʽ ˉʽʻʰ˄ˈˍʹˍʶˌ ˁʰˍʰʽʴʾʵʰˌΣ ˈ˃˖ˌ ʴʶ˄ʽˁʱ ʵʶ˄ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ nowcast ʴʽʰ 

˃ʶ˃ˇ˄˖˃ʷ˄ʶˌ ˁʰˍʰʽʴʾʵʶˌ ʰ˂˂ʱ ˉʶˊʽˋˋˈˍʶˊˇ ˉˊˇʴʽʴ˄˗ˋˁˇˎ˄ ˍʹ˄ ˉʽʻʰ˄ˇ˒ʱ˄ʶʽʰ ʶ˃˒ʱ˄ʽˋʹˌ 

ˁʰˍʰʽʴʾʵ˖˄ ʶ̄ ʱ˄˖ ʰˉˈ ˉʶˊʽˇ˔ʷˌΣ ˋˎ˄ʵˎʱʸˇ˄ˍʰˌ ˋˎ˔˄ʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ NWP ˃ʶ ˊʰ˄ˍʱˊ ʺ ʱ˂˂ʶˌ 

ˍʶ˔˄ʽˁʷˌ ˉʰˊʰˍʺˊʹˋʹˌΦ ʁʽ Dance et al. (2010), ʵʽʶˊʶˏ˄ʹˋʰ˄ ˋˍʰˍʽˋˍʽˁʱ ˍʹ ˄ˁʾ˄ʹˋʹ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Σ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ˋʶˍ ʵʶʵˇ˃ʷ˄˖˄ ˊʰ˄ˍʱˊ ˁˇ˄ˍʱ ˋˍˇ ʅˏʵ˄ʶː ˍʹˌ ɮˎˋˍˊʰ˂ʾʰˌΣ ˁʰʽ ʲˊʺˁʰ ˄ˈˍʽ ʹ 
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ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ ˍʰ˔ˏˍʹˍʰˌ ˁʰʽ ˁʰˍʶˏʻˎ˄ˋʹˌ ˍʹˌ ˁʾ˄ʹˋʹˌ ʺˍʰ˄ ˋ˔ʶʵˈ˄ ˋˍʰʻʶˊʺ ˋʶ 

ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Φ ɮˎˍˈ ˉʰˊʶʾ˔ʶ ˍʹ ʲʱˋʹ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍˇˎ THESPA 

ʰˉ˂ˇˉˇʽ˗˄ˍʰˌ ̱ ˇ ˃ʰʻʹ˃ʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶΦ 

ʆ ̌ˋˏˋˍʹ˃ʰ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʽ˄ ˍˇˎ ˍˇ ˋ˒ʱ˂˃ʰ ˉˊˈʴ˄˖ˋʹˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰˌ ˍʰ nowcast 

ˁʰˍʰʽʴʾʵ˖˄ ˋʶ ˃ʽʰ ˉʽʻʰ˄ˈˍʹˍʰ ˉ˂ʺ˅ʹˌ (strike probability)Σ ʺ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˈˍʽ ˃ʽʰ ʵˇˋ˃ʷ˄ʹ 

ˍˇˉˇʻʶˋʾʰ ̒ ʰ ˉ˂ʹʴʶʾ h ˉˈ ˃ʽʰ ˁʰˍʰʽʴʾʵʰ ˋʶ ˃ʽʰ ʵˇˋ˃ʷ˄ʹ ˉʶˊʾˇʵˇ, ̄ ˊˇˋʵʽˇˊʾʸˇ˄ˍʰˌ ˃ ʽʰ ʵʽ˃ʶˍʰʲ˂ʹˍʺ 

ɱˁʰˇˎˋʽʰ˄ʺ όˁʰ˄ˇ˄ʽˁʺύ ˁʰˍʰ˄ˇ˃ʺ (bivariate Gaussian distribution) ˋ˒ʰ˂˃ʱˍ˖˄ ˍʰ˔ˏˍʹˍʰˌ ˁʰʽ 

ˁʰˍʶˏʻˎ˄ˋʹˌΦ  

 

ǵȑǿȊŭ 5.14.: ǫ ȈŭűŭȇȃȀŮŭ ɵȍȐ ŭȋȇȑȋůȗȆȅȈů ůȀȋŭȇ ȅ ǾȉȉůȇȒȅ ɵȎȍŰŭȋŭűȍȉȇŰȊǾȋȅ ȋȍűȇȍŮȐűȇȈǽ 

ɵȎȍȏ ȂȍȎůȇȍŭȋŭűȍȉȇȈǽ. ǳŭȎȍȐŰȇǽȄůűŭȇ Ȋȇŭ ȈȀȋȅŰȅ Ȋů ȈŭűůȗȆȐȋŰȅ ȋȍűȇȍŭȋŭűȍȉȇȈǽ Ȋů űȍ 

nowcast űŭȑȗűȅűŭȏ ȓȏ ȂǾȉȍȏ. Ƕŭ ɵůȎȇȃȎǽȊȊŭűŭ Ȉŭȇ ȅ ŰȈȀŭŰȅ ŮůȀȑȋȍȐȋ űȅȋ ɵȇȆŭȋȖűȅűŭ Ȗűȇ 

ȅ ȈŭűŭȇȃȀŮŭ Ȇŭ ȊůűŭȈȇȋȅȆůȀ Űů ŭȐűǾȏ űȇȏ ȆǾŰůȇȏ. Ƕŭ ɵůȎȇȃȎǽȊȊŭűŭ ɵȇȆŭȋȖűȅűŭȏ 

ŭȋűȇŰűȍȇȑȍȗȋ Űů ŮȇǽŰűȅȊŭ 0.1. ǫ ȊŭȗȎȅ ŰȈȀŭŰȅ ŭȋűȇɵȎȍŰȓɵůȗůȇ ɵȇȆŭȋȖűȅűŭ ɵȉǿȌȅȏ 1, Ȉŭȇ 

ȅ ȉůȐȈǿ űȅ ȊȅŮůȋȇȈǿ ɵȇȆŭȋȖűȅűŭ, Ȗɵȓȏ ȐɵȍŮůȇȈȋȗůűŭȇ ŭɵȖ űȇȏ ŮȇŭȂŭȆȊȀŰůȇȏ űȍȐ ȃȈȎȀȄȍȐ 

Űűȅ ȎǽȂŮȍ ŮůȌȇǽ (Dance et al. [2010]) 

ɮ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʰˉˇˁˍʺˋʶʽ ʶˉʽ˔ʶʽˊʹˋʽʰˁʺ ˃ˇˊ˒ʺ ʰˉˈ ˍʹ˄ ɮˎˋˍˊʰ˂ʽʰ˄ʺ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ 

ʇˉʹˊʶˋʾʰ ˋˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όDance et al., 2010).  

 

5.18.1. ɀŮɚɏŰɖ ˊŮɟɑˊŰɤůɖɠ ï ɀŮɚɏŰɖ ȺˊɑŭŮɘɝɖɠ Ƀ.ȷ. Űɞɡ ɄŮəɑɜɞɡ 

ɶ ʶˉʰ˂ʺʻʶˎˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎ THESPA ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ˋʶˍ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ 

ˍˇ ˊʰ˄ˍʱˊ ˍˇˎ ʅˏʵ˄ʶː όʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ мсун ʽ˔˄˗˄ ˁʰˍʰʽʴʾʵʰˌΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ уолн 

nowcast ˍˇˎ TITAN ʷ˖ˌ м hύΣ ˁʰʽ ʶˉʾˋʹˌ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍ ́ɾʶ˂ʷˍʹ ɳˉʾʵʶʽ˅ʹˌ ˍˇˎ ʃʶˁʾ˄ˇˎ нллу 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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(B08FDPύΣ ʷʵʶʽ˅ʶ ˉ˖ˌ ʹ ʰ˅ʽˇˉʽˋˍʾʰ ʺˍʰ˄ ʰˊˁʶˍʱ ˁʰ˂ʺΣ ˃ʶ ˍʰ Brier skill score (BSS)149 ˄ʰ ʲˊʾˋˁˇ˄ˍʰʽ 

˃ʶˍʰ˅ˏ лΦос ˁʰʽ лΦппΣ ˋ˔ʶˍʽˁʱ ˃ʶ ˉˊˈʴ˄˖ˋʹ ʴʽʰ ʰˉʶʽ˂ʺ ˇˊʽʸˈ˄ˍʽʰˌ ˃ʶˍʰʴ˖ʴʺˌ όadvected threat area 

forecast). 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʵʶ˄ ʺˍʰ˄ ʽʵʽʰʾˍʶˊʰ ʶˎʰʾˋʻʹˍʰ ˋˍʽˌ ʶˉʽ˂ʶʴ˃ʷ˄ʶˌ ˍʽ˃ʷˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄Σ 

ʵʹ˂ʰʵʺΥ  

w ˋˍˇ ˁʰˍ˗˒˂ʽ ʶ˄ˍˇˉʽˋ˃ˇˏ, ˁ ʰʽ 

w ˋˍʽˌ ˍˎˉʽˁʷˌ h ˉˇˁ˂ʾˋʶʽˌ ̀ ˒ʱ˂˃ʰˍ˖ ˄̱ ʰ˔ˏˍʹˍʰˌ ˁ ʰʽ ˁ ʰˍʶˏʻˎ˄ˋʹˌ.  

ʃʰˊˇ˃ˇʾ˖ˌΣ ʶˉʽʵʶʾ˔ʻʹˁʶ ʶˎ˄ˇʿˁʺ ʰˉˈʵˇˋʹ ˈˍʰ˄ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˉˇˎ 

ˁʰʻˇˊʾˋˍʹˁʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ʅˏʵ˄ʶː ʶ˒ʰˊ˃ˈˋˍʹˁʰ˄ ˋʶ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ 

ˋˎ˂˂ʷ˔ʻʹˁʰ˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ B08FDPΦ ɾʶ ˉˊˇˋʶˁˍʽˁˈˍʶˊʹ ʶ˅ʷˍʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ 

ʲˊʷʻʹˁʶ ˈˍʽ ˈˋˇ ˃ʽˁˊˈˍʶˊˇ ʺˍʰ˄ ˍˇ ˉˇˋˇˋˍˈ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ ʲˊʰ˔ʶʾʰˌ ʵʽʱˊˁʶʽʰˌΣ ʵʹ˂ʰʵʺ ʵʽʱˊˁʶʽʰ 

ʸ˖ʺˌ ˍˊʽ˗˄ ʺ ˂ʽʴˈˍʶˊ˖˄ ˁˏˁ˂˖˄ ˋʱˊ˖ˋʹˌ ˊʰ˄ˍʱˊΣ ʺ мр ˂ʶˉˍʱΣ ˍˈˋˇ ˎˉʺˊ˔ʶ ʲʶ˂ˍʾ˖ˋʹ ˋˍʹ˄ 

ʽˁʰ˄ˈˍʹˍʰΦ  

 

5.18.2. ɄŬɟɎŭŮɘɔɛŬ ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ ůŰɖ ɀŮɚɏŰɖ ȺˊɑŭŮɘɝɖɠ Űɤɜ Ƀ.ȷ. Űɞɡ ɄŮəɑɜɞɡ, 

ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ ŰŬ ůɡůŰɐɛŬŰŬ TITAN, SWIRLS əŬɘ CARDS 

ɶ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍˇˎ THESPA ˍˇˎ ʶˉʷˍˊʶ˕ʶ ˄ʰ ʶˁˍʶ˂ʶˋˍʶʾ ˋˍˇ TIFS ˋʶ 

ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ B08FDPΣ ˁʰʻ˗ˌ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˉ˂ʺ˅ʹˌ ʴʽʰ 

ʰˊˁʶˍʷˌ ˁʰˍʰʽʴʾʵʶˌ ˋʶ ˃ʽʰ ˉʶˊʽˇ˔ʺ рлл km2 ̝ ˊʶʽʱˋˍʹˁʰ˄ ˃ˈ˂ʽˌ ʷ˄ʰ ˃ʶ ʵˎˇ ʵʶˎˍʶˊˈ˂ʶˉˍʰ ˋʶ ˋˍʰʻ˃ˈ 

ʶˊʴʰˋʾʰˌ LinuxΦ ɳˉʽ˔ʶʽˊʹˋʽʰˁʱ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˋˍˇ B08FDPΣ ˇʽ ˉʽʻʰ˄ˈˍʹˍʶˌ ˉ˂ʺ˅ʹˌ 

ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˈ˔ʽ ˃ˈ˄ˇ ʴʽʰ nowcast ˁ ʰˍʰʽʴʾʵʰˌ TITANΣ ʰ˂˂ʱ ˁʰʽ ʴʽʰ nowcast ̱ ˖˄ SWIRLS ˁ ʰʽ CARDS. 

ɴ˄ʰ ʵʶʾʴ˃ʰ ˔ʱˊˍʹ ˉʽʻʰ˄ˈˍʹˍʰˌ ˉ˂ʺ˅ʹˌ όstrike probability chartύ ʵʾʵʶˍʰʽ ˋˍˇ ʅ˔Φ рΦмрΦ ʴʽʰ 

nowcast ̄ ʰˊʰʴˈ˃ʶ˄ʰ ˋˍʽˌ с ʅʶˉˍʶ˃ʲˊʾˇˎ нллуΣ ˈˍʰ˄ ˇʽ ˁʰˍʰʽʴʾʵʶˌ ˃ʶˍʰˁʽ˄ˇˏ˄ˍʰ˄ ʶ˄ˍˈˌ ˍˇˎ ʃʶˁʾ˄ˇˎ 

ʰˉˈ ˄ˇˍʽˇʵˎˍʽˁʱΦ ɼʰʽ ˍʰ ˍˊʾʰ ˋˎˋˍʺ˃ʰˍʰ TITAN, SWIRLSΣ ˁʰʽ CARDS ʶ˄ˍˈˉʽˋʰ˄ ˍʹ˄ ˉʰˊˇˎˋʾʰ ˃ʽʰˌ 

˃ʶʴʱ˂ʹˌ ˁʰˍʰʽʴʾʵʰˌ ʶˉʱ˄˖ ʰˉˈ ˍˇ ˁʷ˄ˍˊˇ ˍʹˌ ˉˈ˂ʹˌΣ ʰ˂˂ʱ ʶˁˍʾ˃ʹˋʰ˄ ˁʱˉ˖ˌ ʵʽʰ˒ˇˊʶˍʽˁʱ ˍʰ ˃ʶʴʷʻʹ 

ˁʰʽ ˍʽˌ ˍʰ˔ˏˍʹˍʶˌ ˍʹˌ ˁʰˍʰʽʴʾʵʰˌΦ ʁ ˋˎ˄ʵˎʰˋˍʽˁˈˌ ˔ʱˊˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˉ˂ʺ˅ʹˌ όconsensus strike 

probability mapύ όʅ˔Φ мрΦ ʵʶ˅ʽʱ ˁʱˍ˖ύΣ ʵʶʾ˔˄ʶʽ ˃ʽʰ ʽˋ˔ˎˊʺ ˉʽʻʰ˄ˈˍʹˍʰ ˄ʰ ˉ˂ʹʴʶʾ ʰˉˈ ˁʰˍʰʽʴʾʵʰ ʷ˄ʰ 

ˍ˃ʺ˃ʰ ˍʹˌ ˄ˇˍʽˇʵˎˍʽˁʺˌ - ʲˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁʺˌ ˉʶˊʽˇ˔ʺˌ ˋˍˇ ˁʶ˄ˍˊʽˁˈ ʃʶˁʾ˄ˇΣ ˃ʶ ˍʽˌ ˉʽʻʰ˄ˈˍʹˍʶˌ ˄ʰ 

ʶ˂ʰˍˍ˗˄ˇ˄ˍʰʽ ˋˍʰ ʲˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁʱΦ ʁʽ ʵˏˇ ˃ʽˁˊˈˍʶˊʶˌ ˉʶˊʽˇ˔ʷˌ ˋˍˇ ʲˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁˈ ˍ˃ʺ˃ʰ ˍˇˎ 

˔ʱˊˍʹ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ ˃ˈ˄ˇ ˃ʷˋ˖ ʶ˄ˈˌ ʰˉˈ ˍʰ ˍˊʾʰ ˋˎˋˍʺ˃ʰˍʰΣ ˍˇˎ 

SWIRLSΣ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˁʶ˄ˍˊʽˁʺ ˉʽʻʰ˄ˈˍʹˍʰ όcentral probability) 0.33.  

ɶ ˉʰˊˇˏˋʰ ʰˉˇˍʶ˂ʶʾ ˍ́  ˄ˉˊ˗ˍʹ ˒ˇˊʱ ˉˇˎ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ ˉʽʻʰ˄ˇˍʽˁʷˌ ˉˊˇʴ˄˗ˋʶʽˌ ˁʰˍʰʽʴʾʵʰˌ 

ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰΦ ɶ ʶˉʰ˂ʺʻʶˎˋʹ ˍ˖˄ nowcast ˋˎ˄ʵˎʰˋˍʽˁʺˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˉ˂ʺ˅ʹˌ 

                                                           
149 Brier skill score (BSSύΥ ɾʶˍˊʱ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˃ʽʰˌ ˉʽʻʰ˄ˇˍʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ 
˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˁ˂ʽ˃ʰˍˇ˂ˇʴʾʰΦ ɽʰ˃ʲʱ˄ʶʽ ˍʽ˃ʷˌ ˃ʶ ʶˏˊˇˌ ʰˉˈ ˍˇ ςЊ ʷ˖ˌ ˍʹ ˃ˇ˄ʱʵʰΣ ˈˉˇˎ ʹ ˃ˇ˄ʱʵʰ 
ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˍʷ˂ʶʽʰ ˉˊˈʴ˄˖ˋʹ ˁʰʽ ʹ ˃ʹʵʶ˄ʽˁʺ ˍʽ˃ʺ ˍʹ˄ ʷ˂˂ʶʽ˕ʹ ʽˁʰ˄ˈˍʹˍʰˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˁ˂ʽ˃ʰˍˇ˂ˇʴʾʰ 
(Reyniers, 2008). 



 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 

 

130 
ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

(consensus strike probability nowcastsύ ˋʶ ˉˊʰʴ˃ʰˍʽˁ ̍˔ˊˈ˄ˇΣ ˉˇˎ ˉʰˊʺ˔ʻʹˋʰ˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ 

ˍˇˎ B08FDP, ʁ ˃˒ʱ˄ʽˋʶ ˎ ˕ʹ˂ʺ ʰ˅ʽˇˉʽˋˍʾʰ ˁʰʽ ʽˁʰ˄ˈˍʹˍʰ όBally et al., 2009). 

 

ǵȑǿȊŭ. 5.15.: Nowcast ȈŭűŭȇȃȀŮŭȏ ŭɵȖ űŭ ǵȐŰűǿȊŭűŭ TITAN, SWIRLS Ȉŭȇ CARDS, Ȉŭȇ 

consensus strike probability (Ȉǽűȓ ŮůȌȇǽ) Ȋȇŭȏ ȘȎŭȏ űȅȋ 6ȅ ǵůɵ. 2008. Ƕŭ ȂǾȉȅ űȓȋ TITAN Ȉŭȇ 

SWIRLS ŭɵůȇȈȍȋȀȄȍȐȋ űȅȋ ůȈűȇȊȘȊůȋȅ ȈȀȋȅŰȅ űȅȏ ȈŭűŭȇȃȀŮŭȏ űȅȋ ůɵȖȊůȋȅ ȘȎŭ 

(ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Dance et al. [2010]) 

 

  

5.19. NORA, (2011), ȺɚɓŮŰɑŬ 

ʆ ̌ˋˏˋˍʹ˃ʰ NORA (Nowcasting of Orographic Rainfall by means of Analoguesύ ʶʾ˄ʰʽ ʷ˄ʰ 

ʶˎˊʶˍʽˁˈΣ ʰ˄ʰ˂ˇʴʽˁˈ όanalogue-based) ʁ ˊʴʰ˂ʶʾˇ ʴʽʰ nowcasting ̌ ˊˇʴˊʰ˒ʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ150Σ ˉˇˎ 

ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʰˉˈ ˍ́  ˄ɳʻ˄ʽˁʺ ʇˉʹˊʶˋʾʰ ɼʰʽˊˇˏ ˍʹˌ ɳ˂ʲʶˍʾʰˌ MeteoSwiss (Panziera et al., 2011). To 

ˋˏˋˍʹ˃ʰ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ ɳˎˊ˖ˉʰʿˁ˗˄ ɯ˂ˉʶ˖˄ Lago MaggioreΣ ʹ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ 

                                                           
150 ɮ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˔˖ˊʾˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ό˃ʶ ˔ˊʺˋʹ ˍˇˎ ˎˉʶˊˋˎ˄ʵʷˋ˃ˇˎύΦ 



 

 ǅǛǧǨǭǰ ǊǣǷǫǝǢǟǰ ǌ., ǀǡǯǭǫǺǪǭǰ Ǩǟǧ ǒǭǮǭǡǯǚǴǭǰ ǋǥǵǟǫǧǨǺǰ Ǆ.ǋ.Ǐ. 
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ˋˍˇ ʰ˄ʰˍˇ˂ʽˁˈ ˍ˃ʺ˃ʰ ˃ʶˍʰ˅ˏ ɹˍʰ˂ʾʰˌ ˁʰʽ ɳ˂ʲʶˍʾʰˌ όɳ˂ʲʶˍʽˁʷˌ ɯ˂ˉʶʽˌύΦ ɮ˅ʽˇˉˇʽʶʾˍʰʽ ˇ ˇˊˇʴˊʰ˒ʽˁˈ ̩

ʶ˅ʰ˄ʰʴˁʰˋ˃ˈ ̩ ʴʽʰ ̱́˄ ˉʰˊʰʴ˖ʴʺ ˉˇ˂ˏ ˃ʽˁˊˇˏ ʶˏˊˇˎˌ (very-short-term) ˉˊˇʴ˄˗ˋʶ˖˄ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ   

ʆʰ ʰˉʰˊʰʾˍʹˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹ˄ ʶˁˍʷ˂ʶˋʺ ˍˇˎ ʁ ʾ˄ʰʽΥ  

w ʹ ˁh ˍʰˁˊʺ˃˄ʽˋʹ ˁʰʽ ʹ ̱h ˔ˏˍʹˍʰ ʰ˄ʷ˃ˇˎ όˋˍʰ ʰ˄˗ˍʶˊʰΣ ˃ʶˋʰʾʰ ˁʰʽ ˁʰˍ˗ˍʶˊʰ ʶˉʾˉʶʵʰ ˁʰʽ 

ʴʽʰ ˊˇʷˌ ʰ˄ʷ˃ˇˎ cross barrierύ ˃ʶˍˊʹ˃ʷ˄ʶ ̩h ˉˈ ˊʰ˄ˍʱˊ ɿˍˈˉ˂ʶˊΣ ˃ʰʸʾ ˃ʶ 

w ˍʹ ̒ʁ ˊ˃ˇˁˊʰˋʾʰΣ ˍʹ˄ ˎʴˊʰˋʾʰΣ ˁʰʽ ˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹ ˃ʶˍˊʹ˃ʷ˄ʶˌ ʰˉˈ ʷ˄ʰ ʸʶˏʴˇˌ 

ˋˍʰʻ˃˗˄ ʶʵʱ˒ˇˎˌ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ˎ˕ˈ˃ʶˍˊʰΦ 

 ʆh ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˋˍʰʻ˃˗˄ ʶʵʱ˒ˇˎˌ ʲˇʹʻˇˏ˄ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˋˍʰʻʶˊˈˍʹˍʰˌ ˍʹˌ ʰʷˊʽʰˌ 

˃ʱʸʰˌ. ʁʽ ʰʷˊʽʶˌ ˊ̌ ʷˌ ˃ʷˋʹˌ ˁ˂ʾ˃ʰˁʰˌΣ ʹ ̀ˍʰʻʶˊˈˍʹˍʰ ʰʷˊʽʰˌ ˃ʱʸʰˌΣ ˁʰʽ ˍʰ ̝h ˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ 

ˉʶʵʾˇˎ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ ˉˊˇʴ˄˖ˋˍʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ ˇˊˇʴˊʰ˒ʽˁʺˌ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ̃ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ʶ˄ˈˌ ʽˋˍˇˊʽˁˇˏ ˋʶˍ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ʰ˄ʱ˂ˇʴʰΣ ˍʰ 

ˇˉˇʾʰ ʶʾ˄ʰʽ ˇʽ ˁʰˍʰˋˍʱˋʶʽˌ ˃ʶ ˍˇˎˌ ˉʶˊʽˋˋˈˍʶˊˇ ˈ˃ˇʽˇˎˌ ˉˊˇʴ˄˖ˋˍʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ ˃ʶ ʶˁʶʾ˄ˇˎˌ 

ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋ̱ ˇ˄ ˍˊʷ˔ˇ˄ˍʰ ˔ˊˈ˄ˇΦ  

ʆˇ NORA  ˉʰˊʱʴʶʽ ˍˈˋˇ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʷˌ151 ˈˋˇ ˁʰʽ ˉʽʻʰ˄ˇˍʽˁʷˌ152 ˉˊˇʴ˄˗ˋʶʽˌ 

ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʰ ˉʶʵʾʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉˇˎ ˉʰˊʰˍʹˊʺʻʹˁʰ˄ ˋˍˇ ˉʰˊʶ˂ʻˈ˄ 

ʷˉʶʽˍʰ ʰˉˈ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ʰ˄h˂ˈɹ˖Φ˄ ʃʰˊʱʴˇ˄ˍʰʽ ˁʱʻʶ ˉʷ˄ˍʶ ˂ʶˉˍʱ ˁʰʻ˗ˌ ʵʽʰˍʾʻʶ˄ˍʰʽ ˄ʷʶˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ˊʰ˄ˍʱˊΣ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʹ˄ ʲˊˇ˔ˈˉˍ˖ˋʹΦ ʍˋˍˈˋˇΣ ʹ ʰʻˊˇʽˋˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹ ˁʰˍʱ ˍʹ 

ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ ʶˉʶʽˋˇʵʾˇˎ ˃ʰʸʾ ˃ʶ ˍʹ˄ ˉˊˇʶʴ˄˖ˋ˃ʷ˄ʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˍˇˎ NORAΣ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˇʵʹʴʺˋˇˎ˄ ˋʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ̄ ˇˎ ʵʶ˄ ʶʾ˔ʶ ˉʰˊʰˍʹˊʹʻʶʾ ˉˊ˖ˍˏˍʶˊʰ.   

 

5.19.1. ȹŮŭɞɛɏɜŬ  

ʆˇ ʽˋˍˇˊʽˁˈ ʰˊ˔ʶʾˇ ʰˉˈ ˍˇ ˇˉˇʾˇ ʰ˄ʰʸʹˍʱ ʰ˄ʱ˂ˇʴʰ ˍ ̌ˋˏˋˍʹ˃ʰ NORA, h ˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ мнт 

ʹ˃ʷˊʶˌ ˋʹ˃ʰ˄ˍʽˁʺˌ (significant) ̡ ˊˇ˔ˈˉˍ˖ˋʹˌ ˉʰˊʰˍʹˊʹ˃ʷ˄ ́ˋˍʹ˄ ˉʶˊʽˇ˔ʺ Lago Maggiore ˃ʶˍʰ˅ˏ 

нллп ˁʰʽ нллф (Panziera et al., 2011).  

 

5.19.2 ɀŮɗɞŭɞɚɞɔɑŬ 

ɶ ʵʽʰʵʽˁʰˋʾʰ ˃ʷˋ˖ ˍʹˌ ˇˉˇʾʰˌ ˉʰˊʱʴˇ˄ˍʰʽ ˇʽ ˉˊˇʴ˄˗ˋʶʽˌ ʰ˄ʰˉʰˊʾˋˍʰˍʰʽ ˋ˔ʹ˃ʰˍʽˁʱ ˋˍˇ ʅ˔ʺ˃ʰ 

рΣ ˈˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ˉˊˇʴ˄˗ˋʶʽˌ м h ˃ʶ lead time 2 hΦ ɶ ˍˊʷ˔ˇˎˋʰ ʶʽˁˈ˄ʰ ˊʰ˄ˍʱˊ ʰ˄ʰˉʰˊʾˋˍʰˍʰʽ 

ˋˍʹ˄ ˁˇˊˎ˒ʺ ˍˇˎ ʅ˔. рΣ ˁʰʽ ˍ h120 forcing analogues (ʰ˄ʱ˂ˇʴʰ ʶ˅ʰ˄ʰʴˁʰˋ˃ˇˏ) ̡ ˊʾˋˁˇ˄ˍʰʽ ʰˉˈ ˁʱˍ˖. 

ʆʰ ˍʶ˂ʽˁʱ ʰ˄ʱ˂ˇʴʰ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ʰ˄ʱ˃ʶˋʰ ˋˍʰ ʰ˄ʱ˂ˇʴʰ ʶ˅ʰ˄ʰʴˁʰˋ˃ˇˏ  ˃ʶ ʷ˄ˍˇ˄ʰ ˃ʰˏˊʰ 

ˉʶˊʽʴˊʱ˃˃ʰˍʰ ˁʰʽ ʶˉʽˋʹ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ʰˊʽˋˍʶˊʺ ˋˍʺ˂ʹΦ  

                                                           
151 ɾʽʰ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʺ όʺ ˁʰˍʹʴˇˊʽˁʺύ ˉˊˈʴ˄˖ˋʹ ʶʾ˄ʰʽ ˍˈˋˇ ˁʰ˂ʺ ˈˋˇΥ όʰύ ˇʽ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ʽˁʰ˄ˈˍʹˍʶˌ 
ˍˇˎ ˃ʶˍʶ˖ˊˇ˂ˈʴˇˎ όʲύ ˇ ʲʰʻ˃ˈˌ ˋˍˇ˄ ˇˉˇʾˇ˄ ˁʰˍʰ˄ˇˇˏ˄ˍʰʽ ˍʰ ˉˊˇʴ˄˖ˋˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˁʰʽ ˍˇ ˉˈˋˇ ˁʰ˂ʱ 
ʶʾ˄ʰʽ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ όʴύ ˇ ʲʰʻ˃ˈˌ ˋˍˇ˄ ˇˉˇʾˇ˄ ʶʾ˄ʰʽ ʰˁˊʽʲʶʾˌ ˇʽ ʰˊ˔ʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌ όurl). 
152 ɶ ˉʽʻʰ˄ˇˍʽˁʺ ˉˊˈʴ˄˖ˋʹ ʶʾ˄ʰʽ ˃ʽʰ ˍʶ˔˄ʽˁʺ ˉˊˈʴ˄˖ˋʹˌ ˁʰʽˊˇˏ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 
˃ʶʻˈʵˇˎˌ ʴʽʰ ˄ʰ ʶʴˁʰʻʽʵˊˏˋʶʽ ˃ʽʰ ˉʽʻʰ˄ˈˍʹˍʰ ʶ˃˒ʱ˄ʽˋʹˌκ˃ʶʴʷʻˇˎˌ ʶˉʶʽˋˇʵʾˇˎΦ ɮˎˍˈ ʵʽʰ˒ʷˊʶʽ 
ˇˎˋʽʰˋˍʽˁʱ ʰˉˈ ˍʹ˄ ˉʰˊˇ˔ʺ ˃ʽʰˌ ˋʰ˒ˇˏˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ʴʽʰ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˁʰʽ ˍˇ ˃ ʷʴʶʻˇˌ όʺ ˃ʹύ ˍˇˎ ʾʵʽˇˎ 
ˋˎ˃ʲʱ˄ˍˇˌΣ ˃ʽʰ ˍʶ˔˄ʽˁʺ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʺ ˉˊˈʴ˄˖ˋʹΦ ʃ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ 
ʰʲʶʲʰʽˈˍʹˍʰ ˍʹˌ ˉˊˈʴ˄˖ˋʹˌ ˎˉʱˊ˔ˇˎ˄ ˃ˈ˄ˇ ˋˍʹ˄ ˉʽʻʰ˄ˇˍʽˁʺ ˉˊˈʴ˄˖ˋʹ όurl). 

http://tornado.sfsu.edu/geosciences/classes/m698/Determinism/determinism.html
http://tornado.sfsu.edu/geosciences/classes/m698/Determinism/determinism.html


 

 ɲΦʃΦɾΦʅΦ ɳʃɹʅʆɶɾɶ ϧ ʆɳʋɿʁɽʁɱɹɮ ʇɲɮʆɹɼʍɿ ʃʁʄʍɿ ω ʅʋʁɽɶ ʃʁɽɹʆɹɼʍɿ ɾɶʋɮɿɹɼʍɿ ω 
ɳΦɾΦʃʁɽʇʆɳʋɿɳɹʁ 
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ǀǋǄǑǄǑ ǏǐǎǂǌǗǑǄǈǑ ǉǀǒǀǈǂǈǃǗǌ (NOWCASTING)  ð ǑǓǑǒǆǋǀǒǀ ð ǄǔǀǐǋǎǂǄǑ ð 

ǏǐǎǎǏǒǈǉǄǑ 

 

ǵȑǿȊŭ 5.16.: ǫ ŭȋŭȉȍȃȇȈǿ ŮȇŭŮȇȈŭŰȀŭ űȓȋ ɵȎȍȃȋȘŰůȓȋ NORA ȃȇŭ űȇȏ 3 ǲȈűȓȂȎȀȍȐ 2006 

(ɵȎȍŰŭȎȊȍȃǿ ŭɵȖ űȍ ɵȎȓűȖűȐɵȍ űȓȋ Panziera et al. [2011])  












































































































































































































































