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ʃʶˊʾ˂ʹ˕ʹ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ, ʶˉʽ˔ʶʽˊʺʻʹˁʶ ʰˊ˔ʽˁʱ ʹ ˉˇˋˇˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˍʹˌ ˄ʶˈˍʶˊʹˌ ʷˁʵˇˋʹˌ όVersion тύ ˍˇˎ ʵˇˊˎ˒ˇˊʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌ TRMM Multi-satellite 

Precipitation Analysis (TMPA) оɰпн Vт ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇΦ ʁʽ ʶˁˍʽ˃ʺˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ˉʰˊʷ˔ˇ˄ˍʰʽ ˋʶ ˁʱ˄˄ʰʲˇ 0.25ꜛ  x 0.25ꜛ  ˁʰʽ ˋʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ ˍˊʽ˗˄ ˖ˊ˗˄Φ ɶ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇˌ 

ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʶ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʶ˅ʰʶˍʾʰ нллф-нлмп ˁʰʽ ʰ˅ʽˇ˂ˇʴʺʻʹˁʶ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍˇˎ 

ˉˊˇʿˈ˄ˍˇˌ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍʹ˄ ˉʰˊʰˍʹˊʹ˃ʷ˄ʹ ʲˊˇ˔ˈˉˍ˖ˋʹΦ ɶ ʰ˄ʱ˂ˎˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋʶ 

˂ʶˉˍʺ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΣ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʽˌ ˁ˂ʾ˃ʰˁʶˌ ˍ˖˄ оΣ сΣ мнΣ нп ˁʰʽ пу ˖ˊ˗˄Φ 

ɳˉʽˉˊˈˋʻʶˍʰΣ ʶ˅ʶˍʱˋˍʹˁʶ ʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ˁʰʽ ˍ˖˄ ˁˊʽˍʹˊʾ˖˄ ʰˉˈʵˇˋʹˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽΦ ɱʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹΣ ʰ˅ʽˇˉˇʽʺʻʹˁʰ˄ ˇʽ ʶˉʾʴʶʽʶˌ ˃ʶˍˊʺˋʶʽˌ оп 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˋˍʰʻ˃˗˄ ˍˇˎ ʵʽˁˍˏˇˎ ˍʹˌ ɳʻ˄ʽˁʺˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʇˉʹˊʶˋʾʰˌ όɳΦɾΦʇΦύΣ ˍˇˎ 

ɳʻ˄ʽˁˇˏ ɮˋˍʶˊˇˋˁˇˉʶʾˇˎ ɮʻʹ˄˗˄ όɳΦɮΦɮΦύ ˁʰʻ˗ˌ ˁʰʽ ˍˇˎ ʇʵˊˇ˂ˇʴʽˁˇˏ ʃʰˊʰˍʹˊʹˍʹˊʾˇˎ ɮʻʹ˄˗˄ 

όʇΦʃΦɮΦύ ˉˇˎ ʰ˄ʺˁʶʽ ˋˍˇ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇΦ ɮˉˈ ˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄Σ ˉˊˇʷˁˎ˕ʶ ˉ˖ˌ ʰˎˍʱΣ ˋʶ ˈ˂ʶˌ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌΣ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˔ʰ˃ʹ˂ʺ 

ˋˎˋ˔ʷˍʽˋʹ ˃ʶ ˍʽˌ ʶˉʾʴʶʽʶˌ ˃ʶˍˊʺˋʶʽˌΦ ʃʰˊˈˍʽ ʹ ʰˉˈʵˇˋʹ ʰˎ˅ʱ˄ʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ 

ˁ˂ʾ˃ʰˁʰˌΣ ʹ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ʰ˄ʶˉʰˊˁʺˌ h ˁˈ˃ʹ ˁʰʽ ˋˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˁ˂ʾ˃ʰˁʰ ˍʹˌ 

ʰ˄ʱ˂ˎˋʹˌΣ ʰˎˍʺ ˍ˖˄ пу ˖ˊ˗˄Φ 

ʃʷˊʰ ʰˉˈ ˍʹ˄ ˉˇˋˇˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ TMPA оɰпн VтΣ ʶˉʽ˔ʶʽˊʺʻʹˁʶ 

ʶˉʽˉˊˈˋʻʶˍʰ ʹ ʵʽʶˊʶˏ˄ʹˋʹ ʰ˅ʽˇˉˇʾʹˋʺˌ ˍˇˎˌ ʴʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˍ˖˄ 

ˁʰˍʰʽʴʽʵˇ˒ˈˊ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˋʶ ˋˎˋˍʺ˃ʰˍʰ ˇˊʽʸˈ˄ˍʽʰˌ όstratiformύ ˁʰʽ ˁʰˍʰˁˈˊˎ˒ʹˌ 

(convectiveύ ʰ˄ʱˉˍˎ˅ʹˌ ˋˍʹ˄ ɮˍˍʽˁʺΦ ɾʷˋ˖ ʰ˂ʴˇˊʾʻ˃˖˄ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ 

ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˁʰʻʶˋˍ˗ˌ convective ˁʰʽ stratiformΣ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʹ ˁˊʾˋʽ˃ʹ 

ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ʹ ʶˁʵʺ˂˖ˋʹ ʶˉʶʽˋˇʵʾ˖˄ ˍˏˉˇˎ 

convective, ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ʹ ˋˎ˄ʶʽˋ˒ˇˊʱ ˍ˖˄ ʵˏˇ ˋˎˋˍʰˍʽˁ˗˄ ˖ˌ ˉˊˇˌ ˍˇ ˇ˂ʽˁˈ ˃ʷʴʶʻˇˌΦ ɶ 

˃ʶʻˇʵˇ˂ˇʴʾʰ ʰˎˍʺ ʶ˒ʰˊ˃ˈˋˍʹˁʶ  ˍˈˋˇ ˃ʶ ˔ˊʺˋʹ ʶˉʾʴʶʽ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʰʻ˃˗˄ ˍˇˎ ʇʵˊˇ˂ˇʴʽˁˇˏ 

ʃʰˊʰˍʹˊʹˍʹˊʾˇˎ ɮʻʹ˄˗˄ όʇΦʃΦɮΦύΣ ˈˋˇ ˁʰʽ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ TMPA 

оɰпн VтΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʷʵʶʽ˅ʰ˄ ˉ˖ˌ ˍˇ ˉˇˋˇˋˍˈ ˍʹˌ convective ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˒ʰʾ˄ʶˍʰʽ ˄ʰ 

ˉʰˊʰ˃ʷ˄ʶʽ ˋ˔ʶˍʽˁʱ ˋˍʰʻʶˊˈ ʴʽʰ ˍʹ˄ ˎˉˈ ˃ʶ˂ʷˍʹ ˉʶˊʾˇʵˇ ˁʰʽ ˄ʰ ʲˊʾˋˁʶˍʰʽ ˁˇ˄ˍʱ ˋˍˇ мκо ˍʹˌ 

ˋˎ˄ˇ˂ʽˁʺˌ ʶˍʺˋʽʰˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ɮ˄ˍʾˋˍˇʽ˔ˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˉˊˇˁˏˉˍʶʽ ˁʰʽ ˃ʷˋ˖ ˍʹˌ ˔ˊʺˋʹ ˍ˖˄ 

ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˃ʶ ˍʽˌ ˉˇˋˈˍʹˍʶˌ ˉˇˎ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˄ʰ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋʶ ˁˇ˄ˍʽ˄ʷˌ ˍʽ˃ʷˌΦ 

ʁʽ ˍʽ˃ʷˌ ˍʹˌ ˁˊʾˋʽ˃ʹˌ ʷ˄ˍʰˋʹˌ ˁʱʻʶ ʷˍˇˎˌΣ ˖ˋˍˈˋˇΣ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ʵʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌΣ 

ˈˉ˖ˌ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˃ʶ ʲʱˋʹ ˍʰ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄Φ ɳ˄ ʴʷ˄ʶʽ, ˉʰˊʰˍʹˊʶʾˍʰʽ 

ʰʲʶʲʰʽˈˍʹˍʰ ˖ˌ ˉˊˇˌ ˍʰ ˍʶ˂ʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ TMPA оɰпн V7. 
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Abstract 

In this research, the latest version 7 (V7) of the Tropical Rainfall Measuring Mission (TRMM) Multi-

satellite Precipitation Analysis (TMPA) product 3B42 is evaluated, using data from 34 rain gauge 

stations distributed over Greece. The evaluation aims to assess the capacity of the product in 

estimating observed precipitation amounts (Pobs > 0 mm). The validation process is conducted at 

five different temporal scales (3, 6, 12, 24 and 48 h) for the period 2009-2014. It is evident that, 

although there is a notable improvement in the accuracy of the estimates in higher temporal 

scales (e.g. the mean value of the efficiency coefficient index is approximately 300% higher in the 

48 h temporal scale, compared with the 3 h scale), the product reliability is low in all cases. The 

satellite data systematically underestimate precipitation in lower temporal scales, while this 

tends to change in higher. In particular, the examination of the spatial distribution of bias shows 

that this underestimation turns into a slight overestimation over specific regions; those which are 

generally characterized by lower observed annual precipitation amounts (e.g. eastern mainland 

Greece, in contrast with western mainland Greece). 

Furthermore, except for the quantitative evaluation of TMPA 3B42 V7 product, its potential use 

for classifying total annual precipitation into its convective and stratiform components is also 

examined. For this purpose, a classification algorithm is applied over the greater Athens area 

using ground observation and the satellite data separately for the 2009-2014 period. According 

to the methodology followed, an exponential distribution can be observed when cumulative 

precipitation is represented versus precipitation rate. The exponential term that describes this 

distribution can be associated with the stratiform component of precipitation, while the 

fluctuations are related to the convective component. The critical precipitation intensity (RC), as 

well as, the percentages of convective (PC) and stratiform (PS) precipitation are calculated based 

on a computational process. The results obtained, using the two different datasets, show that PC 

is almost constant along the examined period (close to 30% of total annual precipitation). On the 

other hand, the differences for the two datasets are higher, as far as RC is concerned, with the 

mean absolute difference being approximately 7 mm/6 h in the six year period. Hence, further 

research is necessary. 
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Extended abstract 

Introduction 

Reliable estimates of the spatial precipitation distribution play a critical role in hydrologic 

modeling, hazards monitoring and forecasting. Satellite-based quantitative precipitation 

estimates (QPE) products are widely used for quantitative estimates of precipitation due to their 

global coverage and spatial continuity. However, the inherent error sources in satellite-based 

measurements (e.g., the spatiotemporal variation of the precipitation fields and the system errors 

in the instruments) have not yet been well understood (Chen et al., 2013). Therefore, 

characterizing the error structure of satellite-based precipitation products is recognized as a 

major issue for the usefulness of the estimates (Hong et al., 2006). 

To this respect, the goal of this research work is firstly to evaluate the space borne Version 7 

TRMM Multi-Satellite Precipitation Analysis (TMPA 3B42) research product over the wider area 

of Greece using observed rain gauge data. The TMPA provides a 3 hr, gridded precipitation, gauge-

adjusted, post-real-time product. This product has a spatial resolution of 0.25xꜛ0.25ꜛ  within the 

global latitude range of 50Nς50S. Version 7 of 3B42 (hereafter, 3B42 V7) is the latest version, 

which became available for the time period of 1998ςpresent in late December 2012, and 

supersedes all previous versions.  There are several studies which have also attempted to evaluate 

the 3B42 (Feidas, 2010; ɮ˂ʶ˅ˇˉˇˏ˂ˇˎ, 2010; ʃʰˉʰʻʶˇʵˇˋʾˇˎ, 2011; Katsanos et al., 2004) 

product over Greece, however all of them concern older versions of the TMPA algorithm. 

In addition to the amount, the knowledge of the structure and characteristics of surface 

precipitation is equally important, and useful simulations or forecasts must be able to reproduce 

correctly the frequency and duration of events as well (Trenberth et al., 2003). The occurrence of 

precipitation in the form of convective and stratiform regimes is certainly one of the most 

important features. As outlined by Houze (1997), these two modes are the signature of distinct 

cloud dynamical processes that have important consequences on the atmospheric circulation. So, 

in addition to the quantitative evaluation of the TMPA 3B42 V7 precipitation estimates, its 

potential use for classifying total annual precipitation into is convective and stratiform 

components is also examined. For this purpose, an algorithm proposed by Tremblay (2005) is 

applied over the wider Athens area using both observed rain gauge and the TMPA 3B42 V7 data. 

The result are finally compared. 
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Literature review 

The TRMM mission and the TMPA 3B42 V7 product 

The Tropical Rainfall Measuring Mission (TRMM), launched in late 1997, was a joint mission 

between National Aeronautics and Space Administration (NASA) of the United States and the 

Japan Aerospace Agency (JAXA). The first-time use of both active and passive microwave 

instruments and the processing, as well as its ƭƻǿ ƛƴŎƭƛƴŀǘƛƻƴ ƻǊōƛǘ όорϲύ ƳŀŘŜ ¢waa ǘƘŜ ǿƻǊƭŘΩǎ 

foremost satellite for the study of precipitation and associated storms and climate processes in 

the tropics (NASA, 2011). 

The objectives of TRMM were to measure rainfall and energy (i.e. latent heat of condensation) 

exchange of tropical and subtropical regions of the world. The primary rainfall instruments on the 

satellite were the TRMM Microwave Imager (TMI), the Precipitation Radar (PR), and the Visible 

and Infrared Radiometer System (VIRS). Additionally, the TRMM satellite carried the Lightning 

Imaging Sensor (LIS) and tƘŜ /ƭƻǳŘǎ ŀƴŘ 9ŀǊǘƘΩǎ wŀŘƛŀƴǘ 9ƴŜǊƎȅ {ȅǎǘŜƳ ό/9w9{ύΤ CERES was 

operative only for a small period over the 17 years of the mission, due to an electronic failure 

(NASA, 2007). 

The TMPA 3B42 V7 estimates were produced in four stages; (1) the microwave estimates of 

precipitation from TRMM and other satellites were calibrated and combined, (2) infrared 

precipitation estimates were created using the calibrated microwave precipitation, (3) the 

microwave and IR estimates were obtained on a 3-hourly 0.25ꜛ grid resolution, and (4) rain gauge 

data were incorporated (Huffman et al., 2006). 

¢ƘŜ ¢waa ǎŀǘŜƭƭƛǘŜ ǊŜŜƴǘŜǊŜŘ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ ƻƴ мт WǳƴŜ нлмрΣ ŀƴŘ ǿƘŀǘŜǾŜǊ ŘŜōǊƛǎ 

survived landed in the southern Indian Ocean well west of Australia. The terminal phase began 

when fuel was exhausted in July 2014. On 7 October 2014, the satellite descended to an altitude 

that precluded useful TRMM Precipitation Radar data, with a brief revival as TRMM descended 

past the original altitude of 350 km. Meanwhile, the TRMM Microwave Imager (TMI) continued 

to function with slowly changing characteristics until it was shut down on 8 April 2015 as part of 

ǘƘŜ ŘŜŎƻƳƳƛǎǎƛƻƴƛƴƎΣ ƻǊ άǇŀǎǎƛǾŀǘƛƻƴέ ƻŦ ǘƘŜ ǎŀǘŜƭƭƛǘŜΦ ¢ƘŜ ŀŎǘǳŀƭ ŘŜƳƛǎŜ ƻŦ TRMM was not the 

substantive issue for the TMPA and TMPA-RT. In fact, the products are expected to run until the 

mid-2017 timeframe (Huffman, 2015). 

Convective and stratiform classification method 

Tremblay (2005) analyzed a subset of surface precipitation data from World Meteorological 

Organization (WMO) and found, according to a good based theory about growing ice particles 

(Tremblay et al., 1995; Tremblay and Glazer, 2000), that cumulative precipitation versus 

precipitation intensity distribution follows a near exponential law but with anomalies. Regarding 
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high precipitation rates, the anomalies deviated from the distribution were related to convective 

systems. This exponential law is always satisfied for any selected period, as shown at the figure 

below.  

 

Fig. 1: Distribution of cumulative precipitation versus precipitation intensity for different time 

periods [Tremblay, 2005]. 

The figure suggests that total precipitation P(R) can be decomposed as: 

 ὖὙ ὃὸὩ ὴͼ (1)  

where A(t) and b(t) are time-dependent parameters and R is precipitation intensity. In general, 

the exponential component in (1) dominates for small rates and can be related to stratiform 

ǇǊŜŎƛǇƛǘŀǘƛƻƴΣ ǿƘƛƭŜ Ǉέ ƛǎ ƳƻǊŜ important for large intensities and it can be linked to convective 

precipitation. 

.ŀǎŜŘ ƻƴ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ¢ǊŜƳōƭŀȅΩǎ όнллрύ ǎǘǳŘȅΣ wǳƛȊ-Leo et al. (2011) proposed a methodology 

for classifying total precipitation at a regional scale. For determining both convective and 

stratiform precipitation components, a suitable exponential function, as (1) was used. After a 

computation process, critical precipitation intensity (so-called RC) was obtained for each year and 

season of the 1998-2008 studied period. Every precipitation episode in Levante region, where the 
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study took place, was classified into prevailing convective or stratiform regime according to the 

threshold value defined by RC. 

 

Fig. 2: Obtaining RC for Eastern Iberian Peninsula [Ruiz-Leo et al., 2011]. 

Methodology 

Evaluation of the TMPA 3B42 V7 product 

Evaluation of the product was performed in two main stages. The first one is the statistical 

analysis, at which a comparison between the satellite and observed rain gauge data took place. 

The second is the study of the spatial distribution of the performance indicators adapted, over 

the area of Greece. Validation was conducted in five different temporal scales separately; the 3 

h, 6 h, 12 h, 24 h and 48 h temporal scales and for a period of six years (2009-2014). Only time 

intervals at which observed precipitation was greater than zero (i.e. non-zero values, Pobs> 0 mm) 

were examined. 

The necessary rain gauge timeseries data was acquired by three different sources; the Hellenic 

National Meteorological Service (HNMS), the National Observatory of Athens (NOA) and the 

Hydrological Observatory of Athens (HOA), a network that belongs to the National Technical 

University of Athens (NTUA). In particular, data from 34 stations were used; 15 meteorological 

stations of the HNMS network, 15 stations of the NOA network and 4 of the HOA network. 
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Fig. 3: The TRMM 0.25ꜛx0.25ꜛ  grid over Greece and rain gauge stations used are presented. 

The first step of the analysis was to extract the time series for the four grid points closest to each 

of the 34 examined stations and to estimate a modelled time series for each station. A technique 

for making inferences at small regional scales from coarser model scales based on grid points was 

firstly used for the validation of climate models by Koutsoyiannis et al. (2008) and was adapted 

by other researchers for a similar purpose (Tsaknias et al., 2011; ɮ˂ʶ˅ˇˉˇˏ˂ˇˎ, 2010; 

ʃʰˉʰʻʶˇʵˇˋʾˇˎ, 2011). This technique was applied here as well. More specifically, the time 

series of all four closest grid points were used and the modelled time series for each station 

location were produced, based on the best linear unbiased estimation (BLUE) i.e. by optimizing 

the weight coefficients ‗ȟ‗ȟ‗ȟ‗ (assuming no negative values for physical consistency and 

‗ ‗ ‗ ‗ ρ) in a linear relationship Ὓ ‗Ὓ ‗Ὓ ‗Ὓ ‗Ὓ , where Ὓ is the 

best linear estimate of the historical value x (i.e. Ὓ ςS  is the prediction error), and S1, S2, S3 and 

S4  are the model outputs for the four closest grid points. Optimization was done on the basis of 

the coefficient of efficiency: 

 
ὉὪὪρ

В Ὓ Ὃ

В Ὓ ὋӶ
 (1)  

The performance indicators of the TMPA 3B42 V7 estimates used in this study were the linear 

correlation coefficient (R), the bias (Bias), the square root of mean square error (RMSE), the mean 

absolute error (MAE), and the efficiency coefficient (Eff). These quantities were calculated over 

each rain gauge location and for all temporal scales (3, 6, 12, 24 and 48 h). Furthermore, the Hit 
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Rate, which is the fraction of observed events that are correctly predicted, was also calculated. 

Hit Rate is also known as the Probability of Detection (POD). It ranges from zero (0), when the 

detection is poor, to one (1) when it is excellent. 

Finally, surfaces showing the spatial distribution of the ǇŜǊŦƻǊƳŀƴŎŜ ƛƴŘƛŎŀǘƻǊǎΩ values were 

constructed. This procedure took place in ArcGIS environment, using the Kriging interpolation 

method (Fig. 8 ς 13). 

Classification of total precipitation  

With the aim of investigating the potential use of the TMPA 3B42 V7 product for classifying total 

precipitation into its stratiform and convective components, the algorithm proposed by Tremblay 

(2005) was applied in the Attica region, using both the precipitation timeseries of both the eight 

HOA rain gauge stations and the eight grid cells of the TMPA 3B42 V7 product shown in Fig. 4. 

The time period was again the 2009-2014 six year period. 

 

Fig. 4: Rain gauge network and TMM grid cells over Athens. 

First algorithm: exponential adjustment 

The condition that the exponential function passes through the minimum values was imposed, in 

order to avoid negative fluctuations, as required. Therefore, it was necessary to select a 

precipitation intensity (mm/6 h) class interval that creates a cumulative precipitation distribution 

without too many anomalies. A good adjustment would not be possible in case of a distribution 

with many local minimum values. In addition, the chosen curve should accomplish the 
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commitment of having few variations and not being too smooth to keep information on the 

amount of convective precipitation, so as not to underestimate it (Ruiz-Leo et al., 2011).  

 

Fig. 5: Distribution of the cumulative precipitation in Attica area, as calculated using observed 

data, during 2011. The class intervals examined are: a) 1.5, b) 2.5, c) 4, and d) 5.5 mm/6 h. 

In the case of Fig. 5 and based on the condition described above, the appropriate interval is 2.50 

mm/6 h. The same procedure was followed using both the observed and in the TRMM data 

separately for each year. 

After that, an algorithm was designed in order to identify the minimum values of the cumulative 

precipitation curve. The fitted exponential curve should pass through these minimum values 

detected, never above them, to avoid obtaining unrealistic values of precipitation (Ruiz-Leo et al., 

2011). 
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Second algorithm: obtaining RC 

The next step was to obtain the critical intensity, RC. This parameter is the threshold value which 

allows to classify precipitation into convective or stratiform prevailing regimes. According to 

Tremblay (2005), the optimum RC value clearly separates two regions in the adjustment; the area 

on the left of the critical value where the stratiform component exceeds the convective amount 

(PS>PC) and the area on the right side of the threshold RC, where convective regime is dominant 

(PS<PC). 

 

Fig. 6: Exponential adjustment and critical intensity, RC (red dash line) calculated using a) rain 

gauge and b) the TMPA 3B42 V7 data. 

The stratiform component (Ps) was subtracted from the total precipitation (P), obtaining the 

convective component (PC) as a result (Fig. 6). 

Results 

Evaluation of the TMPA 3B42 V7 product 

Based on the statistical analysis of the results, it can be shown that there is a notable 

improvement in the accuracy of the TMPA 3B42 V7 product in higher temporal scales (e.g. Eff is 

~ 300% higher in the 48 h than in the 3 h scale). Nevertheless, estimations are not reliable even 

in the 48 h analysis temporal scale. The mean value of Eff is negative for the 3 h and 6 h and 

positive (but close to zero) for the rest. The highest value of Eff (corresponding to the 48 h scale) 

is approximately 0.27, which is obviously low. 

The same applies for the linear correlation index (R). More specifically, the mean index values are 

equal to 0.302, 0.412, 0.496, 0.554 and 0.606 for the 3, 6, 12, 24 and 48 h scales respectively. 
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The mean Bias of the product is negative in all cases, which shows an underestimation of the 

precipitation amount over Greece. While the values for the 3 h and 48 h are ~ -26% and ~ -1% 

respectively, the significantly higher (as an absolute value) MAE (118% - 83%) and RMSE (238%-

140%) indices show that the primal source of the unreliability is related to random errors, rather 

than the systematic ones. Lastly, the mean probabilities of detection are 0.344, 0.452, 0.57, 0.681 

and 0.786 for the 3, 6, 12, 24 and 48 h temporal scales respectively. 

By examining the mean Bias spatial distribution (Fig. 7), the notable underestimation mentioned 

above can be observed. However, in coarser time scales, this underestimation decreases and in 

many cases, the product turns to overestimate precipitation (the values of Bias become positive, 

but close to zero). In particular, in areas with generally higher annual precipitation amounts (e.g. 

western mainland Greece) the product underestimates precipitation and overestimates it in areas 

with lower annual amounts (e.g. eastern mainland Greece). However, a similar pattern is not 

noticed in the values of the rest of the indicators (Fig. 8-12). In general, the high results, as far as 

the majority of the calculated quantities are concerned, can be observed over northwestern 

mainland Greece, Attica, eastern Thrace and in some island located at the eastern part of the 

country, contrary to the results over Crete (especially over Chania), central Greece and in the 

eastern part of Macedonia (northern Greece). 

 

Fig. 7: Eff distribution over Greece for the five different analysis temporal scales. 
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Fig. 8: R distribution over Greece for the five different analysis temporal scales. 

 

Fig. 9: Bias (%) distribution over Greece in five different analysis temporal scales. 



xix 
 

 

Fig. 10: MAE (%) distribution over Greece for the five different analysis temporal scales. 

 

Fig. 11: RMSE (%) distribution over Greece in five different analysis temporal scales. 
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Fig. 12: POD distribution over Greece for the five different analysis temporal scales. 

Classification of total precipitation 

The results obtained from the application of the classification algorithm using the two different 

datasets are presented in Table 1. In general, the percentage of convective precipitation is almost 

constant along the whole period (~ 30% of total precipitation each year). In addition, the 

differences in PC (Fig. 14), as calculated using the observed and the TRMM data, are low in all 

cases except for year 2009, due to the shape of the TMPA 3B42 V7 distribution and the 

corresponding unsatisfactory fitting. 

Table 1: Critical Intensity (RC), percentage of convective (PC) and stratiform (PS) precipitation per 

year. ΨhōǎΩ corresponds to ground observation data while Ψ¢waaΩ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ о.пн ±7 

data. 

Year   
RC (mm/6h) 

  
PC (%) 

  
PS (%) 

Obs. TRMM Obs. TRMM Obs. TRMM 

2009  18 2  27.927 51.609  72.073 48.391 
2010  9 17.5  37.426 29.462  62.574 70.538 
2011  12.5 24  34.775 30.752  65.225 69.248 
2012  20 17.5  27.601 35.663  72.399 64.337 
2013  17.5 16  27.393 35.794  72.607 64.206 
2014  18 14  29.286 33.947  70.714 66.053 

Mean 
Values 

  15.833 15.167   30.735  36.204   69.265 63.796 
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On the other hand, there is a notable deviation in the RC values of each year (RC,Obs. ranges 

between 9 mm/6h and 20 mm/6h). Furthermore, significant differences between RC,Obs and 

RC,TRMM can be noted in most of the years (Fig. 14). 

 

Fig. 13: Annual values of PC (left) and RC (right) as calculated using observed and the TMPA 3B42 

V7 data. 

Conclusions 

The main findings of this study are summarized as follows: 

Evaluation of the TMPA 3B42 V7 product 

¶ There is a significant improvement in the quality of the TMPA 3B42 V7 estimates when 

the analysis is conducted in higher temporal scales (e.g. in the 48 h compared with the 3 

h scale). 

¶ In all temporal scales examined, the reliability of the product is low (even in the 48 h 

temporal scale). 

¶ The product systematically tends to underestimates precipitation amount (Bias< 0) in 

lower temporal scales. However, this underestimation can turn into an overestimation 

(Bias> 0) in higher scales over specific regions; especially those which are characterized by 

lower annual precipitation amounts (e.g. eastern mainland Greece, contrary to western 

mainland Greece). 

Classification of total precipitation 

¶ The relation between cumulative precipitation (mm) and precipitation intensity (mm/6 

hours) over the greater Athens area can be adequately described by the equation  ὖὙ

ὃὸὩ ὴͼ , at which the exponential term is related with the stratiform component 
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and  ὴͼ is linked to the convective component of precipitation. This also applies for the 

majority of the distributions calculated using the TMPA 3B42 V7 estimates (except for year 

2009). 

¶ The percentage of annual convective precipitation (PC) was found to be almost constant 

along the six year study period, as estimated using both ground observations and the 

TMPA 3B42 V7 data. 

¶ Critical precipitation intensity (RC) values vary along the six year period. Furthermore, 

there are notable differences in the values of RC for the two different datasets. 

¶ Overall, there are some promising results concerning the potential use of the satellite 

product for the classification of total precipitation into its convective and stratiform 

components via the examined algorithm. However, further research is required. 
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ɼʶ˒ʱ˂ʰʽˇ 1. ɳʽˋʰʴ˖ʴʺ 

1.1  ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ʶˊʴʰˋʾʰˌ 

ɶ ˏˉʰˊ˅ʹ ʵʶʵˇ˃ʷ˄˖˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˎ˕ʹ˂ʺˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˁʰʽ ˃ʶʴʱ˂ʹˌ ˔˖ˊʽˁʺˌ ˁʰʽ ˔ˊˇ˄ʽˁʺˌ 

ˁʱ˂ˎ˕ʹˌ ˁˊʾ˄ʶˍʰʽ ʻʶ˃ʶ˂ʽ˗ʵˇˎˌ ˋʹ˃ʰˋʾʰˌ ʴʽʰ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˎʵʰˍʽˁ˗˄ 

ˉˈˊ˖˄Σ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌΣ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˍʹˌ ˃ʶ˂ʷˍʹ ˍʹˌ 

ˁ˂ʽ˃ʰˍʽˁʺˌ ʵʽʰˁˏ˃ʰ˄ˋʹˌ ˋʶ ˍˇˉʽˁˈ ˁʰʽ ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇΦ ʃʰˊʰʵˇˋʽʰˁʱΣ ʹ ˃ʷˍˊʹˋʹ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ʲˊˇ˔ˇ˃ʷˍˊ˖˄ ˉˇˎ ˉʰˊʷ˔ˇˎ˄ ˋʹ˃ʶʽʰˁʷˌ ˃ʶˍˊʺˋʶʽˌ ˍʹˌ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ʍˋˍˈˋˇΣ ˇʽ ˋʹ˃ʶʽʰˁʷˌ ʰˎˍʷˌ ˃ʶˍˊʺˋʶʽˌ ʵʶ˄ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ʰˉˇʵ˗ˋˇˎ˄ ˃ʶ 

ʰˁˊʾʲʶʽʰ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʵʶʵˇ˃ʷ˄ʹˌ ˍʹˌ ʷ˄ˍˇ˄ʹˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˉˇˎ 

ʰˎˍʺ ˉʰˊˇˎˋʽʱʸʶʽΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ʰ˄ʶˉʰˊˁʺ ˔˖ˊʽˁʺ ˁʱ˂ˎ˕ʹ ˍ˖˄ ˋˍʰʻ˃˗˄ ˉˇˎ ˋˎ˄ʺʻ˖ˌ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ς ʁ ʽʵʽˁʱ ˋʶ ʵˎˋˉˊˈˋʽˍʶˌ ˉʶˊʽˇ˔ʷˌΦ 

ɴˍˋʽΣ ˂ˇʽˉˈ˄Σ ˍʰ ʲˊˇ˔ˇ˃ʶˍˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉʰˊʷ˔ˇ˄ˍʰʽ ʰˉˈ ˃ʶˍˊʺˋʶʽˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ 

ʵˇˊˎ˒ˈˊ˖˄  ʴʾ˄ˇ˄ˍʰʽ ˈ˂ˇ ˁʰʽ ˉʽˇ ʶ˂ˁˎˋˍʽˁʱΣ ʰ˒ʶ˄ˈˌ ʵʽˈˍʽ ˉʰˊʷ˔ˇˎ˄ ˉ˂ʺˊʹ ˔˖ˊʽˁʺ ˁʰʽ ˔ˊˇ˄ʽˁʺ 

ˁʱ˂ˎ˕ʹΣ ʰˁˈ˃ʰ ˁʰʽ ˋʶ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ʹ ˃ʷˍˊʹˋʹ ˃ʶ ˍʽˌ ʶˉʾʴʶʽʶˌ ˃ʶʻˈʵˇˎˌ ʵʶ˄ ʶʾ˄ʰʽ ʶ˒ʽˁˍʺ ˁʰʽ 

ʰ˒ʶˍʷˊˇˎ ʵʽˈˍʽ ʶʾ˄ʰʽ ʶ˂ʶˏʻʶˊʰ ˉˊˇˋʲʱˋʽ˃ʰ ˋˍˇ ʵʽʰʵʾˁˍˎˇΦ ɳˉʶʽʵʺ ˈ˃˖ˌ ʵʶ˄ ʰˉˇˍʶ˂ˇˏ˄ 

ʰˉʶˎʻʶʾʰˌ ˃ʶˍˊʺˋʶʽˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʰ˂˂ʱ ʶˁˍʽ˃ʺˋʶʽˌ ʰˎˍʺˌΣ ʹ ʰˁˊʾʲʶʽʱ ˍˇˎˌ ʶʾ˄ʰʽ 

ʰ˃˒ʽ˂ʶʴˈ˃ʶ˄ʹΦ ɴˍˋʽΣ ˂ˇʽˉˈ˄Σ ʹ ʰ˅ʽˇ˂ˈʴʹˋʺ ˍˇˎˌ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁʺ ˁʰʽ ʷ˔ʶʽ ʰˉˇˍʶ˂ʷˋʶʽ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʷˊʶˎ˄ʰˌ ˋʶ ʰˊˁʶˍʷˌ ˃ʶ˂ʷˍʶˌ ˉʰʴˁˇˋ˃ʾ˖ˌΦ 

ʃʰˊˈˍʽ ˋʶ ʰˊˁʶˍʷˌ ʷ˔ʶʽ ʶˉʽ˔ʶʽˊʹʻʶʾ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ʵʽʰ˒ˈˊ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎ TRMMΣ ʹ 

ˋˎ˄ˍˊʽˉˍʽˁʺ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ʷ˔ʶʽ ˄ʰ ˁʱ˄ʶʽ ˃ʶ ʰ˄ʰ˂ˏˋʶʽˌ ˋʶ ʰʵˊʺ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ όˉΦ˔Φ ˃ʺ˄ʰ ʺ ˁʰʽ 

˃ʶʴʰ˂ˏˍʶˊʹύΦ ʅˍʹ˄ ɳ˂˂ʱʵʰ ʶʽʵʽˁˈˍʶˊʰΣ ˇ ʃʰˉʰʻʶˇʵˇˋʾˇˎ όнлммύ ʶˉʽ˔ʶʾˊʹˋʶ ˃ʾʰ ˉˊ˗ˍʹ 

ʰ˅ʽˇ˂ˈʴʹˋʹ ˍˇˎ ʵˇˊˎ˒ˇˊʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌ TRMM 3Bпн ˋˍʹ ˂ʶˉˍʺ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ ˍˊʽ˗˄ ˖ˊ˗˄Φ 

ʍˋˍˈˋˇΣ ʹ ʶˊʴʰˋʾʰ ʰˎˍʺ ʰ˒ˇˊʱ ˉʰ˂ʰʽˈˍʶˊʹ ʷˁʵˇˋʹ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎΣ ˁʰʽ ˈ˔ʽ ˍʹ ˄ʶˈˍʶˊʹΣ ʹ ˇˉˇʾʰ 

ˁʰʽ ʴʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ʵˈʻʹˁʶ ˋˍˇ ˁˇʽ˄ˈ ˍˇ ɲʶˁʷ˃ʲˊʽˇ ˍˇˎ нлмнΦ 

ʅˁˇˉˈˌΣ ˂ˇʽˉˈ˄Σ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʰˊ˔ʽˁʱ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍˇˎ 

ʵˇˊˎ˒ˇˊʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌ ʆRMM 3B42 Vт ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˂ʶˉˍʺ ˔ˊˇ˄ʽˁʺ 

ˁ˂ʾ˃ʰˁʰΦ ɶ ʵʽʶˊʶˏ˄ʹˋʹ ʰ˒ˇˊʱ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˋˍʰ ˇˉˇʾʰ ˎˉʱˊ˔ʶʽ ˁʰˍʰʴʶʴˊʰ˃˃ʷ˄ʹ 

ʲˊˇ˔ˈˉˍ˖ˋʹΦ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽΣ ˁʰʻ˗ˌ ˋˍʹ ˂ʶˉˍʺ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ ʰ˅ʾʰ ʷ˔ʶʽ ˁˎˊʾ˖ˌ ˄ʰ 

ˉˊˇˋʵʽˇˊʽˋˍʶʾ ˍˇ ˁʰˍʱ ˉˈˋˇΣ ʰ˂˂ʱ ˁʰʽ ˋʶ ˉˇʽˇ ʲʰʻ˃ˈΣ ˃ˉˇˊʶʾ ˄ʰ ʶˁˍʽ˃ʹʻʶʾ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ 

˃ʶˍʰʲ˂ʹˍʺˌΦ ɶ ˉ˂ʹˊˇ˒ˇˊʾʰ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇʵʶʽ˔ʻʶʾ ˔ˊʺˋʽ˃ʹ ˋʶ ʵʽʱ˒ˇˊʶˌ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ 

ʰ˒ˇˊˇˏ˄ ʸʹˍʺ˃ʰˍʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ˎʵʰˍʽˁ˗˄ ˉˈˊ˖˄ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹˌ ˃ˇ˄ˍʷ˂˖˄ ʲˊˇ˔ʺˌ ʰˉˇˊˊˇʺˌΣ 

ˋˍʰ ˇˉˇʾʰ ˁʰʽ ʰˉʰʽˍʶʾˍʰʽ ʹ ʴ˄˗ˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˍˈˋˇ ˂ʶˉˍʺ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΦ ɾʶ ʲʱˋʹ 

ˍˇ ˋˁʶˉˍʽˁˈ ʰˎˍˈΣ ʹ ʵʽʶˊʶˏ˄ʹˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ 

ˋʶ ʰˎˍʷˌ ˍ˖˄ оΣ сΣ мнΣ нп ˁʰʽ пу h, ˗ˋˍʶ ˄ʰ ʵʽʰˉʽˋˍ˖ʻʶʾ ʶʱ˄ ˋʶ ˁʱˉˇʽʰ ʰˉˈ ʰˎˍʷˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 



2 
 

˃ˉˇˊˇˏ˄ ˄ʰ ʻʶ˖ˊʹʻˇˏ˄ ʰ˅ʽˈˉʽˋˍʰ ˁʰʽ ˍ ̡̌ ʰʻ˃ˈ ̀ ˍˇ˄ ˇˉˇʾˇ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʶʾ ʰˎˍˈΦ ʃˊˇ˒ʰ˄˗ˌΣ 

ʹ ʷˊʶˎ˄ʰ ˉˊʷˉʶʽ ˄ʰ ˋˎ˄ʶ˔ʽˋˍʶʾ ˁʰʽ ˋˍˇ ˃ʷ˂˂ˇ˄ ˃ʶ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶˊʴʰˋʾʶˌΣ ʰ˒ʶ˄ˈˌ ʶˉʶʽʵʺ ˇʽ 

ʵˇˊˎ˒ˇˊʽˁʷˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˋˎ˄ʶ˔˗ˌ ʰ˄ʰʲʰʻ˃ʾʸˇ˄ˍʰʽ ς ˃ʶ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ˍʹ ˄ʷʰ 

ʰˉˇˋˍˇ˂ʺ GPM (Global Precipitation Missionύ ˍʹˌ NASA ς ˁʰʽ ʰ˒ʶˍʷˊˇˎ ʰ˒ˇˏ ˇʽ ʶˉʾʴʶʽˇʽ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇʾ ˋˍʰʻ˃ˇʾ ˋˎ˄ʶ˔˗ˌ ʰˎ˅ʱ˄ˇ˄ˍʰʽ ˋʶ ʰˊʽʻ˃ˈΦ 

ɳ˅ʾˋˇˎ ˋʹ˃ʰ˄ˍʽˁˈ ʸʺˍʹ˃ʰ ˃ʶ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˉˇˋˇ ˏˍʹˌ ʲˊˇ˔ʺˌΣ ˖ˋˍˈˋˇΣ ʶʾ˄ʰʽ ˁʰʽ 

ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ̟  ˄ˁˏˊʽ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗ ˄ʰˎˍʺˌ ς ʽʵʾ˖ˌ ʴʽʰ ˍˇ˄ ˁ˂ʱʵˇ ˍʹˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʾʰˌ 

ς ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˍ́  ̩ ʵʽʱˊˁʶʽʰ ̩ ˁʰʽ ˍ́  ̩ ˋˎ˔˄ˈˍʹˍʰ ̩ ˍ˖˄ ʴʶʴˇ˄ˈˍ˖˄Φ ʆˇ ˁʰʻʶˋˍ˗ˌ 

stratiform ̋  ŎƻƴǾŜŎǘƛǾŜΣ ˍʰ ˇˉˇʾʰ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˏˉʰˊ˅ʹ ˄ʶ˒˗˄ ˇˊʽʸˈ˄ˍʽʰˌ ˁʰʽ ˁʰˍʰˁˈˊˎ˒ʹˌ 

ʰ˄ʱˉˍˎ˅ʹˌ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ʶʾ˄ʰʽ ʰ˄ʰ˃˒ʾʲˇ˂ʰ ʷ˄ʰ ʰˉˈ ˍʰ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ ʂˉ˖ˌ 

ʶˉʽˋʺ˃ʰ˄ʶ ˇ IƻǳȊŜ όмффтύΣ ʰˎˍʱ ˍʰ ʵˏˇ ˃ˇ˄ˍʷ˂ʰ ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ʹ ˎˉˇʴˊʰ˒ʺ ʵʽʰˁˊʽˍ˗˄ 

ʵˎ˄ʰ˃ʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋˍʰ ˄ʷ˒ʹ ˁʰʽ ʷ˔ˇˎ˄ ʶ˅ʰʽˊʶˍʽˁʱ ˃ʶʴʱ˂ʹ ˋʹ˃ʰˋʾʰ 

ˋˍʽˌ ʶˉʽˉˍ˗ˋʶʽˌ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˁˎˁ˂ˇ˒ˇˊʾʰΦ ɶ ˂ˇʴʽˁʺ ʴʽʰ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍ˖˄ 

ʵˏˇ ʰˎˍ˗˄ ˁʰʻʶˋˍ˗ˍ˖˄ ʷ˔ʶʽ ʰ˄ʰʴ˄˖ˊʽˋˍʶʾ ʶʵ˗ ˁʰʽ ˔ˊˈ˄ʽʰ όSimpson et al., 1998). 

ʅˍˇ ʵʶˏˍʶˊˇ ˋˁʷ˂ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ˂ˇʽˉˈ˄Σ ʶˉʽ˔ʶʽˊʶʾˍʰʽ ʹ ʵʽʱˁˊʽˋʹ ˍˇˎ ˉʶʵʾˇˎ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ 

ˁʰʻʶˋˍ˗ˌ stratiform ˁ ʰʽ convective ˁ ʰʽ ʹ ʰ˅ʽˇˉˇʾʹˋʹ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ TRMM 3B42 Vт ʴʽʰ ˍˇ˄ ʾʵʽˇ 

ˋˍˈ˔ˇΦ ʁ Tremblay όнллрύΣ ʰ˄ʷˉˍˎ˅ʶ ˃ʽʰ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʴʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈΣ ˃ʶ˂ʶˍ˗˄ˍʰˌ ˍˇ 

ˉʰʴˁˈˋ˃ʽˇ ˉʶʵʾˇ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰΣ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˖ˌ ʲʱˋʹ ʰˉˈ 

ˍˇˎˌ Ruiz-Leo et alΦ όнлммύ ʴʽʰ ˍˇ˄ ʶˉʽ˃ʶˊʽˋ˃ˈ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˍˇˉʽˁˈ ʶˉʾˉʶʵˇ 

ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ɽʶʲʱ˄ˍʶ ˋˍʹ˄ ɹˋˉʰ˄ʾʰΦ ʅˍʹ˄ ʶˊʴʰˋʾʰ ʰˎˍʺΣ ʶˉʽ˔ʶʽˊʶʾˍʰʽ ʹ 

ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʾʵʽʰˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˁʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˍˇˎ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎΣ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ 

ˍʹˌ ɮˍˍʽˁʺˌΣ ʰ˂˂ʱ ˁʰʽ ʹ ʵʽʶˊʶˏ˄ʹˋʹ ʰ˅ʽˇˉˇʾʹˋʹˌ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍˇ ˋˁˇˉˈ ˍˇˎ 

ʶˉʽ˃ʶˊʽˋ˃ˇˏ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɶ ʲʰˋʽˁʺ ʽʵʷʰ ʶʾ˄ʰʽ ˉ˖ˌ ʶ˄ʵʶ˔ˈ˃ʶ˄ʰ ʶ˄ʻʰˊˊˎ˄ˍʽˁʱ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˉʽʻʰ˄˗ˌ ˄ʰ ˁʰˍʰˋˍʺˋˇˎ˄ ˍˇ ˉˊˇʿˈ˄ оɰпн Vт ʰ˅ʽˇˉˇʽʺˋʽ˃ˇ ʴʽʰ ˍʹ 

ʵʽʱˁˊʽˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˁʰʻʶˋˍ˗ˌ convective ˁʰʽ stratiformΣ ˁʰʽ ˋʶ ʱ˂˂ʶˌ ˉʶˊʽˇ˔ʷˌ ˋˍʽˌ 

ˇˉˇʾʶˌ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˁʱ˂ˎ˕ʹ ʰˉˈ ʶˉʾʴʶʽˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌΦ ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍʷˍˇʽˇ 

ˉʰˊʱʵʶʽʴ˃ʰΣ ʰˉˇˍʶ˂ʶʾ ʹ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍʹˌ ɾʶˋˇʴʶʾˇˎΣ ˋˍʹ˄ ˇˉˇʾʰ ʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˍˏˉˇˎ 

convective ̀ ˎ˄ʽˋˍʱ ʲʰˋʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˁʰʽ ˎˉʱˊ˔ʶʽΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ˂ˇʴʽˁˈΣ ʰˉˇˎˋʾʰ ʵʶʵˇ˃ʷ˄˖˄ 

ʰˉˈ ˋˎ˃ʲʰˍʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌ ˉʱ˄˖ ʰˉˈ ˍʹ ʻʱ˂ʰˋˋʰΦ ɰʰˋʽˁʺ ʽʵʽˈˍʹˍʰ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ 

ˉˊˇʿˈ˄ˍˇˌΣ ʹ ˇˉˇʾʰ ˁʰʽ ˍˇ ˁʰʻʽˋˍʱ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ʰ˅ʽˇˉˇʽʺˋʽ˃ˇ ʴʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈΣ ʶʾ˄ʰʽ ʹ ˂ʶˉˍʺ 

˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ʹ ˇˉˇʾʰ ʶˉʽˍˊʷˉʶʽ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ˋʶ ʶˉʾˉʶʵˇ ʶˉʶʽˋˇʵʾˇˎΦ 

1.2  ɲʽʱˊʻˊ˖ˋʹ ˍʹˌ ʶˊʴʰˋʾʰˌ 

ʆˇ ˍʶˏ˔ˇˌ ˔˖ˊʾʸʶˍʰʽ ˋʶ ʷ˅ʽ ɼʶ˒ʱ˂ʰʽʰΣ ʶˁ ˍ˖˄ ˇˉˇʾ˖˄ ˍˇ ˉˊ˗ˍˇ ʶʾ˄ʰʽ ˍˇ ˉʰˊˈ˄ όɳʽˋʰʴ˖ʴʺύΦ 
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ʅˍˇ ɼʶ˒ʱ˂ʰʽˇ нΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʽʰ ʴʶ˄ʽˁʺ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʶˉʽˋˁˈˉʹˋʹΦ ɮˊ˔ʽˁʱ ʴʾ˄ʶˍʰʽ ˃ʽʰ 

ˋˏ˄ˍˇ˃ʹ ʰ˄ʰ˒ˇˊʱ ˋˍʽˌ ˃ʶʻˈʵˇˎˌ ˃ʷˍˊʹˋʹˌ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽΣ ˃ʶ 

ʽʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ˋˍˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏˌ ʵˇˊˎ˒ˈˊˇˎˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍˇ˄ TRMMΦ ʆˇ 

ʽˋˍˇˊʽˁˈ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ˁʰʽ ˍʰ ʲʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˁʰʽ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ 

ˉˊˇʿˈ˄ˍ˖˄ ʰˎˍˇˏ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ˋˍˇ ʾʵʽˇ ˁʶ˒ʱ˂ʰʽˇ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ 

ʴʶ˄ʽˁʱ ˋˍˇʽ˔ʶʾʰ ʴʽʰ ˍʹ ʵʽʱˁˊʽˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˁʰʻʶˋˍ˗ˌ convective ˁʰʽ stratiform ˁʰʽ 

ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˇʽ ˃ʶʻˇʵˇ˂ˇʴʾʶˌ ˋˍʽˌ ˇˉˇʾʶˌ ˋˍʹˊʾ˔ʻʹˁʶ ʹ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΦ 

ʅˍˇ ɼʶ˒ʱ˂ʰʽˇ оΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁʰʽ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ʹ 

˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ʴʽʰ ˍˇ ˉˊ˗ˍˇ ˋˁʷ˂ˇˌ ˍʹˌ ˃ʶ˂ʷˍʹˌΣ ʵʹ˂ʰʵʺ ʴʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ 

ˍˇˎ ʵˇˊˎ˒ˇˊʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌ TRMM 3B42 Vт ˖ˌ ˉˊˇˌ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍʹˌ ʶˁˍʽ˃˗˃ʶ˄ʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʅˍˇ ˍʷ˂ˇˌ ˍˇˎ ˁʶ˒ʰ˂ʰʾˇˎΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ 

˃ʷˋ˖ ˁʰˍʱ˂˂ʹ˂˖˄ ʵʽʰʴˊʰ˃˃ʱˍ˖˄ ˁʰʽ ˔ʰˊˍ˗˄Φ 

ʅˍˇ ɼʶ˒ʱ˂ʰʽˇ п ʰ˄ʰˉˍˏˋˋʶˍʰʽ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ʴʽʰ ˍʹ ʵʽʱˁˊʽˋʹ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɮˍˍʽˁʺˌΣ ˋʶ ˁʰʻʶˋˍ˗ˌ convective ˁʰʽ stratiform ˃ʶ 

˔ˊʺˋʹ ˍˈˋˇ ʶˉʾʴʶʽ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˋˎ˃ʲʰˍʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌΣ ˈˋˇ ˁʰʽ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ оɰпн V7. 

ɴˉʶʽˍʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˁʰʽ ˋ˔ˇ˂ʽʱʸˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ р ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˍʰ ʲʰˋʽˁˈˍʶˊʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄Σ ʴʽʰ ˁʰʻʷ˄ʰ ʰˉˈ 

ˍh  ʵˏˇ ˋˁʷ˂ʹ ˍʹˌ ˃ʶ˂ʷˍʹˌΦ 

ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˃ʶ ˍʰ ˁˊʽˍʺˊʽʰ ʶˉʾʵˇˋʹˌ  ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ TRMM 

оɰпн Vт ʴʽʰ ˁʰʻʷ˄ʰ ˋˍʰʻ˃ˈ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ ʶˊʴʰˋʾʰΦ 
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ɼʶ˒ʱ˂ʰʽˇ нΦ ɰʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʶˉʽˋˁˈˉʹˋʹ 

нΦм ɳʽˋʰʴ˖ʴʽˁʱ 

ʅˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸʶˍʰ ̔ʹ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʶˉʽˋˁˈˉʹˋʹ ˍʹˌ ʶˊʴʰˋʾʰˌΦ ɮˊ˔ʽˁʱ ʴʾ˄ʶˍʰʽ 

˃ʽʰ ʴʶ˄ʽˁʺ ʰ˄ʰ˒ˇˊʱ ˋˍʽˌ ˃ʶʻˈʵˇˎˌ ˃ʷˍˊʹˋʹˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ̄ ˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ̀ ʺ˃ʶˊʰΣ 

˃ʶ ʽʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ˋˍʹ ˔ˊʺˋʹ ˍ˖˄ ʵˇˊˎ˒ˈˊ˖˄ ˁʰʽ ʽʵʽʰʾˍʶˊʰ ˋˍʹ˄ ʰˉˇˋˍˇ˂ʺ TRMM. 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ʽˋˍˇˊʽˁˈ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌΣ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎΣ 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ˍˊˇ˔ʽʱˌ ʰˎˍˇˏ ˁʰʽ ˍ˖˄ ˇˊʴʱ˄˖˄ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˍʷ˂ˇˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˍʰ ʵʽʱ˒ˇˊʰ 

ˉˊˇʿˈ˄ˍʰ ˉˇˎ ˉʰˊʷ˔ˇ˄ˍʰʽ ˁʰʽ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ˃ʶˍˊʺˋʶ˖˄Φ 

ɹʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ʵʾʵʶˍʰʽ ˋˍˇ ˉˊˇʿˈ˄ оBпнΣ ʹ ʰ˅ʽˇˉʽˋˍʾʰ ˍˇˎ ˇˉˇʾˇˎ ˁʰʽ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ˋˍʹ˄ 

ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΦ 

ʅˍʹ ʵʶˏˍʶˊʹ ʶ˄ˈˍʹˍʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˇʽ ˃ʶʻˇʵˇ˂ˇʴʾʶˌ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ 

˃ʶ˂ʶˍ˗˄Σ ˋˍʽˌ ˇˉˇʾʶˌ ˁʰʽ ʲʰˋʾʸʶˍʰʽ ʹ ʵʽʱˁˊʽˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˁʰʻʶˋˍ˗ˌ convective ˁʰʽ 

stratiformΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʰ˄ʱ˂ˎˋʹ ˍˇˎ Tremblay όнллрύΣ ˇ ˇˉˇʾˇˌ ˁʰʽ 

ʻʶ˃ʶ˂ʾ˖ˋʶ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˁʰʽ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ʹ 

ʰ˄ʱ˂ˎˋʹ ˍ˖˄ Ruiz-Leo et alΦ όнлммύΣ ˇʽ ˇˉˇʾˇʽ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʰ˄ ˍʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʰˎˍʺ ˋʶ ʶˉʾˉʶʵˇ 

ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΦ 

2.1 ɾʷˍˊʹˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ʆ ̌ ˉˊ˗ˍˇ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˋˍˇʽ˔ʶʾˇ ˉˇˎ ˃ʶˍˊʺʻʹˁʶ ʰˉˈ ˍˇ˄ ʱ˄ʻˊ˖ˉˇ ʶʾ˄ʰʽ ˁʰˍʱ ˉʱˋʰ 

ˉʽʻʰ˄ˈˍʹˍʰ ʹ ʲˊˇ˔ʺΦ ɶ ˉʰ˂ʰʽˈˍʶˊʹ ˁʰʽ ˃ʰˁˊˏˍʶˊʹ ˉʶˊʾˇʵˇˌ ˁʰˍʰʴˊʰ˒ʺˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ 

ɮʾʴˎˉˍˇ ˋˍˇ˄ ˉˇˍʰ˃ˈ ɿʶʾ˂ˇ ˉʶˊʾˉˇˎ ˋˍʰ фулΦ ʅˍʹ˄ ɳ˂˂ʱʵʰΣ ˍˇ ˃ʰˁˊˏˍʶˊˇ ˃ʺˁˇˌ ˁʰˍʰʴˊʰ˒ʺˌ 

ʰ˒ˇˊʱ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ɳʻ˄ʽˁˇˏ ɮˋˍʶˊˇˋˁˇˉʶʾˇˎ ɮʻʹ˄˗˄ ʰˉˈ ˍˇ мутл ˉʶˊʾˉˇˎ όɾˉʰ˂ˍʱˌΣ 

2013). 

ɶ ˃ʷˍˊʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˈ˃˖ˌΣ ʰˁˈ˃ʰ ˁʰʽ ˋʺ˃ʶˊʰ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʽʵʽʰʾˍʶˊʰ ˋˏ˄ʻʶˍˇ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˉˇˎ ʶˊʶˎ˄ʱˍʰʽ ʶˁˍʶˍʰ˃ʷ˄ʰ ˉʰʴˁˇˋ˃ʾ˖ˌΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈΣ ˇ˒ʶʾ˂ʶˍʰʽ ˁˎˊʾ˖ˌ ˋˍʹ˄ 

ʷ˄ˍˇ˄ʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˁʰʽ ʹ ˇˉˇʾʰ ʷ˔ʶʽ ʰ˄ʰʴ˄˖ˊʽˋˍʶʾ ˋʰ˄ ʷ˄ʰˌ 

ʰˉˈ ˍˇˎˌ ˁˏˊʽˇˎˌ ˂ˈʴˇˎˌ ʰʲʶʲʰʽˈˍʹˍʰˌ ˋˍʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ όDroegemeier et al., 2000). 

ɶ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ʰˎˍˇˏ ˍˇˎ ʶʴʴʶ˄ˇˏˌ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʰˉʰʽˍʶʾ ˍʹ˄ ʰ˄ʶˏˊʶˋʹ ˃ʶʻˇʵˇ˂ˇʴʽ˗˄ ʷˍˋʽ 

˗ˋˍʁ ˍʰ ʵʽʱ˒ˇˊʰ ˉˊˇʿˈ˄ˍʰ ʰˉˈ ˍʰ ˇˉˇʾʰ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˄ʰ ˁʰˍʰˋˍˇˏ˄ ˉʽˇ 

ʰ˅ʽˈˉʽˋˍʰΦ 

ʅʶ ʰˎˍʺ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹΣ ˇʽ ˋˎ˃ʲʰˍʽˁˇʾ ʶˉʾʴʶʽˇʽ ʲˊˇ˔ˇ˃ʶˍˊʽˁˇʾ ˋˍʰʻ˃ˇʾΣ ˇʽ ˇˉˇʾˇʽ ʰˉʶˎʻʶʾʰˌ 

˃ʶˍˊˇˏ˄ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ˋˏ˄ʹʻʶˌ ˉ˂ʷˇ˄ ʶˊʴʰ˂ʶʾˇΣ ˔˖ˊʾˌ ˖ˋˍˈˋˇ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ 
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ʰˉʶʽˁˇ˄ʾˋˇˎ˄ ˃ʶ ʰˁˊʾʲʶʽʰ ˍʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ όHuffΣ мфтлύΦ ɴ˄ʰ ʱ˂˂ˇ ˈˊʴʰ˄ˇ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶʾ˄ʰʽ ˍˇ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˊʰ˄ˍʱˊΣ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˇˉˇʾˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍʹ 

˃ʶˍʰˍˊˇˉʺ ˍʹˌ ˃ʶˍˊˇˏ˃ʶ˄ʹˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ Z ˋʶ ˏ˕ˇˌ ʲˊˇ˔ʺˌ R ˃ʷˋ˖ ˍʹˌ ˁʰˍʱ˂˂ʹ˂ʹˌ 

ˋ˔ʷˋʹˌ  Z-R ˉˇˎ ˋˎ˄ʵʷʶʽ ˍʰ ʵˏˇ ˃ʶʴʷʻʹ όMarshall et al., 1948; Battan, 1973; Morin et al., 2005). 

ʆˇ ˍˊʾˍˇ ˉʽʻʰ˄ˈ ˋˏˋˍʹ˃ʰ ˃ʷˍˊʹˋʹˌ ʶʾ˄ʰʽ ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ʷˋ˖ ʵˇˊˎ˒ˈˊˇˎΦ ʆˇ 

ˋˏˋˍʹ˃ʰ ʰˎˍˈ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˄ʶ˒˗˄ ˋˎ˄ʵˎʱʸˇ˄ˍʰˌ ˃ʶˍˊʺˋʶʽˌ ʴʶˇˋˍʱˋʽ˃˖˄ 

ʵˇˊˎ˒ˈˊ˖˄ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ʵˇˊˎ˒ˈˊˇˎˌ ˔ʰ˃ʹ˂ʺˌ ˍˊˇ˔ʽʱˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˎ˕ʹ˂ˈ ˔˖ˊˇ-˔ˊˇ˄ʽˁʺ ʰ˄ʱ˂ˎˋʹ όBoushaki et al., 2009). 

ʅˎ˄ˇˉˍʽˁʱΣ ˇʽ ˃ʷʻˇʵˇʽ ʰˎˍʷˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

2.2 ʅʹ˃ʶʽʰˁʺ ˃ʷˍˊʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

2.2.1 ɰˊˇ˔ˈ˃ʶˍˊʰ 

ʆʰ ʲˊˇ˔ˈ˃ʶˍˊʰ ʶʾ˄ʰʽ ˈˊʴʰ˄ʰ ˋʹ˃ʶʽʰˁʺˌ ˃ʷˍˊʹˋʹˌ ˍʹˌ ʲˊˇ˔ʺˌ ˁʰʽ ʵʶˎˍʶˊʶˎˈ˄ˍ˖ˌ ˍˇˎ ˔ʽˇ˄ʽˇˏΦ 

ʆˇˉˇʻʶˍˇˏ˄ˍʰʽ ˋʶ ˁʰˍʱ˂˂ʹ˂ʶˌ ʻʷˋʶʽˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˉˊˇʵʽʰʴˊʰ˒ʷˌ ˍˇˎ ²ahΣ ˃ʶˍˊˇˏ˄ ˇ˂ʽˁˈ 

ˏ˕ˇˌ ˄ʶˊˇˏ ʰ˄ʱ ˇˊʽˋ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ όˋˎ˄ʺʻ˖ˌ у˖ˊˇΣ мн˖ˊˇ ʺ нп˖ˊˇύΣ ˃ʶ ʰ˄ʱʴ˄˖ˋʹ 

ˍʹˌ ʷ˄ʵʶʽ˅ʹˌ ˍˇˎ ˇˊʴʱ˄ˇˎΦ ʅˍˇ ʅ˔ʺ˃ʰ 2.1 ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˍˎˉʽˁˈ ʲˊˇ˔ˈ˃ʶˍˊˇΦ 

ʆˇ ˁ˂ʰˋˋʽˁˈ ʲˊˇ˔ˈ˃ʶˍˊˇ ʷ˔ʶʽ ˁˎ˂ʽ˄ʵˊʽˁˈ ˋ˔ʺ˃ʰ ˁʰʽ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈΥ 

¶ ɴ˄ʰ˄ ˋˎ˂˂ʷˁˍʹΣ ˇ ˇˉˇʾˇˌ ʶʾ˄ʰʽ ʷ˄ʰˌ ˁˏ˂ʽ˄ʵˊˇˌ ʰˊˁʶˍʱ ˕ʹ˂ˈˌΣ ˃ʶ ˁʰˍʰˁˈˊˎ˒ʰ ʶˋ˖ˍʶˊʽˁʱ 

ˍˇʽ˔˗˃ʰˍʰ ˉˇˎ ˁʰˍʰ˂ʺʴʶʽ ˋʶ ˔˖˄ʾ ʾʵʽʰˌ ʵʽʰ˃ʷˍˊˇˎ 

¶ ɴ˄ʰ ˔˖˄ʾΣ ˃ʶ ˁ˂ʾˋʹ ˍˇʽ˔˖˃ʱˍ˖˄ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ пр ꜛ̠ ˋˍʶ ˄ʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ʰˉ˗˂ʶʽʶˌ 

ˁʰˍʱ ˍʹ˄ ˉˊˈˋˉˍ˖ˋʹ ˍ˖˄ ˎʵˊˇˋˍʰʴˈ˄˖˄Φ 

¶ ɴ˄ʰ˄ ˍʶ˂ʽˁˈ ʰˉˇʵʷˁˍʹ όʵˇ˔ʶʾˇύ ʴʽʰ ˍˇ ˄ʶˊˈΣ ˃ʶ ˋˍʶ˄ʺ ʶʾˋˇʵˇ ˉˇˎ ˉˊˇˋˍʰˍʶˏʶʽ ˍʹ˄ ˎʵʱˍʽ˄ʹ 

ʶˉʽ˒ʱ˄ʶʽʰ ʰˉˈ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰʽ ʱˊʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ʰˉ˗˂ʶʽʶˌ ˂ˈʴ˖ 

ʶ˅ʱˍ˃ʽˋʹˌ 

 

ʅ˔ʺ˃ʰ нΦмΥ ʆˎˉʽˁˈ ʲˊˇ˔ˈ˃ʶˍˊˇ ώʃʹʴʺΥ ɾˉʰ˂ˍʱˌΣ нлмоϐ. 
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ɲˏˇ ʶʾ˄ʰʽ ˇʽ ʲʰˋʽˁˇʾ ˍˏˉˇʽ ʲˊˇ˔ˇ˃ʷˍˊˇˎ όɾˉʰ˂ˍʱˌΣ нлмоύΥ 

ʰύ ʆˇ ˇʴˁˇ˃ʶˍˊʽˁˈΥ ʲˊˇ˔ˈ˃ʶˍˊˇ ˃ʶ ˋˎ˂˂ʷˁˍʹ ʴ˄˖ˋˍʺˌ ʵʽʰˍˇ˃ʺˌ ˉˇˎ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ 

ʶʽʵʽˁˇˏˌ ˇʴˁˇ˃ʶˍˊʽˁˇˏˌ ˋ˖˂ʺ˄ʶˌΦ 

ʲύ ʆˇ ʵʶˁʰˉ˂ʰˋʽʰˋˍʽˁˈΥ ʲˊˇ˔ˈ˃ʶˍˊˇ ˃ʶ ʶˉʽ˒ʱ˄ʶʽʰ ˋˎ˂˂ʷˁˍʹ ʵʶˁʰˉ˂ʱˋʽʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ 

ʵʽʰˍˇ˃ʺˌ ˍˇˎ ʰˉˇʵʷˁˍʹΦ ʅʶ ʰˎˍˈ ˍˇ ˈˊʴʰ˄ˇΣ ˍˇ ˏ˕ˇˌ ʲˊˇ˔ʺˌ ˉˇˎ ˒ʻʱ˄ʶʽ ˋˍˇ ˋˎ˂˂ʷˁˍʹ 

ʴʾ˄ʶˍʰʽ ʵʶˁʰˉ˂ʱˋʽˇ ˋˍˇ˄ ʰˉˇʵʷˁˍʹΣ ˁʽ ʷˍˋʽ ʰˎ˅ʱ˄ʶˍʰʽ ʹ ʰˁˊʾʲʶʽʰ ˍʹˌ ˃ʷˍˊʹˋʹˌΦ ʂˍʰ˄ 

ʶ˄ʵʽʰ˒ʷˊʶʽ ʹ ˃ʷˍˊʹˋʹ ˃ʶʴʱ˂ʹˌ ˔ˊˇ˄ʽˁʺˌ ˉʶˊʽˈʵˇˎ όˉ˔Φ ʋʶʽ˃ʶˊʽ˄ʺύ ˇ ˋˎ˂˂ʷˁˍʹˌ 

ʵʽʰ˃ˇˊ˒˗˄ʶˍʰʽ ˁʰˍʱ˂˂ʹ˂ʰΦ ɮˁˈ˃ʰΣ ˈˍʰ˄ ˍˇ ˈˊʴʰ˄ˇ ˍˇˉˇʻʶˍʶʾˍʰʽ ˋʶ ˃ʶʴʱ˂ˇ ˎ˕ˈ˃ʶˍˊˇ 

ˁʰʽ ˎˉʱˊ˔ʶʽ ˁʾ˄ʵˎ˄ˇˌ ˄ʰ ˉʰʴ˗ˋʶʽ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˄ʶˊˈΣ ʰˎˍˈ ʶ˒ˇʵʽʱʸʶˍʰʽ ˃ʶ ʰ˄ˍʽˉʹˁˍʽˁˈ 

όˉ˔Φ ɮʽʻˎ˂ʽˁʺ ʰ˂ˁˇˈ˂ʹύΦ 

2.2.2 ɰˊˇ˔ˇʴˊʱ˒ˇʽ 

ʁʽ ʲˊˇ˔ˇʴˊʱ˒ˇʽ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˈˊʴʰ˄ʰ ˋʹ˃ʶʽʰˁʺˌ ˃ʷˍˊʹˋʹˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ʵʶˎˍʶˊʶˎˈ˄ˍ˖ˌ 

ˍʹˌ ˔ʽˇ˄ˈˉˍ˖ˋʹˌΣ ˃ʶ ˍʹ ʵʽʰ˒ˇˊʱ ˈˍʽ ˁʰˍʰʴˊʱ˒ˇˎ˄ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˍˇˎ ˏ˕ˇˎˌ ʲˊˇ˔ʺˌ ˋˍˇ ˔ˊˈ˄ˇ ˃ʶ 

ʰˉ˂ˈ ˇˊˇ˂ˇʴʽˁˈ ˃ʹ˔ʰ˄ʽˋ˃ˈΣ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰˌ ʷˍˋʽ ˍʹ ˔ˊˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ˋʹ˃ʶʽʰˁʺˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʁʽ ʲˊˇ˔ˇʴˊʱ˒ˇʽ ʵʾ˄ˇˎ˄ ˉʰˊʰˍʹˊʺˋʶʽˌ ˋʶ ˉˇ˂ˏ ˃ʽˁˊʱ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˁʰʽ ʴʽʰ 

ˍˇ ˂ˈʴˇ ʰˎˍˈ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ˇʽ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʵʽʰˁˏ˃ʰ˄ˋʹˌ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍʹˌ ʲˊˇ˔ʺˌΦ ʅˍˇ ʅ˔ʺ˃ʰ 

2.2 ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʲˊˇ˔ˇʴˊʱ˒ˇʽ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˍˇ ʵʾˁˍˎˇ HOA. 

ʆˊʶʽˌ ʶʾ˄ʰʽ ˇʽ ʲʰˋʽˁˇʾ ˍˏˉˇʽ ʲˊˇ˔ˇʴˊʱ˒ˇˎ όɾˉʰ˂ˍʱˌΣ нлмоύΥ 

ʰύ ʁ ʲˊˇ˔ˇʴˊʱ˒ˇˌ ˃ʶ ʰ˄ʰˍˊʶˉˈ˃ʶ˄ˇˎˌ ˁʱʵˇˎˌΥ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵˏˇ ˃ʽˁˊˇˏˌ ˁʱʵˇˎˌ ˉˇˎ 

ʶʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇʽ ˋʶ ˁˇʽ˄ˈ ʱ˅ˇ˄ʰ ˁʰʽ ˃ʶˍʰˁʽ˄ˇˏ˄ˍʰʽ ˉʱ˄˖ ς ˁ ʱˍ˖Σ ˁʰʻ˗ˌ ʴʶ˃ʾʸˇˎ˄ ˃ʶ 

ˍˇ ˄ʶˊˈ ˍʹˌ ʲˊˇ˔ʺˌ ˉˇˎ ˁʰˍʶˎʻˏ˄ʶˍʰʽ ˉˊˇˌ ʰˎˍˇˏˌ ʰˉˈ ˍˇ ˔˖˄ʾ ˍˇˎ ˇˊʴʱ˄ˇˎΦ ɱʽʰ ˍʹ˄ 

ʰ˄ʰˍˊˇˉʺ ʶ˄ˈˌ ˁʱʵˇˎ ˔ˊʶʽʱʸʶˍʰʽ ʲˊˇ˔ʺ ʾˋʹ ˃ʶ ˍˇ мκп ˍˇˎ ˔ʽ˂ʽˇˋˍˇˏ ˁʽ ˇ ʶ˂ʱ˔ʽˋˍˇˌ ˔ˊˈ˄ˇˌ 

ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰ˄ʰˍˊˇˉʺ ʶʾ˄ʰʽ нκмл ˍˇˎ ʵʶˎˍʶˊˇ˂ʷˉˍˇˎΦ ʁʽ ʽʵʽˈˍʹˍʶˌ ʰˎˍʷˌ ˍˇˎ 

ˇˊʴʱ˄ˇˎ ʷ˔ˇˎ˄ ˋʰ˄ ˋˎ˄ʷˉʶʽʰ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˋ˒ʰ˂˃ʱˍ˖˄ ˈˍʰ˄ ʹ ʲˊˇ˔ʺ ʶʾ˄ʰʽ ˉˇ˂ˏ ʶ˂ʰ˒ˊʱ 

ˁʰʽ ˔ˊʶʽʱʸʶˍʰʽ ˔ˊˈ˄ˇˌ ʴʽʰ ˄ʰ ʴʶ˃ʾˋʶʽ ˇ ˁʱʵˇˌΣ ˇˉˈˍʶ ˍˇ ˄ʶˊˈ ˉˇˎ ˋˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋΩ ʰˎˍˈ˄ 

ˎˉˈˁʶʽˍʰʽ ˋʶ ʶ˅ʱˍ˃ʽˋʹΣ ˁʽ ˈˍʰ˄ ʹ ʲˊˇ˔ʺ ʶʾ˄ʰʽ ˉˇ˂ˏ ˊʰʴʵʰʾʰ ˁʽ ˇ ˁʱʵˇˌ ʴʶ˃ʾʸʶʽ ˋʶ ˔ˊˈ˄ˇ 

˃ʽˁˊˈˍʶˊˇ ʰˉˈ нκмл secΦ ʁʽ ʰ˄ʰˍˊʶˉˈ˃ʶ˄ˇʽ ˁʱʵˇʽ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˁʰˍʰʴˊʰ˒ʺˌ 

ˉˇˎ ˃ʶˍʰ˒ʷˊʶʽ ˍʽˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˋˍˇ ˔ʰˊˍʾ ˁʰˍʰʴˊʰ˒ʺˌΦ 

ʲύ ʁ ˋˍʰʻ˃ʽˋˍʽˁˈˌ ʲˊˇ˔ˇʴˊʱ˒ˇˌΥ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ʵˇ˔ʶʾˇ ˉˇˎ ʶʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇ 

ˉʱ˄˖ ˋʶ ʷ˄ʰ ʶ˂ʰˍʺˊʽˇΣ ˍˇ ˇˉˇʾˇ ˋˎ˃ˉʽʷʸʶˍʰʽ ˁʰʻ˗ˌ ˍˇ ʵˇ˔ʶʾˇ ʴʶ˃ʾʸʶʽ ˃ʶ ʲˊˈ˔ʽ˄ˇ ˄ʶˊˈΦ ɶ 

ˋˎ˃ˉʾʶˋʹ ˍˇˎ ʶ˂ʰˍʹˊʾˇˎ ˃ʶˍʰ˒ˊʱʸʶˍʰʽ ˖ˌ ˁʰˍʰʴˊʰ˒ʺ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˔ʰˊˍʾ 

ˁʰˍʰʴˊʰ˒ʺˌ ʺ ʵʽʰˍˊʹˍʽˁʺ ˍʰʽ˄ʾʰ ʹ ˇˉˇʾʰ ˁʰʽ ʶʽˋʱʴʶˍʰʽ ˋʶ ɶκʇΦ ʅˍʹ ʵʶˏˍʶˊʹ ˉʶˊʾˉˍ˖ˋʹ 

ʰˉʰʽˍʶʾˍʰʽ ˁʰʽ ˉʰˊˇ˔ʺ ˊʶˏ˃ʰˍˇˌΦ ʁ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ʲˊˇ˔ˇʴˊʱ˒ˇˌ ʷ˔ʶʽ ˃ʷʴʽˋˍʹ 

˔˖ˊʹˍʽˁˈˍʹˍʰ мллл mm. 
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ʴύ ʁ ʲˊˇ˔ˇʴˊʱ˒ˇˌ ˃ʶ ˉ˂˖ˍʺˊʰΥ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ʵˇ˔ʶʾˇ ˉˇˎ ˋˎʴˁʶ˄ˍˊ˗˄ʶʽ ˍˇ ˄ʶˊˈ ˍʹˌ 

ʲˊˇ˔ʺˌ ˁʰʽ ˋˍˇ ˇˉˇʾˇ ˎˉʱˊ˔ʶʽ ʷ˄ʰ ˒˂ˇˍʷˊ ˉˇˎ ˃ʶˍʰ˒ʷˊʶʽ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍˇˎ 

˄ʶˊˇˏ ˋˍˇ ˔ʰˊˍʾ ˁʰˍʰʴˊʰ˒ʺˌ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇ ˃ʹ˔ʰ˄ʽˋ˃ˈΦ 

ɶ ˋʹ˃ʶˊʽ˄ʺ ˍʶ˔˄ˇ˂ˇʴʾʰ ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˁʰˍʰʴˊʰ˒ʺˌ ˍˇˎ ˋʺ˃ʰˍˇˌ ˋʶ ʹ˂ʶˁˍˊˇ˄ʽˁˈ 

ˁʰˍʰ˔˖ˊʹˍʺ ʵʶʵˇ˃ʷ˄˖˄ όdata loggerύΣ ʶ˄˗ ˉ˂ʷˇ˄ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʹ ˍʹ˂ʶ˃ʶˍˊʾʰ ʴʽʰ ˍʹ ˃ʶˍʱʵˇˋʹ 

ˍˇˎ ˋʺ˃ʰˍˇˌ όɾˉʰ˂ˍʱˌΣ нлмоύΦ 

    

ʅ˔ʺ˃ʰ н.2: ɰˊˇ˔ˇʴˊʱ˒ˇʽ ˍˇˎ ʵʽˁˍˏˇˎ HOA [ʃʹʴʺΥ www.hoa.ntua.gr]. 

2.2.3 ʃˊˇʲ˂ʺ˃ʰˍʰ ˋʹ˃ʶʽʰˁ˗˄ ˃ʶˍˊʺˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ɳʾ˄ʰʽ ʴʶʴˇ˄ˈˌ ˈˍʽ ˇʽ ˉʰˊʰˍʹˊʺˋʶʽˌ ʰˉˈ ʶˉʾʴʶʽˇˎˌ ˋˍʰʻ˃ˇˏˌ  ʵʾ˄ˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˃ʶˊʽˁʱ 

˃ˈ˄ˇ ˋʹ˃ʶʾʰ ˍʹˌ ˂ ʶˁʱ˄ʹ ̩h ˉˇˊˊˇʺˌΦ ɱʽʰ ˍʹ˄ ʰˉˈˁˍʹˋʹ ˍʹˌ ˃ʷˋʹˌ ˔˖ˊʽˁʱ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʹ ˇˉˇʾʰ 

ˁʰʽ ʰˉʰʽˍʶʾˍʰʽ ˋˎ˔˄ʱ ˋˍʽˌ ʵʽʱ˒ˇˊʶˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΣ ʶˁˍʽ˃ʱˍʰʽ ̀ ˎ˄ʺʻ˖ˌ ˁʱˉˇʽʰ ˔˖ˊʽˁʺ 

ʴʶ˖˃ʶˍˊʾʰ ʹ ˇˉˇʾʰ ʲʰˋʾʸʶˍʰʽ ˋˍʽˌ ˋʹ˃ʶʽʰˁʷˌ ʵʽʰʻʷˋʽ˃ʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌΦ ʋ́ ʹ̀ʽ˃ˇˉˇʽʶʾˍʰʽΣ ʴʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰ, ʹ ˃ʷʻˇʵˇˌ ˍ˖˄ ˉˇ˂ˎʴ˗˄˖˄ ThiessenΣ ʹ ˃ʷʻˇʵˇˌ ˍ˖˄ ʰ˄ˍʽˋˍˊˈ˒˖˄ ʰˉˇˋˍʱˋʶ˖˄Σ ʺ 

ˁʰʽ ˋˍʰˍʽˋˍʽˁʷˌ ˃ʷʻˇʵˇʽ ˈˉ˖ˌ ʹ ˃ʷʻˇʵˇˌ KrigingΦ ɲˎˋˍˎ˔˗ˌΣ ʰˎˍʷˌ ˇʽ ˃ʶʻˇʵˇ˂ˇʴʾʶˌ ʰ˄ʰʴ˖ʴʺˌ 

ˍʹˌ ˋʹ˃ʶʽʰˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʶ˃ˉʶˊʽʷ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˋ˒ʱ˂˃ʰˍʰ ˍʰ ˇˉˇʾʰ 

ˎˉʶʽˋʷˊ˔ˇ˄ˍʰʽΣ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌ ˋˍʽˌ ʵʽʱ˒ˇˊʶˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ˇʽ 

ˋʹ˃ʶʽʰˁʷˌ ʶˉʾʴʶʽʶˌ ˃ʶˍˊʺˋʶʽˌ ʶʾ˄ʰʽ ˎˉˇˁʶʾ˃ʶ˄ʶˌΣ ʰˎˍʷˌ ˁʰʻΩ ʰˎˍʷˌΣ ˋʶ ˉ˂ʹʻ˗ˊʰ ˉʹʴ˗˄ 

ˋ˒ʰ˂˃ʱˍ˖˄Φ 

ʃʰʴˁˇˋ˃ʾ˖ˌΣ ˇʽ ˃ʶˍˊʺˋʶʽˌ ʲˊˇ˔ˇʴˊʱ˒˖˄ ʷ˔ˇˎ˄ ˍʹ˄ ˍʱˋʹ ˄ʰ ˎˉˇˍʽ˃ˇˏ˄ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ʶ˅ʰʽˍʾʰˌ 

ˍʹˌ ʵʽʰˍʰˊʰ˔ʺˌ ˍʹˌ ˊˇʺˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ˋˍˇ ˋˍˈ˃ʽˇ ˍˇˎ ʲˊˇ˔ˇʴˊʱ˒ˇˎΣ ˍʹˌ ʰˉ˗˂ʶʽʰˌ ˏʵʰˍˇˌ ˋˍʰ 

ˍˇʽ˔˗˃ʰˍʰ ˍˇˎ ʲˊˇ˔ˇʴˊʱ˒ˇˎΣ ˍʹˌ ʰ˄ʰˉʺʵʹˋʹˌ ˏʵʰˍˇˌ ˁʰˍʱ ˍʹ˄ ʶʾˋˇʵˈ ˍˇˎ ˋˍˇ ˃ʹ˔ʱ˄ʹ˃ʰ 

(splashingύ ˁʰʻ˗ˌ ˁʰʽ ˂ˈʴ˖ ʶ˅ʱˍ˃ʽˋʹˌ όLegatesΣ мффоύΦ ʆʰ ˃ʹ˄ʽʰʾʰ ˋ˒ʱ˂˃ʰˍʰ ˋˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˍ˖˄ 

ʲˊˇ˔ˇʴˊʱ˒˖˄ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ʰˉˈ р҈ ʷ˖ˌ пл҈Σ ˃ʶ ˍʰ ˃ʶʴʰ˂ˏˍʶˊʰ ˄ʰ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˁʰˍʱ ˍʹ 

˔ʽˇ˄ˈˉˍ˖ˋʹ όGroisman and Easterling, 1994). 
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ʃʰˊˈˍʽ ˇ Sevruk όмфурύ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʰ ˋˎˋˍʹ˃ʰˍʽˁʱ ˖ˌ ˍʹ˄ ˉ˂ʷˇ˄ ˋʹ˃ʰ˄ˍʽˁʺ ˉʹʴʺ ˋ˒ʰ˂˃ʱˍ˖˄Σ 

ˍʰ ˋ˒ʱ˂˃ʰˍʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈˍʹˍʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ 

ʶ˅ʾˋˇˎ ˋʹ˃ʰ˄ˍʽˁʱΦ ʆʰ ˋ˒ʱ˂˃ʰˍʰ ʰˎˍʱ ˋˎ˄ʾˋˍʰ˄ˍʰʽ ˋʶ ʵˏˇ ʶʾʵʹ όBoushaki et al., 2009).  

ʰύ ʆˇ ˉˊ˗ˍˇ ʰ˒ˇˊʱ ˍˇ˄ ˁʱʻʶ ˃ʶ˃ˇ˄˖˃ʷ˄ˇ ˋˍʰʻ˃ˈΥ ʹ ˉˇˋˈˍʹˍʰ ˍʹˌ ʲˊˇ˔ʺˌ ˉˇˎ ˃ʶˍˊʽʷ̱h ʽ 

ˋʶ ʷ˄ʰ ˋˍʰʻ˃ˈ ˃ˉˇˊʶʾ ˄ʰ ˃ʹ˄ ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍʹ ʴʶʽˍˇ˄ʽˁʺ 

ˍˇˎ ˋˍʰʻ˃ˇˏ ˉʶˊʽˇ˔ʺΣ ʶ˅ʰʽˍʾʰˌ ˍ˖˄ ˍˇˉʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˁ˂ʽ˃ʰˍˇ˂ˇʴʽˁʺˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ 

ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˎ˒ʾˋˍʰ˄ˍʰʽΦ  

ʲύ ʆˇ ʵʶˏˍʶˊˇ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍˇ ʵʾˁˍˎˇ ˍ˖˄ ʲˊˇ˔ˇʴˊʱ˒˖˄ ˋˍˇ ˋˏ˄ˇ˂ˈ ˍˇˎΥ ʰ˄ ˍˇ ʵʾˁˍˎˇ ʵʶ˄ 

ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˉˎˁ˄ˈ ˗ˋˍʶ ˄ʰ ˉʶˊʽʴˊʱ˒ʶʽ ʶˉʰˊˁ˗ˌ ˍʹ ˔˖ˊʽˁʺ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍˇˎ ˉʶʵʾˇˎ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˎˉˇʻʷˋʶʽˌ ˁʰʽ ˉʰˊʰʵˇ˔ʷˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ 

ˉˇˋˇˍʽˁʺ ˁʰʽ ˔ˊˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʲˊˇ˔ʺˌ ˋʶ ˍˇˉˇʻʶˋʾʶˌ ʰˉˇˎˋʾʰˌ ˁʱ˂ˎ˕ʹˌΦ ɮˎˍʷˌ ˇʽ 

ˎˉˇʻʷˋʶʽˌ ˁʰʽ ˉʰˊʰʵˇ˔ʷˌ ˃ˉˇˊʶʾ ˄ʰ ʶ˃ˉʶˊʽʷ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁˈ ˉˇˋˇˋˍˈ ˋ˒ʰ˂˃ʱˍ˖˄Φ 

ʃʰˊˈˍʽ ˇʽ ʶˉʾʴʶʽˇʽ ˋʹ˃ʶʽʰˁˇʾ ˋˍʰʻ˃ˇʾ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ˉ˂ʷˇ˄ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˃ʷʻˇʵˇ ˃ʷˍˊʹˋʹˌ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ʷ˔ˇˎ˄ ʶʽˋʰ˔ʻʶʾ ˄ʷʰ ˋˎˋˍʺ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇΦ ɮˎˍʱ ʶʾ˄ʰʽ ˍˇ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˊʰ˄ˍʱˊ ˁʰʽ ˇʽ ʵˇˊˎ˒ˈˊˇʽΣ ˋˎˋˍʺ˃ʰˍʰ ˍʰ 

ˇˉˇʾʰ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʾˋˇˎ˄ ˉˇ˂˂ʱ ʰˉˈ ˍʰ ʸʹˍʺ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ ˔ˊʺˋʹ 

ˍ˖˄ ˋʹ˃ʶʽʰˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˃ʷˍˊʹˋʹˌΦ  

2.3 ɾʶˍʶ̟́ˇ˂ˇʴʽˁˈ ˊʰ˄ˍʱˊ 

ʆʰ ˋˎ˃ʲʰˍʽˁʱ ʲˊˇ˔ˇ˃ʶˍˊʽˁʱ ˋˍˇʽ˔ʶʾʰ ˁˊʾ˄ˇ˄ˍʰʽ ʴʶ˄ʽˁʱ ʰ˄ʶˉʰˊˁʺΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ 

ˉʰˊʰˉʱ˄˖Σ ˋˍˇ ˄ʰ ˉʶˊʽʴˊʱ˕ˇˎ˄ ˍʹ ˔˖ˊʽˁʺ ˁʰʽ ˔ˊˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʲˊˇ˔ʺˌΦ ʁʽ ˃ʶˍˊʺˋʶʽˌ 

ˊʰ˄ˍʱˊΣ ʰˉˈ ˍʹ˄ ʱ˂˂ʹΣ ʵˏ˄ʰ˄ˍʰʽ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʾˋˇˎ˄ ʰˎˍˈ ˍˇ ˉˊˈʲ˂ʹ˃ʰΦ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ʶˉʶʽʵʺ 

ˍˇ ˊʰ˄ˍʱˊ ˎˉʶˊˍʶˊʶʾ ʷ˄ʰ˄ˍʽ ˍˇˎ ʵʽˁˍˏˇˎ ʲˊˇ˔ˇʴˊʱ˒˖˄ ˋˍʰ ʶ˅ʺˌ ˋʹ˃ʶʾʰ όɾˉʰ˂ˍʱˌΣ нлмоύΥ 

¶ ɶ ˋˎ˄ˇ˂ʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ ʲˊˇ˔ʺˌ ˋˍˇ ˔ˊˈ˄ˇ ˁʰʽ ˋˍˇ ˔˗ˊˇ 

ˋˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ ˁʰʽ ʶˉʶ˅ʶˊʴʱʸʶˍʰʽ ʴʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˔˖ˊʽˋˍʱΣ ʵʹ˂ʰʵʺ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ 

ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹˌ ˃ʽʰˌ ˉʶˊʽˇ˔ʺˌ ˅ʶˉʶˊ˄ʽˇˏ˄ˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˊʰ˄ˍʱˊΦ 

¶ ɶ ˔ˊʺˋʹ ʶ˄ˈˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏ ˊʰ˄ˍʱˊ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉʽˇ ʶˏˁˇ˂ʹ ʰˉˈ ˍʹ ˔ˊʺˋʹ ʶ˄ˈˌ ʵʽˁˍˏˇˎ 

ʲˊˇ˔ˇʴˊʱ˒˖˄Φ 

ɾʽʰ ʱ˂˂ʹ ʰʽˍʾʰ ˉˇˎ ʵʽʰ˒ˇˊˇˉˇʽʶʾ ˍˇ ˉˇˋˈ ˍʹˌ ʲˊˇ˔ʺˌ ˉˇˎ ˃ʶˍˊʽʷ̱h ʽ ʰˉˈ ˍʰ ʵˏˇ ˈˊʴʰ˄ʰ ʶʾ˄ʰʽ 

ˈˍʽ ˍˇ ˊʰ˄ˍʱˊ ˋʰˊ˗˄ʶʽ ˋʶ ˃ʽʰ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ʶ˄˗ ˇ ʲˊˇ˔ˇʴˊʱ˒ˇˌ 

˃ʶˍˊʱʶʽ ˍʹ ʲˊˇ˔ʺ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌΦ ʁʽ ʲˊˇ˔ˇʴˊʱ˒ˇʽ ʷ˔ˇˎ˄ ʰ˄ʱ˂ˎˋʹ ˉʱ˄˖ ʰˉˈ р 

˂ʶˉˍʱ όˇʽ ˉʽˇ ˋˏʴ˔ˊˇ˄ˇʽ ʷ˔ˇˎ˄ м ˂ʶˉˍˈύΣ ʶ˄˗ ˇʽ ˃ʶˍˊʺˋʶʽˌ ˍˇˎ ˊʰ˄ˍʱˊ ʶʾ˄ʰʽ ˋ˔ʶʵˈ˄ ˋˍʽʴ˃ʽʰʾʶˌ 

(20secκˋˍˊˇ˒ʺύΣ ˇˉˈˍʶ ʴʽʰ ˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˃ʶˍˊʹ˃ʷ˄˖˄ ˉˇˋˇˍʺˍ˖˄ ʲˊˇ˔ʺˌ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ 

ˊʰ˄ˍʱˊ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˇ˂ˇˁ˂ʹˊ˗˄ˇ˄ˍʰʽ ˖ˌ ˉˊˇˌ ˍˇ ˔ˊˈ˄ˇ όɾˉʰ˂ˍʱˌΣ нлмоύΦ 
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ʁʽ ˁˏˊʽʶˌ ˔ˊʺˋʶʽˌ ˍ˖˄ ˉˇˋˇˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ ʶʾ˄ʰʽ ʹ ʱ˃ʶˋʹ ˉˊˈʴ˄˖ˋʹ 

(nowcastingύ ˁʰʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍʰ ʰˊʽʻ˃ʹˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˉˊˈʴ˄˖ˋʹˌ 

ˁʰʽˊˇˏΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˉʾˋʹˌ ˋʶ ˋˎˋˍʺ˃ʰˍʰ ˉˊˇʶʽʵˇˉˇʾʹˋʹˌ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ 

ˋˍʹ ˋ˔ʷˋʹ ˏ˕ˇˎˌ ʲˊˇ˔ʺˌ-ʵʽʱˊˁʶʽʰˌΣ ˁʰʻ˗ˌ ˁʰʽ ˋʶ ˃ˇ˄ˍʷ˂ʰ ʲˊˇ˔ʺˌ-ʰˉˇˊˊˇʺˌ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ 

ˉˊˈʴ˄˖ˋʹˌ ˉ˂ʹ˃˃ˎˊ˗˄ ˁʰʽ ʶˉʶʽˋˇʵʾ˖˄ ˊˏˉʰ˄ˋʹˌΦ ɱʶ˄ʽˁˈˍʶˊʰΣ ˇʽ ʶʽˁˈ˄ʶˌ ˃ʶ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ 

ʲˊˇ˔ʺˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˎˊʷ˖ˌΣ ˉˇʽˇˍʽˁʱ ʴʽʰ ˍʹ˄ ˉʰˊˇ˔ʺ ˇˉˍʽˁ˗˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁʱ ˃ʶ 

ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄Φ ɮˁˈ˃ʰΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʰΣ ˉʰˊʰʵʶʾʴ˃ʰˍˇˌ ˔ʱˊʹΣ ˁʰˍʱ ˍˇ 

ˋ˔ʶʵʽʰˋ˃ˈ ʵʽˁˍˏˇˎ ʲˊˇ˔ˇʴˊʱ˒˖˄ ˈˉˇˎ ˃ʶ˂ʶˍ˗˄ˍʰʽ ˇʽ ʽˋˍˇˊʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌΣ ˈˉ˖ˌ ʶˉʾˋʹˌ ˁʰʽ 

ˁʰˍʱ ˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˃ˇ˄ˍʷ˂˖˄ ʲˊˇ˔ʺˌ-ʰˉˇˊˊˇʺˌΣ ˈˉˇˎ ʶˁˍʽ˃˗˄ˍʰʽ ˇʽ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˃ʷˋʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʴʽʰ ˍʽˌ ʶˁʱˋˍˇˍʶ ˂ʶˁʱ˄ʶˌ ʰˉˇˊˊˇʺˌ όʊʶ˂˗˄ʹΣ нлмрύΦ 

ɶ ʶʴˁʰˍʱˋˍʰˋʹ ˍˇˎ ˊʰ˄ˍʱˊ ʰˉˇˍʶ˂ʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ʰˉˈ ˍˇ ˉʽʱˍˇ ˍˇˎ ˊʰ˄ˍʱˊΣ ʷ˄ʰ ʻˈ˂ˇ ʴʽʰ ˄ʰ ˍˇ 

ˉˊˇˋˍʰˍʶˏʶʽ ˁʰʽ ʷ˄ʰ ˁˍʾˊʽˇ ʴʽʰ ˄ʰ ˋˍʶʴʱˋʶʽ ˍˇ˄ ˎˉˇ˂ˇʴʽˋˍʺ ˁʰʽ ˍˇ˄ ʹ˂ʶˁˍˊʽˁˈ ʶ˅ˇˉ˂ʽˋ˃ˈΦ ɱʽʰ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΣ ˋˎ˄ʺʻ˖ˌ ˂ʶʽˍˇˎˊʴˇˏ˄ ˋʶ ˃ʺˁʹ ˁˏ˃ʰˍˇˌ ʰˉˈ оΣ рΦр ʺ мл cmΣ ˉˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ X-band, C-band ˁʰʽ S-bandΦ ɶ ʶ˅ʰˋʻʷ˄ʽˋʹ ˍˇˎ ˋʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˋʶ 

˃ʽˁˊˈˍʶˊʰ ˃ʺˁʹ ˁˏ˃ʰˍˇˌΣ ˁʰʽ ˖ˌ ʶˁ ˍˇˏˍˇˎ ˍˇ ʶˏˊˇˌ ˍʽ˃˗˄ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊˇΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹ 

ʰˉʰʽˍʶʾˍʰʽ ˃ʽˁˊˈˍʶˊˇˌ ˁʰʽ ˒ʻʹ˄ˈˍʶˊˇˌ ʶ˅ˇˉ˂ʽˋ˃ˈˌ όˈˉ˖ˌ ˍʰ X-bandύΦ ʆʰ ˉʶˊʽˋˋˈˍʶˊʰ 

ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ ʶʾ˄ʰʽ ʶʾˍʶ C-Σ ʶʾˍʶ S-band ʰ˄ ˁʰʽ ʶ˄ʾˇˍʶ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ X-

band ɹ ʽʰ ˄ʰ ˋˎ˃ˉ˂ʹˊ˖ʻˇˏ˄ ˍʰ ˁʶ˄ʱ ˍˇˉʽˁʱ ˋʶ ʶˉʾˉʶʵˇ ʵʽˁˍˏˇˎ ˋˍʰʻ˃˗˄ ʺ ˋʶ ˉʶˊʽˇ˔ʷˌ ˎ˕ʹ˂ˇˏ 

ˊʾˋˁˇˎ όˉʰˊʱʵʶʽʴ˃ʰ ˍʷˍˇʽʰˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ʹ ɲʰ˄ʾʰΥ Pedersen et alΦΣ нллтύΦ ʅˍʽˌ ɶʃɮ ˂ʶʽˍˇˎˊʴʶʾ 

ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ʷ˄ʰ ʵʾˁˍˎˇ 150 S-band Doppler ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ όNEXRAD system: 

http:// radar.weather.gov/ύ ˎˉˈ ˍʹ˄ ʰʽʴʾʵʰ ˍʹˌ ɳʻ˄ʽˁʺˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʇˉʹˊʶˋʾʰˌΦ ʅˍʹ˄ 

ɳˎˊ˗ˉʹ ˍˇ EUMETNET OPERA project (http:// www.knmi.nl/ opera/ύ ʵʽʰˍʹˊʶʾ ˃ʽʰ ʲʱˋʹ 

ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˉʶˊʽˋˋˈˍʶˊʰ ʰˉˈ мфл ˊʰ˄ˍʱˊ ˁʰʽ ол ˔˗ˊʶˌΦ 

ʆʰ ˉʶˊʽˋˋˈˍʶˊʰ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏ ˂ʶʽˍˇˎˊʴˇˏ˄ ˃ʶˍʰʵʾʵˇ˄ˍʰˌ ˃ʽʰ ˉʰ˂˃ʽˁʺ ʵʷˋ˃ʹ ˃ʽˁˊˇˁˎ˃ʱˍ˖˄ 

ˁʰʽ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰˌ ʰ˒ʶ˄ˈˌ ˍʹ˄ ʽˋ˔ˏ ˍˇˎ ʰ˄ʰˁ˂˗˃ʶ˄ˇˎ ˋʺ˃ʰˍˇˌ όʵʾ˄ˇ˄ˍʰˌ ʶˁˍʾ˃ʹˋʹ ˍʹˌ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌύ ˁʰʽ ʰ˒ʶˍʷˊˇˎ ˍˇ ˔ˊˈ˄ˇ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ  ˍʹ˄ ʶˉʽˋˍˊˇ˒ʺ ˍˇˎ ˋʺ˃ʰˍˇˌ 

όʵʾ˄ˇ˄ˍʰˌ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʰˉˈˋˍʰˋʹˌ ʰˉˈ ˍˇ ˊʰ˄ˍʱˊύΦ ʁ ˔ˊˈ˄ˇˌ ʶˉʽˋˍˊˇ˒ʺˌ ˁʰˍʰʴˊʰ˒ʺˌ όάlistening 

timeέύ ʶʾ˄ʰʽ ˍˎˉʽˁʱ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊˇˌ ʰˉˈ ˍˇ ˔ˊˈ˄ˇ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˍˇˎ 

ˋʺ˃ʰˍˇˌΦ ɶ ʵʷˋ˃ʹ ˉʶˊʽˋˍˊʷ˒ʶˍʰʽ ʴˏˊ˖ ʰˉˈ ʷ˄ʰ˄ ˁʰˍʰˁˈˊˎ˒ˇ ʱ˅ˇ˄ʰ όослύꜛ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ 

ˊˎʻ˃ʽˋˍʶʾ ˋʶ ˁʱˉˇʽʰ ʴ˖˄ʾʰ ˖ˌ ˉˊˇˌ ˍˇ˄ ˇˊʽʸˈ˄ˍʽˇ ʱ˅ˇ˄ʰΣ όˉΦ˔Φ ˋʶ ˊʰ˄ˍʱˊ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʰ ˋʶ 

ˇˊʶʽ˄ʷˌ ˉʶˊʽˇ˔ʷˌΣ ʹ ʵʷˋ˃ʹ ˋʰˊ˗˄ʶʽ ˋʶ ʴ˖˄ʾʰ ˎˉˈ ˍʹˌ ˇˊʽʸˈ˄ˍʽʰˌύΦ ʅˍˇ ʅ˔ʺ˃ʰ 2.3 ˉʰˊˇˎˋʽʱʸʶˍʰʽ 

ˋ˔ʹ˃ʰˍʽˁʱ ˇ ˍˊˈˉˇˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˊʰ˄ˍʱˊΦ  

ʇˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʷˌ ˉʰˊʰ˂˂ʰʴʷˌ ˍʹˌ ʲʰˋʽˁʺˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ˊʰ˄ˍʱˊ 

˃ʶ ˉˇ˂˂ʰˉ˂ʷˌ ʵʷˋ˃ʶˌ ʺ ʶˁʶʾ˄˖˄ ˃ʶ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ʷ˄ʶˌ ˋˍˊʰˍʹʴʽˁʷˌ ˋʱˊ˖ˋʹˌ όˍʰ ˉ˂ʷˇ˄ 

ˁʰˍʱ˂˂ʹ˂ʰ ˋʶ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌύΦ ʆʰ ˊʰ˄ˍʱˊ Doppler ʶʾ˄ʰʽ ʶˉʾˋʹˌ ʶˎˊʷ˖ˌ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʰ ˁʰʽ ˋʶ ʰˎˍʱ ʹ ˃ʶˍʰˍˈˉʽˋʹ ˍʹˌ ˒ʱˋʹˌ ˍˇˎ ʰ˄ʰˁ˂˗˃ʶ˄ˇˎ ˋʺ˃ʰˍˇˌ ˉʰˊʷ˔ʶʽ ʷ˄ʰ 

˃ʷˍˊˇ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˁʰʽ ˍʹˌ ˁʰˍʶˏʻˎ˄ˋʹˌ ˍ˖˄ ˎʵˊˇˋˍʰʴˇ˄ʽʵʾ˖˄ ς ˁʽ ˖ˌ ʶˁ ˍˇˏˍˇˎ ˍʹˌ 

http://radar.weather.gov/
http://www.knmi.nl/opera/
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ˁʰˍʶˏʻˎ˄ˋʹˌ ˁʰʽ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ς ˁ ʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍ˖˄ ˍˇˉˇʴˊʰ˒ʽˁ˗˄ 

ʶ˃ˉˇʵʾ˖˄Φ ʃˇ˂ʰˊʽ˃ʶˍˊʽˁʷˌ ʺ ʵʽˉ˂ʺˌ ˉˈ˂˖ˋʹˌ ˋˎˋˁʶˎʷˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ˈ˂ˇ 

ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˁʰʽ ˉʰˊʷ˔ˇˎ˄ ʶˉʾˋʹˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ʲˇʹʻˇˏ˄ ˋˍʹ˄ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˍ˖˄ 

ˎʵˊˇˋˍʰʴˇ˄ʽʵʾ˖˄ ˁʰʽ ˋˍˇ˄ ʷ˂ʶʴ˔ˇ ˉˇʽˈˍʹˍʰˌ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎ ˊʰ˄ˍʱˊ όʊʶ˂˗˄ʹΣ нлмрύΦ 

 

ʅ˔ʺ˃ʰ нΦоΥ ʆˊˈˉˇˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˊʰ˄ˍʱˊ ώʃʹʴʺΥ Met Office, 2007]. 

ɱʽʰ ˄ʰ ʶˊ˃ʹ˄ʶˎˍʶʾ ˍˇ ʰ˄ʰˁ˂˗˃ʶ˄ˇ ˋʺ˃ʰ ˋˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ʽʰ ˋ˔ʷˋʹ ˉˇˎ ʰ˒ˇˊʱ ˋˍʹ˄ 

ʽˋ˔ˏ ˍˇˎ ˋʺ˃ʰˍˇˌ ˉˊˇˌ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍ˖˄ ˎʵˊˇˋˍʰʴˇ˄ʽʵʾ˖˄ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˍʹˌ 

ʷ˄ˍʰˋʹˌ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ʁʽ ˋ˔ʷˋʶʽˌ ʰˎˍʷˌ ˋˎ˄ʺʻ˖ˌ ʲʰʻ˃ˇ˄ˇ˃ˇˏ˄ˍʰʽ ʴʽʰ ˍʽˌ ˍˎˉʽˁʷˌ ˍˇˉʽˁʷˌ 

ˋˎ˄ʻʺˁʶˌ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ- ʺ ˎˉʶˊ-ʶˁˍʽ˃ˇˏ˄ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˁʱˍ˖ ʰˉˈ ˉˇ˂ˏ ʶ˂ʰ˒ˊʱ ʺ 

ʶ˅ʰʽˊʶˍʽˁʱ ʽˋ˔ˎˊʺ ʲˊˇ˔ˈˉˍ˖ˋʹΦ ʁʽ ζʰʻˊˇʽˋ˃ʷ˄ʶˌη ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ˋˎ˄ʺʻ˖ˌ ʶ˅ʱʴˇ˄ˍʰʽ ˋʶ ʲʺ˃ʰ 

рΩΣ мрΩ ʺ ˋʶ ˖ˊʽʰʾʶˌ ˍʽ˃ʷˌ ʴʽʰ ˍʽˌ ˋˎ˄ʺʻʶʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˉˊˈʴ˄˖ˋʹˌΦ ʆˇ ˂ˇʴʽˋ˃ʽˁˈ 

ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˋʺ˃ʰˍˇˌ ˋˎ˄ʺʻ˖ˌ ʶˉʽ˔ʶʽˊʶʾ ˄ʰ ʵʽˇˊʻ˗ˋʶʽ ˃ʽʰ ˋʶʽˊʱ ʱ˂˂˖˄ ˉʰˊʰʴˈ˄ˍ˖˄Σ 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ʰ˄˗˃ʰ˂˖˄ ʰ˄ʰˁ˂ʱˋʶ˖˄Σ ˈˍʰ˄ ʹ ʵʷˋ˃ʹ ˋˎ˄ʰ˄ˍʱ ʷʵʰ˒ˇˌ ʺ 

ʰʽ˖ˊˇˏ˃ʶ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ όʷ˄ˍˇ˃ʰΣ ˉˇˎ˂ʽʱΣ ʰʶˊˇˋˁʱ˒ʹ ˁΦʰΦύΦ ɶ ˇˉˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˁʰʽ 

ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˃ˉˇˊʶʾ ˄ʰ ʲˇʹʻʺˋʶʽ ˋˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ʰˉˇ˒ˎʴʺˌ ˍ˖˄ ˍˇˉˇʴˊʰ˒ʽˁ˗˄ ʶ˃ˉˇʵʾ˖˄ 

όάground clutterέύ ˁʰʽ ˋˍʹ ʵʽˈˊʻ˖ˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˕ʹ˒ʽʰˁʱ ˃ˇ˄ˍʷ˂ʰ 

ʶʵʱ˒ˇˎˌ όSene, 2009). 

ʇˉʱˊ˔ˇˎ˄ ʶˉʾˋʹˌ ʶʴʴʶ˄ʶʾˌ ˉʶˊʽˇˊʽˋ˃ˇʾ ˋʶ ˈˍʽ ʰ˒ˇˊʱ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˋʶ ˃ʶʴʱ˂ʹ 

ʰˉˈˋˍʰˋʹ ʰˉˈ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ ˍˇˎ ˊʰ˄ˍʱˊΣ ˁʰʻ˗ˌ ˍˇ ˋʺ˃ʰ ʶ˅ʰˋʻʶ˄ʶʾΦ ɶ ˁ ʰ˃ˉˎ˂ˈˍʹˍʰ ˍʹˌ ɱʹ ̩

ˁʰʽ ʹ ʰˏ˅ʹˋʹ ˍˇˎ ˏ˕ˇˎˌ ˍʹˌ ʵʷˋ˃ʹˌ ˍˇˎ ˊʰ˄ˍʱˊ ˉʱ˄˖ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ ˃ʶ ˍʹ˄ ʰˉˈˋˍʰˋʹ ʰˉˈ 

ʰˎˍˈΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ˎˉʷˊʲʰˋʹ ʶ˄ˈˌ ˄ʷ˒ˇˎˌ ό˄ʰ ˋˍˇ˔ʶˏˋʶʽ ˉʱ˄˖ ʰˉˈ ˍʰ 

ˋˎ˄ʺʻʹ ˏ˕ʹύ ʰˉˇˍʶ˂ˇˏ˄ ˇˊʽˋ˃ʷ˄ˇˎˌ ʰˁˈ˃ʰ ˉʶˊʽˇˊʽˋˍʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ 

ˉʰˊʷ˔ʶʽ ˍˇ ˊʰ˄ˍʱˊ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ʵʽʰʻʷˋʽ˃ʰ ˃ʷ˔ˊʽ ʷ˄ʰ ʰ˄˗ˍʰˍˇ ˈˊʽˇ ζʶ˃ʲʷ˂ʶʽʰˌηΣ ˃ʶ 

˔ʰ˃ʹ˂ˈˍʶˊʹ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ ˋˍʰ ˃ʶʴʰ˂ˏˍʶˊʰ ʶˏˊʹΣ ˁʱˍʽ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶˉʹˊʶʱˋʶʽ ˍʹ˄ 

ˁʰˍʰ˂˂ʹ˂ˈˍʹˍʰ ˔ˊʺˋʹˌ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˋʶ ˎʵˊˇ˂ˇʴʽˁʱ ˃ˇ˄ˍʷ˂ʰΦ ɳ˄ʵʶʽˁˍʽˁʺ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ 

ˍʷˍˇʽ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ р km όˍˎˉʽˁˈ ˃ʷʴʽˋˍˇ ʶˏˊˇˌ млл-250 kmύ ʴʽʰ ˍʰ C-band, 

˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ ʰ˄ʱ˂ˎˋʹ όм kmύ ˁˇ˄ˍʱ ˋˍʹ ʻʷˋʹ ˍˇˎ ˊʰ˄ˍʱˊΦ 
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ɶ ʰˁˊʾʲʶʽʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˃ˉˇˊʶʾ ʶˉʾˋʹˌ ˄  hʁ ˉʹˊʶʰˋˍʶʾ ʰˉˈ ˍʽˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ 

ʶˉʽˁˊʰˍˇˏ˄ ʴˏˊ˖ ʰˉˈ ˍʹ ʸ˗˄ʹ ˍˇˎ ˊʰ˄ˍʱˊΦ ʃʰˊʰʵʶʾʴ˃ʰˍˇˌ ˔ʱˊʹΣ ʹ ʰˁˊʾʲʶʽʰ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ 

ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ ˋʶ ˔ʰ˃ʹ˂ʱ ʶˉʾˉʶʵʰ όˁʱˍ˖ ʰˉˈ ˍʹ˄ ʰˁˍʾ˄ʰ ˍˇˎ ˊʰ˄ˍʱˊύΦ ɮˁˈ˃ʰΣ 

ʶ˅ʰʽˍʾʰˌ ˍ˖˄ ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄ ˍʹˌ ˉˎˁ˄ˈˍʹˍʰˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ ˉˊˇˁʰ˂ʶʾˍʰʽ ʰ˄˗˃ʰ˂ʹ ˃ʶˍʱʵˇˋʹ 

όˇ ʵʽʶʻ˄ʺˌ ˈˊˇˌ άanapropέ h̄ ˈ ˍˇ άanomalous propagationέύ ˍˇˎ ɶɾ ˁˏ˃ʰˍˇˌΣ ˁʰʽ ˋˎ˔˄ʷˌ 

ˉˊˇˋˉˍ˗ˋʶʽˌ ˋˍˇ ʶʵʰ˒ˇˌΦ ʅˍˇ ʅ˔ʺ˃ʰ 2.4 ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ʵʽʱ˒ˇˊˇʽ ˍʷˍˇʽˇʽ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ όMet 

Office, 2007).  

  
(ʰύ όʲύ 

  

όʴύ όʵύ 

  
όʶύ όˋˍύ 

ʅ˔ʺ˃ʰ нΦпΥ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˉʹʴʷˌ ˋ˒ʰ˂˃ʱˍ˖˄ ˋˍʽˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˍ˖˄ ˊʰ˄ˍʱˊ ˁʰʽˊˇˏΦ ɮˉˈ 

ˉʱ˄˖ ʰˊʽˋˍʶˊʱ ˉˊˇˌ ʵʶ˅ʽʱΥ όʰύ ʵʷˋ˃ʹ ˊʰ˄ˍʱˊ ˉʱ˄˖ ʰˉˈ ˍˇ ˉʶʵʾˇ ʲˊˇ˔ʺˌΣ όʲύ ʶ˅ʱˍ˃ʽˋʹ ˍʹˌ 

ʲˊˇ˔ʺˌ ˋʶ ˔ʰ˃ʹ˂ʱ ˏ˕ʹΣ όʴύ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ʲˊˇ˔ʺˌ ˂ˈʴ˖ ˇˊˇʴˊʰ˒ʾʰˌΣ όʵύ ˂ʰ˃ˉˊʺ ʸ˗˄ʹΣ όʶύ 

˃ʶˍʰʲ˂ʹˍʱ ˃ʶʴʷʻʹ ˎʵˊˇˋˍʰʴˇ˄ʽʵʾ˖˄Σ όˋˍύ ʰ˄˗˃ʰ˂ʹ ˃ʶˍʱʵˇˋʹ ώʃʹʴʺΥ Met OfficeΣ нллт ˃ʶˍʱ 

ʰˉˈ ˍˊˇˉˇˉˇʾʹˋʹϐΦ 
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ʅˍʰ ˉʶˊʽˋˋˈˍʶˊʰ ˊʰ˄ˍʰˊ ˁʰʽˊˇˏ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ʵʽˇˊʻ˗ˋʶʽˌ ʴʽʰ ˍˇˎˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ 

ˉʰˊʱʴˇ˄ˍʶˌΦ ɶ ˉʽʻʰ˄ ̋ˁʰˍʰˁˊʺ˃˄ʽˋʹ ˋʶ ˁʱʻʶ ʶʽˁˇ˄ˇˋˍˇʽ˔ʶʾˇ ˍˇˎ ˊʰ˄ˍʱˊ ʵʽˇˊʻ˗˄ʶˍʰʽ ˃ʶ ʲʱˋʹ 

ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ʴʽʰ ˍˇ ˁʰˍʰˁˈˊˎ˒ˇ ˉˊˇ˒ʾ˂ ˍʹˌ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰˌ ˁʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ 

˃ʶ ˔ˊʺˋʹ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ όˉ˔Φ ʰ̄ ˈ ʵʾˁˍˎˇ ʲˊˇ˔ˇʴˊʱ˒˖˄Σ ʵˇˊˎ˒ˇˊʽˁʷˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌΣ ʰˊʽʻ˃ʹˍʽˁʺ ˉˊˈʴ˄˖ˋʹ ˁʰʽˊˇˏΣ ˁ˂ˉΦύΦ ʁʽ ʵˏˇ ʰˎˍʷˌ ˃ʷʻˇʵˇʽ ˂ʶʽˍˇˎˊʴˇˏ˄ 

ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʱ ʴʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʵˎ˄ʰˍʺ ˉˊˇˋʷʴʴʽˋʹΦ ʃˇ˂˂ʱ ˋˎˋˍʺ˃ʰˍʰ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ 

ʴʽʰ ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʺ ˍˇˎˌ ˋʶ ʶˉʽ˔ʶʽˊʹˋʽʰˁˇˏˌ ˋˁˇˉˇˏˌΣ ʷ˄ʰˌ ˍˇ˃ʷʰˌ ʷˊʶˎ˄ʰˌ ˉˇˎ ʰˁˈ˃ʰ 

ʰ˄ʰˉˍˏˋˋʶˍʰʽΦ ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʰ˄ʱ˂ˇʴ˖˄ ʶ˒ʰˊ˃ˇʴ˗˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ ˔ˊʺˋʹ ʰ˒ʶ˄ˈˌ 

ˉʰˊʰʴˈ˄ˍ˖˄ ˉˊˇˋʰˊ˃ˇʴʺˌ όάbias adjustment factorsέύΣ ˇʽ ˇˉˇʾˇʽ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ʰ˄ʱ ˍʰˁˍʱ 

˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ όˉ˔Φ ʰ˄ʱ ʲʵˇ˃ʱʵʰύ ˈˍʰ˄ ʹ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ʵʽˁˍˏˇˎ ʲˊˇ˔ˇʴˊʱ˒˖˄ ˁʰʽ 

ˊʰ˄ˍʱˊ ˎˉʶˊʲʰʾ˄ʶʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˈˊʽˇΣ ˁʰʽ ʰ˒ʶˍʷˊˇˎ ˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ 

ʵˎ˄ʰ˃ʽˁ˗˄ ˋ˔ʷˋʶ˖˄ ˃ʶ ˃ˉʶʿʸʽʰ˄ʷˌ ˁʰʽ ʱ˂˂ʶˌ ˉˊˇˋʶʴʴʾˋʶʽˌ όTodini 2001; Moore et al., 2004; Seo 

and Breidenbach, 2002). 

ʅʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ʶ˄ˈˌ ʵʽˁˍˏˇˎ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄Σ ˍˇ ˇˉˇʾˇ 

ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˃ˈ˂ʽˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋʹ˃ʶʾʰ ˋˍˇ ʷʵʰ˒ˇˌΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˊʰ˄ˍʱˊ ˉʰˊʷ˔ˇˎ˄ ˉʽˇ 

˂ʶˉˍˇ˃ʶˊʶʾˌ ˔˖ˊʽˁʷˌ ʶˁˍʽ˃ʺˋʶʽˌΣ ʰ˄ ˁʰʽ ʹ ʰˁˊʽʲʺˌ ˃ʷˍˊʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ˉˇˊʶʾ ˄ʰ 

ʶˉʽˍʶˎ˔ʻʶʾ ˃ˈ˄ˇ ʰˉˈ ʶʵʱ˒ˇˎˌΦ ɯ˂˂ʰ ˉˊˇʿˈ˄ˍʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍ˖˄ 

ʶˁˍʽ˃ʺˋʶ˖˄ ˍ˖˄ ˊʰ˄ˍʱˊ ʶʾ˄ʰʽ ˍˈˋˇ ˇʽ ʵˇˊˎ˒ˇˊʽˁʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌΣ ˈˋˇ ˁʰʽ ˍʰ ʰˊʽʻ˃ʹˍʽˁʱ 

˃ˇ˄ˍʷ˂ʰ ˉˊˈʴ˄˖ˋʹˌ όʊʶ˂˗˄ʹΣ нлмрύΦ 

2.4 ɳˁˍʾ˃ʹˋʹ ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ʵˇˊˎ˒ˈˊ˖˄ 

ɶ ʶˁˍʾ˃ʹˋʹ ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ʵˇˊˎ˒ˈˊ˖˄ ʶʾ˄ʰʽ ˃ʽʰ ˍʶ˔˄ˇ˂ˇʴʾʰ ˉˇˎ ʷ˔ʶʽ ʶ˅ʶ˂ʽ˔ʻʶʾ 

ˁʰʽ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˊʰʴʵʰʾʰ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰΦ ʅˍʹˊʾʸʶˍʰʽ ˋˍʹ ˋˎ˂˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ 

ʵʽʱ˒ˇˊʰ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˈˊʴʰ˄ʰ ˍˇˉˇʻʶˍʹ˃ʷ˄ʰ ˋʶ ˍˊˇ˔ʽʱ ʴˏˊ˖ ʰˉˈ ˍʹ ɱʹ, ̄ ˇˎ ʶʱ˄ ˋˎ˄ʵˎʰˋˍˇˏ˄ 

˃ʶˍʰ˅ˏ ˍˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶˁˍʽ˃ʹʻʶʾ ˃ʶ ̝̀ ʶˍʽˁʺ ʰˁˊʾʲʶʽʰ ˇ ̍ʴˁˇ ̩ˍ˖˄ ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ ˋʶ ˃ʽʰ 

ˉʶˊʽˇ˔ʺΦ ʅˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʱ ˍˇˎˌ ˋˎʴˁʰˍʰ˂ʷʴʶˍʰʽ ʹ ˁʱ˂ˎ˕ʹ ˃ʶʴʱ˂˖˄ ˉʶˊʽˇ˔˗˄ ˇ˂ˈˁ˂ʹˊˇˎ ˍˇˎ 

ˉ˂ʰ˄ʺˍʹΣ ˔˖ˊʾˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏˌ ˋˎ˄ˈˊ˖˄ ˁʰʽ ʹ ˇ˃ˇʽˇʴʷ˄ʶʽʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ 

ˍʰ ʶˉʽ˃ʷˊˇˎˌ ˋˎˋˍʺ˃ʰˍʰ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌ ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄ ˋʶ ʵʽʱ˒ˇˊʶˌ ˔˗ˊʶˌΦ 

ʁʽ ʵˇˊˎ˒ˈˊˇʽ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʺ˃ʶˊʰ ʴʽʰ ˍʹ ˋˎ˂˂ˇʴʺ ˍʷˍˇʽ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ 

ˍˊʶʽˌ ˁʰˍʹʴˇˊʾʶˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʶʾʵˇˌ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎˌΦ ɶ ˉˊ˗ˍʹ ˁʰˍʹʴˇˊʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇˎˌ 

ˋˎʴ˔ˊˇ˄ʽˋ˃ʷ˄ˇˎ ̩˃ ʶ ˍˇ˄ ʺ˂ʽˇ ʵˇˊˎ˒ˈˊˇˎΦ̩ ɶ ˍˊˇ˔ʽʱ ʰˎˍˇˏ ˍˇˎ ˍˏˉˇˎ ʵˇˊˎ˒ˈˊ˖˄ ʷ˔ʶʽ ˃ʾʰ ˁ˂ʾˋʹ 

ˉʶˊʾˉˇˎ фуΦс ˃ˇʾˊʶˌ ˁʰʽ ʷ˔ʶʽ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˄ʰ ˉˊˇ˃ʹʻʶˏʶʽ ʵʶʵˇ˃ʷ˄ʰ ˍʹ˄ ʾʵʽʰ ˍˇˉʽˁʺ ˗ˊʰ ˁʱʻʶ 

˃ʷˊʰΦ ʅˍʹ ʵʶˏˍʶˊʹ ˁʰˍʹʴˇˊʾʰ ʰ˄ʺˁˇˎ˄ ˇʽ ʵˇˊˎ˒ˈˊˇʽ ˃ʷˋʹˌ ˁ˂ʾˋʹˌ όор-тл ˃ˇʾˊʶˌύΦ ɮˎˍˇʾ 

ˉʰˊʷ˔ˇˎ˄ ˋˏ˄ˍˇ˃ʰ ʵʽʰˋˍʺ˃ʰˍʰ ʶˉʰ˄ʰ˒ˇˊʱˌ ˉʱ˄˖ ʰˉˈ ˍˇ ʾʵʽˇ ˋʹ˃ʶʾˇΦ ʍˋˍˈˋˇ ˇ ˉʶˊʽˇˊʽˋ˃ˈˌ 

ˍ˖˄ тл ˃ˇʽˊ˗˄ ʵʶ˄ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˁʱ˂ˎ˕ʹ ˍ˖˄ ˉˈ˂˖˄ ʰˉˈ ʰˎˍˇˏˌ ˍˇˎˌ ʵˇˊˎ˒ˈˊˇˎˌΦ ʆʷ˂ˇˌ ˇʽ 

ʵˇˊˎ˒ˈˊˇʽ ˃ʽˁˊʺˌ ˁ˂ʾˋʹˌ όнр-ол  ˃ˇʾˊʶˌ ˁ˂ʾˋʹύ ʷ˔ˇˎ˄ ˉˇ˂ˏ ˃ʽˁˊˇˏˌ ˔ˊˈ˄ˇˎˌ ʶˉʰ˄ʰ˒ˇˊʱˌ ˁʰʽ ʵʶ 
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˔ˊʶʽʱʸˇ˄ˍʰʽ ʽʵʽʰʾˍʶˊʹ ʻʶˊ˃ʽˁʺ ˃ˈ˄˖ˋʹΦ ʂ˃˖ˌΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ʵˇˊˎ˒ˈˊˇˎˌ ˃ʷˋʹˌ ˁ˂ʾˋʹˌ ˁʰʽ 

ˋˎʴ˔ˊˇ˄ʽˋ˃ʷ˄ˇˎˌ ʵˇˊˎ˒ˈˊˇˎˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵˇʻʶʾ ʽʵʽʰʾˍʶˊˇ ʲʱˊˇˌ ˗ˋˍʶ ˄ʰ ˁʰˍʰ˄ʷ˃ˇ˄ˍʰʽ 

˔˖ˊʽˁʱ ˃ʶ ʰˋ˒ʱ˂ʶʽʰ ʴʽʰ  ˇ ʾʵʽˇ ˏ˕ˇˌ ˍˊˇ˔ʽʱˌΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰʻˇˊʽˋ˃ˇˏ 

ˍʹˌ ˍˊˇ˔ʽʱˌ ʶ˄ˈˌ ʵˇˊˎ˒ˈˊˇˎ ˁʰˍʰ˂ʺʴʶʽ ˋˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ ˋˎ˄ʵˎʰˋ˃ˇˏ ʸ˗˄ʹˌ ˁʱ˂ˎ˕ʹˌ ˍʹˌ 

ʴʺʽ˄ʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˉˇʽˈˍʹˍʰˌ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ ɾʶʴʰ˂ˏˍʶˊʹ ˁʱ˂ˎ˕ʹ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ 

ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ˏ˕ˇˎˌ ˍʹˌ ˍˊˇ˔ʽʱˌ ˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʹ ˃ʶʾ˖ˋʹ ˈ˃˖ˌ ˍʹˌ ˉˇʽˈˍʹˍʰˌ ʰ˄ʱ˂ˎˋʹˌ ˁʰʻ˗ˌ 

ʹ ˂˖ˊʾʵʰ ˁʱ˂ˎ˕ʹˌ ˍʹˌ ʴʺʽ˄ʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʵʽʰ˔˖ˊʾʸʶˍʰʽ ˋʶ ʰˊʽʻ˃ˈ ʰˁˍʽ˄˗˄ ˉˇˎ ˍʰ ˈˊʴʰ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ όɾˉʰ˂ˍʱˌΣ нлмоύΦ ʃˊ˖ˍˇˉˈˊˇˌ ˋˍˇ˄ ˍˇ˃ʷʰ ʰˎˍˈ ʶʾ˄ʰʽ ˇ ʵˇˊˎ˒ˈˊˇˌ TRMMΣ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˇˉˇʾˇˎ ˁʰʽ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΦ 

2.4.1 ɶ ʰˉˇˋˍˇ˂ʺ TRMM 

ɶ ʰˉˇˋˍˇ˂ʺ ɾʷˍˊʹˋʹˌ ˍʹˌ ʆˊˇˉʽˁʺˌ ɰˊˇ˔ˈˉˍ˖ˋʹˌ TRMM (Tropical Rainfall Measuring Mission) 

ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʰˉˈ ˁˇʽ˄ˇˏ ˉˊˇˋˉʱʻʶʽʰ ˍʹˌ NASA (National Aeronautics and Space Administration) 

ˍ˖˄ ɶ˄˖˃ʷ˄˖˄ ʃˇ˂ʽˍʶʽ˗˄ ˍʹˌ ɮ˃ʶˊʽˁʺˌ ˁʰʽ ˍʹˌ JAXA (Japan Aerospace Exploration Agencyύ ˍʹˌ 

ɹʰˉ˖˄ʾʰˌ ʴʽʰ ˍʹ˄ ʶˁˍʶ˄ʷˋˍʶˊʹ ˁʰʽ ʰˁˊʽʲʷˋˍʶˊʹ ˁʰˍʰʴˊʰ˒ʺΣ ˃ʷˋ˖ ʵˇˊˎ˒ˈˊˇˎΣ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ˋˍʽˌ ˍˊˇˉʽˁʷˌ ˁʰʽ ˎˉˇˍˊˇˉʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹ όɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ нлмлύΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ 

ˋʹ˃ʰ˄ˍʽˁˈ ʶˊʶˎ˄ʹˍʽˁˈ ˉˊˈʴˊʰ˃˃ʰ ˋˍˇ ˇˉˇʾˇ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˉʶˊʽˋˋˈˍʶˊˇʽ ʰˉˈ ол ʶˉʽˋˍʺ˃ˇ˄ʶˌ ˋʶ 

ˈ˂ˇ˄ ˍˇ˄ ˁˈˋ˃ˇ ˁʰʽ ˍˇ ˇˉˇʾˇ ʷ˔ʶʽ ˖ˌ ˋˍˈ˔ˇ όKummerow et al., 2000): 

ʰύ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ˉʰʴˁˈˋ˃ʽˇˎ ʶ˄ʶˊʴʶʽʰˁˇˏ ˁʰʽ ˎʵˊˇ˂ˇʴʽˁˇˏ ˁˏˁ˂ˇˎΣ 

ˉʰˊʷ˔ˇ˄ˍʰˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺΣ ˉʱ˄˖ ʰˉˈ ˍʽˌ ˍˊˇˉʽˁʷˌ ˁʰʽ ˎˉˇˍˊˇˉʽˁʷˌ 

ˉʶˊʽˇ˔ʷˌΣ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˍʹˌ ˂ʰ˄ʻʱ˄ˇˎˋʰˌ ʻʶˊ˃ˈˍʹˍʰˌ ˉˇˎ ʰˉʶ˂ʶˎʻʶˊ˗˄ʶˍʰʽ 

ˁʰˍʱ ˍʹ ˋˎ˃ˉˏˁ˄˖ˋʹ ˍʹˌ ˎʴˊʰˋʾʰˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˋʶ ˋˍʰʴˇ˄ʾʵʽʰ ˄ʶ˒˗˄Σ ˁʰʽ ʹ ˇˉˇʾʰ 

ʰˉˇˍʶ˂ʶʾ ˉʹʴʺ ʴʽʰ ˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˁˎˁ˂ˇ˒ˇˊʾʰΦ 

ʲύ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˃ʹ˔ʰ˄ʽˋ˃˗˄ ˃ʷˋ˖ ˍ˖˄ ˇˉˇʾ˖˄ ˇʽ ˍˊˇˉʽˁʷˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ʶˉʹˊʶʱʸˇˎ˄ 

ˍʹ˄ ˉʰʴˁˈˋ˃ʽʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˁˎˁ˂ˇ˒ˇˊʾʰΣ ˃ʶ ˋˁˇˉˈ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʰˎˍ˗˄ ˍ˖˄ ˃ʹ˔ʰ˄ʽˋ˃˗˄Σ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽˍʶˎ˔ʻˇˏ˄ ˁʰ˂ˏˍʶˊʶˌ 

ˉˊˇʲ˂ʷ˕ʶʽˌ ˍʹˌ ˉʰʴˁˈˋ˃ʽʰˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˍʹˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ 

˃ʹ˄ʽʰʾʶˌ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˁ˂ʾ˃ʰˁʶˌΦ 

ʴύ ˍʹ ˔ˊʺˋʹ ˍ˖˄ ˁʰˍʰ˄ˇ˃˗˄ ˍʹˌ ʲˊˇ˔ʺˌ ˁʰʽ ˍʹˌ ˂ʰ˄ʻʱ˄ˇˎˋʰˌ ʻʶˊ˃ˈˍʹˍʰˌ ˖ˌ ʰˊ˔ʽˁʷˌ 

ˋˎ˄ʻʺˁʶˌ ˋʶ ˃ˇ˄ˍʷ˂ʰ нп˖ˊʹˌ ˉˊˈʲ˂ʶ˕ʹˌ ˁʰʽˊˇˏ ʷ˖ˌ ˁʰʽ ˋʶ ˁ˂ʽ˃ʰˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˃ʽˁˊʺˌ 

ˁ˂ʾ˃ʰˁʰˌΦ 

ʵύ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˁʰʽ ˍʹ˄ ˉˊˈʲ˂ʶ˕ʹ ˍʹˌ ʰˉʰˊ˔ʺˌ ˁʰʽ ˍʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ El 

Nino. 

ʶύ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ˉˇˎ ʷ˔ʶʽ ʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˋˍʹ˄ ˁˎˁ˂ˇ˒ˇˊʾʰ ˍʹˌ ʻʶˊ˃ˈˍʹˍʰˌ 

ˁʰʽ ˍʹ ʵˇ˃ʺ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽʰˁ˗˄ ˋˍˊ˖˃ʱˍ˖˄ ˍ˖˄ ˖ˁʶʰ˄˗˄Φ 

ˋˍύ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˎʴˁˊʽˍʽˁʺˌ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌ ˍ˖˄ ˃ʶˍˊʽˁ˗˄ ˇˊʴʱ˄˖˄ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ TRMM 

ˁʰʽ ʱ˂˂˖˄ ˇˊʴʱ˄˖˄ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌΦ 
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ʸύ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʹ˃ʶˊʺˋʽʰˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍʹˌ ˍˊˇˉʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˉʰʴˁˈˋ˃ʽˇ 

ʶˉʾˉʶʵˇΦ 

ʹύ ˍˇ˄ ʷ˂ʶʴ˔ˇΣ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˁʰʽ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍˇˎ ʵˇˊˎ˒ˇˊʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˃ʷˍˊʹˋʹˌ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ 

ʅˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʰˎˍˇˏΣ ˋˍʽˌ нт ɿˇʶ˃ʲˊʾˇˎ мффт ʶˁˍˇ˅ʶˏˍʹˁʶ ˇ ɹʰˉ˖˄ʽˁˈˌ 

ˉˏˊʰˎ˂ˇˌ I-IIΣ ˇ ˇˉˇʾˇˌ ʷʻʶˋʶ ˋʶ ˍˊˇ˔ʽʱ ˍˇ ʵˇˊˎ˒ˈˊˇ TRMMΦ ɶ ʰˉˇˋˍˇ˂ʺ ʵʽʺˊˁʹˋʶ мт ʷˍʹ ˁʰʽ 

ˇ˂ˇˁ˂ʹˊ˗ʻʹˁʶ ˃ʶ ˍʹ˄ ʶˉʰ˄ʶʾˋˇʵˇ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˋˍʹ ʴʺʽ˄ʹ ʰˍ˃ˈˋ˒ʰʽˊʰΣ ˋˍʽˌ мт ɹˇˎ˄ʾˇˎ ˍˇˎ 

нлмрΦ ɳˉˊˈˁʶʽˍˇ ʴʽʰ ʷ˄ʰ˄ ˃ʹ-ʹ˂ʽˇˋˏʴ˔ˊˇ˄ˇ ʵˇˊˎ˒ˈˊˇ ˃ʶ ˍˊˇ˔ʽʰˁʺ ˁ˂ʾˋʹ орΣꜛ ˇ ˇˉˇʾˇˌ ʰˊ˔ʽˁʱ 

ʲˊʽˋˁˈˍʰ˄ ˋʶ ˎ˕ˈ˃ʶˍˊˇ орл km ˃ʷ˔ˊʽ ˍʽˌ нн ɮˎʴˇˏˋˍˇˎ ˍˇˎ нллмΣ ˇˉˈˍʶ ˁʰʽ ˉˊˇ˖ʻʺʻʹˁʶ ˋˍʰ 

402.5 kmΦ ʆʰ  ʲʰˋʽˁʱ ˈˊʴʰ˄ʰ ˃ʷˍˊʹˋʹˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉˇˎ ʵʽʷʻʶˍʶ ˇ ʵˇˊˎ˒ˈˊˇˌ TRMM ̋ ˍʰ˄Υ 

ˍˇ ʄʰ˄ˍʱˊ ɼʰˍʰˁˊʺ˃˄ʽˋʹˌ PR (Precipitation RadarύΣ ˍˇ ˈˊʴʰ˄ˇ ɮˉʶʽˁˈ˄ʽˋʹˌ ɾʽˁˊˇˁˎ˃ʱˍ˖˄ TMI 

(TRMM Microwave Imagerύ ˁʰʽ ˇ ʅʰˊ˖ˍʺˌ ʁˊʰˍʺˌ ˁʰʽ ʇˉʷˊˎʻˊʹˌ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌ VIRS (Visible and 

Infrared ScannerύΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ˇ ʵˇˊˎ˒ˈˊˇˌ ʵʽʷʻʶˍʶ ʵˏˇ ˈˊʴʰ˄ʰ ˉˇˎ ˋˎʴˁʰˍʰ˂ʷʴˇ˄ˍʰ˄ ˋˍˇ 

ʅˏˋˍʹ˃ʰ ʃʰˊʰˍʺˊʹˋʹˌ ˍʹˌ ɱʹˌ EOS (Earth Observing Systemύ ˍʹˌ ɿɮSɮΥ ˍˇ ʅˏˋˍʹ˃ʰ ɮˁˍʽ˄ˇʲˈ˂ˇˎ 

ɳ˄ʷˊʴʶʽʰˌ ɿʶ˒˗˄ ˁʰʽ ɱʹˌ CERES (Clouds and the EarthΩs Radiant Energy Systemύ ˁʰʽ ˍˇ˄ 

ɮʽˋʻʹˍʺˊʰ ɮˉʶʽˁˈ˄ʽˋʹˌ ɮˋˍˊʰˉ˗˄ LIS (Lightning Imaging Sensor) (Kummerow et alΦΣ мффуύΦ ɶ 

˂ʶʽˍˇˎˊʴʶʾʰ ˍ˖˄ ˇˊʴʱ˄˖˄ ʰˎˍ˗˄ ʰ˄ʰ˂ˏʶˍʰʽ ˉʰˊʰˁʱˍ˖ όϠ нΦтύΦ ʅˍˇ ʅ˔ʺ˃ʰ 2.5 ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʽʰ 

˒˖ˍˇʴˊʰ˒ʾʰ ʰˉˈ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎ ʶ˄ ˂ˈʴ˖ ʵˇˊˎ˒ˈˊˇˎΦ 

 

ʅ˔ʺ˃ʰ нΦрΥ ɼʰˍʰˋˁʶˎʺ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ TRMM ̀ ˍˇ ˁʷ˄ˍˊˇ GFSC ώʃʹʴʺΥ 

http://pmm.nasa.gov/multimedia/images/TRMM].  

ɶ ʶˉʰ˂ʺʻʶˎˋʹ ˍ˖˄ ʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌ ˍ˖˄ 

ʰ˂ʴˇˊʾʻ˃˖˄ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ʴʽ˄ˈˍʰ˄ ˃ʶ ˍʹ ˔ˊʺˋʹ ʶˉʾʴʶʽ˖˄ ˃ʶˍˊʺˋʶ˖˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍˇ 

ˉ˂ʰʾˋʽˇ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˎˉˇˋˍʹˊʽˁˍʽˁˈ ˉˊˈʴˊʰ˃˃ʰ ʶˉʰ˂ʺʻʶˎˋʹˌ ˃ʶ ʶˉʾʴʶʽʶˌ 

˃ʶˍˊʺˋʶʽˌ TRMM-GV ɳˉʰ˂ʺʻʶˎˋʹˌ ɳʵʱ˒ˇˎˌ όGround ValidationύΣ ˍˇ ˇˉˇʾˇ ʶʾ˔ʶ ˋˁˇˉˈ ˍʹ 

ˋˎ˂˂ˇʴʺ ʰ˅ʽˈˉʽˋˍ˖˄ ʶˉʾʴʶʽ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ  TRMMΣ ˃ʶ ˍʰ ˇˉˇʾʰ 

ˇʽ ʵˇˊˎ˒ˇˊʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ʻʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʰ˂ʹʻʶˎˍˇˏ˄Φ ɳʽʵʽˁˈˍʶˊʰΣ ˇʽ ʶˉʾʴʶʽʶˌ ˃ʶˍˊʺˋʶʽˌ 
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ˉˊˇʷˊ˔ˇ˄ˍʰ˄ ʰˉˈ ʲˊˇ˔ˈ˃ʶˍˊʰΣ ʶˉʾʴʶʽʰ ˊʰ˄ˍʱˊ ˁʰʽ ˄ˍʽˋˍˊˈ˃ʶˍˊʰ ˁʰʽ ʶ˄ ˋˎ˄ʶ˔ʶʾʰ ˎˉˈˁʶʽ˄ˍʰʽ ˋʶ 

˃ʶʻˈʵˇˎˌ ʶˉʰ˂ʺʻʶˎˋʹˌ ˁʰʽ ˉˇʽˇˍʽˁˇˏˌ ʶ˂ʷʴ˔ˇˎˌ ʷˍˋʽ ˗ˋˍʶ ʹ ˉˇʽˈˍʹˍʰ ˁʰʽ ʹ ʰ˅ʽˇˉʽˋˍʾʰ ˍˇˎˌ ˄ʰ 

ʰ˄ ˍʰˉˇˁˊʽ˄ˈˍʰ˄ ˋˍʽˌ ˎ˕ʹ˂ʷˌ ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ ʆˇ ʵʾˁˍˎˇ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ TRMM-GV ʰˉˇˍʶ˂ˇˏˍʰ˄ ʰˉˈ ˍʽˌ ʶ˅ʺˌ мл ʻʷˋʶʽˌ ˃ʷˍˊʹˋʹˌΥ Darwin ˋˍʹ˄ 

ɮˎˋˍˊʰ˂ʾʰΣ Melbourne ˋˍʹ ʊ˂ˈˊʽ˄ˍʰΣ Houston ˋˍˇ ʆʷ˅ʰˌΣ Kwajalein ˋˍʽˌ ɿʺˋˇˎˌ ɾʱˊˋʰ˂Σ Sao 

Paulo ˋˍʹ ɰˊʰʸʽ˂ʾʰΣ Om Koi ˋˍʹ˄ ʆʰʿ˂ʱ˄ʵʹ ˁʰʽ ʻʷˋʶʽˌ ˋˍʹ˄ ʆʰʿʲʱ˄Σ ˋˍˇ ɹˋˊʰʺ˂Σ ˋˍʹ ʋʰʲʱʹ ˁʰʽ 

ˋˍˇ ɱˁˇˎʱ˃Φ ɮˉˈ ˍʽˌ ˉˊ˗ˍʶˌ ˍʷˋˋʶˊʽˌ ʻʷˋʶʽˌ ˍʰ ʰ˄ʶˉʶ˅ʷˊʴʰˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˇˋˍʷ˂˂ˇ˄ˍʰ˄ 

ʰˉʶˎʻʶʾʰˌ ˋˍʹ NASA ʶ˄˗ ʰˉˈ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ʻʷˋʶʽˌ ˉˊˇʹʴʶʾˍˇ ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

ʰˉ̍ ʱ˂˂ʶˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ˇ˃ʱʵʶˌ ˉˊʽ˄ ˍʹ˄ ʰˉˇˋˍˇ˂ʺ ˍˇˎˌ ˋˍʹ NASA όɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ нлмлΤ NASA, 

2007). ʅˍˇ ʅ˔ʺ˃ʰ 2.6 ˒ʰʾ˄ʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ʵʶʵˇ˃ʷ˄˖˄ TRMM ʴʽʰ ˍˊʾ˖ˊʹ ʰʻˊˇʽˋˍʽˁʺ 

ʲˊˇ˔ˈˉˍ˖ˋʹ ˋʶ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ лΦр.̌ 

 

ʅ˔ʺ˃ʰ нΦсΥ ʃʰˊʱʵʶʽʴ˃ʰ ʵʶʵˇ˃ʷ˄˖˄ TRMMΦ ʃʰʴˁˈˋ˃ʽʰ ˁʰˍʰ˄ˇ˃ʺ о˖ˊʺˌ ʰʻˊˇʽˋˍʽˁʺˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ όmmύ ˋʶ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ лΦр ꜛɹ ʽʰ ˍʽˌ омκлрκнллу мнΥлл UTC (Version сύ ώʃʹʴʺΥ 

ftp://disc3.nascom.nasa.gov/data/browse/whom/01_Data_Products/02_Gridded/06_3-

hour_Gpi_Cal_3B_42/sample.gif]. 

ʃʰˊˈˍʽ ˇ ʵˇˊˎ˒ˈˊˇˌ TRMM ˁ ʰˍʷˉʶˋʶ ˍˇ˄ ɹˇˏ˄ʽˇ ˍˇˎ нлмрΣ ˍʰ ʵʽʱ˒ˇˊʰ ˉˊˇʿˈ˄ˍʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ 

όʲ˂ʷˉʶ Ϡ нΦуύ ʶ˅ʰˁˇ˂ˇˎʻˇˏ˄ ˄ʰ ˉʰˊʱʴˇ˄ˍʰʽ ˁʰʽ ˄ʰ ˉʰˊʷ˔ˇ˄ˍʰʽ ˋˍʹ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰ 

ˉˊˇˌ ˔ˊʺˋʹΣ ˁʱˍʽ ˉˇˎ ˉˊˇʲ˂ʷˉʶˍʰʽ ˄ʰ ˋˎ˄ʶ˔ʽˋˍʶʾ ˖ˌ ˉʶˊʾˉˇˎ ˍʰ  ˃ʷˋʰ ˍˇˎ нлмтΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʶʽ 

ʹ NASA ˋʶ ˋ˔ʶˍʽˁʺ ʷˁʻʶˋʺ ˍʹˌ όHuffman and BolvinΣ нлмрύΦ ʍˋˍˈˋˇΣ ˃ʽʰˌ ˁʰʽ ˇʽ ˃ʶˍˊʺˋʶʽˌ ˍ˖˄ 

ˇˊʴʱ˄˖˄ ˍˇˎ ʆRMM όʽʵʾ˖ˌ ˍ˖˄ PR ˁʰʽ TMIύ ˋˍʰ˃ʱˍʹˋʰ˄ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˍˇ˄ 

ʁˁˍ˗ʲˊʽˇ ˍˇˎ нлмп, ˋʰ˄ ʲʱˋʹ ʴʽʰ ˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˍ˖˄ ˂ˇʽˉˈ˄ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ ʵˇˊˎ˒ˈˊ˖˄Σ ˍʰ ˉˊˇʿˈ˄ˍʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˁʱˉˇʽʰ 

ʰ˄ˇ˃ˇʽˇʴʷ˄ʶʽʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ʰˎˍʱ ˉˊʽ˄ ʰˉˈ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʾˇʵˇΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ˋˍʹ ʲʱˋʹ 

ˍʹˌ NASA ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ мт ʶˍ˗˄Σ ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ˇˉˇʾ˖˄ ˃ʱ˂ʽˋˍʰ ʷ˔ʶʽ 

ʵʽʰ˒ˇˊˇˉˇʽʹʻʶʾ ʰˉˈ ˍʰ ˍʷ˂ʹ ˍˇˎ нлмнΣ ˇˉˈˍʶ ˁʰʽ ʹ ˄ʶˈˍʶˊʹ ό˃ʷ˔ˊʽ ˋʺ˃ʶˊʰύ ɴˁʵˇˋʹ т ˍˇˎ 

ʰ˂ʴˇˊʾʻ˃ˇˎ ʶʽˋʺ˔ʻʹ όˍˇ ɲʶˁʷ˃ʲˊʽˇ ˍˇˎ нлмн ʵˈʻʹˁʰ˄ ˋˍˇ ˁˇʽ˄ˈ ˈ˂ʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰΣ ˏˋˍʶˊʰ ʰˉˈ 

ˍʹ ˄ʷʰ ʶˉʶ˅ʶˊʴʰˋʾʰ ʰˎˍ˗˄ύΦ ɱʽʰ ˍˇˎˌ ˂ˈʴˇˎˌ ʰˎˍˇˏˌΣ ˁˊʾʻʹˁʶ ˋˁˈˉʽ˃ʹ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˄ʷ˖˄Σ 

ftp://disc3.nascom.nasa.gov/data/browse/whom/01_Data_Products/02_Gridded/06_3-hour_Gpi_Cal_3B_42/sample.gif
ftp://disc3.nascom.nasa.gov/data/browse/whom/01_Data_Products/02_Gridded/06_3-hour_Gpi_Cal_3B_42/sample.gif
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ˋ˔ʶˍʽˁʱΣ ʰˎˍ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ɳ˂˂ʱʵʰΣ ˃ʽʰˌ 

ʰˎˍʱ ˉʽʻʰ˄ˈ˄ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˅ʽˇˉˇʽʹʻˇˏ˄ ˋʶ ˎʵˊˇ˂ˇʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ 

2.4.2 ɹˋˍˇˊʽˁˈ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ TRMM 

ɶ ʽʵʷʰ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ TRMM ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˁʰˍʱ ˍʹ ʵʶˁʰʶˍʾʰ ˍˇˎ мфул ʰˉˈ ˍʹ˄ ʰ˄ʱʴˁʹ ˍʹˌ 

ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ˁˇʽ˄ˈˍʹˍʰˌ ˄ʰ ʷ˔ʶʽ ˋˍʹ ʵʽʱʻʶˋʺ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹ ˋʶ 

ˁ˂ʽ˃ʰˍˇ˂ˇʴʽˁˈ ʶˉʾˉʶʵˇ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˁʰˍʰ˄ˇʺˋʶʽ ˁʰ˂ˏˍʶˊʰ ˍˇ˄ ˉʰʴˁˈˋ˃ʽˇ ˎʵˊˇ˂ˇʴʽˁˈ ˁˏˁ˂ˇ ˁʰʽ 

˄ʰ ʶˊ˃ʹ˄ʶˏˋʶʽ ˍˇ ˋˏˋˍʹ˃ʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˍʽˌ ˁˎˁ˂˖˄ʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌ ˁʰʽ 

ʴʶ˄ʽˁˈˍʶˊʰ ˍʽˌ ʵʽʰʵʽˁʰˋʾʶˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ɾʽʰ ˋʶʽˊʱ ˋˎʸʹˍʺˋʶ˖˄ ˁʰʽ ˋˎ˄ʶˊʴʰˋʽ˗˄ ʰ˄ʱ˃ʶˋʰ 

ˋˍʹ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ˍ˖˄ ɶʃɮ ˁʰʽ ˍʹˌ ɹʰˉ˖˄ʾʰˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ˔ˊʺˋʹ ʶ˄ˈˌ 

ˉʶʽˊʰ˃ʰˍʽˁˇˏ ˊʰ˄ˍʱˊ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ʵˇˊˎ˒ˈˊˇΣ ˇʵʺʴʹˋʶ ˍʶ˂ʽˁʱ ˋˍʹ˄ ʰˉˈ˒ʰˋʹ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʹ ʵˇˊˎ˒ˇˊʽˁʺ ʰˉˇˋˍˇ˂ʺ ˋʶ ˋˎ˄ʶˊʴʰˋʾʰ ˍ˖˄ ʵˏˇ ˔˖ˊ˗˄Φ 

ʁ ʵˇˊˎ˒ˈˊˇˌ TRMM ˁ ʰˍʰˋˁʶˎʱˋˍʹˁʶ ˋˍˇ ˁʷ˄ˍˊˇ GSFC (Goddard Space Flight Centerύ ʶ˄˗ ˍʰ ʶˉʾ 

˃ʷˊˇˎˌ ˈˊʴʰ˄ʱ ˍˇˎ ˉʰˊʰʵˈʻʹˁʰ˄ ˋˍʹ NASA ʰˉˈ ʵʽʱ˒ˇˊˇˎˌ ˁʰˍʰˋˁʶˎʰˋˍʷˌΣ 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ˇˎ ˁʰʽ ˍˇˎ ˊʰ˄ˍʱˊ ʲˊˇ˔ˈˉˍ˖ˋʹˌ PRΣ ˍˇ ˇˉˇʾˇ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˋˍʹ˄ 

ɹʰˉ˖˄ʾʰΦ ɾʶˍʱ ˍʹ ˋˎ˄ʰˊ˃ˇ˂ˈʴʹˋʺ ˍˇˎΣ ˇ ʵˇˊˎ˒ˈˊˇˌ ˃ʶˍʰ˒ʷˊʻʹˁʶ ˋˍʹ˄ ɹʰˉ˖˄ʾʰ ʰˉˈ ˈˉˇˎ ˁʰʽ 

ʶˁˍˇ˅ʶˏˍʹˁʶ ʶˉʽˍˎ˔˗ˌ ʶˉʾ ˍˇˎ ˉˎˊʰˏ˂ˇˎ H-II h ˉˈ ˍʹ ʲʱˋʹ Tanegashima ̱ ʹˌ W!·!Φ ʁ ʵˇˊˎ˒ˈˊˇˌ 

ˍʷʻʹˁʶ ʰˊ˔ʽˁʱ ˋʶ ˍˊˇ˔ʽʱ ˏ˕ˇˎˌ орл km ˃ ʶ ˍˊˇ˔ʽʰˁʺ ˁ˂ʾˋʹ орΣꜛ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˁʰ˂ˏˉˍʶʽ 

ˍʽˌ ˍˊˇˉʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɹʰˉ˖˄ʾʰˌ ˁʰʽ ˍ˖˄ ɶʃɮΦ ɶ ˉʶˊʾˇʵˇˌ ˍˇˎ ʺˍʰ˄ ˉʶˊʾˉˇˎ фнΦр mmΣ ʵʹ˂ʰʵʺ 

ˋ˔ʶʵˈ˄ мс ˍˊˇ˔ʽʷˌ ˁʱʻʶ ˃ʷˊʰΦ ɶ ˍˊˇ˔ʽʱ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ʵʽʰ˃ˇˊ˒˗ʻʹˁʶ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ʵʽʷˊ˔ʶˍʰʽ 

ʰˉˈ ˁʱʻʶ ˉʶˊʽˇ˔ʺ ʵʽʰ˒ˇˊʶˍʽˁʺ ˍˇˉʽˁʺ ˗ˊʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌΣ ʶ˅ʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˃ʶ 

ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˋʹ˃ʰ˄ˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍʹ˄ ˉʰˊʰˍʺˊʹˋʹ ˍʹˌ ʹ˃ʶˊʺˋʽʰˌ ʵʽʰˁˏ˃ʰ˄ˋʹˌ ˍ˖˄ 

ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ ˋʶ ˁʱʻʶ ˉʶˊʽˇ˔ʺΦ ʁ ˉˊ˗ˍˇˌ ˉ˂ʺˊʹˌ ˃ʺ˄ʰˌ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʺˍʰ˄ ˇ ɹʰ˄ˇˎʱˊʽˇˌ ˍˇˎ 

мффуΦ ɮ˄ ˁʰʽ ˍˇ ˈˊʴʰ˄ˇ CERES ʰˋˍˈ˔ʹˋʶ ˃ʶˍʱ ʰˉˈ у ˃ʺ˄ʶˌΣ ˈ˂ʰ ˍʰ ˎˉˈ˂ˇʽˉʰ ˈˊʴʰ˄ʰ ˃ʷˍˊʹˋʹˌ 

ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ όPR, TMI, VIRSύ ˁʰʻ˗ˌ ˁʰʽ ˇ ɮʽˋʻʹˍʺˊʰˌ ɮˉʶʽˁˈ˄ʽˋʹˌ ɮˋˍˊʰˉ˗˄ LIS 

˂ʶʽˍˇˏˊʴʹˋʰ˄ ʱˊʽˋˍʰ ˃ʷ˔ˊʽ ˁʰʽ ˍˇ ˉʷˊʰˌ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌΦ 

ʁ ʵˇˊˎ˒ˈˊˇˌ TRMM ʶʾ˔ʶ ʰˊ˔ʽˁʱ ˋ˔ʶʵʽʰˋˍʶʾ ʴʽʰ ˄ʰ ˉʰˊʷ˔ʶʽ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˍˊʾʰ 

˔ˊˈ˄ʽʰΣ ˃ʶ ˋˍˈ˔ˇ ˍʰ ˉʷ˄ˍʶ ˔ˊˈ˄ʽʰΦ ɳ˅ʰʽˍʾʰˌ ˍˇˎ ˃ʽˁˊˇˏ ˎ˕ˇ˃ʷˍˊˇˎ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎΣ ˍˇ ˇˉˇʾˇ 

ʶˉʽʲʰ˂˂ˈˍʰ˄ ˉˊ˗ˍˇ˄ ʴʽʰ ˄ʰ ʶʾ˄ʰʽ ʽˋ˔ˎˊˈ ˍˇ ˋʺ˃ʰ ˍˇˎ ˊʰ˄ˍʱˊ ˁʰʽ ʵʶˏˍʶˊˇ˄ ʴʽʰ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ 

˃ʶʴʱ˂ʹ ˔˖ˊʽˁʺ ʶˎˁˊʾ˄ʶʽʰ ˋʶ ˉʶʵʾʰ ˈˉˇˎ ʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʷ˄ˍˇ˄ʰΣ ˇ ʵˇˊˎ˒ˈˊˇˌ 

ʵʽʷʻʶˍʶ ʷ˄ʰ ˃ʽˁˊˈ ˉˊˇ˖ʻʹˍʽˁˈ ˋˏˋˍʹ˃ʰ ˍˇ ˇˉˇʾˇ ˔ˊʹˋʽ˃ˇˉˇʽˇˏˍʰ˄ ʴʽʰ ˄ʰ ʵʽʰˍʹˊʶʾ ˋ˔ʶʵˈ˄ 

ˋˍʰʻʶˊˈ ˎ˕ˈ˃ʶˍˊˇΣ ʶ˄ʱ˄ˍʽʰ ˋˍʹ ʲʰˊˎˍʽˁʺ ʷ˂˅ʹ ˍʹˌ ɱʹˌΦ ɮ˄ ˁʰʽ ʰˊ˔ʽˁʱ ʺˍʰ˄ ʶ˒ˇʵʽʰˋ˃ʷ˄ˇˌ ˃ʶ 

ˉʶˊʽˋˋˈˍʶˊʰ ʰˉˈ улл kg ˁʰˎˋʾ˃ˇˎ ʴʽʰ ˍˇ ˉˊˇ˖ʻʹˍʽˁˈ ˋˏˋˍʹ˃ʰΣ ˋˍʽˌ ʰˊ˔ʷˌ ˍˇˎ нллм ό˃ʶˍʱ ʰˉˈ 

ˍˊʾʰ ˔ˊˈ˄ʽʰ ʰˉˈ ˍʹ ʷ˄ʰˊ˅ʹ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌύΣ ʹ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˇ˃ʱʵʰ ʶˁˍʾ˃ʹˋʶ ˈˍʽ ʹ ʰˉˇˋˍˇ˂ʺ ʻʰ 

ʷˉˊʶˉʶ ˄ʰ ˍʶ˂ʶʽ˗ˋʶʽ ˍˇ нллн ʺ ˍˇ нлло ˂ˈʴ˖ ʷ˂˂ʶʽ˕ʹˌ ˁʰˎˋʾ˃ˇˎΦ ɼʰˍˈˉʽ˄ ˂ʶˉˍˇ˃ʶˊˇˏˌ 

ʰ˄ʱ˂ˎˋʹˌ ˍ˖˄ ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖˄ ˁʰʽ ˃ʶʽˇ˄ʶˁˍʹ˃ʱˍ˖˄Σ ʹ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˇ˃ʱʵʰ ˉˊˈˍʶʽ˄ʶ ˍʹ˄ 

ʰˏ˅ʹˋʹ ˍˇˎ ˎ˕ˇ˃ʷˍˊˇˎ ˍʹˌ ˍˊˇ˔ʽʱˌ ˁʰˍʱ ˉʶˊʾˉˇˎ рл kmΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˃ʶʽ˖ʻʶʾ ʹ ʲʰˊˎˍʽˁʺ 
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ʷ˂˅ʹ ˍʹˌ ɱʹˌ ˁʰʽ ̫ ˍˋʽ ˄ʰ ʶˉʽ˃ʹˁˎ˄ʻʶʾ ʹ ˉˊˇʲ˂ʶˉˈ˃ʶ˄ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎΦ ɶ ˉˊˈˍʰˋʹ 

ʷʴʽ˄ʶ ʵʶˁˍʺ ʰˉˈ ˍʹ NASA ˁʰʽ ˍʹ JAXA ˁʰʽ ʵˈʻʹˁʶ ʶ˄ˍˇ˂ʺ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʹ ˉˊˇ˗ʻʹˋʹ ˍˇˎ 

ʵˇˊˎ˒ˈˊˇˎ ˋʶ ˃ʶʴʰ˂ˏˍʶˊˇ ˎ˕ˈ˃ʶˍˊˇΦ ɶ ˉˊˇ˗ʻʹˋʹ ˋˍʰ плнΦр km (+/- 1.0 kmύ ʷ˂ʰʲʶ ˔˗ˊʰ ˍˇ˄ 

ɮˏʴˇˎˋˍˇ ˍˇˎ нллм ˁʰʽ ʰˉˈ ˍˈˍʶ ˇ ʵˇˊˎ˒ˈˊˇˌ ʵʽʰˍʹˊʶʾ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˎ˕ˈ˃ʶˍˊˇ ˍˊˇ˔ʽʱˌΦ ʆˇ 

ˎ˕ˈ˃ʶˍˊˇ ˉˇˎ ʶˉʶ˂ʷʴʹ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ ʅˎ˔˄ˈˍʹˍʰ ɳˉʰ˄ʱ˂ʹ˕ʹˌ ʃʰ˂˃˗˄ ʅɳʃ ˍˇˎ ˊʰ˄ˍʱˊ PR 

όʃʰˉʰʻʶˇʵˇˋʾˇˎΣ нлммύΦ 

ʂˉ˖ˌ ʷ˔ʶʽ ˍˇ˄ʽˋˍʶʾΣ ˇ TRMM ʶʾ˔ʶ ˖ˌ ʰˊ˔ʽˁˈ ˋˍˈ˔ˇ ˍʹ ˃ʷˍˊʹˋʹ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˋˍʽˌ ˍˊˇˉʽˁʷˌ 

ˁʰʽ ˎˉˇˍˊˇˉʽˁʷˌ ˉʶˊʽˇ˔ʷˌΦ ɴˍˋʽΣ ʰˊ˔ʽˁʱ ˍˇ ʶˏˊˇˌ ˃ʷˍˊʹˋʺˌ ˍˇˎ ʺˍʰ˄ ˍˇ ҕол ꜛɹ ʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΦ 

ɶ ʶˎˊʶʾʰ ʰˉˇʵˇ˔ʺ ˁʰʽ ˔ˊʺˋʹ ˈ˃˖ˌ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˇʵʺʴʹˋʶ ˉʷˊʰ ʰˉˈ ˍʹ ˔ˊˇ˄ʽˁʺΣ 

ˁʰʽ ˋˍʹ ˔˖ˊʽˁʺ ʶˉʷˁˍʰˋʹ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌΦ ɴˍˋʽΣ ˉˇ˂ˏ ˋˏ˄ˍˇ˃ʰ ˇ TRMM ˋˍʰʵʽʰˁʱ ˋˎ˄ʵˎʱˋˍʹˁʶ 

˃ʶ ʱ˂˂ˇˎˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏˌ ʵˇˊˎ˒ˈˊˇˎˌ ˁʰʽ ˍʰ ʵʽʰʻʷˋʽ˃ʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ˉˊˇʿˈ˄ˍʰ ˅ʶˁʾ˄ʹˋʰ˄ 

˄ʰ ˁʰ˂ˏˉˍˇˎ˄ ʷ˄ʰ ˃ʶʴʰ˂ˏˍʶˊˇ ʶˏˊˇˌ ʰˉˈ ˍˇ -рл ˃ʷ˔ˊʽ ˍʽ Ҍрл ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌΣ ˁʰ˂ˏˉˍˇ˄ˍʰˌ 

˃ʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˉ˂ʺˊ˖ˌ ˍʹ˄ ɳ˂˂ʹ˄ʽˁʺ ʶˉʽˁˊʱˍʶʽʰ όAdler et alΦΣ нлллΤ ʃʰˉʰʻʶˇʵˇˋʾˇˎΣ нлммύΦ 

ɮ˄ ˁʰʽ ˇ ʵˇˊˎ˒ˈˊˇˌ TRMM ˅ʶˁʾ˄ʹˋʶ ˖ˌ ˃ʷˊˇˌ ˃ʽʰˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʰˉˇˋˍˇ˂ʺˌΣ ˃ʶ ˋˍˈ˔ˇ ˄ʰ 

˃ʶ˂ʶˍʺˋʶʽ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˋˍʽˌ ˍˊˇˉʽˁʷˌ ˉʶˊʽˇ˔ʷˌΣ ˁʰʽ ˉʰˊˈˍʽ ʰˊ˔ʽˁʱ ʰ˄ʰ˃ʶ˄ˈˍʰ˄ ˄ʰ 

˂ʶʽˍˇˎˊʴʺˋʶʽ ʴʽʰ о-р ˔ˊˈ˄ʽʰΣ ˍʶ˂ʽˁʱ ʶ˅ʶ˂ʾ˔ʻʹˁʶ ˋˍˇ˄ ˉˊ˖ˍʶˏˇ˄ˍʰ ʵˇˊˎ˒ˈˊˇ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ 

ʶˊʶˎ˄ʹˍʽˁ˗˄ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁ˗˄ ʵˇˊˎ˒ˈˊ˖˄ ˉˇˎ ˉʰˊʰˁˇ˂ˇˎʻˇˏ˄ ˍʹ˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹ ˋʶ ˔ˊˇ˄ʽˁʷˌ 

ˁ˂ʾ˃ʰˁʶˌ о ˖ˊ˗˄ ʷ˖ˌ ˁʰʽ ˎˉʶˊʶˍʺˋʽʶˌΦ ʁ ˉˊ˖ˍʶˏˇ˄ˍʰˌ ˊˈ˂ˇˌ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ TRMM ˋˍˇ 

ˋˏˋˍʹ˃ʰ ʰˎˍˈΣ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʽˌ ˎ˕ʹ˂ʺˌ ˉˇʽˈˍʹˍʰˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ˋˎ˄ʷ˂˂ʶʴʶ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄  

ˁʰˍʰˁˊʺ˃˄ʽˋʹΣ ˔ʱˊʹ ˋˍˇ ˋˎ˄ʵˎʰˋ˃ˈ ˇˊʴʱ˄˖˄ ˃ʶ ʶ˄ʶˊʴˇˏˌ ˁʰʽ ˉʰʻʹˍʽˁˇˏˌ ʰʽˋʻʹˍʺˊʶˌ 

˃ʽˁˊˇˁˎ˃ʰˍʽˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ʵʽʷʻʶˍʶ ˁʰʽ ˔ʱˊʹ ˋˍʹ˄ ˍˊˇ˔ʽʱ ˍˇˎ ˉˇˎ ˉʰˊʰˁˇ˂ˇˎʻˇˏˋʶ ˈ˂ˇ 

ˍˇ˄ ʹ˃ʶˊʺˋʽˇ ˁˏˁ˂ˇ ˃ʶ ˋˎ˔˄ʷˌ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ ˃ʶ ˍˇˎ̩ ʵˇˊˎ˒ˈˊˇˎˌ ˉˇ˂ʽˁʺˌ ˍˊˇ˔ʽʱˌΦ(NASA, 

2007). 

ʅˍˇ˄ ʃʾ˄ʰˁʰ 2.1 ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˍʰ ˁˏˊʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ TRMM. 

ɽˈʴ˖ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎΣ ˇ ʵˇˊˎ˒ˈˊˇˌ ʶˁˍʶ˂ˇˏˋʶ ˃ʾʰ ˉ˂ʺˊʹ ˉʶˊʽˋˍˊˇ˒ʺ 

ʴˏˊ˖ ʰˉˈ ˍʹ ɱʹ ˋʶ ˉʶˊʾˉˇˎ фл ˂ʶˉˍʱΣ ˍˇ ˇˉˇʾˇ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˉʶˊʾˉˇˎ мс ˉʶˊʽˋˍˊˇ˒ʷˌ ʰ˄ʱ 

ʹ˃ʷˊʰΦ ʅˍˇ ʅ˔ʺ˃ʰ 2.7 ʷ˔ʶʽ ˋ˔ʶʵʽʰˋˍʶʾ ʹ ˉˊˇʲˇ˂ʺ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ʶˉʾ ˍˇˎ ʶʵʱ˒ˇˎˌ 

ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˃ʽʰˌ ʹ˃ʷˊʰˌ όм ́ɹʰ˄ˇˎʰˊʾˇˎ нллфύΦ ɮˉˈ ˍˇ ˋ˔ʺ˃ʰ ʰˎˍˈ ˉˊˇˁ ˏˉˍʶʽ ˈˍʽ ʹ ˁʱ˂ˎ˕ʺ 

ˍˇˎ ˉʶˊʽˇˊʾʸʶˍʰʽ ˋˍˇˎˌ ˍˊˇˉʽˁˇˏˌ ˁʰʽ ˈˍʽ ˃ʶˋˇ˂ʰʲˇˏ˄ ˉʶˊʾˉˇˎ о ˗ˊʶˌ ˃ʶˍʰ˅ˏ ʵʽʰʵˇ˔ʽˁ˗˄ 

ˁʰˍʰʴˊʰ˒˗˄ ˍˇˎ ʾʵʽˇˎ ˋʹ˃ʶʾˇˎ όˍˇ ʵʽˉ˂ʱˋʽˇ ˍʹˌ ˉʶˊʽˈʵˇˎ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎύΦ ʅˍˇ ʅ˔ʺ˃ʰ 2.8 ʷ˔ʶʽ 

ˋ˔ʶʵʽʰˋˍʶʾ ʹ ʰˁˊʽʲʺˌ ʻʷˋʹ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ TRMM ˍʹ˄ м ́ɹh ˄ˇˎʰˊʾˇˎ нллф ˁʰʽ ˗ˊʰ моΥплΥрнΣ ʹ 

ˍˊˇ˔ʽʱ ˍˇˎ ˁʰʽ ˍˇ ʰˉˇˍˏˉ˖˃ʰ ˍ˖˄ ˇˊʴʱ˄˖˄ ˍˇˎ ˋˍˇ ʷʵʰ˒ˇˌ όʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммύΦ 

  



18 
 

ʃʾ˄ʰˁʰˌ нΦмΥ ɼˎˊʽˈˍʶˊʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎ TRMM ώʃʹʴʺΥ ʊ˖ˍˈˉˇˎ˂ˇˌΣ нлмм 

˃ʶˍʱ ʰˉˈ ʶˉʶ˅ʶˊʴʰˋʾʰϐ. 

ɹʵʽˈˍʹˍʰ ʆʽ˃ʺ 

ɾʷˋʹ ˁʾ˄ʹˋʹ 15.5604 ̄ ʶˊʽˋˍˊˇ˒ʷˌκʹ˃ʷˊʰ 

ʃʶˊʾˇʵˇˌ ˍˊˇ˔ʽʱˌ 92.54 min 

ɼˏˊʽˇˌ ʱ˅ˇ˄ʰˌ ˍˊˇ˔ʽʱˌ 6726.338 km 

ɾʶˍʰʲ˂ʹˍˈˍʹˍʰ ˁˏˊʽˇˎ ʱ˅ˇ˄ʰ ˍˊˇ˔ʽʱˌ ҕмΦнр ƪƳ 

ɳˁˁʶ˄ˍˊˈˍʹˍʰ 0.0001086 

ɾʶˍʰʲ˂ʹˍˈˍʹˍʰ ʶˁˁʶ˄ˍˊˈˍʹˍʰˌ ҕлΦлллллм 

ɱ˖˄ʾʰ ˁ˂ʾˋʹˌ 34.9636ꜛ 

ɾʶˍʰʲ˂ʹˍˈˍʹˍʰ ʴ˖˄ʾʰˌ ˁ˂ʾˋʹˌ ҕ0.05ꜛ  

ɱ˖˄ʾʰ ˉʶˊʾʴʶʽˇˎ 236.335ꜛ 

ɾʷˋʹ ʰ˄˖˃ʰ˂ʾʰ ˍˊˇ˔ʽʱˌ 72.723ꜛ 

ʁˊʻʺ ʰ˄ʰ˒ˇˊʱ 316.706ꜛ 

ʅˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʽʲʺˌ 7.1343 x ρπ  

ɶ˃ʶˊˇ˃ʹ˄ʾʰ ʶˁˍˈ˅ʶˎˋʹˌ 27/11/1997 

ɶ˃ʶˊˇ˃ʹ˄ʾʰ ʶˉʰ˄ʶʽˋˈʵˇˎ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ 17/06/2015 

ɰʱˊˇˌ όˁʰʻʰˊˈύ 2730 kg 

ɰʱˊˇˌ όˇ˂ʽˁˈύ 3512 kg 

ɼʰˍʰ˄ʱ˂˖ˋʹ ˋ˔ʶʵʽʰˋ˃ˇˏ 1100 W 

ɾʷˋʹ ˉˊʰʴ˃ʰˍʽˁʺ ˁʰˍʰ˄ʱ˂˖ˋʹ 350 W 

ɮˊ˔ʽˁʱ ˉˊˇˋʵʽˇˊʽˋ˃ʷ˄ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ о ʷˍʹ ˁʰʽ н ˃ʺ˄ʶˌ 

ʃˊʰʴ˃ʰˍʽˁʺ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ 17 ̫ ˍʹ ˁʰʽ у ˃ʺ˄ʶˌ 

 

 

ʅ˔ʺ˃ʰ нΦтΥ ʃˊˇʲˇ˂ʺ ˍˊˇ˔ʽʱˌ ˍˇˎ TRMM ̀ ʶ ˃ʾʰ ˃ʷˊʰ ώʃʹʴʺΥ ʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммϐ. 
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ʅ˔ʺ˃ʰ нΦуΥ ɶ ʻʷˋʹ ˍˇˎ TRMM ̀ ˍʹ лмκлмκнлл9 моΥплΥрн ώʃʹʴʺΥ ʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммϐ. 

ɾʶˍʱ ˍʹ˄ ʰ˄ˏ˕˖ˋʹ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˋʶ ˎ˕ʹ˂ˈˍʶˊˇ ˎ˕ˈ˃ʶˍˊˇΣ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˈˍʽ ̱ ʰ ˁʰˏˋʽ˃ʱ ˍˇˎ 

ʻʰ ʶˉʰˊˁˇˏˋʰ˄ ˗ˋˍʶ ʰˎˍˈˌ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹ ʶˉʰ˄ʶʾˋˇʵˇ ˋˍʹ ɱʹΣ ʷ˖ˌ ˍˇ 

ʅʶˉˍʷ˃ʲˊʽˇ ˍˇˎ нллрΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶΣ ʹ NASA ˁʰʽ ʹ JAXA ʰˉˇ˒ʱˋʽˋʰ˄ ˍʹ 

ˋˎ˄ʷ˔ʽˋʹ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌΣ ˃ʷ˔ˊʽˌ ˈˍˇˎ ʶ˅ʰ˄ˍ˂ˇˏ˄ˍʰ˄ ˍʰ ˁʰˏˋʽ˃ʰ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎΦ ʅˍʽˌ у ɹˇˎ˂ʾˇˎ 

ˍˇˎ нлмпΣ ʹ ˇ˃ʱʵʰ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ TRMM ʵʽʰˉʾˋˍ˖ˋʶ ˋʹ˃ʰ˄ˍʽˁʺ ˉˍ˗ˋʹ ˍʹˌ ˉʾʶˋʹˌ ˋˍʹ˄ 

ˉˊˇ˖ʻʹˍʽˁʺ ʵʶ˅ʰ˃ʶ˄ʺ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ Ϥ3 psi ʷˉʶʽˍʰ ʰˉˈ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˍˇˎ ʶ˂ʽʴ˃ˇˏ 

ʰˉˇ˒ˎʴʺˌ όdrag make-up maneuver ς DMUM) #610A (14:46:40-14:47:19.5 GMTύΦ ɾʾʰ 

ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʹ ˉˍ˗ˋʹ ˍʹˌ ˉʾʶˋʹˌ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ Ϥмл psi ˁʰˍʰʴˊʱ˒ʹˁʶ ʷˉʶʽˍʰ ʰˉˈ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ 

ˍˇˎ DMUM #610B (15:27:11-15:27:31.25 GMT). ɾʶˍʱ ʰˉˈ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ɳˊʴʰˋˍʹˊʾˇˎ ɲˎ˄ʰ˃ʽˁʺˌ 

ʃˍʺˋʶ˖˄ όFlight Dynamics FacilityύΣ ˍˇ ʶ˄ʰˉˇ˃ʶʾ˄ʰ˄ ˉˊˇ˖ʻʹˍʽˁˈ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˋʶ ˉʶˊʾˉˇˎ м kg. 

ɮˎˍˈ ʵʽʰˍʹˊʺʻʹˁʶ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰ˄ʱʴˁʹˌ ʰˉˇ˒ˎʴʺˌ ʵʽʰˋˍʹ˃ʽˁʺˌ ˍʷ˒ˊʰˌ ʰˉˈ ˍˇ˄ 

ʵˇˊˎ˒ˈˊˇΦ ʆˈˍʶ ˇˎˋʽʰˋˍʽˁʱ ˅ʶˁʾ˄ʹˋʶ ʹ ˒ʱˋʹ ˍʶˊ˃ʰˍʽˋ˃ˇˏ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ TRMM (Nio et al., 

2015). 

ʆˇ˄ ʁˁˍ˗ʲˊʽˇ ˍˇˎ нлмпΣ ˇ ʵˇˊˎ˒ˈˊˇˌ ˅ʶˁʾ˄ʹˋʶ ˍʹ˄ ˁʰʻˇʵʽˁʺ ˍˇˎ ˍˊˇ˔ʽʱΣ ˃ʶ ˋˍˈ˔ˇ ˄ʰ ˒ˍʱˋʶʽ 

ˋˍˇ ˎ˕ˈ˃ʶˍˊˇ ˍ˖˄ оор kmΣ ˍˇ ˇˉˇʾˇ ˁʰʽ ʻʶ˖ˊˇˏ˄ˍʰ˄ ˖ˌ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˋˍˇ ˇˉˇʾˇ ˁʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ 

ˍˇˎ ʻʰ ˇ˂ˇˁ˂ʹˊ˖˄ˈˍʰ˄ όάdecommissioning altitudeέύΦ ʅˍˇ ˃ʶˍʰ˅ˏΣ ˍˇ ˊʰ˄ˍʱˊ PR ˋˍʰ˃ʱˍʹˋʶ ˍʹ 

˂ʶʽˍˇˎˊʴʾʰ ˍˇˎΣ ʶ˄˗ ˍˇ ˈˊʴʰ˄ˇ ɮˉʶʽˁˈ˄ʽˋʹˌ ɾʽˁˊˇˁˎ˃ʱˍ˖˄ TMI ˋˎ˄ʷ˔ʽˋʶ ˄ʰ ˂ʶʽˍˇˎˊʴʶʾΣ 

ʵʽʰ˒ˇˊˇˉˇʽ˗˄ˍʰˌ ˈ˃˖ˌ ˋˍʰʵʽʰˁʱ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʷ˖ˌ ˈˍˇˎ ʰˎˍʺ 

ʵʽʰˁˈˉʹˁʶ ˇˊʽˋˍʽˁʱ ˋˍʽˌ у ɮˉˊʽ˂ʾˇˎ ˍˇˎ нлмрΦ ʁ ʵˇˊˎ˒ˈˊˇˌ ʶʽˋʺ˂ʻʶ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˍʹˌ ɱʹˌ 

ˋˍʽˌ мт ɹˇˎ˄ʾˇˎ нлмр ˁʰʽ ʹ ˈˉˇʽʰ ˍʷ˒ˊʰ ʵʽʰˍʹˊʺʻʹˁʶ ˁʰˍʷ˂ʹ˅ʶ ˋˍˇ ɿˈˍʽˇ ɹ˄ʵʽˁˈ ʍˁʶʰ˄ˈ 

ʰ˄ʰˍˇ˂ʽˁʱ ˍʹˌ ɮˎˋˍˊʰ˂ʾʰˌ όHuffman, 2015). 

ɮ˅ʾʸʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ˉ˖ˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ɴˁʻʶˋʹ ɮ˄ʱ˂ˎˋʹˌ ɼʽ˄ʵˏ˄ˇˎ ʰˉˈ ˍʹ˄ ʶˉʰ˄ʶʾˋˇʵˇ ˍˇˎ 

ʵˇˊˎ˒ˈˊˇˎ ˍʹˌ NASA (Re-entry and Risk Assessment for the Tropical Rainfall Measuring Mission 

(TRMMύΣ нлмрύΣ ˇ ˁʾ˄ʵˎ˄ˇˌ ˍˊʰˎ˃ʰˍʽˋ˃ˇˏ ʰˍˈ˃ˇˎ ʰˉˈ ˍʰ ˁˇ˃˃ʱˍʽʰ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ʶʾ˔ʶ 
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ˎˉˇ˂ˇʴʽˋˍʶʾ ˋʶ м ˋˍʰ ϤпнллΣ ʵʹ˂ʰʵʺ ʶʱ˄ ʹ ʾʵʽʰ ʶˉʰ˄ʶʾˋˇʵˇˌ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏˍʰ˄ пнлл ˒ˇˊʷˌΣ ʻʰ 

ʰ˄ʰ˃ʶ˄ˈˍʰ˄ ˄ʰ ˍˊʰˎ˃ʰˍʽˋˍʶʾ ʷ˄ʰˌ ʱ˄ʻˊ˖ˉˇˌ ˋˍʹ ɱʹΦ 

ɮˉˈ ˍʽˌ т ʁˁˍ˖ʲˊʾˇˎ нлмпΣ ˇˉˈˍʶ ˇˎˋʽʰˋˍʽˁʱ ˅ʶˁʾ˄ʹˋʶ ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʶˊ˃ʰˍʽˋ˃ˈˌ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ 

TRMMΣ ʹ ˋˎ˄ʵˎʰˋˍʽˁʺ ˔ˊʺˋʹ ˍ˖˄ ˇˊʴʱ˄˖˄ PR ˁʰʽ TMI (TCIύ ʵʽʰˁˈˉʹˁʶΦ ɴˍˋʽΣ ʴʽʰ ˍʰ 

ʲˊˇ˔ˇ˃ʶˍˊʽˁʱ ˉˊˇʿˈ˄ˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ ˔ˊʺˋʹ ˍ˖˄ ˇˊʴʱ˄˖˄ ʰˎˍ˗˄Σ ˇ ʅʶˉˍʷ˃ʲˊʹˌ ˍˇˎ 

нлмп ʶʾ˄ʰʽ ˇ ˍʶ˂ʶˎˍʰʾˇˌ ˃ʺ˄ʰˌ ˉˇˎ ʰˎˍʱ ˉʰˊʺ˔ʻʹˋʰ˄ ˃ʶ ˍˇ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˍˊˈˉˇ όBolvin and 

HuffmanΣ нлмрύΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ ˋˍˇ ˉˊˇʿˈ˄ оɰпн ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʱˉˇʽʰ ʰ˄ˇ˃ˇʽˇʴʷ˄ʶʽʰ ʴʽʰ ˍʽˌ 

ˉʶˊʽˈʵˇˎˌ ˉˊʽ˄ ˁʰʽ ˃ʶˍʱ ˍˇ˄ ʁˁˍ˗ʲˊʽˇ ˍˇˎ нлмпΣ ʽʵʽʰʾˍʶˊʰ ˉʱ˄˖ ʰˉˈ ˍˇˎˌ ˖ˁʶʰ˄ˇˏˌΦ ʆʰ 

ˉˊˇʿˈ˄ˍʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ TRMM (TMPA ˁʰʽ TMPA-RTύ ʻʰ ˋˎ˄ʶ˔ʾˋˇˎ˄ ˄ʰ 

ˉʰˊʱʴˇ˄ˍʰʽ ʷ˖ˌ ˍʰ ˃ʷˋʰ ˍˇˎ нлмтΣ ˈˉ˖ˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽΣ ˇˉˈˍʶ ˁʰʽ ʻʰ ʰ˄ˍʽˁʰˍʰˋˍʰʻˇˏ˄ ʰˉˈ ˍʰ 

ˉˊˇʿˈ˄ˍʰ ˍʹˌ ˄ʷʰˌ ʰˉˇˋˍˇ˂ʺˌ ˍ˖˄ NASA ˁʰʽ JAXA όˉˇˎ ʰˉˇˍʶ˂ʶʾ ˍˇ ʵʽʱʵˇ˔ˇ ˍʹˌ TRMM) GPM 

(Global Precipitation Measurement) (Huffman, 2015). 

2.4.3 ɳʴˁʰˍʶˋˍʹ˃ʷ˄ʰ ˈˊʴʰ˄ʰ ʵˇˊˎ˒ˈˊˇˎ TRMM 

ʆʰ ˈˊʴʰ˄ʰ ˍʰ ˇˉˇʾʰ ʲˊʾˋˁˇ˄ˍʰ˄ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʰ ˋˍˇ ʵˇˊˎ˒ˈˊˇ TRMM ˁʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎΣ 

ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ ˁʰʽ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ нΦмл (Kummerow et al., 1998). 

2.4.3.1 ʄʰ˄ˍʱˊ ɼh ˍʰˁˊʺ˃˄ʽˋʹˌ, PR (Precipitation Radar) 

ʆˇ ʄʰ˄ˍʱˊ ɼʰˍʰˁˊʺ˃˄ʽˋʹˌ όPRύ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ TRMM ʶʾ˄ʰʽ ˍˇ ˉˊ˗ˍˇ ʵʽʰˋˍʹ˃ʽˁˈ ˊʰ˄ˍʱˊ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˍˇ ˃ˈ˄ˇ ˈˊʴʰ˄ˇ ˋˍˇ ʵˇˊˎ˒ˈˊˇ ˉˇˎ ʶʾ˔ʶ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˁʰˍʰʴˊʱ˕ʶʽ ˍʹ˄ 

ˁʰˍʰˁˈˊˎ˒ʹ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɰʰˋʽˁˇʾ ˋˍˈ˔ˇʽ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʺˍʰ˄ όKummerow et 

al., 1998): 

ʰύ ɶ ʶˁˍʾ˃ʹˋʹ ˍˇˎ о-ʵʽʱˋˍʰˍˇˎ ˉˊˇ˒ʾ˂ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˁʰʽ ʶʽʵʽˁʱ ˍʹˌ ˁʰˍʰˁˈˊˎ˒ʹˌ 

ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌΦ 

ʲύ ɶ ˉˇˋˇˍʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉʱ˄˖ ʰˉˈ ˖ˁʶʰ˄ˇˏˌ ˁʰʽ ˅ʹˊʱΦ 

ʴύ ɶ  ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˃ʶ ˍʹ˄ ˍʰˎˍˈ˔ˊˇ˄ʹ ˁʰʽ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹ ˔ˊʺˋʹ 

ʶ˄ʶˊʴˇˏ όPRύ ˁʰʽ ˉʰʻʹˍʽˁˇˏ όTMI ˁ ʰʽ VIRSύ ʰʽˋʻʹˍʺˊʰΦ 

ʆˇ PR ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʰˉˈ ˍˇ ɹʰˉ˖˄ʽˁˈ ɳʻ˄ʽˁˈ ɹ˄ˋˍʽˍˇˏˍˇ ʆʶ˔˄ˇ˂ˇʴʾʰˌ ʃ˂ʹˊˇ˒ˇˊʽ˗˄ ˁʰʽ 

ɳˉʽˁˇʽ˄˖˄ʽ˗˄ NICT (National Institute of Information and Communication Technologyύ ˁʰʽ ˍʹ 

JAXAΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʽʰ ˁʶˊʰʽˇˋˎˋˍˇʽ˔ʾʰ ˋʶ ˒ʱˋʹΣ ˃ʶ ˋˎ˔˄ˈˍʹˍʰ ˂ʶʽˍˇˎˊʴʾʰˌ ˋˍʰ моΦу GHz ˁʰʽ 

ˇˊʽʸˈ˄ˍʽʰ ˉˇ˂ʽˁˈˍʹˍʰ όɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ нлмлύΦ ʆˇ ʶˏˊˇˌ ˍˇˎ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˍˇˎ ˇˊʴʱ˄ˇˎ ˋˍˇ 

ʷʵʰ˒ˇˌ ʵʶ˄ ˎˉʶˊʷʲʰʽ˄ʶ ˍʰ нпт km όʷ˄ʰ˄ˍʽ ˍ˖˄ нмр km ˉˇˎ ʺˍʰ˄ ʰˊ˔ʽˁʱΣ ˈˍʰ˄ ˍˇ ˏ˕ˇˌ ˍʹˌ 

ˍˊˇ˔ʽʱˌ ˍˇˎ ʺˍʰ˄ ˋˍʰ орл km (DeMoss and BowmanΣ нллтύΣ ʶ˄˗ ʹ ˁʰˍʰˁˈˊˎ˒ʹ ʰ˄ʱ˂ˎˋʺ ˍˇˎ 

ʷ˒ˍʰ˄ʶ ʷ˖ˌ ˍʰ нрл m ʰˊ˔ʾʸˇ˄ˍʰˌ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ ˁʰʽ ˒ʻʱ˄ˇ˄ˍʰˌ ˋʶ ˏ˕ˇˌ ˂ʾʴˇ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ 

20 kmΣ ˁʰ˂ˏˉˍˇ˄ˍʰˌ ˉ˂ʺˊ˖ˌ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ ɶ ˇˊʽʸˈ˄ˍʽʰ ʰ˄ʱ˂ˎˋʹ ˋˍˇ ˄ʰʵʾˊ ʶʾ˄ʰʽ р km όʷ˄ʰ˄ˍʽ 

ˍ˖˄ пΦо km h ˊ˔ʽˁʱύ ҕлΦмр km ˃ ʶ ˍʹ ʻʷˋʹ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ όʃʰˉʰʻʶˇʵˇˋʾˇˎΣ нлммύΦ 
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ʆ̌  ˊʰ˄ˍʱˊ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏˋʶΣ ˁʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎΣ ˃ʽʰ ʶ˅˖ˍʶˊʽˁʺ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˃ʶ ʷ˄ʰ 

ʶˉʾʴʶʽˇ ɳ˄ʶˊʴˈ ʄʰ˄ˍʱˊ ɰʰʻ˃ˇ˄ˈ˃ʹˋʹˌ ARC (Active Radar Calibratorύ ˉʶˊʾˉˇˎ ˍʷˋˋʶˊʽˌ ˒ˇˊʷˌ ˍˇ 

ʷˍˇˌ ˁʰʽ ˃ʽʰ ʶˋ˖ˍʶˊʽˁʺ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹΣ ʴʽʰ ˄ʰ ˃ʶˍˊʺˋʶʽ ˍʹ˄ ʰˉˈˁˊʽˋʹ ˋˎ˔˄ˈˍʹˍʰˌ ˍˇˎ ʵʷˁˍʹΣ 

ˉʶˊʾˉˇˎ ˃ʾʰ ˒ˇˊʱ ˍʹ˄ ʹ˃ʷˊʰΦ ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˊʰ˄ˍʱˊ ʺˍʰ˄ ʶ˅ˈ˔˖ˌ 

ˋˍʰʻʶˊʺΣ ˃ʶ ˉˊˇˁˏˉˍˇˎˋʶˌ ʰˉˇˁ˂ʾˋʶʽˌ ˁʰˍʱ ˍʽˌ ʲʰʻ˃ˇ˄ˇ˃ʺˋʶʽˌ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ ҕ лΦр dB ˁʰʽ 

˃ʰˁˊˇ˔ˊˈ˄ʽʶˌ ʰˉˇˁ˂ʾˋʶʽˌ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ лΦм dBΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ ˍˇ PR ̫ ˔ʶʽ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰʽ 

ˋʰ˄ ˉˊˈˍˎˉˇ ʴʽʰ ˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ʶˉʾʴʶʽ˖˄ ˊʰ˄ˍʱˊ όNASA, 2007). 

2.4.3.2 ɮˉʶʽˁˈ˄ʽˋʹ ɾʽˁˊˇˁˎ˃ʱˍ˖˄ ¢aL ό¢waa aƛŎǊƻǿŀǾŜ LƳŀƎŜǊύ  

ʆˇ ˈˊʴʰ˄ˇ ɮˉʶʽˁˈ˄ʽˋʹˌ ɾʽˁˊˇˁˎ˃ʱˍ˖˄ TMI ʺˍʰ˄ ʷ˄ʰ ˊʰʵʽˈ˃ʶˍˊˇ ˃ʶ ˉʰʻʹˍʽˁˈ ʰʽˋʻʹˍʺˊʰ ˉˇˎ 

˃ʶˍˊˇˏˋʶ ˍʹ˄ ˃ʽˁˊˇˁˎ˃ʰˍʽˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˍʹˌ ɱʹˌ ˁʰʽ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ʰˉˈ ʶ˄˄ʽʱ ˁʰ˄ʱ˂ʽʰ ˋʶ 

ˉʷ˄ˍʶ ˋˎ˔˄ˈˍʹˍʶˌΥ млΦтΣ мфΦпΣ нмΦоΣ отΦлΣ ˁʰʽ урΦр GHzΦ ʅʶ ˁʱʻʶ ˋˎ˔˄ˈˍʹˍʰ ʰ˄ˍʽˋˍˇʽ˔ˇˏˋʰ˄ ʵˏˇ 

ˁʰ˄ʱ˂ʽʰΣ ʷ˄ʰ ˇˊʽʸˈ˄ˍʽʰˌ ˁʰʽ ʷ˄ʰ ˁʰˍʰˁˈˊˎ˒ʹˌ ˉˇ˂ʽˁˈˍʹˍʰˌΣ ʶˁˍˈˌ ʰˉˈ ˍʹ ˋˎ˔˄ˈˍʹˍʰ ˍ˖˄ нмΦо 

GHz ˉˇˎ ʵʽʷʻʶˍʶ ˃ˈ˄ˇ ˁʰˍʰˁˈˊˎ˒ʹ ˉˇ˂ʽˁˈˍʹˍʰ όɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ нлмлύΦ ʅˁˇˉˈˌ ˍˇˎ ʺˍʰ˄ ˄ʰ 

ˉʰˊʷ˔ʶʽ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉʱ˄˖ ʰˉˈ ˍˇˎˌ ˖ˁʶʰ˄ˇˏˌΦ 

ɶ ʰˁˊʾʲʶʽʱ ˍˇˎ ʺˍʰ˄ ˃ʶʽ˖˃ʷ˄ʹ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ˅ʹˊʱΣ ˁʰʻ˗ˌ ˇʽ ʰ˄ˇ˃ˇʽˇʴʶ˄ʶʾˌ ʶˁˉˇ˃ˉʷˌ ʰˉˈ ˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋˍʶˊʽʱˌ ʵˎˋ˔ʷˊʰʽ˄ʰ˄ ̱ ʹ˄ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄Φ 

ʂˋˇ˄ ʰ˒ˇˊʱ ˍˇ ʵˇˊˎ˒ˈˊˇ TRMMΣ ˂ˈʴ˖ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ˍˊˇ˔ʽʱˌ ˍˇˎΣ ˍˇ ʰˉˇˍˏˉ˖˃ʰ 

ˍˇˎ ˇˊʴʱ˄ˇˎ ʶˉʾ ˍˇˎ ʶʵʱ˒ˇˎˌ ʺˍʰ˄ ˁ˖˄ʽˁʺˌ ˃ˇˊ˒ʺˌΣ ʶˏˊˇˎˌ уту km ˉʶˊʾˉˇˎ όʷ˄ʰ˄ˍʽ ˍ˖˄ 

ʰˊ˔ʽˁ˗˄ тсл km) ˁʰʽ ˇˊʽʸˈ˄ˍʽʰˌ ʰ˄ʱ˂ˎˋʹˌ с ʷ˖ˌ рл kmΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʻʷˋʹ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ 

όɾˉʰ˂ˍʱˌΣ нлмоύΦ  

2.4.3.3 ʅʰˊ˖ˍʺˌ ʁˊʰˍʺˌ ˁʰʽ ʇˉʷˊˎʻˊʹˌ ɮˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ±Lw{ (Visible and Infrared Scanner) 

ʆˇ ˈˊʴʰ˄ˇ ʰˎˍˈ ˃ʶˍˊˇˏˋʶ ˍʹ˄ ʶˁˉʶ˃ˉˈ˃ʶ˄ʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˋʶ ˉʷ˄ˍʶ ˒ʰˋ˃ʰˍʽˁʷˌ ʸ˗˄ʶˌ ˃ʶ ˃ʺˁʹ 

ˁˏ˃ʰˍˇˌ ˉˇˎ ˁˎ˃ʰʾ˄ˇ˄ˍʰ˄ ʰˉˈ лΦс ˃ʷ˔ˊʽ мн ˃mΦ ɶ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˍˇˎ VIRS ˃ʶ ʰˎˍ˗˄ 

ˍˇˎ TMI  ̄ ʰˊʶʾ˔ʶ ˍˇ˄ ˍˊˈˉˇ ʴʽʰ ˍʹ˄ ʰˁˊʽʲʷˋˍʶˊʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʰˉΩ ˈΣˍʽ ˃ʶ ˍʹ ˔ˊʺˋʹ 

ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˔˖ˊʽˋˍʱ όNASAΣ нллтύΦ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ʴʽʰˍʾ ˔ʱˊʹ ˋˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˍˇˎ VIRS 

˃ˉˇˊˇˏˋʶ ˄ʰ ʶˁˍʽ˃ʹʻʶʾ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˄ʶ˒˗˄Σ ˁʱˍ˖ ʰˉˈ ˍʰ ˇˉˇʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ 

ʲˊˇ˔ˈˉˍ˖ˋʹΦ 

ʁ ʵˇˊˎ˒ˈˊˇˌ ʵʶ˔ˈˍʰ˄ ˍʹ˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˍʹˌ ʰ˄˗ˍʶˊʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍ˖˄ ˄ʶ˒˗˄ ˁʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ 

ʰ˄ ʰˎˍʺ ʺˍʰ˄ ˕ˎ˔ˊʺ ʺ ʻʶˊ˃ʺ ˃ˉˇˊˇˏˋʶ ˄ʰ ʴʾ˄ʶʽ ˃ʽʰ ʶˁˍʾ˃ʹˋʹ ʰˊ˔ʽˁʱ ˍˇˎ ˏ˕ˇˎˌ ˋˍˇ ˇˉˇʾˇ 

ʲˊʾˋˁʶˍʰʽ ʹ ˁˇˊˎ˒ʺ ˍ˖˄ ˄ʶ˒˗˄ ˁʰʽ ˃ʶˍʱ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʰˎˍʱ ˄ʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ˁʰˍʰˁˊʺ˃˄ʽˋʹΦ 

ʆˇ ˃ʶʴʱ˂ˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʶʾ˄ʰʽ ˈˍʽ ˉʰˊʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍʹˌ 

ˋˎ˄ʶ˔ˇˏˌ ˁʰˍʰʴˊʰ˒ʺˌ ˍ˖˄ ˄ʶ˒ʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄Σ ˁʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ нп˗ˊˇˎΦ 

ʅˎˋ˔ʶˍʾʸˇ˄ˍʰˌ ˍʽˌ ʶʽˁˈ˄ʶˌ ˇˊʰˍʺˌ ˁʰʽ ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʶ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˍ˖˄ 

˃ʽˁˊˇˁˎ˃ʰˍʽˁ˗˄ ʰʽˋʻʹˍʺˊ˖˄ TMI ˁʰʽ PRΣ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ˉʶˊʽˋˋˈˍʶˊʰ 

ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʴʽʰ ˍʹ ˋ˔ʷˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋˍʹ˄ ʰ˄˗ˍʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ˄ʶ˒˗˄ ˁʰʽ ˍʹ˄ 
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ˁʰˍʰˁˊʺ˃˄ʽˋʹΣ ˍʰ ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰ˄ ʴʽʰ ˍʹ˄ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ˇˊʰˍ˗˄ ˁʰʽ ˎˉʷˊˎʻˊ˖˄ 

ʶʽˁˈ˄˖˄ ʰˉˈ ˍʰ ˊʰʵʽˈ˃ʶˍˊʰ ˍ˖˄ ʴʶˇˋˍʱˋʽ˃˖˄ ʵˇˊˎ˒ˈˊ˖˄ όParkinson et al., 2006). 

ɶ ʴ˖˄ʾʰ ˋʱˊ˖ˋʹˌ ˍˇˎ ˇˊʴʱ˄ˇˎ ʺˍʰ˄ ҕ пр ꜛ̄ ˇˎ ˃ʶˍʰ˒ˊʱʸʶˍʰʽ ˋʶ тнл km ̄ ˂ʱˍˇˌ ʰˉˇˍˎˉ˗˃ʰˍˇˌ 

ˋˍˇ ʷʵʰ˒ˇˌΦ ɶ ˇˊʽʸˈ˄ˍʽʰ ʰ˄ʱ˂ˎˋʺ ˍˇˎ ʵʶ˄ ˎˉʶˊʷʲʰʽ˄ʶ ˍʰ н kmΦ ʅˍˇ ʅ˔ʺ˃ʰ 2.9 ʷ˔ʶʽ ˋ˔ʶʵʽʰˋˍʶʾ 

ˋˁʰˊʽ˒ʹ˃ʰˍʽˁʱ ˍˇ ʰˉˇˍˏˉ˖˃ʰ ˍ˖˄ ˇˊʴʱ˄˖˄ PR, TMI ˁ ʰʽ VIRS ̀ ˍˇ ʷʵʰ˒ˇˌ όɾˉʰ˂ˍʱˌΣ нлмоύΦ   

 

ʅ˔ʺ˃ʰ нΦ9: ɱʶ˖˃ʶˍˊʾʰ ˉʶʵʾˇˎ ˋʱˊ˖ˋʹˌ ˍ˖˄ ˍˊʽ˗˄ ʲʰˋʽˁ˗˄ ˇˊʴʱ˄˖˄ ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΥ PR, TMI ˁ ʰʽ VIRS ώʃʹʴʺΥ Kummerow et al., 1998]. 

2.4.3.4 ʅˏˋˍʹ˃ʰ ɿʷ˒˖ˋʹˌ ˁʰʽ ɮˁˍʽ˄ˇʲˇ˂ˇˏ˃ʶ˄ʹˌ ɱʺʽ˄ʹˌ ɳ˄ ʷˊʴʶʽʰˌΣ /9w9{ (Clouds and the 

EarthΩs Radiant Energy System) 

ʆˇ ˈˊʴʰ˄ˇ ʰˎˍˈΣ ʵʶ˄ ʶʾ˔ʶ ˖ˌ ˋˍˈ˔ˇ ˍʹ ˃ʷˍˊʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˈˉ˖ˌ ˍʰ ˍˊʾʰ ˉˊˇʹʴˇˏ˃ʶ˄ʰΣ 

ʰ˂˂ʱ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʰʲʶʲʰʽˈˍʹˍʰˌ ˋˍʹ˄ ˉˊˈʲ˂ʶ˕ʹ ˍ˖˄ ˃ʰˁˊˇ˔ˊˈ˄ʽ˖˄ ʰ˂˂ʰʴ˗˄ ˍˇˎ ˁ˂ʾ˃ʰˍˇˌ ˍʹˌ 

ɱʹˌΦ ʆˇ ˈˊʴʰ˄ˇ ˃ʶˍˊˇˏˋʶ ˍʹ˄ ʰˁˍʽ˄ˇʲˇ˂ˇˏ˃ʶ˄ʹ ʴʺʽ˄ʹ ʶ˄ʷˊʴʶʽʰ ʹ ˇˉˇʾʰ ʵʽʰ˔˖ˊʽʸˈˍʰ˄ ʰˉˈ ʰˎˍʺ 

ˍ˖˄ ˄ʶ˒˗˄ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ ɶ ʶˉʾˍʶˎ˅ʹ ˍˇˎ ˋˍˈ˔ˇˎ ˍˇˎ ʲʰˋʽʸˈˍʰ˄ ˋˍʹ˄ ʶ˅ʺʴʹˋʹ ˍʹˌ ʰˉˈˁ˂ʽˋʹˌ 

ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ˇˏ˃ʶ˄ʹˌ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˒ˎˋʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˉˊˈʲ˂ʶ˕ʹˌ ˁ˂ʾ˃ʰˍˇˌ 

ˁʰʽ ˇ ˁʰʻˇˊʽˋ˃ˈˌ ˍˇˎ ʽˋˇʸˎʴʾˇˎ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʶˁˉˇ˃ˉʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˍˇ ˇˉˇʾˇ ʵʽʰʵˊʰ˃ʰˍʾʸʶʽ 

ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʽˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˁʰʽ ˋˍʹ ˃ʶˍʰ˒ˇˊʱ ʶ˄ʷˊʴʶʽʰˌ ʰˉˈ ˍˇ˄ ʰʷˊʰ ˋˍʹ 

ʻʱ˂ʰˋˋʰ ˁʰʽ ʰ˄ˍʾˋˍˊˇ˒ʰ όɾˉʰ˂ˍʱˌΣ нлмоύΦ   

ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˈˊʴʰ˄ˇ ˂ʶʽˍˇˎˊʴˇˏˋʶ ˋʶ ʷ˄ʰ ˒ʱˋ˃ʰ ʰˉˈ лΦо ʷ˖ˌ р ˃m ʴʽʰ ˍʰ ʲˊʰ˔ʷʰ ˁˏ˃ʰˍʰ 

ˁʰʽ ʰˉˈ у ʷ˖ˌ мн ˃m ʴʽʰ ˍʰ ˃ʰˁˊʱ όNASAΣ нлммύΦ ɶ ʶˉʾˍʶˎ˅ʹ ˍˇˎ ˋˍˈ˔ˇˎ ˍˇˎ ʲʰˋʽʸˈˍʰ˄ ˋˍʹ˄ 

ʶ˅ʺʴʹˋʹ ˍʹˌ ʰˉˈˁ˂ʽˋʹˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ˇˏ˃ʶ˄ʹˌ ʶ˄ʷˊʴʶʽʰˌΣ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˒ˎˋʽˁʱ 

˃ˇ˄ˍʷ˂ʰ ˉˊˈʲ˂ʶ˕ʹˌ ˁ˂ʾ˃ʰˍˇˌΣ ˁʰʽ ˋˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍˇˎ ʽˋˇʸˎʴʾˇˎ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʶˁˉˇ˃ˉʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˍˇ ˇˉˇʾˇ ʵʽʰʵˊʰ˃ʰˍʾʸʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʽˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˁʰʽ ˋˍʹ 

˃ʶˍʰ˒ˇˊʱ ʶ˄ʷˊʴʶʽʰˌ ʰˉˈ ˍˇ˄ ʰʷˊʰ ˋˍʹ ʻʱ˂ʰˋˋʰ ˁʰʽ ʰ˄ˍʾˋˍˊˇ˒ʰ όPessi and Businger, 2009).  
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ɲˎˋˍˎ˔˗ˌ ˍˇ ˈˊʴʰ˄ˇ  CERES ˂ ʶʽˍˇˏˊʴʹˋʶ ˃ˈ˄ˇ ˁʰˍʱ ˍʹ˄ ˉʶˊʾˇʵˇ ɹʰ˄ˇˎʰˊʾˇˎ ς ɮˎʴˇˏˋˍˇˎ мффу 

ˁʰʽ ˍˇ˄ ɾʱˊˍʽˇ нллл ʶ˅ʰʽˍʾʰˌ ˃ʽʰˌ ʰˋˍˇ˔ʾʰˌ ˋˍˇ ʹ˂ʶˁˍˊʽˁˈ ˍˇˎ ˋˏˋˍʹ˃ʰ όɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ нлмлύΦ  

2.4.3.5 ɮʽˋʻʹˍʺˊʰˌ ɮˉʶʽˁˈ˄ʽˋʹˌ ɮˋˍˊʰˉ˗˄ [L{ ό[ƛƎƘǘƴƛƴƎ LƳŀƎƛƴƎ {ŜƴǎƻǊύ 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ ʰˉ˂ˈ ˈˊʴʰ˄ˇ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍˇ ʰˉˈ ʷ˄ʰ˄ ʰˉʶʽˁˇ˄ʽˋˍʺ ˊˎʻ˃ʽˋ˃ʷ˄ˇ ʷˍˋʽ ˗ˋˍʶ ˄ʰ 

ʶ˄ˍˇˉʾʸʶʽ ˍʽˌ ʰˋˍˊʰˉʷˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʰ˄ʱ˃ʶˋʰ ˋʶ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʱ ˄ʷ˒ʹ ʺ ˃ʶˍʰ˅ˏ ʵˏˇ 

ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎ ʾʵʽˇˎ ˄ʷ˒ˇˎˌ ʺ ʰ˄ʱ˃ʶˋʰ ˋʶ ʷ˄ʰ ˄ʷ˒ˇˌ ˁʰʽ ˋˍˇ ʷʵʰ˒ˇˌΦ ʆˇ ˈˊʴʰ˄ˇ 

LIS ˁʰˍʷʴˊʰ˒ʶ ʶˉʾˋʹˌ ˍˈˋˇ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʶ˃˒ʱ˄ʽˋʹˌ ˍʹˌ ʰˋˍˊʰˉʺˌ ˈˋˇ ˁʰʽ ˍʹ˄ 

ʰˁˍʽ˄ˇʲˇ˂ˇˏ˃ʶ˄ʹ ʶ˄ʷˊʴʶʽʰΦ ɼʰʻ˗ˌ ˇ ʵˇˊˎ˒ˈˊˇˌ ˁʽ˄ˇˏˍʰ˄ ʴˏˊ˖ ʰˉˈ ˍʹ ɱʹ ˃ʶ ˍʰ˔ˏˍʹˍʰ ˉʶˊʾˉˇˎ 

7.3 km/s ˍˇ LIS ˃ˉˇˊˇˏˋʶ ˄ʰ ˉʰˊʰˁˇ˂ˇˎʻʺˋʶʽ ˃ʽʰ  ˁʰˍʰʽʴʾʵʰ ʴʽʰ ˉʶˊʾˉˇˎ ул ˃ʶ фл s ˁʰʻ˗ˌ 

ʵʽʶˊ˔ˈˍʰ˄ ʰˉˈ ʶˉʱ˄˖ ˍʹˌΦ ʁ ˔ˊˈ˄ˇˌ ʰˎˍˈˌ ˁˊʾ˄ʶˍʰʽ ˖ˌ ʰˊˁʶˍˈˌ ʴʽʰ ˄ʰ ˁʰˍʰʴˊʰ˒ʶʾ ˇ ˊˎʻ˃ˈˌ 

ʶ˃˒ʱ˄ʽˋʹˌ ʰˋˍˊʰˉ˗˄ όCristian, 1999). 

ʁ ʰʽˋʻʹˍʺˊʰˌ ʰˉʶʽˁˈ˄ʽˋʹˌ ʰˋˍˊʰˉ˗˄ ʺˍʰ˄ ʷ˄ʰ ˇˉˍʽˁˈ ˍʹ˂ʶˋˁˈˉʽˇ ˋˎ˄ʵˎʰˋ˃ʷ˄ˇ ˃ʶ ʷ˄ʰ 

ˋˏˋˍʹ˃ʰ ˒ʽ˂ˍˊʰˊʽˋ˃ʷ˄ʹˌ ʰˉʶʽˁˈ˄ʽˋʹˌΣ ˍˇ ˇˉˇʾˇ ˁʰˍʷʴˊʰ˒ʶ ˍʽˌ ʰˋˍˊʰˉʷˌ ˉˇˎ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰ˄ 

ʶ˄ˍˈˌ ˍ˖˄ ˄ʶ˒˗˄ ʰ˂˂ʱ ˁʰʽ ʰˎˍʷˌ ˉˇˎ ˂ʱ˃ʲʰ˄ʰ˄ ˔˗ˊʰ ʰˉˈ ˍʰ ˄ʷ˒ʹ ˉˊˇˌ ˍˇ ʷʵʰ˒ˇˌΦ ʅʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˍ˖˄ ˇˊʴʱ˄˖˄ PR, TMI ˁ ʰʽ VIRSΣ ʶʾ˔ʰ˄ ʴʾ˄ʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ʲʺ˃ʰˍʰ ʴʽʰ ˍʹ 

ˋˎˋ˔ʷˍʽˋʹ ˍ˖˄ ʰˋˍˊʰˉ˗˄ ˃ʶ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˁʰʽ ˃ʶ ʱ˂˂ʶˌ ʽʵʽˈˍʹˍʶˌ ˍ˖˄ ˁʰˍʰʽʴʾʵ˖˄ όPessi and 

Businger, 2009). 

 

ʅ˔ʺ˃ʰ 2.10: ɳʴˁʰˍʶˋˍʹ˃ʷ˄ʰ ˈˊʴʰ˄ʰ ʵˇˊˎ˒ˈˊˇˎ TRMM ώʃʹʴʺΥ 

http://pmm.nasa.gov/multimedia/images/TRMM]. 

2.4.4 ɾʶˍˊʺˋʶʽˌ 

ɼʱʻʶ ˉˊˇʿˈ˄ ˍˇˎ TRMM ʷ˔ʶʽ ˃ʽʰ ˁ˖ʵʽˁʺ ˇ˄ˇ˃ʰˋʾʰ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʷˋˋʶˊʽˌ ˔ʰˊʰˁˍʺˊʶˌΦ 

ʁʽ ˉˊ˗ˍˇʽ ʵˏˇ ˔ʰˊʰˁˍʺˊʶˌ ˒ʰ˄ʶˊ˗˄ˇˎ˄ ˍˇ ʶˉʾˉʶʵˇ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ όʃʾ˄ʰˁʰˌ нΦ2) ʶ˄˗ ˇʽ 

ˎˉˈ˂ˇʽˉˇʽ ʵˏˇ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ ʰˏ˅ˇ˄ˍʰˌ ʰˊʽʻ˃ˈˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌΦ ʂ˂ʰ ˍʰ ʶˉʾˉʶʵʰΣ ʶˁˍˈˌ 

ˍˇˎ лΣ ʷ˔ˇˎ˄ ˋˍʱʵʽʰΣ ˍʰ ˇˉˇʾʰ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ɮΣ ɰ ˁΦˇΦˁΦ ʆʰ ˉˊˇʿˈ˄ˍʰ ˍˇˎ ʾʵʽˇˎ ʶˉʽˉʷʵˇˎ ˉˇˎ 

ʰ˄ʺˁˇˎ˄ ˋʶ ʶˉˈ˃ʶ˄ˇ ˋˍʱʵʽˇ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˉˊˇʿˈ˄ˍʰ ˍˇˎ ˉˊˇʹʴˇˏ˃ʶ˄ˇˎ ʺ ˉˊˇʹʴˇˏ˃ʶ˄˖˄Φ ɱʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰΣ ʴʽʰ ˉˊˇʿˈ˄ˍʰ ˍˇˎ ˋˍʰʵʾˇˎ ɰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˉˊˇʿˈ˄ˍʰ ˍˇˎ ʾʵʽˇˎ ʶˉʽˉʷʵˇˎ ˉˇˎ 

ʰ˄ʺˁˇˎ˄ ˋˍˇ ˋˍʱʵʽˇ ɮΦ ʆʰ ˉˊˇʿˈ˄ˍʰ ˍˇˎ ʵʶˏˍʶˊˇˎ ˋˍʰʵʾˇˎ ˍˇˎ ˍˊʾˍˇˎ ʶˉʽˉʷʵˇˎΣ ʶʾ˄ʰʽ ˍʰ ˃ˈ˄ʰ 
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ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˉˊ˖ˍˇʴʶ˄ʺ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʵʶ˄ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ ʵˇˊˎ˒ˈˊˇ TRMM 

όʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммύΦ 

ʃʾ˄ʰˁʰˌ нΦн: ʆʰ ʶˉʾˉʶʵʰ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎ TRMM ώʃʹʴʺΥ NASAΣ нллт ʷˉʶʽˍʰ ʰˉˈ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ʰˉˈ ʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммϐ 

ɳˉʾˉʶʵˇ ʁˊʽˋ˃ˈˌ 

0 
ʃˊ˖ˍˇʴʶ˄ʶʾˌ ʰ˄ʶˉʶ˅ʷˊʴʰˋˍʶˌ ˃ʶˍˊʺˋʶʽˌ ˔ˊˇ˄ʽˁʱ ˍˇˉˇʻʶˍʹ˃ʷ˄ʶˌΣ ˇʽ ˇˉˇʾʶˌ ʷ˔ˇˎ˄ 

ˉʶˊʱˋʶʽ ʷ˂ʶʴ˔ˇ ˉˇʽˈˍʹˍʰˌ ˁʰʽ ʷ˔ˇˎ˄ ʰ˒ʰʽˊʶʻʶʾ ˍˎ˔ˈ˄ ˉʶˊʽˍˍʷˌ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ˍˇˎˌ 

м όɮκɰκɱύ 

ɰˇʹʻʹˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʴʶ˖ʰ˄ʰ˒ˇˊʱˌ ˉˇˎ ʷ˔ˇˎ˄ ʶˉʽˋˎ˄ʰ˒ʻʶʾ ˋˍˇ ʶˉʾˉʶʵˇ лΦ ɶ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎˌ ʷ˔ʶʽ ʴʾ˄ʶʽ ˎʽˇʻʶˍ˗˄ˍʰˌ ˒ˎˋʽˁʷˌ ˃ˇ˄ʱʵʶˌ ˉˇˎ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ʶˌ ʴʽʰ 

ˁʱʻʶ ʰʽˋʻʹˍʺˊʰΦ ʆʷˍˇʽʰ ʲˇʹʻʹˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ʹ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ˊʰ˄ˍʱˊΣ ʹ 

ʻʶˊ˃ˇˁˊʰˋʾʰ ˍʹˌ ˒˖ˍʶʽ˄ˈˍʹˍʰˌΣ ˁΦ˂ΦˉΦ 

н όɮκɰύ 

ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ όˈˉ˖ˌ ʹ ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌύΣ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ 

ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ʶˉʽˉʷʵˇˎ м ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵʽʱ˒ˇˊˇˎˌ ʰ˂ʴˈˊʽʻ˃ˇˎˌΦ ʆʰ ˉʶʵʾʰ ˍ˖˄ 

˃ʶˍʰʲ˂ʹˍ˗˄ ʰˎˍ˗˄ ʶʾ˄ʰʽ ʵʽˋʵʽʱˋˍʰˍʰ ʺ ˍˊʽˋʵʽʱˋˍʰˍʰΣ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ʰˉˇˍˎˉ˗˃ʰˍˇˌ 

ˍ˖˄ ˇˊʴʱ˄˖˄ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ 

о όɮκɰύ 
ʂ˂ʰ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˇ˂ˇˁ˂ʺˊ˖ˋʹˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˍˇˎ ʶˉʽˉʷʵˇˎ н 

ˋʶ ʷ˄ʰ˄ ˇ˃ˇʽˈ˃ˇˊ˒ˇ ˔˖ˊʽˁʱ ˁʰʽ ˔ˊˇ˄ʽˁʱ ˁʱ˄˄ʰʲˇ 

2.4.4.1 ʃˊˇʿˈ˄ˍʰ ʶˉʽˉʷʵˇˎ м 

ʆˇ ˉˊˇʿˈ˄ мɰлм ʶʾ˄ʰʽ ˍˇ ˃ˇ˄ʰʵʽˁˈ ˉˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˃ʶˍˊʺˋʶʽˌ ˍˇˎ ˋʰˊ˖ˍʺ ˇˊʰˍʺˌ ˁʰʽ 

ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ VIRSΦ ʅˍˇ мɰлм ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ˍʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˇʽ ˇˉˇʾʶˌ ʷ˔ˇˎ˄ 

ˎˉˇˋˍʶʾ ˊʰʵʽˇ˃ʶˍˊʽˁʺ ˁʰʽ ʴʶ˖˃ʶˍˊʽˁʺ ʵʽˈˊʻ˖ˋʹΦ ʁʽ ʵʽˇˊʻ˗ˋʶʽˌ ʰˎˍʷˌ ʴʾ˄ˇ˄ˍʰʽ ˃ʶ ʲʱˋʹ ˍʽˌ 

˃ʶˍˊʺˋʶʽˌ ʰˉˈ ˍˇ ˈˊʴʰ˄ˇ CERES όˋˍˇ ʵʽʱˋˍʹ˃ʰ ˉˇˎ ʰˎˍˈ ˂ʶʽˍˇˎˊʴˇˏˋʶύΦ  

ɾʶ ʲʱˋʹ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ʰˉˈ ˍˇ ˈˊʴʰ˄ˇ ʰˉʶʽˁˈ˄ʽˋʹˌ ˃ʽˁˊˇˁˎ˃ʱˍ˖˄ TMI ˁʰʽ ʰ˒ˇˏ ˉˊˇˋˍʶʻʶʾ 

ʴʶ˖ʰ˄ʰ˒ˇˊʱ ˋʶ ˁʱʻʶ ˃ʷˍˊʹˋʹΣ ˉˊˇˁˏˉˍʶʽ ˍˇ ˉˊˇʿˈ˄ мɰммΣ ˍˇ ˇˉˇʾˇ ˉʶˊʽʷ˔ʶʽ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ 

ˍʹˌ ˂ʰ˃ˉˊˈˍʹˍʰˌ όΨbrightness temperatureΩύ ʰ˄ʱ ˍˊˇ˔ʽʱ ʵˇˊˎ˒ˈˊˇˎ όˉʶˊʾˉˇˎ мс ˁʰˍʰʴˊʰ˒ʷˌ 

ʰ˄ʱ ʻʷˋʹ ˁʰʽ ʰ˄ʱ ʹ˃ʷˊʰύΦ 

ɮˉˈ ˍˇ ˊʰ˄ˍʱˊ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˉʰˊʱʴˇ˄ˍʰʽ ʵˏˇ ˉˊˇʿˈ˄ˍʰ ˍˇˎ ʶˉʽˉʷʵˇˎ мΦ ʆˇ ˉˊ˗ˍˇ ʶʾ˄ʰʽ ˍˇ 

мɰнмΣ ˍˇ ˇˉˇʾˇ ˉʶˊʽʷ˔ʶʽ ˍʹ ˊˎʻ˃ʽˋ˃ʷ˄ʹ ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʹ ʽˋ˔ˏ ˁʰʽ ˇ ʵʶˏˍʶˊˇ ʶʾ˄ʰʽ ˇ мCнм ˉˇˎ 

ˉʶˊʽʷ˔ʶʽ ˍʹ˄ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ˊʰ˄ˍʱˊΦ 

ɱʽʰ ˍˇ мɰнмΣ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˕ʹ˒ʽʰˁ˗˄ ˋʹ˃ʱˍ˖˄ ˍˇˎ ˊʰ˄ˍʱˊ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ˊˎʻ˃ʽˋ˃ʷ˄ʹ 

˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʹ ʽˋ˔ˏ ˁʰʽ ʻˈˊˎʲˇΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ˉˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ʶʽʵʽˁʱ ʴʽʰ 

ˍˇ ˊʰ˄ˍʱˊ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʰˉˈ ˍʹ NASDA (NASDAΣ нллмύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽ ˉˊˇˋˍʾʻʶˍʰʽ ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ 

ˍˇˎ ʴʶ˖ʴˊʰ˒ʽˁˇˏ ˃ʺˁˇˎˌ ˁʰʽ ˉ˂ʱˍˇˎˌ ʴʽʰ ˍʹ ˃ʶˍʰˍˊˇˉʺ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ʰˎˍ˗˄ ˋʶ 

ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ˊʰ˄ˍʱˊ όZύ ˁʰʽ ʶ˅ʰˋʻʷ˄ʽˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ʷˍˋʽ ˍˇ ˉˊˇʿˈ˄ 

1Cнм όʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммύΦ 
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2.4.4.2 ʃˊˇʿˈ˄ˍʰ ʶˉʽˉʷʵˇˎ н 

ɾʶ ʲʱˋʹ ˍˇ мɰммΣ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˍˇ ˉˊˇ˒ʾ˂ ˍʹˌ ʲˊˇ˔ʺˌ ˉˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ нɮмнΦ ʁ ˋˍˈ˔ˇˌ ˍˇˎ 

ʰ˂ʴˇˊʾʻ˃ˇˎ нɮмн ʶʾ˄ʰʽ ʹ ʰ˄ʰˁʰˍʰˋˁʶˎʺ ˍʹˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˎʵˊʰˍ˃˗˄Σ ˍ˖˄ ˄ʶ˒˗˄ ˁʰʽ 

ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ ʵˎ˄ʰˍʺ ˁʰˍʰˁˈˊˎ˒ʹ ʰ˄ʱ˂ˎˋʹΣ ˋˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʽˌ ˃ʶˍˊʹ˃ʷ˄ʶˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˂ʰ˃ˉˊˈˍʹˍʰˌ ˃ʶ ʴ˄˖ˋˍʱ ˉˊˇ˒ʾ˂ ˄ʶ˒˗˄ ˃ʽʰˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ʰ˄ʰ˒ˇˊʱˌ ˉˇˎ 

ʷ˔ˇˎ˄ ʴ˄˖ˋˍʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˂ʰ˃ˉˊˈˍʹˍʰˌΦ 

ʅˎ˄ʵˎʱʸˇ˄ˍʰˌ ˍˇ мɰммΣ нɮмн ˁʰʽ мCнмΣ ˉˊˇˁˏˉˍˇˎ˄ ʹ ʵʽʱ˃ʶˍˊˇˌ ˍ˖˄ ˎʵˊˇˋˍʰʴˇ˄ʽʵʾ˖˄ ˇ 

ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʵʽˈˊʻ˖ˋʹˌ ˍʹˌ ʶ˅ʰˋʻʷ˄ʽˋʹˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʹ ʷ˄ˍʰˋʹ ˍʹˌ ʲˊˇ˔ʺˌ ˁʰʽ ˇʽ ˍˎˉʽˁʷˌ 

ʰˉˇˁ˂ʾˋʶʽˌ ˈ˂˖˄ ˍ˖˄ ˉˊˇʰ˄ʰ˒ʶˊˈ˃ʶ˄˖˄ ˉʰˊʰ˃ʷˍˊ˖˄Φ ʁ ˋˎ˄ʵˎʰˋ˃ˈˌ ʰˎˍˈˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ 

ˉˊˇʿˈ˄ нɰом όʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммύΦ 

2.4.4.3 ʃˊˇʿˈ˄ˍʰ ʶˉʽˉʷʵˇˎ о 

ʆˇ ˉˊˇʿˈ˄ оɰом ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ˃ʹ˄ʽʰʾˇ ˉʰʴˁˈˋ˃ʽˇ ˔ʱˊˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉʱ˄˖ ʰˉˈ ˍʹ ˋˍʶˊʽʱΣ ˇ 

ˇˉˇʾˇˌ ʷ˔ʶʽ ˎˉˇ˂ˇʴʽˋˍʶʾ ˋʶ ˁʱ˄˄ʰʲˇ ʵʽʰˋˍʱˋʶ˖˄ р ꜛ x 5 Φꜛ ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˍʰ ˉˊˇʿˈ˄ˍʰ нɮмн ˁʰʽ оɰом ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˁˇ˄ˍʱ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˋʶ ʵʶˁʰˍʷˋˋʶˊʰ ˁʰˍʰˁˈˊˎ˒ʰ ʶˉʾˉʶʵʰ ˉˇˎ ʰˉʷ˔ˇˎ˄ нрл m ˃ʶˍʰ˅ˏ 

ˍˇˎˌ όʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммύΦ 

ʆˇ оɰпнΣ ˍˇ ˇˉˇʾˇ ˁʰʽ ʶ˅ʶˍʱʸʶˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ˉʶˊʽʷ˔ʶʽ о˖ˊʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˋʶ ˁʱ˄˄ʰʲˇ 

0.25ꜛ  x 0.25ꜛΦ ɳˁˍˈˌ ʰˉˈ ˍʰ мɰлмΣ нɮмн ˁʰʽ оɰомΣ o ʰ˂ʴˈˊʽʻ˃ˇˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍˇˎ ˋˎ˄ʵˎʱʸʶʽ 

ʶˉʽˉˊˈˋʻʶˍʶˌ ˃ʶˍˊʺˋʶʽˌ ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʰˉˈ ʱ˂˂ˇˎˌ ʴʶ˖ˋˍʰʻʶˊˇˏˌ ʵˇˊˎ˒ˈˊˇˎˌΣ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˔˖ˊʽˁʱ ˁʰʽ ˔ˊˇ˄ʽˁʱ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ʹ ˊˏʻ˃ʽˋʹΦ ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʰˎˍˈˌ όHuffman, 

нллпύ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˉʽʻʰ˄ˇˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˍʰˏˍʽˋʹˌ ˍ˖˄ ʶ˄ˍʱˋʶ˖˄ ˍ˖˄ ˃ʷˋ˖˄ ˎˉʷˊˎʻˊ˖˄ 

˃ʶˍˊʺˋʶ˖˄ ˍˇˎ мɰлм ˃ʶ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˍ˖˄ ʴʶ˖ˋˍʰʻʶˊ˗˄ ʵˇˊˎ˒ˈˊ˖˄ GOES-E, GOES-W, MTSAT, 

Meteosat р ˁʰʽ Meteosat т ˁʰʻ˗ˌ ˁʰʽ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˃ʶ ʶˉʾˋʹˌ ˔ʰ˃ʹ˂ʺ ˍˊˇ˔ʽʱΣ AQUA. 

ʅˎ˄ʵˎʱʸˇ˄ˍʰˌ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˍʰˏˍʽˋʹˌ ʰˎˍʺˌ ˃ʶ ˍˇ ˉˊˇʿˈ˄ нɮмн  ˈˋˇ ˉʽˇ ζˁˊˏˇη ʶʾ˄ʰʽ ʷ˄ʰ 

ˋʹ˃ʶʾˇ ʰˉˈ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˒˖ˍʶʽ˄ˈˍʹˍʰˌ ˉˇˎ ʷ˔ʶʽ ʹ ˃ʹʵʶ˄ʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ˍˈˋʹ ˃ʶʴʰ˂ˏˍʶˊʹ 

ʲˊˇ˔ˈˉˍ˖ˋʹ ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ όHuffman et al., 2007). 

ʆʷ˂ˇˌΣ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍˇˎ оBпнΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ˃ʶˍˊʺˋʶʽˌ ʰˉˈ ˍˇ ʵʾˁˍˎˇ ʶˉʾʴʶʽ˖˄ 

ˋˍʰʻ˃˗˄ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ʴʾ˄ʶˍʰʽ ʹ ʶˉʰ˂ʺʻʶˎˋʹ ˍ˖˄ ʶ˄ˍʱˋʶ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʺˌ ˍˇˎΦ ɳ˄ˍʶ˂˗ˌ 

ʰ˄ˍʾˋˍˇʽ˔ˇ ʶʾ˄ʰʽ ˁʰʽ ˍˇ ˉˊˇʿˈ˄ оɰпнRTΣ ˃ʶ ˍʹ ʵʽʰ˒ˇˊʱ ˈˍʽ ʶˉʶʽʵʺ ʵʽʰ˄ʷ˃ʶˍʰʽ ˋʶ ˋ˔ʶʵˈ˄ 

ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΣ ˃ʶ ˎˋˍʷˊʹˋʹ с ʷ˖ˌ мн ˗ˊʶˌΣ ʵʶ˄ ʷ˔ʶʽ ʴʾ˄ʶʽ ʶˉʰ˂ʺʻʶˎˋʹ όˁʰʽ ˉʽʻʰ˄˗ˌ 

ʵʽˈˊʻ˖ˋʹύ ˃ʶ ˍˇ ʵʾˁˍˎˇ ʶˉʾʴʶʽ˖˄ ˋˎ˃ʲʰˍʽˁ˗˄ ˋˍʰʻ˃˗˄ ˃ʷˍˊʹˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ όDinku et al., 

нллтύΦ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰ ˋˍˇʽ˔ʶʾʰ ʴʽʰ ˍˇ˄ оɰпн ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˍʹ ˄ʶˈˍʶˊʹ ʷˁʵˇˋʹ ʰˎˍˇˏ 

(Version тύ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ όϠ нΦфύ ˃ʽʰˌ ˁʰʽ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 

ˍˇˎ ˇˉˇʾˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΦ 
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ʃʰˊʱʴ˖ʴˇ ˉˊˇʿˈ˄ ˍˇˎ оɰпн ʶʾ˄ʰʽ ˍˇ оɰпоΣ ˍˇ ˇˉˇʾˇ ˉʶˊʽʷ˔ʶʽ ˍʽˌ ˃ʹ˄ʽʰʾʶˌ ˍʽ˃ʷˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ˋˍˇ˄ ʾʵʽˇ ˁʱ˄˄ʰʲˇΦ ɶ ʵʽʰ˒ˇˊʱ ˍˇˎˌ ʷʴˁʶʽˍʰʽ ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˁʰˍʱ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ оɰпо 

˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ˁʰʽ ˇʽ ˃ʶˍˊʺˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʰˉˈ ˍˇ ʶˉʾʴʶʽˇ ʵʾˁˍˎˇ ˋˍʰʻ˃˗˄ ˉˇˎ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋˍˇ Global Precipitation Climatology Center (GPCC). 

ʃʰˊˈ˂ˇ ˉˇˎ ʹ ˁʾ˄ʹˋʹ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˇʽ ˉˊ˖ˍˇʴʶ˄ʶʾˌ ˁʰˍʰʴˊʰ˒ʷˌ ˍˇˎ 

ˉʶˊʽˇˊʾʸˇ˄ˍʰʽ ˋˍʰ ʴʶ˖ʴˊʰ˒ʽˁʱ ˉ˂ʱˍʹ ʰˉˈ -30ꜛ  ʷ˖ˌ Ҍол ꜛ ˃ˇʾˊʶˌΣ ˃ʶ ˔ˊʺˋʹ ˁʰˍʰʴˊʰ˒˗˄ 

ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʰˉˈ ʱ˂˂ˇˎˌ ʴʶ˖ˋˍʰʻʶˊˇˏˌ ʵˇˊˎ˒ˈˊˇˎˌ ˁʰʽ ˃ʶ ˍʹ ʴ˄˗ˋʹ ˉˇˎ 

ʰˉˇˁˍʺʻʹˁʶ ˂ˈʴ˖ ˍʹˌ ʵʽʶˊʶˏ˄ʹˋʹˌ ˍ˖˄ ˋˎˋ˔ʶˍʽˋ˃˗˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ʶ ʻʶˊ˃ˇˁˊʰˋʾʰ 

˂ʰ˃ˉˊˈˍʹˍʰˌΣ ˁʰˍʷˋˍʹ ʶ˒ʽˁˍʺ ʹ ʶˉʷˁˍʰˋʹ ˍʹˌ ˁʱ˂ˎ˕ʹˌ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎ TRMMΣ ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˋʺ˃ʶˊʰ ʹ ˁʱ˂ˎ˕ʹ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎ ˄ʰ ʶˁˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍʽˌ -рл ʷ˖ˌ ˍʽˌ Ҍрл ʴʽʰ ˍˇ 

оɰпн ˁʰʽ ʰˉˈ ˍʽˌ -60ꜛ  ̫ ˖ˌ ˍʽˌ Ҍсл ꜛɹ ʽʰ ˍˇ оɰпнRT. 

ʆʰˎˍˈ˔ˊˇ˄ʰ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʽˋ˔ˏˇˌ ˍ˖˄ ˎˉˇ˂ˇʴʽˋˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˁʰʽ ˍʹ ʵʽʰˊˁʺ ʲʶ˂ˍʾ˖ˋʹ 

ˍ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ ʶˉʶ˅ʶˊʴʰˋʾʰˌΣ ʹ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ʰˎ˅ʺʻʹˁʶΣ ˒ˍʱ˄ˇ˄ˍʰˌ ˍʽˌ лΦнр ꜛx 

0.25ꜛΦ ʅˍʹ˄ ˉˊ˗ˍʹ ʷˁʵˇˋʹ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ʹ ʰ˄ʱ˂ˎˋʹ ʺˍʰ˄ ˃ˈ˂ʽˌ м ꜛx 1  ꜛόʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммύΦ 

ʆʰ ˉˊˇʿˈ˄ˍʰ ˍˇˎ TRMM ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ нΦ3. 
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ʃʾ˄ʰˁʰˌ нΦ3: ʃˊˇʿˈ˄ˍʰ ɲˇˊˎ˒ˇˊʽˁ˗˄ ɾʶˍˊʺˋʶ˖˄ TRMM [ʃʹʴʺΥ http:// disc.sci.gsfc.nasa.gov, 

˃ʶˍʱ ʰˉˈ ˉˊˇˋʰˊ˃ˇʴʺ ʰˉˈ ɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ нлмлϐΦ 

ɳˉʾˉʶʵˇ ɮ˂ʴˈˊʽʻ˃ˇˌ ʃˊˇʿˈ˄ 

ɳˉʾˉʶʵˇ м 

1B01 ʁˊʰˍʺ ˁʰʽ ʇˉʷˊˎʻˊʹ ɮˁˍʽ˄ˇʲˇ˂ʾʰ VIRS 

1B11 ɸʶˊ˃ˇˁˊʰˋʾʰ ɽʰ˃ˉˊˈˍʹˍʰˌ ɾʽˁˊˇˁˎ˃ʱˍ˖˄ ¢aL 

1B21 ɽʹ˒ʻʶʾˋʰ ɳ˄ʷˊʴʶʽʰ ʄʰ˄ˍʱˊ ɰˊˇ˔ˈˉˍ˖ˋʹˌ PR 

1C21 ɮ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ʄʰ˄ˍʱˊ ɰˊˇ˔ˈˉˍ˖ˋʹˌ PR 

ɳˉʾˉʶʵˇ н 

2A12 ɼʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʇʵˊˇ˃ʶˍʷ˖ˊ˖˄ ʰˉˈ ˍˇ TMI 

2A21 ɲʽʰˍˇ˃ʺ ɳˉʽ˒ʱ˄ʶʽʰˌ ʰˉˈ ˍˇ ʄʰ˄ˍʱˊ ɰˊˇ˔ˈˉˍ˖ˋʹˌ PR 

2A23 ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ɰˊˇ˔ʺˌ ʰˉˈ ˍˇ ʄʰ˄ˍʱˊ ɰˊˇ˔ˈˉˍ˖ˋʹˌ PR 

2A25 ɼʰˍʰ˄ˇ˃ʺ ˁʰʽ ɴ˄ˍʰˋʹ ɰˊˇ˔ʺˌ ʰˉˈ ˍˇ ʄʰ˄ˍʱˊ ɰˊˇ˔ˈˉˍ˖ˋʹˌ PR 

2B31 ʅˎ˄ʵˎʰˋ˃ˈˌ TMI ˁ ʰʽ PR - ɼʰˍʰ˄ˇ˃ʺ ɰˊˇ˔ʺˌ 

ɳˉʾˉʶʵˇ о 

3A11 ɾʹ˄ʽʰʾʶˌ ʆʽ˃ʷˌ - 5  ꜛx 5  ꜛ- ɰˊˇ˔ˇˉˍ˗ˋʶʽˌ ˉʱ˄˖ ʰˉˈ ʍˁʶʰ˄ˇˏˌ 

3A12 
ɾʹ˄ʽʰʾʶˌ ʆʽ˃ʷˌ - 0.5ꜛ  x 0.5ꜛ  - ɾʷˋʶˌ ʆʽ˃ʷˌ ˍˇˎ нɮмнΣ ɼʰˍʰ˄ˇ˃ʺ ˁʰʽ 

ɳˉʽ˒ʰ˄ʶʽʰˁʺ ɰˊˇ˔ˈˉˍ˖ˋʹ 

3A25 ɾʹ˄ʽʰʾʶˌ ʆʽ˃ʷˌ - 5  ꜛx 5  ꜛˁ ʰʽ лΦр ꜛx 0.5ꜛ  - ɰˊˇ˔ˈˉˍ˖ˋʹ ʰˉˈ ˍˇ PR 

3A26 
ɾʹ˄ʽʰʾʶˌ ʆʽ˃ʷˌ - 5  ꜛx 5  ꜛ- ɳˉʽ˒ʰ˄ʶʽʰˁʺ ɰˊˇ˔ˈˉˍ˖ˋʹ ʰˉˈ ˍˇ ʄʰ˄ˍʱˊ 

PR 

3B31 ɾʹ˄ʽʰʾʶˌ ʆʽ˃ʷˌ - 5  ꜛx 5  ꜛ- ɰˊˇ˔ˈˉˍ˖ˋʹ ʰˉˈ ʅˎ˄ʵˎʰˋ˃ˈ TMI ˁ ʰʽ PR 

3A46 ɾʹ˄ʽʰʾʶˌ ʆʽ˃ʷˌ - 1  ꜛx 1  ꜛ- ɰˊˇ˔ˈˉˍ˖ˋʹ ʰˉˈ ˍˇ˄ SSM/I 

3B42 
о˗ˊ˖˄ - 0.25ꜛ  x 0.25ꜛ  - ɲʽˇˊʻ˖˃ʷ˄ʹ ɰˊˇ˔ˈˉˍ˖ˋʹ ʰˉˈ ʅˎ˄ʵˎʰˋ˃ˈ 

TRMM ˁ ʰʽ ʱ˂˂˖˄ ʵˇˊˎ˒ˈˊ˖˄ 

3B43 
ɾʹ˄ʽʰʾʶˌ ʆʽ˃ʷˌ - 0.25ꜛ  x 0.25ꜛ  - ɰˊˇ˔ˈˉˍ˖ˋʹ ʰˉˈ ʅˎ˄ʵˎʰˋ˃ˈ TRMM 

ˁʰʽ ʱ˂˂˖˄ ˃ʶˍˊʺˋʶ˖˄ 

 CSH 
ɾʹ˄ʽʰʾʶˌ ʆʽ˃ʷˌ - 0.5ꜛ  x 0.5ꜛ  - ɼʰˍʰ˄ˇ˃ʺ ɽʰ˄ʻʱ˄ˇˎˋʰˌ ɸʶˊ˃ˈˍʹˍʰˌ 

ʰˉˈ ɾʶˍʰʴ˖ʴʽˁʷˌ ˁʰʽ ʅˍˊ˖˃ʰˍˈ˃ˇˊ˒ʶˌ ɰˊˇ˔ˇˉˍ˗ˋʶʽˌ 

2.4.5 ʁ h ˂ʴˈˊʽʻ˃ˇˌ 3B42 Version 7 

ʁ ˋˁˇˉˈˌ ˍˇˎ ɮ˂ʴˇˊʾʻ˃ˇˎ оɰпн ʶʾ˄ʰʽ ˄ʰ ˉʰˊʷ˔ʶʽ ʶˁˍʽ˃ʺˋʶʽˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˁʰʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ 

˃ʷˋˇˎ ˍʶˍˊʰʴ˖˄ʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ˋˎʴ˔˖˄ʶˏˇ˄ˍʰˌ ˃ʶˍˊʺˋʶʽˌ ˃ʽˁˊˇˁˎ˃ʱˍ˖˄ 

ˁʰʽ ˃ʶˍˊʺˋʶʽˌ ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʰˉˈ ˍˇ ʵˇˊˎ˒ˈˊˇ TRMM ˃ʶ ˃ʶˍˊʺˋʶʽˌ ʱ˂˂˖˄ 

ʵˇˊˎ˒ˈˊ˖˄Φ ʁʽ ʶˁˍʽ˃ʺˋʶʽˌ ʰˎˍʷˌ ʵʾ˄ˇ˄ˍʰʽ ˋʶ ˁʱ˄˄ʰʲˇ лΦнр ꜛx 0.25ꜛ  ˃ ʶ ˔ˊˇ˄ʽˁʺ ʶˎˁˊʾ˄ʶʽʰ о ˖ˊ˗˄ 

ˁʰʽ ˁʰ˂ˏˉˍˇˎ˄ ˃ʽʰ ˉʰʴˁˈˋ˃ʽʰ ʸ˗˄ʹ ʶˏˊˇˎˌ ʰˉˈ ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ рл ꜛɰˈˊʶʽʰ ʷ˖ˌ рл ꜛɿˈˍʽʰ 

(HuffmanΣ нлмоύΦ ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˉ˖ˌ ˋˍʹ˄ ˉˊ˗ˍʹ ʷˁʵˇˋʹ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ όнлллύ ʹ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ 

ʺˍʰ˄ ˍˇ ˉˇ˂ˏ м ꜛx 1  ꜛόʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммύΦ ʆˇ ˉˊˇʿˈ˄ ˁʰ˂ˏˉˍʶʽ ˍʹ˄ ˉʶˊʾˇʵˇ ʰˉˈ мκмκмффу ˃ʷ˔ˊʽ 

ˁʰʽ ˋʺ˃ʶˊʰ ˁʰʽ ˉʰˊʷ˔ʶˍʰʽ ˋˍˇ ˁˇʽ˄ˈ ˃ʶ ˎˋˍʷˊʹˋʹ н-о ˃ʹ˄˗˄Φ ʅˍˇ ʅ˔ʺ˃ʰ нΦмм ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ 

ʵʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ˍʹˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʰˉˈ ˍˇˎˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ TRMM. 

ʁʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ оɰпн ʴʾ˄ˇ˄ˍʰʽ ˋʶ ˍʷˋˋʶˊʰ ˋˍʱʵʽʰ όHuffman et al., 2007): 
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1) ʁʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˈ˂˖˄ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ 

˃ʽˁˊˇˁˎ˃ʰˍʽˁ˗˄ ʵʶʽˁˍ˗˄ ʲʰʻ˃ˇ˄ˇ˃ˇˏ˄ˍʰʽ ˁʰʽ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽΦ 

2) ʇˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ 

˃ʶ ˍʹ ˔ˊʺˋʹ ˍ˖˄ ʵʽˇˊʻ˖˃ʷ˄˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ʰˉˈ ˍˇˎˌ ˃ʽˁˊˇˁˎ˃ʰˍʽˁˇˏˌ ʵʷˁˍʶˌΦ 

3) ʁʽ ʶˁˍʽ˃ʺˋʶʽˌ ʰˉˈ ˍˇˎˌ ˃ʽˁˊˇˁˎ˃ʰˍʽˁˇˏˌ ʵʷˁˍʶˌ ˁʰʽ ˍˇˎˌ ʵʷˁˍʶˌ ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ 

ˍ˖˄ ʵˏˇ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ˋˍʰʵʾ˖˄ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽΦ 

4) ʁʽ ˍʽ˃ʷˌ ʵʽˇˊʻ˗˄ˇ˄ˍʰʽ ˃ʶ ʲʱˋʹ ˃ʹ˄ʽʰʾʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ʶˉʾʴʶʽʶˌ ˃ʶˍˊʺˋʶʽˌΦ 

 

ʅ˔ʺ˃ʰ нΦммΥ ɲʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ʰ˂ʴˇˊʾʻ˃˖˄ TRMM ώʃʹʴʺΥ ʊ˖ˍˈˉˇˎ˂ˇˌΣ нлммϐ. 

ʅˍˇ м ̌ʲʺ˃ʰ ʶˁˍʽ˃ʱˍʰʽ ʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹ ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˇˊʴʱ˄˖˄ ˃ʶ ˉʰʻʹˍʽˁˇˏˌ ʰʽˋʻʹˍʺˊʶˌ 

˃ʽˁˊˇˁˎ˃ʱˍ˖˄ ˉˇˎ ˂ʶʽˍˇˎˊʴˇˏ˄ ˋʶ ʵʽʱ˒ˇˊˇˎˌ ʵˇˊˎ˒ˈˊˇˎˌ ˔ʰ˃ʹ˂ʺˌ ˍˊˇ˔ʽʱˌΦ ɳʽʵʽˁˈˍʶˊʰΣ ˋˍʹ˄ 

ʷˁʵˇˋʹ т ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ˃ʶˍˊʺˋʶʽˌ ʰˉˈ ˍˇ ˈˊʴʰ˄ˇ ɮˉʶʽˁˈ˄ʽˋʹˌ ɾʽˁˊˇˁˎ˃ʱˍ˖˄ TMI ˍˇˎ 

ʵˇˊˎ˒ˈˊˇˎ TRMMΣ ʰˉˈ ˍˇ˄ GPROF-SSMI (Goddard Profiling Algorithm-Special Sensor 

Microwave ImagerύΣ ʰˉˈ ˍˇ˄ GPROF-SSMI/S (Goddard Profiling Algorithm-Special Sensor 

Microwave Imager/Sounderύ ʰˉˈ ˍˇ AMSR-E (Advanced Microwave Scanning Radiometer-Earth 

Observing SystemύΣ ˍˇˎ AMSU-B (Advanced Microwave Sounding Unitύ ˁʰʽ ˍˇ MHS (Microwave 

Humidity SounderύΦ ʁˎˋʽʰˋˍʽˁʱ ʰˉˈ ˍˇ ˋˎ˄ʵˎʰˋ˃ˈ ʰˎˍ˗˄ ˉˊˇˁˏˉˍʶʽ ˍˇ ˉˊˇʿˈ˄ нɮмнΦ ɱʽʰ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ʇ˕ʹ˂ʺˌ ʃˇʽˈˍʹˍʰˌ ʰˉˈ ˃ʽˁˊˇˁˏ˃ʰˍʰ όHQύΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ʶˉʽˉ˂ʷˇ˄ ˁʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ TCI (TRMM Combined InstrumentύΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍʰ ˉˊˇʿˈ˄ˍʰ ˍˇˎ 

ʰ˂ʴˇˊʾʻ˃ˇˎ нɰомΣ ˇ ˇˉˇʾˇˌ ˋˎ˄ʵˎʱʸʶʽ ˍʽˌ ˃ʽˁˊˇˁˎ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ˍˇˎ ˉʰʻʹˍʽˁˇˏ ʰʽˋʻʹˍʺˊʰ 

TMI ˃ ʶ ˍʽˌ ˃ʶˍˊʺˋʶʽ ˍˇˎ ʶ˄ʶˊʴʹˍʽˁˇˏ ʰʽˋʻʹˍʺˊʰ PRΣ ʴʽʰ ˄ʰ ʶˁˍʽ˃ʺˋʶʽ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ʹ ˁʰˍʰ˄ˇ˃ʺ 

ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ όʷ˄ˍʰˋʹ ˁʰʽ ˃ʷʴʶʻˇˌ ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʱˍ˖˄ύΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ TCI 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇˎˋʽʰˋˍʽˁʱ ˖ˌ ʲʱˋʹ ʴʽʰ ˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ʰˉˈ ˍˇˎˌ 

ˎˉˈ˂ˇʽˉˇˎˌ ʵˇˊˎ˒ˈˊˇˎˌ όHuffman, 2013). 

ʂˍʰ˄ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʴʽʰ ˁʰʻʷ˄ʰ ʰˉˈ ˍʰ ˖ˌ ʱ˄˖ ˈˊʴʰ˄ʰ ʷ˔ˇˎ˄ ˎˉˇ˂ˇʴʽˋˍʶʾΣ 

ʵʽʰ˃ˇˊ˒˗˄ʶˍʰʽ ˇ ˁʱ˄˄ʰʲˇˌ ʰˉˈ ˍʽˌ ʲʷ˂ˍʽˋˍʶˌ ˍʽ˃ʷˌ ʴʽʰ ˁʱʻʶ ˒ʰˍ˄ʾˇΦ ʅʶ ˁʱʻʶ ˒ʰˍ˄ʾˇ лΦнр ꜛx 0.25ꜛ  
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˃ˉˇˊʶʾ ˄ʰ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˉʱ˄˖ ʰˉˈ ˃ʾʰ ˍʽ˃ʺ ˂ˈʴ˖ ˉˇ˂˂ʰˉ˂˗˄ ˋʰˊ˗ˋʶ˖˄Σ ʰ˄ ˁʰʽ ʴʽʰ ˔ˊˇ˄ʽˁʺ ʶˎˁˊʾ˄ʶʽʰ 

о ˖ˊ˗˄ ˁʰʽ ʴʽʰ ʵʶʵˇ˃ʷ˄ˇ ˒ʰˍ˄ʾˇ ˍˇ ˉʽˇ ˉʽʻʰ˄ˈ ʶʾ˄ʰʽ ˄ʰ ˎˉʱˊ˔ʶʽ ˃ʾʰ ʺ ˁʰ˃ʾʰ ˍʽ˃ʺΦ ʅ̱ ʹ˄ ˉʶˊʾˉˍ˖ˋʹ 

ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʰˉ˂ʷˌ ˋʰˊ˗ˋʶʽˌΣ ˍˈˍʶ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˋʰ˄ ˍʽ˃ʺ ˒ʰˍ˄ʾˇˎ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˍ˖˄ 

ʶˁˍʽ˃ʺˋʶ˖˄ ˍˇˎ TCI ˁʰʽ ˍ˖˄ TCI-ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄˖˄ TMI, AMSR-E ˁʰʽ SSMIΣ ʶ˄˗ ˈˍʰ˄ ʵʶ˄ 

ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍʰ ˎˉˈ˂ˇʽˉʰ ˈˊʴʰ˄ʰΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ TCI-

ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍ˖˄ AMSU-B/MHS (Huffman, 2013). 

ʆˇ ˍʶ˂ʽˁˈ ˉˊˇʿˈ˄ ˍˇˎ ʲʺ˃ʰˍˇˌ ʰˎˍˇˏ ʰ˄ʰ˒ʷˊʶˍʰʽ ˖ˌ ζʇ˕ʹ˂ʺˌ ʃˇʽˈˍʹˍʰˌ ˃ʽˁˊˇˁˎ˃ʰˍʽˁʷˌ 

ʶˁˍʽ˃ʺˋʶʽˌη HQ (High Quality microwave estimates).  

ʅˍˇ н ̌ ʲʺ˃ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʶˁˍʾ˃ʹˋʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʰˉˈ ˃ʶˍˊʺˋʶʽˌ ˎˉʷˊˎʻˊʹˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˉʱ˂ʽ ʰˉˈ ˍˇ˄ TRMM ˁ ʰʽ ˍˇˎˌ ˂ˇʽˉˇˏˌ ʵˇˊˎ˒ˈˊˇˎˌ ˁʰʽ ʹ ʵʽˈˊʻ˖ˋʺ ˍˇˎˌ ˃ʶ ʲʱˋʹ 

˃ʽˁˊˇˁˎ˃ʰˍʽˁˇˏˌ ʵʷˁˍʶˌΦ ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ оɰпн ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋʶˍ ʵʶʵˇ˃ʷ˄˖˄ IR 

(infrared estimatesύ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ о˖ˊˇˎ лΦнр ꜛx 0.25ꜛ  ˁʰ˄˄ʱʲˇˎΦ ʆˇ ˉˊ˗ˍˇ ˋˏ˄ˇ˂ˇ 

ʵʶʵˇ˃ʷ˄˖˄Σ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʰˉˈ ˍˇ National Climate Data Center (NCDCύΣ ˁʰ˂ˏˉˍʶʽ ˍʹ˄ ˉʶˊʾˇʵˇ 

ʰˉˈ ˍʹ˄ м ɹʰ˄ˇˎʰˊʾˇˎ мффу ʷ˖ˌ ˍʽˌ с ʊʶʲˊˇˎʰˊʾˇˎ нлллΦ ɱʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ  ʰˉˈ ˍʽˌ т 

ʊʶʲˊˇˎʰˊʾˇˎ нллл ˁʰʽ ʷˉʶʽˍʰΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʵʶʵˇ˃ʷ˄ʰ ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ 

ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ Climate Prediction Center (CPC) (Huffman, 2013).  

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽΣ ʵʽˇˊʻ˗˄ˇ˄ˍʰʽΣ ʰ˄ʱʴˇ˄ˍʰʽ ˋˍʹ ˔˖ˊʽˁʺ 

ˁ˂ʾ˃ʰˁʰ ˍ˖˄ лΦнр ꜛx 0.25ꜛ  ˁ ʰʽ ˋˎ˄ʰʻˊˇʾʸˇ˄ˍʰʽ ˋˍˇ о˖ˊˇΦ ʆʶ˂ʽˁʱ ʰˉˈ ˈ˂ʰ ˍʰ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ 

ˎˉʷˊˎʻˊʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˉˊˇˁˏˉˍʶʽ ʷ˄ʰˌ ˁʱ˄˄ʰʲˇˌ лΦнр ꜛ x 0.25ꜛ  ˃ʶ ˍʽ˃ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ 

˂ʰ˃ˉˊˈˍʹˍʰˌ Tb ʴʽʰ ˁʱʻʶ о ˗ˊʶˌΣ ˋʶ ˔˖ˊʽˁʺ ˁʰʽ ˔ˊˇ˄ʽˁʺ ʰ˄ˍʽˋˍˇʽ˔ʾʰ ˃ʶ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˎ˕ʹ˂ʺˌ 

ˉˇʽˈˍʹˍʰˌ HQ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʽˁˊˇˁˎ˃ʰˍʽˁ˗˄ ʰʽˋʻʹˍʺˊ˖˄ όHuffman and 

Bolvin, 2009). 

ɶ ˃ʶˍʰˍˊˇˉʺ ˍ˖˄ ˍʽ˃˗˄ Tb ˋʶ ʶˁˍʽ˃ʺˋʶʽˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍ˖˄ 

ʶˁˍʽ˃ʺˋʶ˖˄ ˎ˕ʹ˂ʺˌ ˉˇʽˈˍʹˍʰˌ HQΦ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ʹ ˃ʶˍʰˍˊˇˉʺ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʰˊ˔ʺ ˈˍʽΥ 

ζ˕ˎ˔ˊʱ ˄ʷ˒ʹ ˉˊˇˁʰ˂ˇˏ˄ ˉʶˊʽˋˋˈˍʶˊʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹηΦ ɴˍˋʽΣ ˇʽ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ Tb ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ˍʰʽ ˋˍʽˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ HQ, 

ʶ˄˗ ʴʽʰ ˁʱʻʶ ˉʶˊʽˇ˔ʺΣ ˇˊʾʸʶˍʰʽ ˃ʽʰ ˍʽ˃ʺ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˖ˌ ˁʰˍ˗˒˂ʽΣ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾˍʰʽ ˃ʹʵʶ˄ʽˁʺ ˍʽ˃ʺ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ɶ ˍʽ˃ʺ ˁʰˍ˖˒˂ʽˇˏ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 

˃ʽˁˊˇˁˎ˃ʱˍ˖˄Φ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ˉˊˇˋʰˊ˃ˇʴʺ ˍ˖˄ ˍʽ˃˗˄ Tb ̀ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ HQ, 

˃ʶ ˍʹ˄ ʾʵʽʰ ˃ʷʻˇʵˇ όˉʽʻʰ˄ˇˍʽˁˇˏ ˍʰʽˊʽʱˋ˃ʰˍˇˌ ς probability matchingύ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ˁʰʽ 

ʴʽʰ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ HQΦ ʅʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˁʱˉˇʽˇ ˒ʰˍ˄ʾˇ ˉʰˊˇˎˋʽʱʸʶʽ ʷ˂˂ʶʽ˕ʹ ˍʰˎˍˈ˔ˊˇ˄˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˈ˂ˇ ˍˇ ˃ʺ˄ʰΣ ˍˈˍʶ ˇʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˉˊˇˋʰˊ˃ˇʴʺˌ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʰˉˈ 

ʽˋˍˇʴˊʱ˃˃ʰˍʰ ˍʰˎˍˈ˔ˊˇ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ ʴʶʽˍˇ˄ʽˁ˗˄ ˒ʰˍ˄ʾ˖˄Φ ɶ ˃ʷʻˇʵˇˌ ˍˇˎ ˉʽʻʰ˄ˇˍʽˁˇˏ 

ˍʰʽˊʽʱˋ˃ʰˍˇˌΣ ˈ˃˖ˌΣ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰΣ ˋˍʽˌ ˎ˕ʹ˂ʷˌ ʶ˄ˍʱˋʶʽˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˄ʰ 

ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʰ˒ˏˋʽˁʶˌ ʵʽʰˁˎ˃ʱ˄ˋʶʽˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʽʰ ʵʽˈˊʻ˖ˋʹ 

ˋ˔ʶˍʽˁʱ ˎˉˇˁʶʽ˃ʶ˄ʽˁʺΣ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˍˇ лΦмт҈ ˍ˖˄ ˕ˎ˔ˊˈˍʶˊ˖˄ Tb ˋˍˇ ʽˋˍˈʴˊʰ˃˃ʰ 

ʰ˄ˍʽˁʰʻʾˋˍʰˍʰʽ ʰˉˈ ʷ˄ʰ ˉˇ˂ˎ˗˄ˎ˃ˇ ˍʶˍʱˊˍˇˎ ʲʰʻ˃ˇˏΦ ʆˇ ˉˇ˂ˎ˗˄ˎ˃ˇ ʰˎˍˈ ˉˊˇʷˁˎ˕ʶ ʰˉˈ ˍʹ˄ 
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ʶ˅ʷˍʰˋʹΣ ˋʶ ˁ˂ʽ˃ʰˍˇ˂ˇʴʽˁˈ ˈ˃˖ˌ ʶˉʾˉʶʵˇΣ ˍʹˌ ˋ˔ʷˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ лΦмт҈ ˕ˎ˔ˊˈˍʶˊ˖˄ Tb ˃ʶ ˍʹ˄ 

ʷ˄ˍʰˋʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʴʽʰ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˋʹ˃ʶʾ˖˄ ˋʶ ˈ˂ˇ˄ ˍˇ˄ ˁˈˋ˃ˇ όHuffman et al., 2013; 

ɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ нлмлύΦ 

ʁʽ ʶˁˍʽ˃ʺˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ʰˎˍʺ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˇˊʾʸˇ˄ˍʰʽ ˖ˌ ζʶˁˍʽ˃ʺˋʶʽˌ 

ɾʶˍʰʲ˂ʹˍʺˌ ɴ˄ˍʰˋʹˌ ɰˊˇ˔ˈˉˍ˖ˋʹˌη VAR (Variable Rain Rate). 

ʁ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ HQ ˁʰʽ VARΣ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍˇ о ̌ʲʺ˃ʰΣ ʴʽʰ ˍˇ˄ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˉˊˈˁ˂ʹˋʹ ˁʰʻ˗ˌ ʶʾ˄ʰʽ 

ʰˊˁʶˍʱ ʵˏˋˁˇ˂ˇ ˄ʰ ˋˎ˄ʵˎʱˋʶʽ ˁʰ˄ʶʾˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʶˁˍʽ˃ʺˋʶʽˌ ʴʽʰ ʷ˄ʰ ˃ʹ ˋˎ˄ʶ˔ʷˌ ˒ʰʽ˄ˈ˃ʶ˄ˇΣ 

ˈˉ˖ˌ ʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ˋˎ˄ʵˎʰˋ˃ˇˏ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ʰˉˈ ˍˇˎˌ ˉʰʻʹˍʽˁˇˏˌ 

ʰʽˋʻʹˍʺˊʶˌ ˃ʽˁˊˇˁˎ˃ʱˍ˖˄Σ ˉʰˊˇˎˋʽʱʸʶʽ ˋ˔ʶˍʽˁʱ ˁʰ˂ʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱΣ ʰ˒ʶ˄ˈˌ ʴʽʰˍʾ ˈ˂ˇʽ ˇʽ 

ʰʽˋʻʹˍʺˊʶˌ ʷ˔ˇˎ˄ ˉʰˊˈ˃ˇʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ʰ˒ʶˍʷˊˇˎ ʴʽʰˍʾ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˇ ʾʵʽˇˌ 

ʰ˂ʴˈˊʽʻ˃ˇˌ GPROFΣ ˋˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ɮˎˍˈ 

ˈ˃˖ˌ ʵʶ˄ ʽˋ˔ˏʶʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˋˎ˄ʵˎʰˋ˃ˇˏ ˍ˖˄ ˃ʽˁˊˇˁˎ˃ʰˍʽˁ˗˄ ˁʰʽ ˎˉʷˊˎʻˊ˖˄ ˃ʶˍˊʺˋʶ˖˄Φ 

ɱʽʰ ʰˎˍˈΣ ˉˊˇˌ ˍˇ ˉʰˊˈ˄Σ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʹ ʶ˅ʺˌ ʰˉ˂ʺ ʵʽʰʵʽˁʰˋʾʰ ˋˎ˄ʵˎʰˋ˃ˇˏ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Υ 

ˈˉˇˎ ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʶˌ ʶˁˍʽ˃ʺˋʶʽˌ HQΣ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˖ˌ ʲʷ˂ˍʽˋˍʶˌΣ ˁʰʽ ˃ˈ˄ˇ ʶʱ˄ ˎˉʱˊ˔ʶʽ 

ʷ˂˂ʶʽ˕ʹ ʰˉˈ HQ ʶˁˍʾ˃ʹˋʹΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ʶˁˍʾ˃ʹˋʹ VARΦ ʆˇ ˉˊˈʲ˂ʹ˃ʰ ˋʶ ʰˎˍʺ ˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ʶʾ˄ʰʽ ˈˍʽ ˇʽ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʶˍʶˊˇʴʷ˄ʶʽʰ ˋˍʰ ˋˍʰˍʽˋˍʽˁʱ 

ˍˇˎˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ όHuffman 2013). 

ʆˇ ˍʶ˂ʽˁˈ ˋˍʱʵʽˇ όп ̡̌ ʺ˃ʰύ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ оɰпн ʶʾ˄ʰʽ ʹ ʷ˃˃ʶˋʹ ˔ˊʺˋʹ ʵʶʵˇ˃ʷ˄˖˄ 

ʰˉˈ ʶˉʾʴʶʽʶˌ ˃ʶˍˊʺˋʶʽˌΦ ʍˋˍˈˋˇΣ ʷ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ˉ˖ˌ ʴʽʰ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˃ʽˁˊˈˍʶˊʶˌ ˍˇˎ 

ʶ˄ˈˌ ˃ʺ˄ʰΣ ʹ ʰˉʶˎʻʶʾʰˌ ˔ˊʺˋʹ ˍ˖˄ ʶˉʾʴʶʽ˖˄ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ 

ˁʰʻʾˋˍʰˍʰʽ ˉˊˇʲ˂ʹ˃ʰˍʽˁʺΣ ˃ʽʰˌ ˁʰʽ ˋˎ˔˄ʱ ʰˎˍʱ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʰˋˎ˄ʷˉʶʽʰ όˍˈˋˇ ˖ˌ ˉˊˇˌ ˍʹ˄ 

ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ ˋˍʰʻ˃˗˄ ˈˋˇ ˁʰʽ ˖ˌ ˉˊˇˌ ˍˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˁʰˍʰʴˊʰ˒ʺˌύΦ 

ʆˇ ˉˊˈʲ˂ʹ˃ʰ ʰˎˍˈ ʷ˔ʶʽ ʰ˄ˍʽ˃ʶˍ˖ˉʽˋˍʶʾ ˖ˌ ʶ˅ʺˌΥ ˇʽ о˖ˊʶˌ HQ+VAR ʶˁˍʽ˃ʺˋʶʽˌ ˋˎ˄ʰʻˊˇʾʸˇ˄ˍʰʽ 

ʰˊ˔ʽˁʱ ˋˍˇ ˃ʺ˄ʰΣ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʷˍˋʽ ʷ˄ʰ ˃ʹ˄ʽʰʾˇ ˉˊˇʿˈ˄Φ ʆˇ ˉˊˇʿˈ˄ ʰˎˍˈ ˋˎ˄ʵˎʱʸʶˍʰʽ ˋˍˇ˄ 

ʰ˂ʴˈˊʽʻ˃ˇ ˃ʶ ˍʰ ˃ʹ˄ʽʰʾʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ ʲˊˇ˔ˇʴˊʱ˒˖˄Σ ʵʽʰ˃ˇˊ˒˗˄ˇ˄ˍʰˌ 

ˇˎˋʽʰˋˍʽˁʱ ʷˍˋʽ ˍˇ ˉˊˇʿˈ˄ оɰпоΦ ʆʷ˂ˇˌΣ ʴʽʰ ˁʱʻʶ ˒ʰˍ˄ʾˇ ˍˇˎ ˁʰ˄˄ʱʲˇˎ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˇ ˂ˈʴˇˌ ˍ˖˄ 

˃ʹ˄ʽʰʾ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍˇ ˋˎ˄ʵˎʰˋ˃ˈ ʵˇˊˎ˒ˇˊʽˁ˗˄ ˁʰʽ ʶˉʾʴʶʽ˖˄ ˃ʶˍˊʺˋʶ˖˄ 

˖ˌ ˉˊˇˌ ˍʽˌ ˃ʹ˄ʽʰʾʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ʰˉˈ ˍʽˌ ʵˇˊˎ˒ˇˊʽˁʷˌ ˃ˈ˄ˇ ˃ʶˍˊʺˋʶʽˌΦ ʁ ˂ˈʴˇˌ ʰˎˍˈˌ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺ ˍ˖˄ о˖ˊ˖˄ ˍʽ˃˗˄ ˋˍʰ ˃ʹ˄ʽʰʾʰ ʵʶʵˇ˃ʷ˄ʰ όHuffman, 2013). 

ɴˍˋʽΣ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˇˎˋʽʰˋˍʽˁʱ ʹ ˔ˊˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ HQ+VAR ɹ ʽʰ ˍʹ ʵʽʰ˃ˈˊ˒˖ˋʹ 

ˍˇˎ ˍʶ˂ʽˁˇˏ оɰпн ˉˊˇʿˈ˄ˍˇˌΦ 

ʍˌ ʶˉʾʴʶʽʶˌ ˃ʶˍˊʺˋʶʽˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˍʰ ˃ʹ˄ʽʰʾʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ɼʷ˄ˍˊˇˎ ʃʰʴˁˈˋ˃ʽʰˌ 

ɼʰˍʰˁˊʺ˃˄ʽˋʹˌ ˁʰʽ ɼ˂ʽ˃ʰˍˇ˂ˇʴʾʰˌ GPCC (Global Precipitation Climatology Centerύ ʴʽʰ ˍʹ˄ 

˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ TRMM ˃ʷ˔ˊʽ ˍˇ˄ ɾʱˊˍʽˇ ˍˇˎ нллр ˁʰʽ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ʅˎˋˍʺ˃ʰˍˇˌ ɮ˅ʽˇ˂ˈʴʹˋʹˌ ˁʰʽ ʃʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍˇˎ ɼ˂ʾ˃ʰˍˇˌ CAMS (Climate 
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Assessment and Monitoring Systemύ ˍˇˎ ɼʷ˄ˍˊˇˎ CPC ʰˉˈ ˍˇ ɾʱˊˍʽˇ ˍˇˎ нллр ʷ˖ˌ ˋʺ˃ʶˊʰ 

(Huffman et al., 2007).  

ɶ ɴˁʵˇˋʹ т όVersion тύ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ оɰпн ʶʾ˄ʰʽ ʹ ˄ʶˈˍʶˊʹ ˉˇˎ ˉˊˇˋ˒ʷˊʶˍʰʽ ʰˉˈ ˍʹ NASAΦ ɶ 

˃ʶˍʱʲʰˋʹ ʰˉˈ ˍʹ˄ ɴˁʵˇˋʹ с όVersion сύ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˍʽˌ ол ɹˇˎ˄ʾˇˎ нлмм ˁʰʽ ˈ˂ʰ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰΣ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍʹ м ɹʰ˄ˇˎʰˊʾˇˎ мффу ʶˉʰ˄ʶˉʶ˅ʶˊʴʱˋˍʹˁʰ˄ ˃ʶ ʲʱˋʹ ˍˇ ˄ʷˇ ʰˎˍˈ˄ 

ʰ˂ʴˈˊʽʻ˃ˇ ˋˍˇ˄ ˇˉˇʾˇΣ ʶˁˍˈˌ ˍ˖˄ ʱ˂˂˖˄Σ ˎˉʶʽˋʷˊ˔ˇ˄ˍʰʽ ˁʰʽ ˃ʶˍˊʺˋʶʽˌ ʰˉˈ ˉʶˊʽˋˋˈˍʶˊˇˎˌ 

ʵˇˊˎ˒ˈˊˇˎˌ όˈˊʴʰ˄ʰ SSMI, MHSύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʷˁʵˇˋʹΦ ʆˇ ˉˊ˗ˍˇ ˋʶˍ ˍ˖˄ ˄ʷ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ʵˈʻʹˁʰ˄ ˋˍˇ ˁˇʽ˄ˈ ˉˊˇˌ ˔ˊʺˋʹ ˍˇ ɾʱʽˇ ˍˇˎ нлмн ˁʰʽ ˍˇ ʵʶˏˍʶˊˇ όˁʰʽ ˍʶ˂ʶˎˍʰʾˇύ ˍˇ 

ɲʶˁʷ˃ʲˊʽˇ ˍˇˎ нлмн όHuffman and Bolvin, 2014). 

ʆʰ ʰˊ˔ʽˁʱ ˍʶˋˍ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʹ NASA ʷʵʶʽ˅ʰ˄ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ Vт ʷ˔ˇˎ˄ 

ʶˁ˃ʹʵʶ˄ʽˋˍʶʾ ˍʰ ˋ˒ʱ˂˃ʰˍʰ ˋˍʽˌ ˍʽ˃ʷˌ ˉʱ˄˖ ʰˉˈ ˍˇˎˌ ˖ˁʶʰ˄ˇˏˌ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нллм-нллтΣ ˍʰ 

ˇˉˇʾʰ ˋ˔ʶˍʾʸˇ˄ˍʰ˄ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ˉˇˎ ʶˉʶ˅ʶˊʴʱʸˇ˄ˍʰ˄ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍˇˎ AMSU. 

ʃʰˊʱ ˍʰˏˍʰΣ ʷ˔ʶʽ ʲˊʶʻʶʾ ˉ˖ˌ ʹ ˃ʷˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˉʱ˄˖ ʰˉˈ ˍˇˎˌ ˖ˁʶʰ˄ˇˏˌ ˋˍʹ˄ ˍˊˇˉʽˁʺ ʸ˗˄ʹ 

ʶʾ˄ʰʽ ˋˍʰʻʶˊʱ ˉʶˊʾˉˇˎ р҈ ˎ˕ʹ˂ˈˍʶˊʹ ʰˉΩ ˈˍʽ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ ˉˊˇʿˈ˄ оɰомΣ ˍˇ ˇˉˇʾˇ 

˂ʶʽˍˇˎˊʴʶʾ ˋʰ˄ ˉˊˇʿˈ˄ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌΦ ʁʽ ˂ˈʴˇʽ ʴʽʰ ˍˇˎˌ ˇˉˇʾˇˎˌ ˋˎ˃ʲʰʾ˄ʶʽ ʰˎˍˈ ʵʶ˄ ʶʾ˄ʰʽ 

ˉ˂ʺˊ˖ˌ ˁʰˍʰ˄ˇʹˍˇʾ ʰˁˈ˃ʰΣ ˖ˋˍˈˋˇ ʹ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˃ʽˁˊʺ ˁʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ 

ˋˍʰʻʶˊʺΣ ˗ˋˍʶ ˇʽ ˎˉʶˏʻˎ˄ˇʽ ˄ʰ ʷ˔ˇˎ˄ ʶˉʽ˂ʷ˅ʶʽ ˄ʰ ˃ʹ˄ ˉˊˇ˔˖ˊʺˋˇˎ˄ ˋʶ ʰ˂˂ʰʴʷˌ ˉʱˊʰˎˍʰ 

(Huffman and BolvinΣ нлмпύΦ ʅʶ ʴʶ˄ʽˁʷˌ ʴˊʰ˃˃ʷˌ ˉʱ˄ˍ˖ˌΣ ʹ ɴˁʵˇˋʹ т ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʻʶ˖ˊʶʾˍʰʽ 

ˋʰ˒ʺˌ ʲʶ˂ˍʾ˖ˋʹΣ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˁʰʽ ʴʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ˍʽˌ ʷ˔ʶʽ ʰ˄ˍʽˁʰˍʰˋˍʺˋʶʽ 

όˉˊˈˋ˒ʰˍʰ ˍʰ ˉˊˇʿˈ˄ˍʰ ˍʹˌ ɴˁʵˇˋʹˌ с ʰˉˇˋˏˊʻʹˁʰ˄ ʰˉˈ ˍʹ˄ ʽˋˍˇˋʶ˂ʾʵʰ ˍʹˌ NASA ˁ ʰʽ ʵʶ˄ ʶʾ˄ʰʽ 

ˉ˂ʷˇ˄ ʵʽʰʻʷˋʽ˃ʰ ˋˍˇ ˁˇʽ˄ˈύΦ 

2.5 ʆʰ˅ʽ˄ˈ˃ʹˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˁʰʻʶˋˍ˗ˌ convective ˁ ʰʽ stratiform 

ɶ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ʵˇ˃ʺˌ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʶʾ˄ʰʽ ʷ˄ʰ ʻʶ˃ʶ˂ʽ˗ʵʶˌ ʸʺˍʹ˃ʰ ˋˍʹ 

˃ʶˍʶ˖ˊˇ˂ˇʴʾʰΦ ʁʽ ¢ǊŜƴōŜǊǘƘ Ŝǘ ŀƭΦ όнллоύ ˉʰˊʰˍʺˊʹˋʰ˄ ˉ˖ˌ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ʶʾ˄ʰʽ ʶ˅ʾˋˇˎ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶ ˍʹ˄ ˉˇˋˈˍʹˍʰ ʰˎˍʺˌΣ ˁʰʽ ˇʽ ʵʽʱ˒ˇˊʶˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˁʰʻ˗ˌ ˁʰʽ 

˃ˇ˄ˍʷ˂ʰ ˇ˒ʶʾ˂ˇˎ˄ ˄ʰ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ʰˉˇʵʾʵˇˎ˄ ˇˊʻʱ ˍʹ ˋˎ˔˄ˈˍʹˍʰΣ ʵʽʱˊˁʶʽʰ ˁʰʻ˗ˌ ˁʰʽ ˍˇ 

ˏ˕ˇˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍʰ ʵʽʱ˒ˇˊʰ ʶˉʶʽˋˈʵʽʰΦ ʆˇ ˁʰʻʶˋˍ˗ˌ ŎƻƴǾŜŎǘƛǾŜ ʺ ǎǘǊŀǘƛŦƻǊƳ ʶʾ˄ʰʽ 

ʰ˄ʰ˃˒ʾʲˇ˂ʰ ʷ˄ʰ ʰˉˈ ˍʰ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˉʰʴˁˈˋ˃ʽʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʂˉ˖ˌ 

ʶˉʽˋʺ˃ʰ˄ʶ ˇ IƻǳȊŜ όмффтύΣ ʰˎˍʱ ˍʰ ʵˏˇ ˃ˇ˄ˍʷ˂ʰ ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ʹ ˎˉˇʴˊʰ˒ʺ ʵʽʰˁˊʽˍ˗˄ 

ʵˎ˄ʰ˃ʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋˍʰ ˄ʷ˒ʹ ˁʰʽ ʷ˔ˇˎ˄ ʶ˅ʰʽˊʶˍʽˁʱ ˃ʶʴʱ˂ʹ ˋʹ˃ʰˋʾʰ 

ˋˍʽˌ ʶˉʽˉˍ˗ˋʶʽˌ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˁˎˁ˂ˇ˒ˇˊʾʰΦ  

ɶ ˂ˇʴʽˁʺ ʴʽʰ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍ˖˄ ˁʰʻʶˋˍ˗ˍ˖˄ stratiform ˁʰʽ convective ˍʹˌ ʲˊˇ˔ʺˌ ʷ˔ʶʽ 

ʰ˄ʰʴ˄˖ˊʽˋˍʶʾ ʶʵ˗ ˁʰʽ ʰˊˁʶˍʱ ˔ˊˈ˄ʽʰ όSimpson et alΦΣ мффуύΦ ʁ Houze όмффтύ ˉʰˊˇˎˋʾʰˋʶ ˃ʾʰ 

˂ʶˉˍˇ˃ʶˊʺ ʰ˄ʱ˂ˎˋʹ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ʰˎˍʱ ˍʰ ʸʹˍʺ˃ʰˍʰΦ ʃˇ˂˂ˇʾ ʶˊʶˎ˄ʹˍʷˌ ʷ˔ˇˎ˄ ˉˊˇˍʶʾ˄ʶʽ 

ʰ˂ʴˇˊʾʻ˃ˇˎˌ ʴʽʰ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ convective ˁʰʽ stratiformΦ ʁʽ Lang et al. 
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όнллоύ ʷ˔ˇˎ˄ ˋˎ˄ˇ˕ʾˋʶʽ ˋˍʹ˄ ʶˊʴʰˋʾʰ ˍˇˎˌ  ʰˊˁʶˍˇˏˌ ʰˉˈ ʰˎˍˇˏˌ ˍˇˎˌ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʱ 

ˉˊˇˍʶʽ˄ˈ˃ʶ˄ˇˎˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌΣ ʶ˄˗ ˉˇ˂˂ˇʾ ʶ˅Ω ʰˎˍ˗˄ ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ˉʰˊʰ˂˂ʰʴʷˌ ˍʹˌ 

ˉˊˇˋʷʴʴʽˋʹˌ ˍ˖˄ Churchill and Houze (1984).  

ɶ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʵʽʱˁˊʽˋʹˌ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ̡ ʰˋʽʸˈ˃ʶ˄ʹ ˋˍʹ˄ ˁʰˍʰˁˈˊˎ˒ʹ ˁʾ˄ʹˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ ʶ˄ˍˈˌ 

ˍ˖˄ ˄ʶ˒˗˄Σ ˈˉˇˎ ˇʽ ˁˏˊʽˇʽ ˒ˎˋʽˁˇʾ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ʶʾ˄ʰʽ ʹ ˋˎ˃ˉˏˁ˄˖ˋʹ ˍ˖˄ ˎʵˊʰˍ˃˗˄ ˄ʶˊˇˏ ˁʰʽ ʹ 

ˉˊˇˋˁˈ˂˂ʹˋʺ ˍˇˎˌ ˉʱ˄˖ ˋˍˇˎˌ ˉʰʴˇˁˊˎˋˍʱ˂˂ˇˎˌ ˍ˖˄ ˄ʶ˒˗˄Φ ɶ ʲˊˇ˔ˈˉˍ˖ˋʹ ˍˏˉˇˎ stratiform 

˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˈˍʰ˄ ˇʽ ˁʰˍʰˁˈˊˎ˒ʹ ʰ˄ˎ˕˖ˍʽˁʺ ˁʾ˄ʹˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ ʶʾ˄ʰʽ ʰˋʻʶ˄ʺˌΣ ˋʶ ˋˏʴˁˊʽˋʹ 

˃ʶ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˉˍ˗ˋʹˌ  ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˉʱʴˇˎ ˁʰʽ ˔ʽˇ˄ʽˇˏ όHouzeΣ мффоύΦ ɮ˄ˍʾʻʶˍʰΣ ˋʶ 

ˁʰʻʶˋˍ˗ˌ convectiveΣ ʹ ˁʰˍʰˁˈˊˎ˒ʹ ˍʰ˔ˏˍʹˍʰ ˁʾ˄ʹˋʹˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ʶ˄ˍˈˌ ˍ˖˄ ˄ʶ˒˗˄ ʶʾ˄ʰʽ ʾˋʹ 

˃ʶ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˉˇˎ ˉʷ˒ˍˇˎ˄ ˁʰʽ ʷˍˋʽ ˇ ʶˉʽˁˊʰˍ˗˄ ˒ˎˋʽˁˈˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ʷ˔ʶʽ 

˄ʰ ˁʱ˄ʶʽ ˃ʶ ˍʹ ˋˎˋˋ˖˃ʱˍ˖ˋʹ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˋˍʰʴˇ˄ʽʵʾ˖˄Φ ɴˍˋʽΣ ˇ ˔ˊˈ˄ˇˌ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˍ˖˄ 

ˋˎˋˋ˖˃ʰˍ˖˃ʱˍ˖˄ ˋʶ ˁʰʻʶˋˍ˗ˌ convective ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇˌ ʰˉΩ ˈˍʽ ˋʶ ˁʰʻʶˋˍ˗ˌ stratiform, 

ʰ˂˂ʱ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʰ ˋʶ ˃ʷʴʶʻˇˌ ˈˍʰ˄ ʶʴˁʰˍʰ˂ʶʾˉˇˎ˄ ˍˇ  ˄ʷ˒ˇˌ ˁʰʽ ˉʷ˒ˍˇˎ˄ ˃ʶ 

ˍʹ ˃ˇˊ˒ʺ ˁʰˍʰˁˊʹ˃˄ʾˋ˃ʰˍˇˌ όTremblay and Glazer, 2000). 

ɶ ʲˊˇ˔ˈˉˍ˖ˋʹ ˍˏˉˇˎ stratiformΣ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ˋˎ˄ʵʶʵʶ˃ʷ˄ʹ ˃ʶ ˄ʷ˒ʹ ˍˏˉˇˎ 

nimbostratusΣ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋʶ ˃ʶʴʱ˂ʹ ʷˁˍʰˋʹ ˁʰʽ ʶʾ˄ʰʽ ˋˎ˄ʶ˔ʺˌ ˋˍˇ ˔˗ˊˇΣ ʶ˄˗ 

˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ  ˁˎˊʾ˖ˌ ˎˉˈ ˁʰʻʶˋˍ˗ˌ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʺˌ ʶˎˋˍʱʻʶʽʰˌΦ ɼʰʻʶˋˍ˗ˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

stratiform ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ʷˋˇˎ ʴʶ˖ʴˊʰ˒ʽˁˇˏ ˉ˂ʱˍˇˎˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˃ʶˍ˗ˉˇˎ 

(midlatitude frontogenesisύΣ ˇˊʽʸˈ˄ˍʽʰˌ ʶˎˊʶʾh̩  ˁ˂ʾ˃ʰˁʰˌ ˋˏʴˁ˂ʽˋʹˌ ʺ ʶˉʰʴ˖ʴʺˌ ˂ˈʴ˖ 

ˇˊˇʴˊʰ˒ʾʰˌΦ ɮ˄ˍʾʻʶˍʰΣ ʲˊˇ˔ˈˉˍ˖ˋʹ ˍˏˉˇˎ convective ˋˎ˄ʺʻ˖ˌ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˄ʷ˒ʹ ˍˏˉˇˎ 

cumulus - cumulonimbusΣ ʶʾ˄ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹˌ ˍˇˉʽˁʱ ʷˁˍʰˋʹˌ ˁʰʽ ʽˋ˔ˎˊʺˌ ʷ˄ˍʰˋʹˌΣ ˁʰʽ 

ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ʷ˄ˍˇ˄ʹˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ʵʽʰˋˍˊ˖˃ʱˍ˖ˋʹˌΦ ʁʽ ˋˎ˄ʻʺˁʶˌ ʰˎˍʷˌ ʶʾ˄ʰʽ 

ˋˎ˔˄ʷˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɾʶˋˇʴʶʾˇˎΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʰˍʹˊʹʻʶʾ ˎˉˈ ˋˎ˄ʻʺˁʶˌ 

ʰˋˍʽˁʺˌ ʻʶˊ˃ʽˁʺˌ ˄ʹˋʾʵʰˌΣ ˉʱ˄˖ ʰˉˈ ˃ʶʴʱ˂ʶˌ ˉˈ˂ʶʽˌΦ ɴ˄ʰˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ʵˏˇ ʰˎˍ˗˄ 

˒ʰʽ˄ˇ˃ʷ˄˖˄ ˉʰˊʰˍʹˊʶʾˍʰʽ ʷ˄ˍˇ˄ʰ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ɮʻʺ˄ʰΣ ˈˉ˖ˌ ʷ˔ˇˎ˄ ʵʶʾ˅ʶʽ ˇʽ Nastos and Zerefos 

(2007). 

2.6 ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇ 

ʁ Tremblay όнллрύ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˃ʶ˂ʶˍʺˋʶʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ 

ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇΣ ʰ˄ʷ˂ˎˋʶ ˍʽˌ ˁʰˍʰʴˊʰ˒ʷˌ ʶ˄ˈˌ ˎˉˇˋˎ˄ˈ˂ˇˎ ˍˇˎ ʵʽˁˍˏˇˎ ˍˇˎ ʃʰʴˁˈˋ˃ʽˇˎ 

ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏ ʁˊʴʰ˄ʽˋ˃ˇˏ όWMOύ ʴʽʰ ʷ˄ʰ ʷˍˇˌ όʅ˔ʺ˃ʰ 2.12). ɶ ʰ˄ʱ˂ˎˋʹ ʷʵʶʽ˅ʶ ˈˍʽ ʹ 

ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʰʻˊˇʽˋˍʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˊˎʻ˃ˈ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ 

ʰˉˈ ʷ˄ʰ˄ ʶˁʻʶˍʽˁˈ ˄ˈ˃ˇΦ ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˋ˔ʷˋʹ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ˁʰʻˇ˂ʽˁʺ ˁʰʽ ʰ˄ʶ˅ʱˊˍʹˍʹ ˍˇˎ 

˃ʷˋˇˎ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʴʽʰ ˍʹ˄ ʶ˄ ˂ˈʴ˖ ˁʰˍʰ˄ˇ˃ʺΦ ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 

ζʵˇ˃ʺη ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˎˉˇʵʹ˂˗˄ʶʽ ˈˍʽ ʰˎˍʺ ʹ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ 

˖ˌ ʲʱˋʹ ʴʽʰ ˍˇ˄ ʵʽʰ˃ʶˊʽˋ˃ˈ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ convective ˁʰʽ stratiform 
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(TremblayΣ нллрύΦ ʆˇ ˒ˎˋʽˁˈ ˎˉˈʲʰʻˊˇ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˉˊˇˋʷʴʴʽˋʹˌ ʵʽʶˊʶˎ˄ʺʻʹˁʶ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ Monte CarloΣ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ˄ʶ˒ʽˁˈ ˃ˇ˄ˍʷ˂ˇ όcloud 

modelύΦ ɶ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʶˉʽˁˎˊ˗ʻʹˁʶ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʽʰ ʰ˄ʱ˂ˎˋʹ Fourier ˋˍˇ ˔ˊˈ˄ˇ 

(ʊʶ˂˗˄ʹΣ нлмпύ. 

 

ʅ˔ʺ˃ʰ нΦмнΥ ɼʰˍʰ˄ˇ˃ʺ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍʹ˄ лм ɹʰ˄ˇˎʰˊʾˇˎ 

2001 (3олн ˋˍʰʻ˃ˇʾύ ώʃʹʴʺΥ Tremeblay, 2005]. 

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ ʶˊʴʰˋʾʰ ˍˇˎ Tremblay h ˄ʰ˂ˏʻʹˁʰ˄ ʴʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍˇˎ 

ʷˍˇˎˌ нллм ˋʶ ˋˎ˔˄ˈˍʹˍʰ 6h. ʁʽ ˁʰˍʰʴˊʰ˒ʷˌ ˍ˖˄ ʲˊˇ˔ˇʴˊʱ˒˖˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˈ˂ʰ ˍʰ ʺʵʹ 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ όˎʴˊʺ ˁʰʽ ˋˍʶˊʶʺ ˃ˇˊ˒ʺ ʲˊˇ˔ʺˌΣ ˔ʽˈ˄ʽ ˁʰʽ ˔ʰ˂ʱʸʽύ ˁʰʽ ʹ ˉˇˋˈˍʹˍʰ ˉˇˎ 

ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʶʾ˄ʰʽ ˍˇ ˏ˕ˇˌ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ˍˇ ˇˉˇʾˇ ˁʰʻˇˊʾʸʶˍʰʽ ˖ˌ ˍˇ ˏ˕ˇˌ ˍˇˎ ˎʴˊˇˏ 

˄ʶˊˇˏ ˉˇˎ ˋˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ ˁʰʻˇˊʽˋ˃ʷ˄ˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌ ɲt. ʆˇ ˏ˕ˇˌ 

ʲˊˇ˔ʺˌ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰˍˊʰˉʶʾ ˋʶ ˃ʷˋʹ ʷ˄ˍʰˋʹ ʲˊˇ˔ʺˌ Ὑὸ ὬὸȾῳὸ (ɝt = 6 h ˋˍʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˊʴʰˋʾʰύΦ 

ɳʱ˄ f(R)dR ʁ ʾ˄ʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˋˍʰʻ˃˗˄ ˉˇˎ ˁʰˍʰʴˊʱ˒ˇˎ˄ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ʲˊˇ˔ʺˌ ˃ʶˍʰ˅ˏ R ˁ ʰʽ 

R + dR ˁ ʰʽΣ ʹ ˋˎ˄ˇ˂ʽˁʺ ˉˇˋˈˍʹˍʰ ʲˊˇ˔ʺˌ ˋˍˇ ʵʽʱˋˍʹ˃ʰ dR ˁ ʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ɝt  ʁ ʾ˄ʰʽΥ 

 ὖὙὨὙ ὪὙὙὨὙ (2.1) 

ʂˉˇˎ P(R)  ʁ ʾ˄ʰʽ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʲˊˇ˔ʺˌ ˁʰʽ f(R)  ʁ ʾ˄ʰʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ˋˎ˔˄ˈˍʹˍʰˌ ˉˎˁ˄ˈˍʹˍʰˌ ό˃ʶ 

˃ˇ˄ʱʵʶˌ TL-1ύΦ ɶ ʲˊˇ˔ˈˉˍ˖ˋʹ ʶ˄ˍˈˌ ˍˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌ ɲt  ̀ ʶ ʵʶʵˇ˃ʷ˄ʹ ˋˍʽʴ˃ʺ ʶʾ˄ʰʽΥ 
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ὖὸ ὖὙὨὙ ὔộὙỚ (2.2) 

ʆˇ ˁʱˍ˖ ˈˊʽˇ л+ ˎˉˇʵʹ˂˗˄ʶʽ ˉ˖ˌ ˇʽ ˃ʹʵʶ˄ʽˁʷˌ ˍʽ˃ʷˌ ʵʶ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹΦ ɶ ˉˇˋˈˍʹˍʰ   

ộὙỚ ʁʾ˄ʰʽ ʹ ˃ʷˋʹ ʷ˄ˍʰˋʹ ʲˊˇ˔ʺˌ ˋʶ ʵʶʵˇ˃ʷ˄ˇ ˔ˊˈ˄ˇΣ ˁʰʽ  ὔ Ὢ᷿ὙὨὙ ʶʾ˄ʰʽ ˇ ˋˎ˄ˇ˂ʽˁˈˌ 

ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄Φ H ˃ʷˋʹ ˋˍˇ ˔ˊˈ˄ˇ ˁʰˍʰ˄ˇ˃ʺ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ʷ˄ʰ ʰˎʻʰʾˊʶˍˇ ʵʽʱˋˍʹ˃ʰ T 

ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

 

ὖὙὨὙ
ρ

Ὕ
ὖὙὨὙὨὸ (2.3) 

ʁʽ ̝̀ ʷˋʶʽˌ 2Φм ˁʰʽ 2.3 ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ʰˊʽʻ˃ˇˏ ˋ˔ʹ˃ʱˍ˖˄Σ ˈˉ˖ˌ ˍˇ 

ʅ˔ʺ˃ʰ нΦмоΦ ʅˍˇ ʅ˔ʺ˃ʰ 2.13Σ ʹ ˉˇˋˈˍʹˍʰ P(R)dR ʷ˔ʶʽ ˎˉˇ˂ˇʴʽˋˍʶʾ ʴʽʰ ˁʱʻʶ с-˖ˊˇ ˁʰˍʱ ˍʹ 

ʵʽʱˊˁʶʽʰ ̱ ˇˎ ɹʰ˄ˇˎʰˊʾˇˎ ˁʰʽ ɹˇˎ˂ʾˇˎ ˍˇˎ ʷˍˇˎˌ нллм όT= 744 hΣ ʴʽʰ ˁʱʻʶ ˃ʺ˄ʰύΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ˇʽ 

ˉˇˋˈˍʹˍʶˌ PT ˁʰʽ PdRxT ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˁʰʽ ˋˍʹ ʵʶ˅ʽʱ ˉ˂ʶˎˊʱ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ 

ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʵʽʱʴˊʰ˃˃ʰ ˍˇˎ ʅ˔ʺ˃ʰˍˇˌ нΦмоΣ ʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ 

ʽʵʽʰʾˍʶˊʰ ˎ˕ʹ˂ʺ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˋˍˇ ˔ˊˈ˄ˇ ˁʰʽ ˍˇˎˌ ʵˏˇ ˃ʺ˄ʶˌΣ ˁʰʽ ˋˍʽˌ ʵˏˇ ˁʰˍʶˎʻˏ˄ˋʶʽˌ όR ˁ ʰʽ 

tύΦ ɮˁˈ˃ʰΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʽʰ ʴʶ˄ʽˁʺ ˃ʶʾ˖ˋʹ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˈˋˇ ʰˎ˅ʱ˄ʶʽ ʹ ʷ˄ˍʰˋʹΣ 

ʶ˄˗ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˁʰʽ ˍˇˉʽˁʷˌ ʰ˄˖˃ʰ˂ʾʶˌΦ ɲʶ˄ ʻʰ ʺˍʰ˄ ˉʰˊʱ˂ˇʴˇ ˇʽ ʰ˄˖˃ʰ˂ʾʶˌ ʰˎˍʷˌ ˄ʰ 

ˋˎ˄ʵʶʻˇˏ˄ ˃ʶ ˍʰ ˋˎˋˍʺ˃ʰˍʰ convective όʽʵʽʰʾˍʶˊʰ ˍˇ˄ ɹˇˏ˂ʽˇύΦ ɮˎˍʱ ˍʰ ˁˏˍˍʰˊʰ ʰ˄˖˃ʰ˂ʽ˗˄ 

ˁʰˍʱ ˁʰ˄ˈ˄ʰ ʷ˔ˇˎ˄ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˃ʽˁˊˈˍʶˊʹ ˍ˖˄ му ˖ˊ˗˄Σ ʰ˄ ˁʰʽ ˉʽˇ ʶˉʾ˃ˇ˄ʶˌ ʵˇ˃ʷˌ ʶʾ˄ʰʽ 

ʶˉʾˋʹˌ ʶ˃˒ʰ˄ʶʾˌΦ  

ɾʶˍʰ˅ˏ ɹˇˎ˂ʾˇˎ ˁʰʽ ɹʰ˄ˇˎʰˊʾˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋʹ˃ʰ˄ˍʽˁʷˌ ʵʽʰ˒ˇˊʷˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʹ 

ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ˃ʷˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍˇ˄ ɹʰ˄ˇˎʱˊʽˇ ʶʾ˄ʰʽ ˋˍʶ˄ˈˍʶˊʹ ˁʰʽ ʷ˄ˍˇ˄ʰ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ 

ˋˎˋˍʺ˃ʰˍʰ ˋʶ ˔ʰ˃ʹ˂ʷˌ ʶ˄ˍʱˋʶʽˌ όˉ˔ ˁˇ˄ˍʱ ˋˍʽˌ мнлΣ мфнΣ нплΣ прсΣ ртсΣ сфс ˗ˊʶˌύΦ ɮˎˍʱ ˍʰ 

ˋˎˋˍʺ˃ʰˍʰ ʰˉʶ˂ʶˎʻʶˊ˗˄ˇˎ˄ ˃ʶʴʱ˂ˇ ˉˇˋˈ ʲˊˇ˔ʺˌ ˋʶ ˃ʽˁˊʷˌ ʶ˄ˍʱˋʶʽˌΣ ˁʰʽ ʰ˄ˍʽˋˍˇʾ˔˖ˌ ʵʶ˄ ʻʰ 

ʺˍʰ˄ ˉʰˊʱ˂ˇʴˇ ˄ʰ ˋˎˋ˔ʶˍʽˋˍˇˏ˄ ˃ʶ ˍʰ ˋˎˋˍʺ˃ʰˍʰ stratiform ˍ˖˄ ʶ˅˖ˍˊˇˉʽˁ˗˄ ˁˎˁ˂˗˄˖˄Φ 

ʆʷˍˇʽʰ ˋˎˋˍʺ˃ʰˍʰ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˍʹ ˔ʶʽ˃ʶˊʽ˄ʺ ˉʶˊʾˇʵˇ ˍʹ ɰˈˊʶʽʰ ɮ˃ʶˊʽˁʺ ˁʰʽ ɳˎˊ˗ˉʹΣ ˁʰʽ ˍˇ 

ˋˍʾʴ˃ʰ ˍˇˎˌ ʵʽʰˁˊʾ˄ʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ н.13 (aύΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹΣ ʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˁʰʽ ʹ ˋˎ˃ʲˇ˂ʺ ˍ˖˄ 

ˎ˕ʹ˂˗˄ ʰ˄˖˃ʰ˂ʽ˗˄ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʺ ˍˇ ˃ʺ˄ʰ ɹˇˏ˂ʽˇΦ ʁʽ ʶ˄ˍʱˋʶʽˌ ˁʽ˄ˇˏ˄ˍʰʽ ˁʰˍʱ 

ˁʰ˄ˈ˄ʰ ˋʶ ˎ˕ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ ʰˉΩ ˈˍʽ ˋˍʽˌ ˔ʶʽ˃ʶˊʽ˄ʷˌ ˁʰˍʰʴˊʰ˒ʷˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˁʰˍʰʵʶʽˁ˄ˏʶʽ ˉ˖ˌ 

ˍˇ convective ˋˁʷ˂ˇˌ ʰˉˇˍʶ˂ʶʾ ˋʹ˃ʰ˄ˍʽˁˈ ˉʰˊʱʴˇ˄ˍʰΦ ʆʰ ˋˎˋˍʺ˃ʰˍʰ ʰˎˍʱ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ ˄ʰ 

ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʽˌ ʽˋ˔ˎˊʷˌ ˃ʶˍʰʴ˖ʴʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌ ˉʱ˄˖ ʰˉˈ ˍʹ ɰΦ ɮ˃ʶˊʽˁʺΣ ˍʹ ɾʷˋʹ ɮ˄ʰˍˇ˂ʺΣ 

ˍʹ˄ ɳˎˊ˗ˉʹ ˁʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ʻʶˊʽ˄˗˄ ˃ˇˎˋ˗˄˖˄ ˋˍʹ˄ ɮ˄ʰˍˇ˂ʽˁʺ ɮˋʾʰΦ 
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ʅ˔ʺ˃ʰ нΦмоΥ (aύ ɹʰ˄ˇˎʱˊʽˇˌ ˁʰʽ όbύ ɹˇˏ˂ʽˇˌ нллмΦ ɼʰˍʰ˄ˇ˃ʺ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ P(R)dR (mmύ ˋʰ˄ 

ˋˎ˄ʱˊˍʹˋʹ ˔ˊˈ˄ˇˎ ˁʰʽ ʷ˄ˍʰˋʹˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ˋˍʽʴ˃ʽʰʾʰ όPTύ ˁʰʽ ʰʻˊˇʽˋˍʽˁʺˌ 

όʵʽʰˁʶˁˇ˃˃ʷ˄ʹˌύ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʰ˄ όˉʱ˄˖ύ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ ˁʰʽ όʵʶ˅ʽʱύ ˃ʷˋʹˌ 

ˁʰˍʰ˄ˇ˃ʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ώʃʹʴʺΥ Tremblay, 2005]. 
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ʍˋˍˈˋˇ ˍʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˂ʺ˒ʻʹˁʰ˄ ʰˉˈ ˍˇ ˉʰʴˁˈˋ˃ʽˇ ʵʾˁˍˎˇ ˍˇˎ WMO ʁ ʽˋʱʴˇˎ˄ 

ˁʱˉˇʽʰ ζ˃ʶˊˇ˂ʹ˕ʾʰη ˁʰˍʱ ˍʹ ˋˍʰˍʽˋˍʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˃ʶ ˍʹ˄ ʷ˄˄ˇʽʰ ˈˍʽ ˇʽ 

ˈˉˇʽʶˌ ʴʶ˄ʽˁʶˏˋʶʽˌ ˖ˌ ˉˊˇˌ ˍʽˌ ʴʶ˄ʽˁʷˌ ˍʱˋʶʽˌ ˁʰʽ ˍʰ ʶˉʽ˃ʷˊˇˎˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˋʶ ˉʰʴˁˈˋ˃ʽˇ 

ʶˉʾˉʶʵˇ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ˇ˄ˍʰʽ ˃ʶ ˉˊˇˋˇ˔ʺΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʹ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˔ʶʽ˃ʶˊʽ˄ʺˌ - 

ʻʶˊʽ˄ʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʲˊˇ˔ˇ˃ʷˍˊ˖˄Σ ˁʽ ʷˍˋʽ ʹ ˋˎ˄ʶʽˋ˒ˇˊʱ 

ˍ˖˄ convective ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˁʰ˂ˇˁʰʽˊʽˇˏ ˋˍʹ˄ ɮˎˋˍˊʰ˂ʾʰ ˉʽʻʰ˄˗ˌ ʻʰ 

ˎˉˇˍʽ˃ʹʻʶʾΣ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˔ʰ˃ʹ˂ˈˍʶˊʹˌ ˉˎˁ˄ˈˍʹˍʰˌ ˍˇˎ ʵʽˁˍˏˇˎ ˋˍˇ ɿΦ ɶ˃ʽˋ˒ʰʾˊʽˇΦ ɮ˄ˍʾˋˍˇʽ˔ʰ 

ʰ˄ʶˉʰˊˁʺ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˋˍʰˍʽˋˍʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˁʰʽ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ɼʰ˄ʰʵʱΣ ˍʹˌ 

ɱˊˇʽ˂ʰ˄ʵʾʰˌ ˁʰʽ ˍʹˌ ʅʽʲʹˊʾʰˌΣ ʶ˄˗ ˍʷ˂ˇˌ ʷ˔ʶʽ ˎˉˇˍʽ˃ʹʻʶʾ ˁʰʽ ʹ ˋˎ˃ʲˇ˂ʺ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˋˍʹ 

ʻʱ˂ʰˋˋʰ ˁʰʻ˗ˌ ˍˇ ʶ˄ ˂ˈʴ˖ ʵʾˁˍˎˇ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʰˉˈ ʹˉʶʽˊ˖ˍʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌΦ 

ɾʽʰ ʽʵʽʰʾˍʶˊʰ ʶ˄ʵʽʰ˒ʷˊˇˎˋʰ ˉˍˎ˔ʺ ˍˇˎ ʅ˔ʺ˃ʰˍˇˌ нΦм3 ʶʾ˄ʰʽ ʹ ˍʷ˂ʶʽʰ ʶˁʻʶˍʽˁʺ ˃ˇˊ˒ʺ ˍʹˌ 

ˋˎ˄ʱˊˍʹˋʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ P(RύΣ ˍʹ˄ ˇˉˇʾʰ ˁʰʽ ʻʰ ʰ˄ʰ˂ˎʻʶʾ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁʰˍʰ˄ˇ˃ʺ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʹ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ʲʱˋʹˌΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ 

ʅ˔ʺ˃ʰ 2.14Φ ʅʶ ʰˎˍˈ ˍˇ ʅ˔ʺ˃ʰΣ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ˃ʷˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʴʽʰ ˔ˊˇ˄ʽˁʱ 

ʵʽʰˋˍʺ˃ʰˍʰ с h, 1 day, 1 week ˁ ʰʽ м yrΦ ʁʽ ˁˏˁ˂ˇʽ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺΣ ˈˉ˖ˌ 

˃ʶˍˊʺʻʹˁʶ ʰˉˈ ˍˇˎˌ ˋˍʰʻ˃ˇˏˌΣ ʶ˄˗ ʹ ˋˎ˄ʶ˔ʺˌ ʴˊʰ˃˃ʺ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ ʶˁʻʶˍʽˁʺ 

ˁʰˍʰ˄ˇ˃ʺΦ ʁʽ ˁʰˍʰ˄ˇ˃ʷˌ ʰˎˍʷˌ ˃ʰˌ ˇʵʹʴˇˏ˄ ˋˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˉ˖ˌ  ʹ ˉˇˋˈˍʹˍʰ P(Rύ ˃ˉˇˊʶʾ ˄ʰ 

ˉʰˊh̀ ˍʰʻʶʾ ˋˏ˃˒˖˄ʰ ˃ʶ ˃ʾʰ ˋ˔ʷˋʹ ˍʹˌ ˃ˇˊ˒ʺˌΥ 

 ὖὙ ὃὸὩ  (2.4) 

ʂˉˇˎ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ A(tύ ˁʰʽ b(tύ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍˇ ˔ˊˈ˄ˇΦ ʅʶ ʴʶ˄ʽˁʷˌ ʴˊʰ˃˃ʷˌΣ ʹ ʶˁʻʶˍʽˁʺ 

ˁʰˍʰ˄ˇ˃ʺ ʶʾ˄ʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˋʹ˃ʰ˄ˍʽˁʺ ˋʶ ˃ʽˁˊʷˌ ʶ˄ˍʱˋʶʽˌΣ ʶ˄˗ ʹ ˉˇˋˈˍʹˍʰ pέ ̫ ˔ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ 

ˋˎ˃ʲˇ˂ʺ ˋˍʽˌ ˎ˕ʹ˂ʷˌ ʶ˄ˍʱˋʶʽˌΦ ɲʽʰʽˋʻʹˍʽˁʱΣ ʹ ˉʰˊʰˍʺˊʹˋʹ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇʵʶʽˁ˄ˏʶʽ ˉ˖ˌ ʹ 

ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˄ʵʶʻʶʾ ˃ʶ ˍˇ stratiform ˁ ˇ˃˃ʱˍʽ ˍʹˌ ʲˊˇ˔ʺˌΣ ʶ˄˗ ʹ ˉˇˋˈˍʹˍʰ pέ  

˃ʶ ˍˇ convectiveΦ ʃʰˊʱ ˍʰˏˍʰΣ ʹ ʵʽʰʾˋʻʹˋʹ ˃ˈ˄ˇ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʰˊˁʶˍʺ ʴʽʰ ˍʹ˄ ˉˊˈˍʰˋʹ 

ˁʱˉˇʽˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʵʽʰ˔˖ˊʽˋ˃ˇˏΦ ɮˁˈ˃ʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ʴʽʰ ˃ʶʴʱ˂ˇ TΣ ˍˇ ὴȱ  ̱ʶʾ˄ʶʽ ˋˍˇ ˃ʹʵʷ˄ 

όлύΦ ɮˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˍˇ pέ ˋˎ˄ʶ˔˗ˌ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʴˏˊ˖ ʰˉˈ ˍʹ˄ ʶˁʻʶˍʽˁʺ 

ˁʰˍʰ˄ˇ˃ʺΣ ˃ʶ ʻʶˍʽˁʷˌ ˁʰʽ ʰˊ˄ʹˍʽˁʷˌ ʵʽʰˁˎ˃ʱ˄ˋʶʽˌΣ ˇʽ ˇˉˇʾʶˌ ˇˎˋʽʰˋˍʽˁʱ ʰ˂˂ʹ˂ˇʰ˄ʰʽˊˇˏ˄ˍʰʽ ˋʶ 

ˋ˔ʷˋʹ ˃ʶ ˍˇ˄ ˃ʰˁˊˇˉˊˈʻʶˋ˃ˇ ˃ʷˋˇ ˈˊˇΦ ʆʷ˂ˇˌΣ ʶˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˈˍʽ ʹ ˋˍʰˍʽˋˍʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ʵʽʶ˅ʺ˔ʻʹ ˔˖ˊʽˋˍʱ ʴʽʰ ˍˇ ɰˈˊʶʽˇ ˁʰʽ ɿˈˍʽˇ ʹ˃ʽˋ˒ʰʾˊʽˇ ˁʰʽ ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹ ʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹ 

ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ˃ʽʰ ʲʰˋʽˁʺ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˎˉˇʵʹ˂˗˄ʶʽ ˉ˖ˌ ˍˇ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋˍʰˍʽˋˍʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʶʾ˄ʰʽ ˁʰʻˇ˂ʽˁˈ όTremblay, 2005). 
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ʅ˔ʺ˃ʰ нΦмпΥ ɼʰˍʰ˄ˇ˃ʺ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔ˊˇ˄ʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ώʃʹʴʺΥ Tremblay, 

2005]. 

ʁʽ ʰˊ˔ʽˁʷˌ ʰˎˍʷˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˉˊˇˁˏˉˍˇˎ˄ ˁˎˊʾ˖ˌ ʵʽʰʽˋʻʹˍʽˁʱΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˁʰʽ 

ˉʰˊʰˉʱ˄˖Σ ʰˉˈ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ˉʰˊʰ˔ʻʷ˄ˍ˖˄ ʵʽʰʴˊʰ˃˃ʱˍ˖˄Φ ʃʰˊʱ ˍʰˏˍʰΣ ʹ ʵʽʰʾˋʻʹˋʹ ʵʶ˄ 

˃ˉˇˊʶʾ ˄ʰ ʰˉˇˍʶ˂ʶʾ ʲʱˋʹ ʴʽʰ ˍʹ ʻʶ˃ʶ˂ʾ˖ˋʹ ˁʱˉˇʽˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎΦ ɴˍˋʽΣ ˇ Tremblay (2005), 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ʰˉ˂ˈ ˃ʰʻʹ˃ʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʴʽʰ  ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ 

ˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍˏˉˇˎ stratiformΣ ʶˉʽˁˎˊ˗˄ʶʽ ˍˇ ˋˎ˃ˉʷˊʰˋ˃ʱ ˍˇˎ ˁʰʽ 

ʻʶ˖ˊʹˍʽˁʱΦ 

2.6Φм ɮ˂ʴˈˊʽʻ˃ˇˌ ɲʽʰ˔˖ˊʽˋ˃ˇˏ 

ɾʶ ʲʱˋʹ ˍʹ˄ ˉʰˊʰˉʱ˄˖ ʰ˄ʱ˂ˎˋʹΣ ˎˉˇˍʾʻʶˍʰʽ ʹ ˏˉʰˊ˅ʹ ˃ʾʰˌ ʶˁʻʶˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ 

ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʺ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɾʽʰ ˍʷˍˇʽʰ ˎˉˈʻʶˋʹ ˁʰʻʽˋˍʱ ʰ˄ʰʴˁʰʾˇ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ 

˃ʽʰˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ʴʽʰ ʰˎˍˈ˄ ˍˇ ˋˁˇˉˈΦ ɶ ʶˁʻʶˍʽˁʺ ˋˎ˄ʱˊˍʹˋʹ όʅ˔ʷˋʹ 2Φпύ ˉˇˎ 

ʰ˄ʰ˒ʷˊʻʹˁʶ ˉʰˊʰˉʱ˄˖ ʶʽˋʱʴʶʽ ʰˊ˄ʹˍʽˁʷˌ ʰ˄˖˃ʰ˂ʾʶˌΣ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ˇ ˄ʰ ʶˊ˃ʹ˄ʶˎˍˇˏ˄ 

ʰˉˈ ʱˉˇ˕ʹ convective ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ ˇ ʵʽʰ˔˖ˊʽˋ˃ˈˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ 

ʰ˒ʰʽˊ˗˄ˍʰˌ ˍˇ ˁʰʻʰˊˈ ʶˁʻʶˍʽˁˈ ˁˇ˃˃ʱˍʽ PS(R) ʰˉˈ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ P(R)Σ ʷˍˋʽ ˗ˋˍʶ ˄ʰ 

ʰˉˇˁˍʺˋˇˎ˃ʶ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍʽˌ ʰ˄˖˃ʰ˂ʾʶˌ pΩόwύΦ ʆˇ ˁˇ˃˃ʱˍʽ PS ɻ ʽʰ˔˖ˊʾʸʶˍʰʽ ʶˉʽ˂ʷʴˇ˄ˍʰˌ ˃ʾʰ 
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ʶˁʻʶˍʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ˍʷˍˇʽʰ ˗ˋˍʶ ˇʽ ʰˊ˄ʹˍʽˁʷˌ ʰ˄˖˃ʰ˂ʾʶˌ ˄ʰ ʶʾ˄ʰʽ ʰˁˊʽʲ˗ˌ ˃ʹʵʷ˄Σ ˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 2.15. 

 

ʅ˔ʺ˃ʰ нΦмрΥ ɲʽʰ˃ʶˊʽˋ˃ˈˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ό˗ˊʰ пулΣ ɹˇˏ˂ʽˇˌ нллмύΦ ɶ ˋˎ˄ˇ˂ʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹ 

όˉʰ˔ʽʱ ˋˎ˄ʶ˔ʺˌ ʴˊʰ˃˃ʺύΣ ˍˇ convective ˃ ʷˊˇˌ ό˃ˉʱˊʶˌύ ˁʰʽ ˍˇ ˁʰʻʰˊʱ ʶˁʻʶˍʽˁˈ stratiform 

˃ʷˊˇˌ ό˂ʶˉˍʺ ˋˎ˄ʶ˔ʺˌ ʴˊʰ˃˃ʺύΦ ɾʶ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ʹ ʵʽʰˁʶˁˇ˃˃ʷ˄ʹ ʴˊʰ˃˃ʺ ˇˊʾʸʶˍʰʽ ˍˇ 

ˁʰˍ˗˒˂ʽ RC ώʃʹʴʺΥ Tremblay, 2005]. 

ʅˍˇ ʅ˔ʺ˃ʰ ʰˎˍˈΣ ʹ ˋˎ˄ˇ˂ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ PΣ ˍˇ ˁʰʻʰˊˈ ʶˁʻʶˍʽˁˈ ˁˇ˃˃ʱˍʽ PSΣ ˁʰʽ ˍˇ ʶ˄ʰˉˇ˃ʶʾ˄ʰ˄ pΩ 

ˋ˔ʶʵʽʱʸˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ пул ́˗ˊʰ ˍˇˎ ɹˇˎ˂ʾˇˎ нллмΦ ɶ ʰ˄˖˃ʰ˂ʾʰ pΩ ʰˉˇʵʾʵʶˍʰʽ ˖ˌ ˍˇ convective 

ˁˇ˃˃ʱˍʽ ˍʹˌ ʲˊˇ˔ʺˌ ˋˎ˄ ʷ˄ʰ ˋˍʰˍʽˋˍʽˁˈ ˋ˒ʱ˂˃ʰΦ ɶ ˋʹ˃ʰˋʾʰ ˍ˖˄ ˃ʶʴʶʻ˗˄ ʰˎˍ˗˄ ˁʰʻˇˊʾʸʶʽ 

ˇˎˋʽʰˋˍʽˁʱ ˍʹ ˔ˊʹˋʽ˃ˈˍʹˍʰ ˍʹˌ ˉˊˇˋʷʴʴʽˋʹˌ ˍˇˎ Tremblay ʴʽʰ ˍʹ ʵʽʱˁˊʽˋʹ ˍ˖˄ ʵˏˇ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ʲˊˇ˔ʺˌΦ 

ʅˍˇ ʅ˔ʺ˃ʰ 2.16 h ˄ʰˉʰˊʾˋˍʰˍʰʽ ́  ˉˇˋˈˍʹˍʰ pΩ ʴʽʰ ˇ˂ˈˁ˂ʹˊˇ ˍˇ ˃ʺ˄ʰ ˍˇˎ ɹˇˎ˂ʾˇˎ нллмΦ ʅˍˇ ʅ˔ʺ˃ʰ 

ʰˎˍˈ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˍˇ pΩ ʶʾ˄ʰʽ ˁʰ˂ʱ ʵˇ˃ʹ˃ʷ˄ˇΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʰ˄ˍʽ˂ʹˉˍˈ ˉ˖ˌ 

ʹ ʵˊʰˋˍʹˊʽˈˍʹˍʰ convective  ˍˇˎ ˃ʺ˄ʰ ʰˎˍˇˏ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍˊʾʰ ˅ʶ˔˖ˊʽˋˍʱ ʶˉʶʽˋˈʵʽʰ 

ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʶ˄ˍʱˋʶ˖˄Φ ʃʽˇ ʰˋʻʶ˄ʺ ʶˉʶʽˋˈʵʽʰ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˍʹ˄ ˉʶˊʾˇʵˇ м-мл ɹˇˎ˂ʾˇˎΣ ʶ˄˗ ʹ 

ˋˎ˄ˇ˂ʽˁʺ ˉˇˋˈˍʹˍʰ convective ̡ ˊˇ˔ˈˉˍ˖ˋʹˌ ˁʽ˄ʶʾˍʰʽ ʴˏˊ˖ ˋˍˇ  м m ˏ ˕ˇˎˌ ʲˊˇ˔ʺˌΦ ɶ ˉˇˋˈˍʹˍʰ 

ʰˎˍʺ ˃ʶʴʰ˂˗˄ʶʽ ˍʹ˄ мм ́ɹˇˎ˂ʾˇˎ ʴʽʰ мм ʹ˃ʷˊʶˌΦ ɼʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʰˎˍʺˌ ˍʹˌ ˉʶˊʽˈʵˇˎΣ ʹ 

ˉˇˋˈˍʹˍʰ pΩ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰʽ ˁʰ˂˗ˌ-ˇˊʽˋ˃ʷ˄ʰ ˁˏˍˍʰˊʰ ʶʾ˄ʰʽ ʶ˃˒ʰ˄ʺΦ ɴˉʶʽˍʰ ʰˉˈ ˃ʾʰ ˋˏ˄ˍˇ˃ʹ 

ˉʶˊʾˇʵˇ ʰʵˊʱ˄ʶʽʰˌΣ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ convective ˒ˍʱ˄ˇˎ˄ ˋˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʷ˄ˍʰˋʺ ˍˇˎˌΣ ˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ˏˉʰˊ˅ʹ ʶ˄ˈˌ ˉˇ˂ˏ ˃ʶʴʱ˂ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˁʰˍʱ ˍʹ˄ ˉʶˊʾˇʵˇ нр-нф ɹˇˎ˂ʾˇˎΦ 

ɮ˄ʰ˂ˏˋʶʽˌ ˉˇˎ ʷ˔ˇˎ˄ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾΣ ˋˍʽˌ ˇˉˇʾʶˌ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˁʰʽ ˃ʶˍˊʺˋʶʽˌ ʹ˔ˇˏ 

ˍˇˎ Next Generation Weather Radar (NEXRADύΣ ˎˉˇʵʶʽˁ˄ˏˇˎ˄ ˉ˖ˌ ʷ˄ʰ ˉˇ˂ˏ ʷ˄ˍˇ˄ˇ ʶˉʶʽˋˈʵʽˇ 

ˍˏˉˇˎ convective ˉʱ˄˖ ʰˉˈ ˍʽˌ ɶʃɮ ʷ˔ʶʽ ˉʰʾ˅ʶʽ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʹ ʵˇ˃ʺ ʰˎˍʺ ˉˇˎ 

˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ мΦрΦ ʅˎʴˁˊʾ˄ˇ˄ˍʰˌ ˋˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˋˍˇ ˔ˊˈ˄ˇ ˍˇˎ Pt ˋˍʰ ʅ˔ʺ˃ʰˍʰ 2.13 (b) 
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ˁʰʽ 2.16Σ ˁʰˍʰ˂ʺʴˇˎ˃ʶ ˋˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˉ˖ˌ ˍˇ convective ˋˎˋˍʰˍʽˁˈ ˋˎ˄ʷʲʰ˂ʶ ˋˎ˄ˇ˂ʽˁʱ ˋʶ 

ˉˇˋˇˋˍˈ ру҈ ˍʹˌ ʲˊˇ˔ʺˌ ˋˍˇ ˃ʺ˄ʰ ɹˇˏ˂ʽˇ нллмΦ  

ɶ ʵʽʰˁʶˁˇ˃˃ʷ˄ʹ ʴˊʰ˃˃ʺ R=RC ˋˍˇ ʅ˔ʺ˃ʰ мΦп ʵʽʰ˔˖ˊʾʸʶʽ ˍˇ˄ ʱ˅ˇ˄ʰ R ˋʶ ʵˏˇ ˉʶˊʽˇ˔ʷˌ ʷˍˋʽ ˗ˋˍʶ 

pΩғPS ˁʰʽ pΩҔPSΦ ɳ˄ˍˈˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ R<RC ˍˇ stratiform ˋˎˋˍʰˍʽˁˈ ˍʹˌ ʲˊˇ˔ʺˌ ʶʾ˄ʰʽ ˁˎˊʾʰˊ˔ˇ ˁʰʽ 

ʷˍˋʽ ʹ ˋˎ˄ˇ˂ʽˁʺ ʲˊˇ˔ʺ ˁʰʻˇˊʾʸʶˍʰʽ ˖ˌ ˉʶˊʽˇ˔ʺ ˁʰʻʶˋˍ˗ˍˇˌ stratiformΦ ɮ˄ˍʾˋˍˇʽ˔ʰΣ ʹ ˉʶˊʽˇ˔ʺ 

ˋˍʹ˄ ˇˉˇʾʰ ʽˋ˔ˏʶʽ ˉ˖ˌ R>RC ˁʰʻˇˊʾʸʶˍʰʽ ˖ˌ ˉʶˊʽˇ˔ʺ ˁʰʻʶˋˍ˗ˍˇˌ convectiveΦ ɮˎˍʱ ˍʰ 

ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʰ ʴʽʰ ˍʹ ʵʽʱˁˊʽˋʹ ʶ˄ˈˌ ʶˉʶʽˋˇʵʾˇˎ  ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˋˎ˄ˇ˂ʽˁˈ 

ˉ˂ʹʻˎˋ˃ˈΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋˍʹ˄ пул ́˗ˊʰ ˍˇˎ ɹˇˎ˂ʾˇˎ нллмΣ ˈ˂ˇʽ ˇʽ ˋˍʰʻ˃ˇʾ ˉˇˎ ʰ˄ʰ˒ʷˊˇˎ˄ 

ʶ˄ˍʱˋʶʽˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˈ ˍʹ˄ ˍʽ˃ʺ RC= 20 mm/6h ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˁʰʻʶˋˍ˗ˌ convectiveΣ ʶ˄˗ 

ʰˎˍˇʾ ˃ʶ R<RC ʻʶ˖ˊʶʾˍʰʽ ˉ˖ˌ ʰ˄ʺˁˇˎ˄ ˋʶ ˁʰʻʶˋˍ˗ˌ stratiformΦ ɮˎˍʺ ʹ ʵʽʱˁˊʽˋʹΣ ˉˊʷˉʶʽ ˄ʰ 

ˍˇ˄ʽˋˍʶʾΣ ˉ˖ˌ ʵʶ˄ ʵʾ˄ʶʽ ʰˉˈ˂ˎˍʹ ʵʽʱˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ convective ˁʰʽ stratiform ˋˎˋˍʰˍʽˁ˗˄Σ 

ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ʱ˂˂˖ˋˍʶ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 2.15Σ ʰ˂˂ʱ ˍʰ ʶˉʶʽˋˈʵʽʰ ˋˍʰˍʽˋˍʽˁʱ 

˂ˇʴʾʸˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʶˉʽˁˊʱˍʹˋʹ ʶ˄ˈˌ ʰˉˈ ˍʰ ʵˏˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ ɾʶ ʰˎˍʺ˄ ˍʹ˄ ʵʽʱˁˊʽˋʹΣ ʶʾ˄ʰʽ 

ʵˎ˄ʰˍˈ˄ ˄ʰ ˉʰˊʰ˔ʻˇˏ˄ ˔ʱˊˍʶˌ ˃ʶ ʲʱˋʹ ˍˇ convective ˁʰʽ stratiform ˁʰʻʶˋˍ˗ˌ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʰ˄ˍʾˋˍˇʽ˔ˇʽ ˃ʶ ʰˎˍˇˏˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˃ʶ ˍʹ ˔ˊʺˋʹ texture algorithms ˉˇˎ 

ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˉʰˊʰˉʱ˄˖Φ 

 

ʅ˔ʺ˃ʰ нΦмсΥ ɺʵʽˇ ˃ʶ ˍˇ ʅ˔ʺ˃ʰ н.13Σ ʰ˂˂ʱ h ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ convective ̀ ˎˋˍʰˍʽˁˈ ˍʹˌ ʲˊˇ˔ʺˌ ˍˇˎ 

˃ʺ˄ʰ ɹˇˎ˂ʾˇˎ нллм [ʃʹʴʺΥ Tremblay, 2005]. 

ʆˇ ʵʾˁˍˎˇ ˍ˖˄ ʶˉʾʴʶʽ˖˄ ˋˍʰʻ˃˗˄ ˉʰˊʱʴʶʽ ζʶʽˁˈ˄ʶˌη ˍˇˎ ˉʰʴˁˈˋ˃ʽˇˎ ˉʶʵʾˇˎ ʲˊˇ˔ʺˌ ˃ʶ 

ˋˎ˔˄ˈˍʹˍʰ ɲt = 6 hΦ ɱʽʰ ˁʱʻʶ ˃ʽʰ ʰˉˈ ʰˎˍʷˌ ˍʽˌ ʶʽˁˈ˄ʶˌΣ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ʹ ˁˊʾˋʽ˃ʹ 

ˉˇˋˈˍʹˍʰ RC ʰˉˈ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʲˊˇ˔ʺˌ ˁʰʽ ˁʱʻʶ ˉʰˊʰˍʺˊʹˋʹ ˄ʰ ʵʽʰ˔˖ˊʽˋˍʶʾΦ ɱʽʰ ˍʹ˄ 

ˉʶˊʾˇʵˇ ˍˇˎ ʶ˄ˈˌ ʷˍˇˎˌΣ ˎˉʱˊ˔ˇˎ˄ мпсл ˍʷˍˇʽʶˌ ʶʽˁˈ˄ʶˌ ˁʰʽ ˁʱʻʶ ˃ʽʰ ʷ˔ʶʽ ˃ʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺ 

RCΦ ʅˍˇ ʅ˔ʺ˃ʰ нΦмт ˒ ʰʾ˄ʶˍʰʽ ʹ ˁʰˍʰ˄ˇ˃ʺ ʰˎˍʺ ˍ˖˄ RC ɹ ʽʰ ˍˇ нллмΣ ˈˉ˖ˌ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄Φ 
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ʅ˔ʺ˃ʰ нΦмтΥ ɼʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˎˉˇ˂ˇʴʽˋʻʷ˄ˍ˖˄ ˁˊʾˋʽ˃˖˄ ʶ˄ˍʱˋʶ˖˄ ˉˇˎ ˁʰʻˇˊʾʸˇˎ˄ ˍˇ 

convective/stratiform ̍ ˊʽˇ ώʃʹʴʺΥ Tremblay, 2005]. 

ɮˉˈ ˍˇ ʅ˔ʺ˃ʰ ʰˎˍˈ ˃ˉˇˊʶʾ ˄ʰ ˒ʰ˄ʶʾ ˉ˖ˌ ˍˇ RC ʵʶ˄ ʶʾ˄ʰʽ ˁʰʻˇ˂ʽˁˈ ˁʰʽ ʰˁˇ˂ˇˎʻʶʾ ˃ʾʰ ˁʰ˂ʱ 

ˁʰʻˇˊʽˋ˃ʷ˄ʹΣ ʻʶˍʽˁʺ ʰˋˎ˃˃ʶˍˊʾʰˌ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˍʽ˃ʺ ˍʰ 8 mm/6hΦ ʅʶ ʴʶ˄ʽˁʷˌ 

ʴˊʰ˃˃ʷˌΣ ˃ʶʴʱ˂ʶˌ ˍʽ˃ʷˌ ˍˇˎ RC ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˁʰˍʰ˄ˇ˃ʷˌ ˃ʶ ˉˇ˂ˏ ˁʰ˂ʱ ˁʰʻˇˊʽˋ˃ʷ˄ʶˌ 

ʰ˄˖˃ʰ˂ʾʶˌΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹΣ ˁʰˍʰ˄ˇ˃ʷˌ ˃ʶ ˉˇ˂ˏ ˃ʽˁˊˈ RC όˈˉ˖ˌ ʰˎˍʷˌ ˋˍʽˌ ˇˉˇʾʶˌ RC <= 4mm/6 h) 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˁʶ˄ʱ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˁʰʻʽˋˍʱ ˍʹ˄ ʶˁʻʶˍʽˁʺ 

ˉˊˇˋʷʴʴʽˋʹ ˃ʹ ˊʶʰ˂ʽˋˍʽˁʺΦ ʃʰˊʱ ˍʰˏˍʰΣ ˇʽ ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˎˍʷˌ ʶʾ˄ʰʽ ˋˉʱ˄ʽʶˌ όˉʶˊʾˉˇˎ ˍˇ м҈ ˍˇˎ 

ˋˎ˄ˈ˂ˇˎύ ˁʰʽ ʴʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ʵʶ˄ ʰˉˇˍʶ˂ˇˏ˄ ˋʹ˃ʰ˄ˍʽˁˈ ˋ˒ʱ˂˃ʰ ˋˍʹ˄ ˉʰˊˇˏˋʰ ˍʶ˔˄ʽˁʺΦ 

2.7 ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ʶˉʾˉʶʵˇ ˉʶˊʽˇ˔ʺˌ 

ʁ ̔Ruiz-Leo et al. όнлммύ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʰ˄ ˍʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ˉʰˊˇˎˋʾʰˋʶ ˇ Tremblay ʴʽʰ ˍʹ 

ʵʽʰˁˊʽˍˇˉˇʾʹˋʹ ˍʹˌ ˇ˂ʽˁʺˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ convective ˁʰʽ stratiform ˋˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˍʹˌ ɹʲʹˊʽˁʺˌ ʋʶˊˋˇ˄ʺˋˇˎ όʅ˔ʺ˃ʰ 2.19). 

 

ʅ˔ʺ˃ʰ нΦму: ʋʱˊˍʹˌ ˍʹˌ ɹʲʹˊʽˁʺˌ ʋʶˊˋˇ˄ʺˋˇˎ ˁʰʽ ɰʰ˂ʶʰˊʾʵ˖˄ ɿʺˋ˖˄ ˃ʶ ʲˊˇ˔ˇ˃ʶˍˊʽˁˇˏˌ 

ˋˍʰʻ˃ˇˏˌ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˋˍʹ˄ ʰˁˍʺ ˍʹˌ ɾʶˋˇʴʶʾˇˎώʃʹʴʺΥ Ruiz-Leo et al., 2011]. 
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ɱʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈΣ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʰ˄ ˖ˊʽʰʾʰ ʵʶʵˇ˃ʷ˄ʰ ʲˊˇ˔ʺˌ ʰˉˈ мн ˋˍʰʻ˃ˇˏˌ ʴʽʰ ˍʹ ʵʶˁʰʶˍʾʰ 

1998-2008. ɰʰˋʽʸˈ˃ʶ˄ˇʽ ˋˍʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˍˇˎ Tremblay όнллрύ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʰ˄ ˍʹ˄ ʶˁʻʶˍʽˁʺ 

ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʅ˔ʷˋʹˌ 2.5 ɹ ʽʰ ̱ ʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ˇ˂ʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ 

 ὖὙ ὃὸὩ ὴͼ (2.5) 

ˈˉˇˎΣ ˈˉ˖ˌ ʵʶʾ˔ʻʹˁʶ ˉʰˊʰˉʱ˄˖Σ ˍˇ ʶˁʻʶˍʽˁˈ ˃ʷˊˇˌ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍˇ stratiform ˃ʷˊˇˌΣ ʶ˄˗ ˇ 

ˈˊˇˌ pΩΩ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍˇ convectiveΦ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ A(t) ˁʰʽ B(t) ˁʰʻˇˊʾʸˇ˄ˍʰʽ ˃ʶ ʲʱˋʹ ˍʹ 

˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇ όt). 

ʅʰ˄ ˔ˊˈ˄ˇ ʲʱˋʹˌ ʴʽʰ ˍʽˌ ʰ˄ʰ˂ˏˋʶʽˌ ό˃ʶ ʲʱˋʹ ʰˎˍʱ ˉˇˎ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʹ 

ˉʰˊʱʴˊʰ˒ˇύ ʶˉʶ˂ʷʴʹˋʰ˄ ˇʽ с hΣ ˃ʽʰˌ ˁʰʽ ʹ ʵʽʱˊˁʶʽʰ ʰˎˍʺ ʻʶ˖ˊʶʾˍʰʽ ˍˇ ˍˎˉʽˁˈ ʶ˂ʱ˔ʽˋˍˇ ʴʽʰ ˍʹ˄ 

ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ convective ˒ ʰʽ˄ˇ˃ʷ˄˖˄ όRuiz-Leo et al., 2011). 

ɱʽʰ ˍʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍʹˌ ˁʰ˃ˉˏ˂ʹˌ ˍʹˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ʶ˅ʱ˖ˊʶˌ 

ʶ˄ˍʱˋʶʽˌ ʰ˄ʰʴˁʰʾʰ ʶʾ˄ʰʽ ʹ ʶˉʽ˂ˇʴʺ ˁʰˍʱ˂˂ʹ˂ʹˌ ˁ˂ʱˋʹˌ ʶ˄ˍʱˋʶ˖˄ όclass intervalύΦ ʁ ˁʰʻˇˊʽˋ˃ˈˌ 

ʰˎˍˈˌ ˍʹˌ ˁ˂ʱˋʹˌ ʶʾ˄ʰʽ ˇˎˋʽ˗ʵˇˎˌ ˋʹ˃ʰˋʾʰˌΣ ˃ʽʰˌ ˁʰʽ ˁʰʻˇˊʾʸʶʽ ˋʶ ˋʹ˃ʰ˄ˍʽˁˈ ʲʰʻ˃ˈ ˍʹ ˃ˇˊ˒ʺ 

ˉˇˎ ʻʰ ʷ˔ʶʽ ʹ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˉˇˎ ʻʰ  ˉˊˇˋʰˊ˃ˇˋˍʶʾ ˋˍʹ˄ ˁʰ˃ˉˏ˂ʹ ˍʹˌ ʰʻˊˇʽˋˍʽˁʺˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɶ ˁʰˍʱ˂˂ʹ˂ʹ ˁ˂ʱˋʹ ˇʵʹʴʶʾ ˋʶ ˇ˃ʰ˂ʺ ˁʰ˃ˉˏ˂ʹ ʴʽʰ ˔ʰ˃ʹ˂ʷˌ ʶ˄ˍʱˋʶʽˌ RΣ ʶ˄˗ 

˃ʶʴʱ˂ʶˌ ʰ˄˖˃ʰ˂ʾʶˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋʶ ˎ˕ʹ˂ˈˍʶˊʶˌ ʶ˄ˍʱˋʶʽˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ 

ʆʷˋˋʶˊʽˌ ʶˁʻʶˍʽˁʷˌ ˁʰ˃ˉˏ˂ʶˌΣ ʹ ˁʰʻʶ˃ʾʰ ˎˉˇ˂ˇʴʽˋ˃ʷ˄ʹ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʺ ʶˉʽ˂ʶʴ˃ʷ˄ʹ ˁ˂ʱˋʹ 

ʶ˄ˍʱˋʶ˖˄Σ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ мΦф ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɽʶʲʱ˄ˍʶ ˁʰˍʱ ˍˇ ʷˍˇˌ нллтΦ ɱʽʰ 

˃ʽˁˊʺ ʶˉʽ˂ʶ˔ʻʺˋʰ ˁ˂ʱˋʹ όʅ˔ʺ˃ʰ 2.20 (a)ύ ˎ˕ʹ˂ʷˌ ˍʰ˂ʰ˄ˍ˗ˋʶʽˌ ʴˏˊ˖ ʰˉˈ ˍʹ˄ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

ʶʾ˄ʰʽ ʶ˃˒ʰ˄ʶʾˌΦ ɮ˄ˍʾʻʶˍʰΣ ˃ʶʴʱ˂ʹ ˁ˂ʱˋʹ ˇʵʹʴʶʾ ˋʶ ˉʽˇ ˇ˃ʰ˂ʺ ˁʰ˃ˉˏ˂ʹ ˃ʶ ˉˇ˂ˏ ˂ʾʴʶˌ ʰ˄˖˃ʰ˂ʾʶˌΣ 

ˈˉ˖ˌ ʰˎˍʺ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ 2.20 (d). 
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ʅ˔ʺ˃ʰ нΦмф: ɼʰˍʰ˄ˇ˃ʺ ˍʹˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɽʶʲʱ˄ˍʶ ˋˍʹ˄ ɹˋˉʰ˄ʾʰ 

ˁʰˍʱ ˍˇ ʷˍˇˌ нллтΣ ˃ʶ ˔ˊʺˋʹ ˍʶˋˋʱˊ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˁ˂ʱˋʶ˖˄ ʶ˄ˍʱˋʶ˖˄Υ ʰύ  мΦрΣ b) 3.5, c) 5.5 

ˁʰʽ d) 7.5 mm/6hΦ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˒ʰʾ˄ʶˍʰʽ ʹ ʶ˅ʱˊˍʹˋʹ ˍʹˌ ˃ˇˊ˒ʺˌ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ʹ ˁʰ˃ˉˏ˂ʹ 

ˋ ʁ̀ ˔ʷˋʹ ˃ʶ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍʹˌ ˍʽ˃ʺˌ ˁ˂ʱˋʹˌ ʷ˄ˍʰˋʹˌ ώʃʹʴʺΥ Ruiz-Leo et al., 2011]. 

ɶ ˁʰˍʱ˂˂ʹ˂ʹ ˁ˂ʱˋʹ ʶ˄ˍʱˋʶ˖˄ ʻʰ ˉˊʷˉʶʽΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ Ruiz-Leo et alΦ όнлммύ ˄ʰ ʵʾ˄ʶʽ 

ˁʰ˃ˉˏ˂ʹ ʹ ˇˉˇʾʰ ʰˉˈ ˍʹ ˃ʾʰ ˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ ˉˇ˂ˏ ˇ˃ʰ˂ʺΣ ˃ʽʰˌ ˁʰʽ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʹ 

ˋˎ˄ʶʽˋ˒ˇˊʱ ˍ˖˄ convective ʶˉʶʽˋˇʵʾ˖˄ ˎˉˇʶˁˍʽ˃ʱˍʰʽΣ ʰ˂˂ʱ ˋˎʴ˔ˊˈ˄˖ˌ ˄ʰ ˃ʹ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ 

ˁʰʽ ʰˉˈ ˍʹ˄ ˏˉʰˊ˅ʹ ˉˇ˂˂˗˄ ʰ˄˖˃ʰ˂ʽ˗˄Σ ˃ʽʰˌ ˁʰʽ ʷˍˋʽ ˎˉʶˊʶˁˍʽ˃ʱˍʰʽ ʹ ˋˎ˃ʲˇ˂ʺ ˍ˖˄ convective. 

ɾʶ ʲʱˋʹ ˍʹ ʻʶ˗ˊʹˋʹ ʰˎˍʺΣ ˋʰ˄ ˁʰˍʱ˂˂ʹ˂ʶˌ ˁʰ˃ˉˏ˂ʶˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ 2.20 (b) ˁʰʽ 2.20 (c). 

ɳ˅Ω ʰˎˍ˗˄Σ ˖ˌ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊʹ ʶˁ˂ʷʴʶˍʰʽ ʹ 2.20 (b). 

ɴˉʶʽˍʰ ʰˉˈ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ class-intervalΣ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˃ʽʰ ˍʶ˔˄ʽˁʺ ʴʽʰ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ convective ˁ ʰʽ stratiform ˃ ʶ ʶ˒ʰˊ˃ˇʴʺ ʵˏˇ ʰ˂ʴˇˊʾʻ˃˖˄Φ ʁ ˉˊ˗ˍˇˌ ʰ˂ʴˈˊʽʻ˃ˇˌ 

ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍˇˎ stratiform ˋˎˋˍʰˍʽˁˇˏΣ ˃ʶ ˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺ ˁʰˍʱ˂˂ʹ˂ʹˌ 

ʶˁʻʶˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ όʰ˄ˍʾˋˍˇʽ˔ʹˌ ˃ʶ ʰˎˍʺˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˋˍʹ˄ ˉʰˊʱʴˊʰ˒ˇ 2.6.1) ʶ˄˗ ˇ 

ʵʶˏˍʶˊˇˌ ˋˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˁˊʾˋʽ˃ʹˌ ʷ˄ˍʰˋʹˌ ʲˊˇ˔ʺˌ όRCύ ˃ʶ ʲʱˋʹ ˍʹ˄ ˇˉˇʾʰ ʹ ˇ˂ʽˁʺ 

ʲˊˇ˔ˈˉˍ˖ˋʹ ʵʽʰ˔˖ˊʾʸʶˍʰʽ ˋˍʰ ʵˏˇ ˃ʷˊʹ ˍʹˌΦ ɳˉʶʽˋˈʵʽʰ ˃ʶ ʷ˄ˍʰˋʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ RC 

˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰˌ ʰˉˈ ˍʹ˄ ˎˉʶˊˇ˔ʺ ˍˇˎ convective ̀ ˎˋˍʰˍʽˁˇˏΣ ʶ˄˗ ʶˉʶʽˋˈʵʽʰ ˃ʶ R<RC h ˉˈ ʰˎˍʺ 

ˍˇˎ stratiform. 



43 
 

2.7.1 ʃˊ˗ˍˇˌ ʰ˂ʴˈˊʽʻ˃ˇˌΥ ɳˁʻʶˍʽˁʺ ˉˊˇˋʰˊ˃ˇʴ ̋

ʅˍˇ ʲʺ˃ʰ ʰˎˍˈ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˁʰˍʱ˂˂ʹ˂ˇˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇˎ stratiform 

ˋˎˋˍʰˍʽˁˇˏ ˍʹˌ ʲˊˇ˔ʺˌ ˃ʶ ˁʰˍʱ˂˂ʹ˂ʹ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺΦ ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʰˎˍˈˌ ˋ˔ʶʵʽʱʸʶˍʰʽ ˃ʶ 

ˋˁˇˉˈ ˄ʰ ʰ˄ʽ˔˄ʶˏʶʽ ˍʽˌ ʶ˂ʱ˔ʽˋˍʶˌ ˍʽ˃ʷˌ ˍʹˌ ʰʻˊˇʽˋˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ όʅ˔ʺ˃ʰ 

2.21aύΦ ɴˉʶʽˍʰΣ ʹ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˉʶˊ˄ʱʶʽ ʰˉˈ ʰˎˍʷˌ ˍʽˌ 

ʶ˂ʱ˔ʽˋˍʶˌ ˍʽ˃ʷˌΣ ˉˇˍʷ ʰˉˈ ˉʱ˄˖ ˍˇˎˌΣ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ʰˉˇ˒ʶˎ˔ʻˇˏ˄ ˃ʹ ˊʶʰ˂ʽˋˍʽˁʷˌ ˍʽ˃ʷˌΦ 

ɳˉʽˉˊˈˋʻʶˍʰΣ ʽʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ʵʾ˄ʶˍʰʽ ˋˍˇ ˉˊ˗ˍˇ ˋʹ˃ʶʾˇ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌΦ 

  ʅ˔ʺ˃ʰ 2.20: aύ ʃˊʰʴ˃ʰˍʽˁʺ ʰʻˊˇʽˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʲˊˇ˔ʺˌ ˃ʶ ˍʰ ʶ˂ʱ˔ʽˋˍʱ ˍʹˌ όˋʹ˃ʶʾʰ ˃ʶ 

ˁˈˁˁʽ˄ˇ ˔ˊ˗˃ʰύ ʴʽʰ  ˍˇ ʷˍˇˌ нллт ˁʰʽ bύ ʶˁʻʶˍʽˁʺ ˉˊˇˋʰˊ˃ˇʴʺ ˁʰʽ ˁˊʾˋʽ˃ʹ ʷ˄ˍʰˋʹΣ RC 

όʵʽʰˁʶˁˇ˃˃ʷ˄ʹ ʴˊʰ˃˃ʺύ ώʃʹʴʺΥ Ruiz-Leo et al., 2011]. 

2.7.2 ɲʶˏˍʶˊˇˌ ʰ˂ʴˈˊʽʻ˃ˇˌΥ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˁˊʾˋʽ˃ʹˌ ʷ˄ˍʰˋʹˌ RC 

ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˉʰˊʱʴˊʰ˒ˇΣ ˇ Tremblay όнллрύ ˈˊʽˋʶ ˍʹ˄ ˁˊʾˋʽ˃ʹ ʷ˄ˍʰˋʹ 

ʲˊˇ˔ʺˌ RC ˖ˌ ˍʹ˄ ˍʽ˃ʺ ʶˁʶʾ˄ʹ ʹ ˇˉˇʾʰ ʵʽʰ˔˖ˊʾʸʶʽ ˍˇ ʵʽʱʴˊʰ˃˃ʰ ˍʹˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

˖ˌ ˉˊˇˌ ˍʹ˄ ʷ˄ˍʰˋʹ ˋʶ ʵˏˇ ʵʽʰˁˊʽˍʷˌ ˉʶˊʽˇ˔ʷˌΥ ˃ʾʰ ʰˊʽˋˍʶˊʱ ˍʹˌ ˍʽ˃ʺˌ ˍʹˌ ˁˊʾˋʽ˃ʹˌ ʷ˄ˍʰˋʹˌΣ 

ˋˍʹ˄ ˇˉˇʾʰ ˍˇ stratiform ̀ ˎˋˍʰˍʽˁˈ ʶˉʽˁˊʰˍʶʾ ˁʰʽ ˃ʾʰ ʵʶ˅ʽʱΣ ˋˍʹ˄ ˇˉˇʾʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍˇ convective 

ˋˎˋˍʰˍʽˁˈ ʶˉʽˁˊʰˍʶʾΦ 

ʁ ̔Ruiz-Leo et al. όнлммύΣ ˖ˋˍˈˋˇΣ ˁʰʻˈˊʽˋʰ˄ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ RC ˖ˌ ˍʹ˄ ˍʽ˃ʺ ˋˍʹ˄ ˇˉˇʾʰ ˍˇ сл҈ ˍʹˌ 

ˇ˂ʽˁʺˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶˍʰʽ ʰˉˈ ˍˇ convective ˋˎˋˍʰˍʽˁˈΦ ɮˎˍˈ ˍˇ 

ˁˊʽˍʺˊʽˇ ˁʰʻˇˊʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ʵˏˇ ˁˏˊʽʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌΥ ʰύ ʁ Houze όмффоύ ʷ˔ʶʽ ʲˊʶʽ ˉ˖ˌ ˍˇ PC 

ʶ˅ʹʴʶʾ ˉʶˊʾˉˇˎ ˍˇ сл҈ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʶ˄ˈˌ Mesoscale Convective System (MCS), 

ˁʰʽ ˇʽ Johnshon and Hamilton όмффуύ ˎˉˇ˂ˈʴʽˋʰ˄ ˍʹ  ˍʽ˃ʺ ˍˇˎ Pc ˃ʶˍʰ˅ˏ сл҈ ˁʰʽ тл҈ ˋʶ ˃ʾʰ 

ʴˊʰ˃˃ʺ ˁʰˍʰʽʴʾʵʰˌ όsquall lineύ ˋʶ ˃ʷˋʰ ˉ˂ʱˍʹΤ ʲύ ʶʽʵʽˁʺ ˉˊˇˋˇ˔ʺ ʵʾʵʶˍʰʽ ˋˍʹ˄ ʰˉˇ˒ˎʴʺ 

ˎˉˇʶˁˍʽ˃ʺˋʶ˖˄ ˍʹˌ ˍʽ˃ʺˌ ˍˇˎ RCΦ ʆˇ Pc ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ʶʾ˄ʰʽ ʶ˂ʰ˒ˊ˗ˌ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ ˍˇ PS 

ʴʽʰ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺ ˍˇˎ RΣ ˁʰʽ ˔ʰ˃ʹ˂ˈˍʶˊˇ ʴʽʰ ˋʶ ʷ˄ʰ ˃ʶʴʰ˂ˏˍʶˊˇ ʶˏˊˇˌ ˎ˕ʹ˂ˈˍʶˊ˖˄ 

ʶ˄ˍʱˋʶ˖˄Φ ɮ˄ ʹ ˍʽ˃ʺ ʰˎˍʺ ʴʽ˄ˈˍʰ˄ ʰˉˇʵʶˁˍʺ ˋʰ˄ ˁˊʾˋʽ˃ʹΣ ˍˈˍʶ ʶ˄ˍʱˋʶʽˌ R ˋˍʽˌ ˇˉˇʾʶˌ ʹ ˍʽ˃ʺ PC 

ʻʰ ʺˍʰ˄ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ʰˎˍʺ ˍˇˎ PSΣ ʻʰ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰ˄ ˋˍˇ ˎˉˈ ʻʶ˗ˊʹˋʹ ˁʰʻʶˋˍ˗ˌ 
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convectiveΣ ˉʰˊʱ ˍʹ˄ ˋˍʹ˄ ˉˊʱ˅ʹ ˎˉʶˊˇ˔ʺ ˍˇˎ stratiform ̀ ˎˋˍʰˍʽˁˇˏΦ ɮˎˍˈ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˂ˏ˄ʶˍʰʽ 

˃ʶ ˍʹ˄ ˎʽˇʻʷˍʹˋʹ ˍˇˎ ˁˊʽˍʹˊʾˇˎ ˍˇˎ сл҈Φ 

ɾʶ ʲʱˋʹ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʰˎˍʺ ˍ˖˄ Ruiz-Le et alΦ όнлммύ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɽʶʲʱ˄ˍʶ ˋˍʹ˄ ɹˋˉʰ˄ʾʰΣ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰΣ ʶ˄ʵʶʽˁˍʽˁʱΣ ˁʱˉˇʽʰ ʰˉˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʱ ˉˇˎ 

ˉˊˇʷˁˎ˕ʰ˄Φ 

ʃʾ˄ʰˁʰˌ нΦ4: ɳˉˇ˔ʽʰˁʷˌ ˍʽ˃ʷˌ RC ˁʰʽ ˉˇˋˇˋˍʱ convective ˁʰʽ stratiform ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʴʽʰ ˁʱʻʶ 

ʷˍˇˌΦ ɳˉʾˋʹˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˁʰʽ ˇʽ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˍ˖˄ ʵʶʽˁˍ˗˄ ώʃʹʴʺΥ Ruiz-Leo et al., 2011]. 
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ɼʶ˒ʱ˂ʰʽˇ 3. ɮ˅ʽˇ˂ˈʴʹˋʹ ˉˊˇʿˈ˄ˍˇˌ TRMM 3B42 Vт ˋˍʹ˄ 

ɳ˂˂ʱʵʰ 

3.1 ʃʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ 

ʅˍˇ ˉʰˊ˗˄ ˁʶ˒ʱ˂ʰʽˇΣ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ TRMM ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ 

ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ ʶ˂˂ʰʵʽˁˈ ˔˗ˊˇΣ ʹˉʶʽˊ˖ˍʽˁˈ ˁʰʽ ˄ʹˋʽ˖ˍʽˁˈΦ ɶ ɳ˂˂ʱʵʰ ʲˊʾˋˁʶˍʰʽ ˋˍʹ 

˄ˇˍʽˇʰ˄ʰˍˇ˂ʽˁʺ ɳˎˊ˗ˉʹ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˍˇ ˄ˇˍʽˈˍʶˊˇ ʱˁˊˇ ˍʹˌ ɰʰ˂ˁʰ˄ʽˁʺˌ ˔ʶˊˋˇ˄ʺˋˇˎΦ ɳˁˍʶʾ˄ʶˍʰʽ 

ˋʶ ʴʶ˖ʴˊʰ˒ʽˁʱ ˉ˂ʱˍʹ оп ꜛпуΩ ˖ˌ пм ꜛпрΩ ˁʰʽ ʴʶ˖ʴˊʰ˒ʽˁʱ ˃ʺˁʹ ʰˉˈ мф ꜛннΩ ʷ˖ˌ нф ꜛоуΩΦ 

ʅˎ˄ˇˊʶˏʶʽ ˋˍʰ ʲˈˊʶʽʰ ˃ʶ ˍʹ ɰˇˎ˂ʴʰˊʾʰ ˁʰʽ ˍʹ˄ ʃˊ˗ʹ˄ ɱʽˇˎʴˁˇˋ˂ʰʲʽˁʺ ɲʹ˃ˇˁˊʰˍʾʰ ˍʹˌ 

ɾʰˁʶʵˇ˄ʾʰˌ όʃΦɱΦɲΦɾΦύΣ ˋˍʰ ʲˇˊʶʽˇʵˎˍʽˁʱ ˃ʶ ˍʹ˄ ɮ˂ʲʰ˄ʾʰ ˁʰʽ ˋˍʰ ʰ˄ʰˍˇ˂ʽˁʱ ˃ʶ ˍʹ˄ ʆˇˎˊˁʾʰΦ 

ɰˊʷ˔ʶˍʰʽ ʰ˄ʰˍˇ˂ʽˁʱ ʰˉˈ ˍˇ ɮʽʴʰʾˇ ʃʷ˂ʰʴˇˌΣ ˋˍʰ ʵˎˍʽˁʱ ʰˉˈ ˍˇ ɹˈ˄ʽˇ ˁʰʽ ˄ ˈˍʽʰ ʰˉˈ ˍʹ ɾʶˋˈʴʶʽˇ 

ʻʱ˂ʰˋˋʰΦ ɮ˄ʺˁʶʽ ˋˍʹ ʲˈˊʶʽʰ ʶˏˁˊʰˍʹ ʸ˗˄ʹ ˁʰʽ ˍˇ ˁ˂ʾ˃ʰ ˍʹˌ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ʺˉʽˇˎˌΣ 

ʲˊˇ˔ʶˊˇˏˌ ˔ʶʽ˃˗˄ʶˌ ˁʰʽ ˅ʹˊʱΣ ʻʶˊ˃ʱ ˁʰ˂ˇˁʰʾˊʽʰ ˁʰʽ ʰˉˈ ˃ʶʴʱ˂ʹ ʹ˂ʽˇ˒ʱ˄ʶʽʰ ˈ˂ˇ ˋ˔ʶʵˈ˄ ˍˇ 

˔ˊˈ˄ˇΦ ɶ ʹˉʶʽˊ˖ˍʽˁʺ ɳ˂˂ʱʵʰ ˉʰˊˇˎˋʽʱʸʶʽ ʷ˄ˍˇ˄ˇ ʰ˄ʱʴ˂ˎ˒ˇΣ ˃ʶ ˉˇ˂˂ˇˏˌ ˇˊʶʽ˄ˇˏˌ ˈʴˁˇˎˌ ˁʰʽ 

˃ʶʴʱ˂ʹ ʰˁˍˇʴˊʰ˃˃ʺ όмостс km).  

 

ʅ˔ʺ˃ʰ оΦмΥ ʋʱˊˍʹˌ ˃ʷˋʹˌ ˎˉʶˊʶˍʺˋʽʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍʹ˄ ɳ˂˂ʱʵʰ ώʃʹʴʺΥ ɳʻ˄ʽˁʺ ʆˊʱˉʶʸʰ 

ʇʵˊˇ˂ˇʴʽˁʺˌ ˁʰʽ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʃ˂ʹˊˇ˒ˇˊʾʰˌΣ ɳʆʇɾʃ 

(http://ndbhmi.chi.civil.ntua.gr/el/index.html)]. 

ɽˈʴ˖ ˍˇˎ ʷ˄ˍˇ˄ˇˎ ʰ˄ʰʴ˂ˏ˒ˇˎ ˁʰʽ ʰˁˍˇʴˊʰ˃˃ʺˌ ˍˇˎ ʶ˂˂ʰʵʽˁˇˏ ˔˗ˊˇˎΣ ˍʰ ˍˇˉˇʴˊʰ˒ʽˁʱ ˁʰʽ 

ʶʵʰ˒ˇ˂ˇʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ ʰ˂˂ʱ ˁʰʽ ˍʰ ˎʵˊˇ˂ˇʴʽˁʱ ˁʰʽ ˁ˂ʽ˃ʰˍʽˁʱ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʶʴʱ˂ʹ 

˔˖ˊʽˁʺ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰΦ ɾʶʴʱ˂ˇ ˊˈ˂ˇ ˋˍʹ ʴʶ˖ʴˊʰ˒ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʶˉʶʽˋˇʵʾ˖˄ ʲˊˇ˔ʺˌΣ 

ʵʽʰʵˊʰ˃ʰˍʾʸʶʽ ʹ ˇˊˇˋʶʽˊʱ ˍʹˌ ʃʾ˄ʵˇˎΦ ɶ ʵˎˍʽˁʺ ɳ˂˂ʱʵʰ ˉʰˊˇˎˋʽʱʸʶʽ ʰˎ˅ʹ˃ʷ˄ʶˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ 

ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ʰ˄ʰˍˇ˂ʽˁʺΦ ɳ˄˗ ʹ ˃ʷˋʹ ʶˍʺˋʽʰ ʲˊˇ˔ˈˉˍ˖ˋʹ ˋˍʹ ˔˗ˊʰ ʶˁˍʽ˃ʱˍʰʽ ˋˍʰ упф ƳƳ 

ˉʶˊʾˉˇˎΣ ʹ ˍʽ˃ʺ ˍʹˌ ˉˊˇˋʶʴʴʾʸʶʽ ˍʰ мнлл ƳƳ ˋʶ ˇˊʶʽ˄ʷˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ʵˎˍʽˁʺˌ ʹˉʶʽˊ˖ˍʽˁʺˌ 

http://ndbhmi.chi.civil.ntua.gr/el/index.html


46 
 

ɳ˂˂ʱʵʰˌΣ ʶ˄˗ ˋʶ ˉʶˊʽˇ˔ʷˌ ʰ˄ʰˍˇ˂ʽˁʱ ˍʹˌ ʃʾ˄ʵˇˎΣ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˍʽ˃ʺ ˃ˉˇˊʶʾ ˄ʰ ζˉʷˋʶʽη ʰˁˈ˃ʰ ˁʰʽ 

ˋˍʰ плл ƳƳΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ оΦмΦ ɶ ˍʶ˂ʶˎˍʰʾʰ ʵʽʰˉʾˋˍ˖ˋʹ ʶ˅ʹʴʶʾ ˁʰʽ ˍʽˌ ˉʽˇ ˋˎ˔˄ʷˌ 

ˉʶˊʽˈʵˇˎˌ ˅ʹˊʰˋʾʰˌ ˋˍˇ ʰ˄ʰˍˇ˂ʽˁˈ ˃ʷˊˇˌ ˍʹˌ ˔˗ˊʰˌ ˁʰʻ˗ˌ ˁʰʽ ˋʶ ˉˇ˂˂ʱ ˄ʹˋʽʱ ˍˇˎ ɮʽʴʰʾˇˎΣ 

ˈˉˇˎ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʶ˂˂ʶʾ˕ʶ˖ˌ ˄ʶˊˇˏ ʶʾ˄ʰʽ ˋ˔ʶʵˈ˄ ˃ˈ˄ʽ˃ʰΦ 

3.2 ʅˎ˂˂ˇʴʺ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ 

ʆʰ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ оB42 Vт ˉʰˊʷ˔ˇ˄ˍʰʽ ʶ˂ʶˏʻʶˊʰ ˋˍˇ ˁˇʽ˄ˈ ˃ʷˋ˖ ˍʹˌ 

ʶˉʾˋʹ˃ʹˌ ˋʶ˂ʾʵʰˌ ˍʹˌ NASAΣ ˃ʶ ˍʹ˄ ʇˉˇʵˇ˃ʺ ɲʽʰʵˊʰˋˍʽˁʺˌ ʁˉˍʽˁˇˉˇʾʹˋʹˌ ˁʰʽ ɮ˄ʱ˂ˎˋʹˌ ˃ʷˋ˖ 

ˍˇˎ ɲʽʰʵʽˁˍˏˇˎ Giovanni (Interactive Online Visualization And Analysis Infrastructureύ ˍˇˎ 

ɼʷ˄ˍˊˇˎ ʇˉʹˊʶˋʽ˗˄ ɲʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʃ˂ʹˊˇ˒ˇˊʽ˗˄ GES-DISC (Goddard Earth Science Data and 

Information Service CenterύΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˁʰ˂ˏˉˍˇˎ˄ ˃ʽʰ ʸ˗˄ʹ ʶˏˊˇˎˌ ʰˉˈ рлɰꜛ ʷ˖ˌ рлɿꜛ ˁʰʽ 

ˉʰˊʷ˔ˇ˄ˍʰʽ ˋʶ ˁʱ˄˄ʰʲˇ лΦнрxꜛ0.25ꜛ . 

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˃ˇˊ˒ʺ άHierarchical Data Formatέ όHDFύ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˋʶ 

άNetwork Common Data Formέ όNetCDFύΣ ˃ʶ ˍˇ ˔ˊʺˋˍʹ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˉˇʽʰ ʰˉˈ ˍʽˌ ʵˏˇ 

ʻʰ  ˉˊˇˍʽ˃ʺˋʶʽΦ ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶ˂ʺ˒ʻʹˋʰ˄ ˋʶ ˃ˇˊ˒ʺ NetCDFΣ ʶ˄˗ ˈˋˇ˄ 

ʰ˒ˇˊʱ ˍʽˌ ʴʶ˖ʴˊʰ˒ʽˁʷˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌΣ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˍʰ ˈˊʽʰ ˍʹˌ ɳ˂˂ʹ˄ʽˁʺˌ ʶˉʽˁˊʱˍʶʽʰˌΦ ɴˍˋʽΣ ˇ 

ˉʰʴˁˈˋ˃ʽˇˌ ˁʱ˄˄ʰʲˇˌ ζˁˈˉʹˁʶη ̌ ˎˋ̔h ˋˍʽˁʱ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ɳ˂˂ʱʵʰ όʅ˔ʺ˃ʰ оΦнύΦ 

 

ʅ˔ʺ˃ʰ оΦнΥ ɼʱ˄˄ʰʲˇˌ ʰ˄ʱ˂ˎˋʹˌ лΦнрxлΦнр ˉˊˇʿˈ˄ˍˇˌ оB42 Vт ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇΦ 
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ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍˏˉˇˎ NetCDFΣ ʶʾ˄ʰʽ ʶˏˁˇ˂ʰ ʶˉʶ˅ʶˊʴʱˋʽ˃ʰ ˋˍʽˌ ʵʽʱ˒ˇˊʶˌ ʴ˂˗ˋˋʶˌ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˉˇˎ ˎˉʱˊ˔ˇˎ˄Σ ˃ʷˋ˖ ˍ˖˄ ʲʽʲ˂ʽˇʻʹˁ˗˄ ˉˇˎ ˉʰˊʷ˔ˇ˄ˍʰʽΦ ʅˍʹ˄ ˉʰˊˇˏˋʰ 

ʶˊʴʰˋʾʰΣ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ ʴ˂˗ˋˋʰ MATLAB ˗ˋˍʶ ˍʰ ʰˊ˔ʶʾʰ ʰˎˍʱ ˄ʰ ʵʽʰʲʰˋˍˇˏ˄ ˁʰʽ ˄ʰ 

ʶ˅ʰ˔ʻʶʾ ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ʶ˃ˉʶˊʽʷ˔ˇˎΦ˄ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ʶ˅ʺ˔ʻʹˋʰ˄ ʰˉˈ ˍʽˌ 

ʵˇ˃ʷˌ NetCDFΣ ʺˍʰ˄ ˍʰ ʴʶ˖ʴˊʰ˒ʽˁʱ ˃ʺˁʹ ˁʰʽ ˉ˂ʱˍʹ όˋʶ ˃ˇʾˊʶˌύΣ ˍʰ ˍˊʾ˖ˊʰ όˋʶ UTCύ ˋˍʹ ˎˉˈ 

˃ʶ˂ʷˍʹ ˉʶˊʾˇʵˇ нллф-нлмп ˋˍʰ ˇˉˇʾʰ ʵʾʵʶˍʰʽ ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʻ˗ˌ  ʶˉʾˋʹˌ 

ˁʰʽ ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ʰˎˍʺΣ ʵʹ˂ʰʵʺ ʹ ʷ˄ˍʰˋʹ ʰ˄ʱ ˍˊʶʽˌ ˗ˊʶˌ όmm/3 hύΦ ɶ ʷ˄ˍʰˋʹ ʰˎˍʺΣ ˋʶ ˁʱʻʶ 

ʲʺ˃ʰΣ ˉˇ˂˂ʰˉ˂ʰˋʽʱˋˍʹˁʶ ʶˉʾ ˍˊʾʰΣ ˗ˋˍʶ ˄ʰ ˉˊˇˁˏ˕ʶʽ ˍˇ ˏ˕ˇˌ ˍʹˌ ʲˊˇ˔ʺˌ ˋʶ mm. 

ɮ˒ˇˏ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ ʵʽʰʲʱˋˍʹˁʰ˄Σ ʵʽʰ˃ˇˊ˒˗ʻʹˁʰ˄ ˁʰˍʱ˂˂ʹ˂ˇʽ ˉʾ˄ʰˁʶˌ ˃ʶ ˍʰ ˃ʶʴʷʻʹ ʰˎˍʱΦ 

ɶ ˉ˂ʹˊˇ˒ˇˊʾʰ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʰˉˇʻʹˁʶˏˍʹˁʶ ˋʶ ˉʾ˄ʰˁʰ ˍˊʽ˗˄ ʵʽʰˋˍʱˋʶ˖˄Σ 

ˈˉˇˎ ʹ ˁʰˍʰˁˈˊˎ˒ʹ ʵʽʱˋˍʰˋʹ ʰ˄ˍʽˋˍˇʽ˔ˇˏˋʶ ˋˍʰ ʴʶ˖ʴˊʰ˒ʽˁʱ ˉ˂ʱˍʹΣ ʹ ˇˊʽʸˈ˄ˍʽʰ ˋˍʰ 

ʴʶ˖ʴˊʰ˒ʽˁʱ ˃ʺˁʹ ˁʰʽ ʹ ˍˊʾˍʹ ʵʽʱˋˍʰˋʹ όʹ ˁʱʻʶˍʹ ˋˍʽˌ ʱ˂˂ʶˌ ʵˏˇ ˋˍˇ ˔˗ˊˇύ ʷʵʶʽ˔˄ʶ ˍʹ˄ ˗ˊʰ ˉˇˎ 

ʹ ˁʱʻʶ ζˋʶ˂ʾʵʰη ʰ˄ʰ˒ʶˊˈˍʰ˄Φ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ˍˊʾ˖ˊʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˎ˄ʰʻˊˇʾˋˍʹˁʰ˄ 

˃ʶˍʷˉʶʽˍʰ ˋʶ ʵʶʵˇ˃ʷ˄ʰ ʰ˄ʱ с h, 12 h, 24 h ˁʰʽ пу h ˁʰʽ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˄ʷˇʽ ˉʾ˄ʰˁʶˌΣ ˗ˋˍʶ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʹ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ʰ˄ʱ˂ˎˋʹΦ ɾʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʺˍʰ˄ ʶˏˁˇ˂ʰ 

ʵʽʰ˔ʶʽˊʾˋʽ˃ʰ ˁʰʽ ˈ˂ʶˌ ˇʽ ˎˉˈ˂ˇʽˉʶˌ ʵʽʰʵʽˁʰˋʾʶˌ ˁʰʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˉˇˎ ʰˁˇ˂ˇˏʻʹˋʰ˄Σ ˇˎˋʽʰˋˍʽˁʱ 

ʶʾ˔ʰ˄ ˄ʰ ˁʱ˄ˇˎ˄ ˃ʶ ˉˊʱ˅ʶʽˌ ʶˉʾ ˉʽ˄ʱˁ˖˄ ˋˍʹ MATLAB. 

3.3 ɳˉʾʴʶʽʰ ʵʶʵˇ˃ʷ˄ʰ 

ʆʰ ʶˉʾʴʶʽʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍˇˎ TRMM 3B42 V7, 

ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ˁʰˍʰʴˊʰ˒ʷˌ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄ ˉˇˎ ʶ˂ʺ˒ʻʹˋʰ˄ ʴʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ 

ˍʹˌ ˉʰˊˇˏˋʰˌ ɾʶˍʰˉˍˎ˔ʽʰˁʺˌ ɳˊʴʰˋʾʰˌ ʰˉˈ ˍˊʶʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʹʴʷˌΥ ˍʹ˄ ɳʻ˄ʽˁʺ 

ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ʇˉʹˊʶˋʾʰ όwww.hnms.grύΣ ˍˇ ɳʻ˄ʽˁˇˏ ɮˋˍʶˊˇˋˁˇˉʶʾˇˎ ɮʻʹ˄˗˄ όǿǿǿΦƴƻŀΦƎǊύ 

ˁʰʽ ˍˇ ʇʵˊˇ˂ˇʴʽˁˈ ʃʰˊʰˍʹˊʹˍʺˊʽˇ ɮʻʹ˄˗˄ ˍˇˎ ɳʻ˄ʽˁˇˏ ɾʶˍˋˈʲʽˇˎ ʃˇ˂ˎˍʶ˔˄ʶʾˇˎ όƘƻŀΦƴǘǳŀΦƎǊύΦ  

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ɳɾʇ ʵʽʰˍʷʻʹˁʰ˄Σ ˏˋˍʶˊʰ ʰˉˈ ˋ˔ʶˍʽˁʺ ʰʾˍʹˋʹΣ ˋʶ ˍˊʾ˖ˊˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰΣ ʶ˄˗ 

ʰˎˍʱ ˍˇˎ ɳʻ˄ʽˁˇˏ ɮˋˍʶˊˇˋˁˇˉʶʾˇˎ ɮʻʹ˄˗˄ ˁʰʽ ˍˇˎ ʇʵˊˇ˂ˇʴʽˁˇˏ ʃʰˊʰˍʹˊʹˍʹˊʾˇˎ ɮʻʹ˄˗˄ ˋʶ 

ʵʶˁʱ˂ʶˉˍˇΦ ɮˎˍʱ ˋˎ˄ʰʻˊˇʾˋˍʹˁʰ˄ ˋˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ ˍˊʽ˗˄ ˖ˊ˗˄ όˁʰʽ ˃ʶˍʷˉʶʽˍʰ ˋʶ ʰˎˍʷˌ ˍ˖˄ сΣ 

мнΣ нп ˁʰʽ пу hr ̄ ˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˇʽ ʰ˄ʰ˂ˏˋʶʽˌύΣ 

˗ˋˍʶ ˄ʰ ˋˎ˃ˉʾˉˍʶʽ ˍˇ ˔ˊˇ˄ʽˁˈ ˍˇˎˌ ʲʺ˃ʰ ˃ʶ ˍˇ ʲʺ˃ʰ ˉˇˎ ʵʽʰˍʾʻʶ˄ˍʰʽ ˁʰʽ ˍʰ ʵˇˊˎ˒ˇˊʽˁʱ 

ʵʶʵˇ˃ʷ˄ʰΦ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˍʰ ʰ˄ʰʴˁʰʾʰ ʵʶʵˇ˃ʷ˄ʰ ʸʹˍʺʻʹˁʰ˄ ʰˉˈ ˍʹ˄ ɳɾʇ ʰ˒ˇˏ 

ʹ ˎˉʹˊʶˋʾʰ ʰˎˍʺ ʵʽʰʻʷˍʶʽ ˉˎˁ˄ˈ ʵʾˁˍˎˇΦ ʍˋˍˈˋˇΣ ˍʰ ʵʽˇˊʻ˖˃ʷ˄ʰ ˋʶ ˂ʶˉˍʺ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ όҖ о 

h) ɻ ʶʵˇ˃ʷ˄ʰ ̱ ʰ ˇˉˇʾʰ ˁʰʽ ʺˍʰ˄ ʰˉʰˊʰʾˍʹˍʰ ʴʽʰ ˍˇˎˌ ˋˁˇˉˇˏˌ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ʺˍʰ˄ ʵʽʰʻʷˋʽ˃ʰ ʴʽʰ 

ˇˊʽˋ˃ʷ˄ˇˎˌ ˃ˈ˄ˇ ˋˍʰʻ˃ˇˏˌ ˍˇˎ ʵʽˁˍˏˇˎ ˋˍʹ˄ ʶˉʽˁˊʱˍʶʽʰΦ ɾʱ˂ʽˋˍʰΣ ˋʶ ˉˇ˂˂ˇˏˌ ʰˉˈ ʰˎˍˇˏˌ 

ˎˉʺˊ˔ʰ˄ ʰˊˁʶˍʷˌ ʶ˂˂ʶʾ˕ʶʽˌ ʴʽʰ ˍʹ˄ ˎˉˈ ˃ʶ˂ʷˍʹ ˉʶˊʾˇʵˇΦ ʍˋˍˈˋˇΣ ˍˇ ˃ʺˁˇˌ ˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ 

ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˃ʶʴʱ˂ˇΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˁʰˍʰʴˊʰ˒ʷˌ ʰˉˈ о ʷ˖ˌ пу h ˁʰʽ ʴʽʰ ʷ˅ʽ ʷˍʹΦ 
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ɴˍˋʽΣ ˁˊʾʻʹˁʶ ˉ˖ˌ ˍʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ʶˉʰˊˁˇˏˋʰ˄ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ʰˋ˒ʰ˂˗˄ 

ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄Φ  

ʁʽ ˁʰˍʰʴˊʰ˒ʷˌ ˋˍʽˌ ˇˉˇʾʶˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰ˄ ˁʱˉˇʽʰ ʷ˂˂ʶʽ˕ʹΣ ʵʶ ˂ʺ˒ʻʹˁʰ˄ ˁʰʻˈ˂ˇˎ ˎˉˈ˕ʹ 

ˋˍˇˎˌ ʵʽʱ˒ˇˊˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ ɾʱ˂ʽˋˍʰΣ ˋˍʰ ʲʺ˃ʰˍʰ ˍʽˌ ˋˎ˄ʱʻˊˇʽˋʹˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ 

˃ʶʴʰ˂ˏˍʶˊʶˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ όʰˎˍʷˌ ʵʹ˂ʰʵʺ ˍ˖˄ сΣ мнΣ нп ˁʰʽ пу ˖ˊ˗˄ύΣ ʹ ˔ˊʺˋʹ ˍ˖˄ ˍʽ˃˗˄ 

ʰˎˍ˗˄ ʶˉʾˋʹˌ ʰˉˇˁ˂ʶʾˋˍʹˁʶΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰ˄ ˋʶ ˁʱˉˇʽˇ ʶ˅ʱ˖ˊˇ ʵʽʱˋˍʹ˃ʰ ˉʰˊʰˍʹˊˇˏ˄ˍʰ˄ 

ʷ˂˂ʶʽ˕ʹ ˋʶ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷ˄ʰ ʰˉˈ ˍʰ ʵˏˇ ˍˊʾ˖ˊʰΣ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶ˅ʱ˖ˊʹ ˍʽ˃ʺ ʵʶ ˂ʰ˃ʲʰ˄ˈˍʰ˄ 

ˎˉˈ˕ʹΦ ʆˇ ʾʵʽˇ ʷʴʽ˄ʶ ˁʰʽ ʴʽʰ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ɾʶ ʲʱˋʹΣ ˂ˇʽˉˈ˄Σ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ ˍʹˌ ɳɾʇΣ ˁʰʻˇˊʾˋˍʹˁʶ ˁʰʽ ʹ ʰˁˇ˂ˇˎʻˇˏ˃ʶ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ 

ʴʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹΣ ʹ ˇˉˇʾʰ ˁʰʽ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ˉʰˊʱʴˊʰ˒ˇΦ ʆʰ 

ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍˇ ɳʻ˄ʽˁˈ ɮˋˍʶˊˇˋˁˇˉʶʾˇ ˁʰʽ ˍˇ ʇʵˊˇ˂ˇʴʽˁˈ ʃʰˊʰˍʹˊʹˍʺˊʽˇ ɮʻʹ˄˗˄ ʶ˂ʺ˒ʻʹˋʰ˄ 

ˋʶ ˃ʶˍʰʴʶ˄ʷˋˍʶˊˇ ˋˍʱʵʽˇ ˍʹˌ ʶˊʴʰˋʾʰˌ ˁʰʽ ʶ˄ˋ˖˃ʰˍ˗ʻʹˁʰ˄ ˋˍˇ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇ ʵʾˁˍˎˇ ˗ˋˍʶ 

˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˉ˂ʹˊʷˋˍʶˊʹ ˔˖ˊʽˁʺ ˁʱ˂ˎ˕ʹ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ 

 

ʅ˔ʺ˃ʰ оΦоΥ ʅˏ˄ˇ˂ˇ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˋˍʰʻ˃˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄. 

ɶ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˇʽ ˋˎ˄ʱʻˊˇʽˋʺ ˍˇˎˌ ˋˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˍ˖˄ с h, 12 h, 24 

h ˁ ʰʽ пу h ̫ ʴʽ˄ʶ ˋˍʹ MATLAB.  

ʅˍˇˎˌ ʃʾ˄ʰˁʶˌ оΦм ʷ˖ˌ ˁʰʽ оΦоΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˋˍʰʻ˃ˇʾ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ ˉʰˊˇˏˋʰ 

ʶˊʴʰˋʾʰ ˁʰʻ˗ˌ ˁʰʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˎˉʹˊʶˋʾʰ ˋˍʹ˄ ˇˉˇʾʰ ʰ˄ʺˁʶʽ ̌  ˁʰʻʷ˄ʰˌ. ʅˍˇ ʅ˔ʺ˃ʰ оΦо ˒ʰʾ˄ʶˍʰʽ 
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ʹ ɹʶ˖ʴˊʰ˒ʽˁʺ ʻʷˋʹ ˍ˖˄ ˋˍʰʻ˃˗˄ ʰˎˍ˗˄ ˁʰʽ ˋˍˇ ʅ˔ʺ˃ʰ оΦп ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ˁʱ˄ʰʲˇˌ лΦнр ꜛx 

0.25ꜛ  ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ оɰпн ˉʱ˄˖ ʰˉˈ ˍʹ˄ ɳ˂˂ʱʵʰ ˃ʰʸʾ ˃ʶ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʶˉʾʴʶʽ˖˄ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˋˍʰʻ˃˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹΦ  

ʃʾ˄ʰˁʰˌ 3.1: ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˇʾ ˋˍʰʻ˃ˇʾ ɳʻ˄ʽˁʺˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʇˉʹˊʶˋʾʰˌ (HNMS). 

ʅˍʰʻ˃ˈˌ ɱʶ˖ʴˊΦ ɾʺˁˇˌ ό) ɱʶ˖ʴˊΦ ʃ˂ʱˍˇˌ ό) ʇ˕ˈ˃ʶˍˊˇ όm) 

ɮ˂ʶ˅ʰ˄ʵˊˇˏˉˇ˂ʹ 25.95 40.86 4 

ɯˊʰ˅ˇˌ 21.42 38.15 11 

ɶˊʱˁ˂ʶʽˇ 25.18 35.34 39 

ɹ˖ʱ˄˄ʽ˄ʰ 20.83 39.69 475 

ɼʰˋˍˇˊʽʱ 21.27 40.45 657 

ɼʷˊˁˎˊʰ 19.91 39.61 1 

ɽʱˊʽˋʰ 22.46 39.65 74 

ɾʾˁˊʰ 22.97 40.53 2 

ɾˏˁˇ˄ˇˌ 25.35 37.44 122 

ɾˎˍʽ˂ʺ˄ʹ 26.60 39.05 4 

ʄˈʵˇˌ 28.09 36.4 7 

ʅˁˏˊˇˌ 24.49 38.96 21 

ʅˇˏʵʰ 24.15 35.53 148 

ʆʰˍˈʽ 23.78 38.1 225 

ʆˊʾˉˇ˂ʹ 22.40 37.52 653 

ʃʾ˄ʰˁʰˌ оΦнΥ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˇʾ ʅˍʰʻ˃ˇʾ ʇʵˊˇ˂ˇʴʽˁˇˏ ʃʰˊʰˍʹˊʹˍʹˊʾˇˎ ɮʻʹ˄˗˄ όHOA). 

ʅˍʰʻ˃ˈˌ ɱʶ˖ʴˊΦ ɾʺˁˇˌ ό) ɱʶ˖ʴˊΦ ʃ˂ʱˍˇˌ ό) ʇ˕ˈ˃ʶˍˊˇ όm) 

ɯʴʽˇˌ ɼˇˋ˃ʱˌ 23.72 37.89 5 

ɾʱ˄ʵˊʰ 23.56 38.12 258 

ʃʽˁʷˊ˃ʽ 23.93 38.00 133 

ʌˎˍˍʱ˂ʶʽʰ 23.60 37.94 20 
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ʃʾ˄ʰˁʰˌ оΦоΥ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˇʾ ʅˍʰʻ˃ˇʾ ɳʻ˄ʽˁˇˏ ɮˋˍʶˊˇˋˁˇˉʶʾˇˎ ɮʻʹ˄˗˄ όNOA). 

ʅˍʰʻ˃ˈˌ ɱʶ˖ʴˊΦ ɾʺˁˇˌ ό) ɱʶ˖ʴˊΦ ʃ˂ʱˍˇˌ ό) ʇ˕ˈ˃ʶˍˊˇ όm) 

ɲʶˊʲʾʸʽʰ˄ʰ 20.79 39.40 585 

ɿʶ˃ʷʰ 22.65 37.84 290 

ʃˇ˂ˏʴˎˊˇˌ 23.44 40.38 580 

ɮʴˊʾ˄ʽˇ 21.40 38.62 72 

ɮ˃˒ʾˁ˂ʶʽʰ 22.64 38.61 245 

ɱʽʰ˄˄ʽˍˋʱ 22.32 40.77 35 

ɹʶˊʱˉʶˍˊʰ 25.74 35.01 5 

ɹˁʰˊʾʰ 26.08 37.60 465 

ɼʰˍʱˁˇ˂ˇ 21.32 37.64 2 

ɽʶˎˁʱʵʰ 20.71 38.83 12 

ɽʺ˃˄ˇˌ 25.34 39.92 22 

ɾˇ˄ʶ˃ʲʰˋʽʱ 23.04 36.69 4 

ɿʶˎˊˇˁˈˉʽ 23.80 41.28 585 

ʃʰ˂ʰʽˈ˔˖ˊʰ 23.69 35.24 5 

ʆˊʾˁʰ˂ʰ 21.76 39.56 163 

 

ʅ˔ʺ˃ʰ оΦпΥ ʋ˖ˊʽˁʺ ˁʱ˂ˎ˕ʹ ʵʶʵˇ˃ʷ˄˖˄ TRMM ̀ ˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ ˁʰʽ ˋˏ˄ˇ˂ˇ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˋˍʰʻ˃˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹΦ 
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3.4 ɮ˄ʰʴ˖ʴʺ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʽˌ ʻʷˋʶʽˌ ˍ˖˄ 

ʶˉʾʴʶʽ˖˄ ˋˍʰʻ˃˗˄ 

ʂˉ˖ˌ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾΣ ˍˇ ˉˊˇʿˈ˄ TRMM 3B42 Vт ʵʽʰˍʾʻʶˍʰʽ ˋʶ ˁʱ˄˄ʰʲˇ ʰ˄ʱ˂ˎˋʹˌ лΦнрxꜛ0.25ꜛ . 

ʅʶ ˁʱʻʶ ˁʶ˂ʾ ˍˇˎ ˁʰ˄˄ʱʲˇˎΣ ʵʾʵʶˍʰʽ ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ˍʹˌ ˃ʷˋʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʴʽʰ 

ˁʱʻʶ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ όо hύΦ ʅʶ ʱ˂˂ʶˌΣ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ʶˊʴʰˋʾʶˌΣ ʷ˔ˇˎ˄ ʶ˒ʰˊ˃ˇˋˍʶʾ 

ʵʽʱ˒ˇˊʶˌ ˃ʷʻˇʵˇʽ ʴʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ʵˇˊˎ˒ˇˊʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˃ʶ ˔ˊʺˋʹ ʶˉʾʴʶʽ˖˄ ˃ʶˍˊʺˋʶ˖˄Φ 

ʆʷˍˇʽʶˌ ˃ʷʻˇʵˇʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˁˎˊʾ˖ˌ ˍʹ ˔˖ˊʽˁʺ ˉʰˊʶ˃ʲˇ˂ʺ ˍ˖˄ ʶˉʾʴʶʽ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˁʰʽ ˍʹ˄ 

ʰ˄ʰʴ˖ʴʺ ˍˇˎˌ ˋʶ ʶˉʽ˒ʰ˄ʁʽhˁ ʷ̩Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˇʽ Nastos et alΦ όнлмсύΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʽʰ 

˃ʷʻˇʵˇ ˉʰˊʶ˃ʲˇ˂ʺˌ KrigingΣ ʵʹ˃ʽˇˏˊʴʹˋʰ˄ ʷ˄ʰ ˄ʷˇ ˁʱ˄˄ʰʲˇ ˉʱ˄˖ ʰˉˈ ˍˇ˄ ʶ˂˂ʰʵʽˁˈ ˔˗ˊˇ ˃ʶ 

ˍʹ˄ ˉ˂ʹˊˇ˒ˇˊʾʰ ˍ˖˄ ʶˉʾʴʶʽ˖˄ ˃ʶˍˊʺˋʶ˖˄Φ ʁʽ Boushaki et alΦ όнллфύΣ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʰ˄ 

ʰ˅ʽˇ˂ˈʴʹˋʹ ˋʶ ˁʱʻʶ ˁʶ˂ʾ ˍˇˎ ˁʰ˄˄ʱʲˇˎ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˍʰ ˇˉˇʾʰ ʶ˅ʷˍʰˋʰ˄Σ 

ˎˉˇ˂ˇʴʾʸˇ˄ˍʰˌ ˍʹ ˃ʷˋʹ ˍʽ˃ʺ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˍ˖˄ ʶˉʾʴʶʽ˖˄ ˋˍʰʻ˃˗˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰ˄ ʶ˄ˍˈˌ 

ˍˇˎ ˁʶ˂ʽˇˏ ʰˎˍˇˏΦ ɮ˄ˍʾˋˍˇʽ˔ʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˁʰʽ ˋʶ ʱ˂˂ʶˌ ˃ʶ˂ʷˍʶˌΦ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ʹ ʰ˄ˍʾˋˍˊˇ˒ʹ ʰˉˈ ˍʽˌ 

ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʶˌΦ ɶ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ оB42 V7, 

ʰ˄ʱʴʶˍʰʽ ˋʶ ˋʹ˃ʶʽʰˁʺΣ ˉʱ˄˖ ʰˉˈ ˍʹ ʻʷˋʹ ˍˇˎ ˁʱʻʶ ˋˍʰʻ˃ˇˏΦ ɴˍˋʽΣ ˃ˉˇˊˇˏ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ 

˄ʰ ˋˎʴˁˊʽʻˇˏ˄ ʶˎʻʷ˖ˌΦ ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʶˉʶʽʵʺ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ 

ʲˊˇ˔ˇʴˊʱ˒˖˄ ʺˍʰ˄ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇˌ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ʹ ʰ˄ʰʴ˖ʴʺ ˍ˖˄ ˋʹ˃ʶʽʰˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ 

ʶˉʽ˒ʰ˄ʶʽʰˁʱ ˄ʰ ʶʾ˄ʰʽ ʰˉʰʴˇˊʶˎˍʽˁʺΣ ʵʶʵˇ˃ʷ˄ʹˌ ˁʰʽ ˍʹˌ ʷ˄ˍˇ˄ʹˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍˇˎ ˃ʶʴʷʻˇˎˌ 

ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍˇ ˔˗ˊˇΦ 

ʅˍʹ˄ ˍˈˋˇ ˂ʶˉˍʺ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ ˉˇˎ ʶˉʽ˔ʶʽˊʶʾˍʰʽ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ˍʰ 

ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ʲˊˇ˔ˇʴˊʱ˒˖˄ ʴʽʰ ˍʹ˄ ˎˉˈ ˃ʶ˂ʷˍʹ ˉʶˊʾˇʵˇ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˉʶˊʽˇˊʽˋ˃ʷ˄ʰ 

ˋˍˇ˄ ʶ˂˂ʰʵʽˁˈ ˔˗ˊˇΦ ɾʱ˂ʽˋˍʰΣ ˈˉ˖ˌ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ʰ˄ˍʽ˃ʶˍ˖ˉʾˋˍʹˁʶ ̔ ʵʽʰʾˍʶˊˇ 

ˉˊˈʲ˂ʹ˃ʰ ˁʰˍʱ ˍʹ ˋˎ˂˂ˇʴʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˎˍ˗˄ ˋˍˇ ʰˊ˔ʽˁˈ ˋˍʱʵʽˇ ˍʹˌ ʶˊʴʰˋʾʰˌΦ ɱʽʰ ˉˇ˂˂ˇˏˌ 

ʰˉˈ ˍˇˎˌ ˋˍʰʻ˃ˇˏˌ ˍʹˌ ɳɾʇΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʵʶ˄ ʶʾ˔ʰ˄ ˎˉˇˋˍʶʾ ʶˉʶ˅ʶˊʴʰˋʾʰΣ ʶ˄˗ ˋʶ ʱ˂˂ˇˎˌΣ 

ˉʰˊˈˍʽ ˍˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˁʰˍʰʴˊʰ˒ʺˌ ʶʾ˄ʰʽ ˁʰˍʱ ˉˇ˂ˏ ˃ʽˁˊˈˍʶˊˇ ˍʹˌ ˃ʾʰˌ ˗ˊʰˌ όˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ р 

ʺ мл ˂ʶˉˍ˗˄ύΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʵʶ˄ ʺˍʰ˄ ˁʰ˄ ʵʽʰʻʷˋʽ˃ʰΦ ɾʶ ʲʱˋʹ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈ ʰˎˍˈ˄Σ 

ʰˉˇ˒ʰˋʾˋˍʹˁʶ ˁʰʽ ʹ ʰˁˇ˂ˇˎʻˇˏ˃ʶ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʰ˅ʽˇ˂ˈʴʹˋʹˌΦ ʅʶ ˃ʶˍʰʴʶ˄ʷˋˍʶˊˇ ˋˍʱʵʽˇ ˁʰʽ 

ʰ˒ˇˏ ˇʽ ʲʰˋʽˁˇʾ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ʶʾ˔ʰ˄ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾΣ ˂̋ ˒ʻʹˁʰ˄ ʵʶʵˇ˃ʷ˄ʰ ˋˍˇ ɳʻ˄ʽˁˈ 

ɮˋˍʶˊˇˋˁˇˉʶʾˇ ɮʻʹ˄˗˄ ˁʰʽ ˋˍˇ ʇʵˊˇ˂ˇʴʽˁˈ ʃʰˊʰˍʹˊʹˍʺˊʽˇ ɮʻʹ˄˗˄ ˁʰʽ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˅ʰ˄ʱ ˂ ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˁʰʽ ˍˇˎˌ ˄ ʷˇˎˌ ˋˍʰʻ˃ˇˏˌ ˉˇˎ ʶ˄ˋ˖˃ʰˍ˗ʻʹˁʰ˄Σ 

˗ˋˍʶ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˃ʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˁʰ˂ˏˍʶˊʹ ˔˖ˊʽˁʺ ˁʱ˂ˎ˕ʹ ʴʽʰ ̱ ʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɳ˂˂ʱʵʰˌΦ 

ɶ ˍʶ˔˄ʽˁʺ ʰ˄ʰʴ˖ʴʺˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˂ʶˉˍˈˍʶˊʹ ˔˖ˊʽˁʺ ˁ˂ʾ˃ʰˁʰΣ ˉˇˎ 

ʰˁˇ˂ˇˎʻʶʾˍʰʽΣ ʷ˔ʶʽ ˉˊˇˍʰʻʶʾ ʰˉˈ ˍˇ˄ Georgakakos (2003) ʴʽʰ ʵʶʵˇ˃ʷ˄ʰ ˁ˂ʽ˃ʰˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄. 

ʃʰˊˈˍʽ ˇ ˋˍˈ˔ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ˍˇˎ ʵʶ˄ ʷ˔ʶʽ ˄ʰ ˁʱ˄ʶʽ ˃ʶ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˃ˇ˄ˍʷ˂ˇˎΣ ˇʽ 

Koutsoyiannis et al. (2008), ̡ ʰˋʽʸˈ˃ʶ˄ˇʽ ˋˍʹ˄ ˍʶ˔˄ʽˁʺ ʰˎˍʺΣ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʰ˄ ̱ ˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ BLUE 
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(BLUE; e.g. Kitanidis, 1993) ς Best Unbiased Linear Estimation ς ʴʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˁ˂ʽ˃ʰˍʽˁ˗˄ 

˃ˇ˄ˍʷ˂˖˄ ˋʶ ʵʽʱ˒ˇˊʶˌ ʻʷˋʶʽˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʰ˅ʽˇˉˇʾʹˋʰ˄ ˍʹ˄ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ʵʾʵʶˍʰʽ ˋˍʰ 

ˍʷˋˋʶˊʰ ˉ˂ʹˋʽʷˋˍʶˊʰ, ˍʹˌ ˁʱʻʶ ˎˉˈ ʶ˅ʷˍʰˋʹ ʻʷˋʹˌ ʲˊˇ˔ˇʴˊʱ˒ˇˎΣ ˁʶ˂ʽʱ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʰ˄ 

ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ʲʶ˂ˍʽˋˍˇˉˇʽ˗˄ˍʰˌ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʲʱˊˇˎˌ ˂1Σ ˂2Σ ˂3 ˁʰʽ ˂4 ˃ʽʰˌ ʴˊʰ˃˃ʽˁʺˌ 

ʶ˅ʾˋ˖ˋʹˌ … ‗… ‗… ‗… ‗…   όʻʶ˖ˊ˗˄ˍʰˌΣ ˗ˋˍʶ ˄ʰ ˎˉʱˊ˔ʶʽ ˒ˎˋʽˁʺ ˋˎ˄ʷˉʶʽʰ, 

ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ 1˂Σ ˂2Σ ˂3 ˁʰʽ ˂4 ˃ʹ ʰˊ˄ʹˍʽˁˇˏˌ ˁʰʽ ʶˉʾˋʹˌ ‗ ‗ ‗ ‗ ρΦ ɶ 

ˉʰˊʱ˃ʶˍˊˇˌ  …  ʶʾ˄ʰʽ ʹ ʲʷ˂ˍʽˋˍʹ ʴˊʰ˃˃ʽˁʺ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ʽˋˍˇˊʽˁʺˌ ˍʽ˃ʺˌ  ̝όʵʹ˂ʰʵʺ … … ʶʾ˄ʰʽ 

ˍˇ ˋ˒ʱ˂˃ʰ ˍʹˌ ˉˊˈʲ˂ʶ˕ʹˌύ ˁʰʽ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ˔1Σ ˔2 3̝ ˁʰʽ ˔4 ʶʾ˄ʰʽ ˇʽ ˍʽ˃ʷˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˍ˖˄ 

ˍʶˋˋʱˊ˖˄ ˉ˂ʹˋʽʷˋˍʶˊ˖˄ ˍˇˎ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇˎ ˋʹ˃ʶʾˇˎ ˁʶ˂ʽ˗˄Φ ɶ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ̀ ˍʹ ʲʱˋʹ ʶ˄ˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ ὉὪὪρ ὩȾ„Σ ˈˉˇˎ Ὡ ʁ ʾ˄ʰʽ 

ˍˇ ˃ʷˋˇ ˍʶˍˊʰʴ˖˄ʽˁˈ ˋ˒ʱ˂˃ʰ ˍʹˌ ˉˊˈʲ˂ʶ˕ʹˌ ˁʰʽ „  ʶʾ˄ʰʽ ʹ ʵʽʰˋˉˇˊʱ ˍ˖˄ ʽˋˍˇˊʽˁ˗˄ 

˔ˊˇ˄ˇˋʶʽˊ˗˄Φ ɴˍˋʽΣ ʹ ˉˊˇˋˇ˃ˇʽ˖˃ʷ˄ʹ ˔ˊˇ˄ˇˋʶʽˊʱ ʵʽʰ˃ˇˊ˒˗˄ʶˍʰʽ ˃ʶ ˍʷˍˇʽ ̌ˍˊˈˉˇ ˗ˋˍʶ ˄ʰ 

ˉ˂ʹˋʽʱʸʶʽ ˈˋˇ ʴʾ˄ʶˍʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˋˍʹ˄ ˉʰˊʰˍʹ˃ʷ˄ʹ ʽˋˍˇˊʽˁʺΣ ˔˖ˊʾˌ ˉʱ˄ˍʰ ˄ʰ ˎˉʱˊ˔ʶʽ ˒ˎˋʽˁʺ 

ʰˋˎ˄ʷˉʶʽʰ ˋˍˇ ˃ˇ˄ˍʷ˂ˇΦ 

ʁʽ Yƻǳǘǎƻȅƛŀƴƴƛǎ Ŝǘ ŀƭΦ όнллуύΣ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʰ˄ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʶ˔˄ʽˁʺ ʴʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ 

ʵʶʵˇ˃ʷ˄˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄Φ ʆˇ ʾʵʽˇ ʷˁʰ˄ʰ˄ ˁʰʽ ˇʽ ¢ǎŀƪƴƛŀǎ Ŝǘ ŀƭΦ όнлммύΦ ʅʶ ʱ˂˂ʶˌ ʶˊʴʰˋʾʶˌΣ 

ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʶ˔˄ʽˁʺ ʺ ˁʱˉˇʽʰ ˉʰˊʰ˂˂ʰʴʺ ˍʹˌ όˉ˔Φ ˃ʶ ˔ˊʺˋʹ ʵʽʰ˒ˇˊʶˍʽˁʺˌ ˋˍˇ˔ʽˁʺˌ 

ˋˎ˄ʱˊˍʹˋʹˌύ ʷ˔ʶʽ ʶ˒ʰˊ˃ˇˋˍʶʾ ˁʰʽ ʴʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ʵˇˊˎ˒ˇˊʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ όɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ 

нлмлΤ ʃʰˉʰʻʶˇʵˇˋʾˇˎΣ нлммύ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˖ˋˍˈˋˇ ʰˉˈ ʰˎˍˈ ˉˇˎ ʶˉʽ˔ʶʽˊʶʾˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ 

ʶˊʴʰˋʾʰΦ 

ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹΣ ˂ˇʽˉˈ˄Σ ˍʶ˔˄ʽˁʺ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˁʰʽ ʶʵ˗Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʴʽʰ ˁʰʻʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽΣ ˃ʶ ʰ˄ʱˉˍˎ˅ʹ ˁʰˍʱ˂˂ʹ˂ˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˋˍʹ MATLAB, 

ˍʰ ˍʷˋˋʶˊʰ ˁʶ˂ʽʱ ˍˇˎ ˁʰ˄˄ʱʲˇˎ ˍˇˎ TRMM ̄ ˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʶʴʴˏˍʶˊʰΦ ʁʽ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˋʶ ˁʰʻʷ˄ʰ 

ʰˉˈ ʰˎˍʱ ˋˍʹ˄ ˎˉˈ ˃ʶ˂ʷˍʹ ˉʶˊʾˇʵˇ нллф-нлмп ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˗ˋˍʶ ˄ʰ ʵʽʰ˃ˇˊ˒˖ʻʶʾ ʹ 

ˋˎ˄ʱˊˍʹˋʹΥ 

 Ὓ ‗Ὓ ‗Ὓ ‗Ὓ ‗Ὓ (3.1) 

ɸʰ ˉˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾΣ ˋˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ˉ˖ˌ ˃ˈ˄ˇ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ˉˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˈˉˇˎ ˎˉʱˊ˔ʶʽ ˉʰˊʰˍʹ˃ʷ˄ʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹΦ ɾʶ 

ʱ˂˂ʰ ˂ˈʴʽʰΣ ˍʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ʶˁʶʾ˄ʰ όоΣ сΣ мнΣ нп ʺ пу hύ ˈˉˇˎ ʷ˔ʶʽ ˁʰˍʰʴˊʰ˒ʶʾ ʰˉˈ ˍˇ 

ʲˊˇ˔ˇʴˊʱ˒ˇ ʲˊˇ˔ˈˉˍ˖ˋʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʺ ʾˋʹ ˍ˖˄ лΦм mm h ˄ʽ˔˄ʶˏˇ˄ˍʰʽ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ 

ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˁʰʽ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʲʰˊ˗˄Φ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ˁʰʽ ˂ˇʴʽˁˈΣ ʰ˒ˇˏ 

ˋˍˈ˔ˇˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰ ʶʾ˄ʰʽ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ˖ˌ ˉˊˇˌ ˍʹ ʲˊˇ˔ʺΦ ɶ 

ʶ˄ʵʶ˔ˈ˃ʶ˄ʹ ˉʶˊʾˉˍ˖ˋʹ ζ˂ʱʻˇˌ ˋˎ˄ʰʴʶˊ˃ˇˏη όζfalse alarmηύΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʵʶ˄ ʰˉˇˍʶ˂ʶʾ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ˃ʶ˂ʷˍʹˌΦ 
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ɶ ˋˍˇ˔ʽˁʺ όʺ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺΣ ˈˉ˖ˌ ˋˎ˄ʹʻʾʸʶˍʰʽ ˄ʰ ˂ʷʴʶˍʰʽύ ˋˎ˄ʱˊˍʹˋʹ ʹ ˇˉˇʾʰ ˁʰʽ ʶˉʽ˔ʶʽˊʺʻʹˁʶ 

˄ʰ ˃ʶʴʽˋˍˇˉˇʽʹʻʶʾ ʶʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰˉˈʵˇˋʹˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˍʹ ˋˎ˄ʱˊˍʹˋʹΥ 

 
ὉὪὪρ

В Ὓ Ὃ

В Ὓ ὋӶ
 (3.2) 

ɶ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˍʹ MATLAB ˁʰʽ ˋʰ˄ ˃ʷʻˇʵˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˇʽ 

ʴʶ˄ʶˍʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʹ ˋˎ˄ʱˊˍʹˋʹ gaΦ ʁʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΣ ˇʽ 

ˇˉˇʾˇʽ ʶʾ˄ʰʽ ʴˊʰ˃˃ʽˁˇʾΣ ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻˇʽΥ 

 ‗ȟ‗ȟ‗ȟ‗ π σȢσ  

əŬɘ   

 ‗ ‗ ‗ ‗ ρ σȢτ 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŰŮɢɜɘəɐ ŮűŬɟɛɧůŰɖəŮ ɝŮɢɤɟɘůŰɎ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ ůŮ ɧɚŮɠ Űɘɠ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ  

Űɖɠ ŬɜɎɚɡůɖɠ ɝŮɢɤɟɘůŰɎ (ŭɖɚŬŭɐ ůŮ ŬɡŰɏɠ Űɤɜ 3, 6, 12, 24 əŬɘ 48 h) əŬɘ ɡˊɞɚɞɔɑůŰɖəŬɜ ɏŰůɘ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ɓɎɟɖ. 

ŪŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ŬɜŰɑ Űɖɠ ŮűŬɟɛɞɕɧɛŮɜɖɠ ɛŮɗɧŭɞɡ, ɖ ŮəŰɘɛɐŰɟɘŬ ɗŬ ɛˊɞɟɞɨůŮ ŬˊɚɎ ɜŬ 

ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɖ ɢɟɞɜɞůŮɘɟɎ Űɞɡ əŮɚɘɞɨ ŮɜŰɧɠ Űɞɡ ɞˊɞɑɞɡ ŮɜŰɞˊɑɕŮŰŬɘ ɞ əɎɗŮ ůŰŬɗɛɧɠ. ȷɡŰɐ ɖ 

ɗŮɩɟɖůɖ, ɤůŰɧůɞ, ŮɛˊŮɟɘɏɢŮɘ ɛŮɔɎɚɖ ŬɓŮɓŬɘɧŰɖŰŬ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ɗŬ ɗŮɤɟɞɨɜŰŬɜ ŬˊɞɚɨŰɤɠ 

ɞɛɞɘɞɔŮɜɏɠ Űɞ ˊŮŭɑɞ Űɖɠ ɓɟɞɢɐɠ ůŰɖɜ ɏəŰŬůɖ Űɤɜ 0.25x0.25, əɎŰɘ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ 

ŬɜŬɚɖɗɏɠ. ȯɚɚɖ ɛɏɗɞŭɞɠ, ŬˊɚɞɨůŰŮɟɖ Űɖɠ ŬəɞɚɞɡɗɞɨɛŮɜɖɠ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ ŬˊɚɎ ŬɡŰɐ Űɤɜ 

ŬɜŰɘůŰɟɧűɤɜ ŬˊɞůŰɎůŮɤɜ ˊɞɡ ɗŬ ŮűŬɟɛɞɕɧŰŬɜ Ŭˊɧ ŰŬ əɏɜŰɟŬ Űɤɜ ŰŮůůɎɟɤɜ ɔŮɘŰɞɜɘəɩɜ əŮɚɘɩɜ, 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ. ȾŬɘ ˊɎɚɘ, ɧɛɤɠ, ɖ ŬˊɧůŰŬůɖ ůŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ ŭŮɜ ŬˊɞŰŮɚŮɑ ɛɞɜŬŭɘəɧ əɟɘŰɐɟɘɞ 

ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɓɟɞɢɐɠ (ɟɧɚɞ ˊŬɑɕŮɘ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, əŬɘ Űɞ ɡɣɧɛŮŰɟɞ Űɞɡ ůŰŬɗɛɞɨ). ȳˊɤɠ 

Ŭəɟɘɓɩɠ əŬɘ ůŰɖɜ ́ ŮɟɑˊŰɤůɖ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ əɚɘɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞɡɠ Koutsoyiannis 

et al. (2008), ɏŰůɘ əŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɘůɢɨŮɘ ˊɤɠ ɖ ɚɞɔɘəɐ Űɖɠ ŬəɞɚɞɡɗɞɨɛŮɜɖɠ ŰŮɢɜɘəɐɠ, 

ŭŮ ůɡɛɓŬŭɑɕŮɘ ŬˊɧɚɡŰŬ ɛŮ Űɞ ůəɞˊɧ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ŬɡŰɧ ɔɘŬŰɑ ŮˊɘŰɟɏˊŮɘ ŬɡŰɎ 

ɜŬ ˊɟɞůŬɟɛɞůŰɞɨɜ ɧůɞ ɔɑɜŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŰŬ ˊŬɟŬŰɖɛɏɜɤɜ. ɋůŰɧůɞ ɖ ɘŭɏŬ Űɖɠ ɢɟɐůɖɠ Űɤɜ 

ŰŮůůɎɟɤɜ ɔŮɘŰɞɜɘəɩɜ űŬŰɜɑɤɜ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɖɠ ŮəŰɘɛɐŰɟɘŬɠ ůŰɘɠ ɗɏůŮɘɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ 

əɟɑɜŮŰŬɘ ɤɠ ɖ ˊɚɏɞɜ əŬŰɎɚɚɖɚɖ ɔɘŬ Űɖɜ ŬɜŬɔɤɔɐ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ŭŮŭɞɛɏɜɤɜ ůŮ ůɖɛŮɘŬəɎ əŬɘ 

ɔɘô ŬɡŰɧ əŬɘ ŰŮɚɘəɎ ŮűŬɟɛɧɕŮŰŬɘ. 

3.5 ɼˊʽˍʺˊʽʰ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ʵˇˊˎ˒ˇˊʽˁˇˏ ̄ ˊˇʿˈ˄ˍˇˌ 

ʈˋˍʶˊʰ ʰˉˈ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˁʰˍʱ˂˂ʹ˂ʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˋˍʽˌ ʻʷˋʶʽˌ ˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ 

ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄ ʴʽʰ ˁʱʻʶ ˃ʾʰ ʰˉˈ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˍ˖˄ оΣ сΣ мнΣ нп ˁʰʽ пу h, 
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ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˇʽ ˍʽ˃ʷˌ ˇˊʽˋ˃ʷ˄˖˄ ˃ʷ̱ ˊ̟˄  ˋ˒ʰ˂˃ʱˍ˖˄Σ ˍʰ ˇˉˇʾʰ ˁʰʽ ʷ˔ˇˎ˄ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ 

ˉʰˊʶ˃˒ʶˊʶʾˌ ˋˁˇˉˇˏˌ ˋʶ ʱ˂˂ʶˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶˊʴʰˋʾʶˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʰˎˍʱ ʶʾ˄ʰʽΥ 

¶ ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰˉˈʵˇˋʹˌΥ 

 
ὉὪὪρ

В Ὓ Ὃ

В Ὓ  ὋӶ
 (3.5) 

ˈ̄ ˇˎΣ Ὃ ɖ Űɘɛɐ Űɖɠ ˊŬɟŬŰɖɟɖɛɏɜɖɠ ɛɏůɤ ɓɟɞɢɞɔɟɎűɞɡ ɢɟɞɜɞůŮɘɟɎɠ əŬɘ ɖ ŮəŰɘɛɩɛŮɜɖ 

Ŭˊɧ Űɞ ŭɞɟɡűɧɟɞ Űɘɛɐ ɔɘŬ Űɞ ɑŭɘɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. 

¶ ȼ ɛŮɟɞɚɖɣɑŬ: 

 
ὄὭὥί άά

ρ

ὲ
Ὓ Ὃ  (3.6) 

¶ ɇɞ ɛɏůɞ ŬˊɧɚɡŰɞ ůűɎɚɛŬ: 

 
ὓὃὉ άά

ρ

ὲ
ȿὛ Ὃȿ (3.7) 

¶ ȼ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ: 

 

ὙὓὛὉ άά
ρ

ὲ
Ὓ Ὃ ὄὭὥί (3.8) 

¶ Ƀ ůɡɜŰŮɚŮůŰɐɠ ŮŰŮɟɞůɡůɢɏŰɘůɖɠ: 

 
Ὑ
В Ὓ ὛӶὋ ὋӶ

ὲ ρ„„
 (3.9) 

ɧ́ ɞɡ „
В Ӷ

 , „
В Ӷ

 . 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɔɘŬ əɎɗŮ ɢɟɞɜɞůŮɘɟɎ ɡˊɞɚɞɔɑůŰɖəŮ ŬəɧɛŬ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ ŮˊɑɔŮɘɤɜ ŭŮŭɞɛɏɜɤɜ 

əŬɘ ɞɘ ˊɞůɧŰɖŰŮɠ Bias, RMSE əŬɘ MAE ŭɘŬɘɟɏɗɖəŬɜ ɛŮ Űɞ ɛɏɔŮɗɞɠ ŬɡŰɧ əŬɘ ˊɞɚɚŬˊɚŬůɘɎůŰɖəŬɜ 

ɛŮ 100, ɩůŰŮ ɜŬ ˊɟɞəɨɣɞɡɜ ůŬɜ ŭŮɑəŰŮɠ Ůˊɑ Űɞɘɠ ŮəŬŰɧ. ȷɡŰɧ ůɡɜɏɓɖ ɩůŰŮ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ůŮ 

əɎɗŮ ŭɘŬűɞɟŮŰɘəɐ ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ (3, 6, 12, 24 əŬɘ 48 ɤɟɩɜ) ɞɘ ŭŮɑəŰŮɠ ɜŬ ŮɑɜŬɘ ŬɛŮɟɧɚɖˊŰɞɘ 

ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ůɡɔəɟɘɗɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɜŬ ŮɝŬɢɗɞɨɜ əŬɚɨŰŮɟŬ ůɡɛˊŮɟɎůɛŬŰŬ. 
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ɄɏɟŬ Ŭˊɧ Űɞɡɠ ŭŮɑəŰŮɠ ŬɡŰɞɨɠ, ɡˊɞɚɞɔɑůŰɖəŮ əŬɘ ɛɘŬ Ɏɚɚɖ ˊɞůɧŰɖŰŬ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞɜ 

əŬɗɞɟɘůɛɧ ŰŮůůɎɟɤɜ ˊŬɟŬɛɏŰɟɤɜ (a, b, c, d) ɧˊɞɡ ɖ əɎɗŮ ɛɘŬ ŭɖɚɩɜŮɘ: 

i. ȰɜŬ ɔŮɔɞɜɧɠ ɜŬ ˊɟɞɓɚŮűɗŮɑ əŬɘ ɜŬ ůɡɛɓŮɑ (a) 

ii.  ȰɜŬ ɔŮɔɞɜɧɠ ɜŬ ˊɟɞɓɚŮűɗŮɑ əŬɘ ɜŬ ɛɖ ůɡɛɓŮɑ (b) 

iii.  ȰɜŬ ɔŮɔɞɜɧɠ ɜŬ ɛɖɜ ˊɟɞɓɚŮűɗŮɑ əŬɘ ɜŬ ůɡɛɓŮɑ (c) 

iv. ȰɜŬ ɔŮɔɞɜɧɠ ɜŬ ɛɖɜ ˊɟɞɓɚŮűɗŮɑ əŬɘ ɜŬ ɛɖ ůɡɛɓŮɑ (d) 

ȷˊɧ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ŬɡŰɏɠ, ŭŮŭɞɛɏɜɞɡ ˊɤɠ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɝŮŰɎɕŮŰŬɘ ɛɧɜɞ ɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ ŭɞɟɡűɞɟɘəɞɨ ˊɟɞɥɧɜŰɞɠ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ, 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛɧɜɞ ɞɘ ˊŬɟɎɛŮŰɟɞɘ a əŬɘ c. ɀŮ ɓɎůɖ Űɘɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɡŰɩɜ, ŮəŰɘɛɎŰŬɘ 

Űɞ çɄɘɗŬɜɧŰɖŰŬ ŬɜɑɢɜŮɡůɖɠè - Probability of Detection (POD) - ɞ ɞˊɞɑɞɠ ɞɟɑɕŮŰŬɘ ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɖɜ Ⱥɝɑůɤůɖ 3.10 əŬɘ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ɛɖŭɏɜ (0) ɔɘŬ ɛɖŭŮɜɘəɐ ŮˊɘŰɡɢɑŬ ɏɤɠ əŬɘ ɏɜŬ (1) ɔɘŬ 

ŬˊɧɚɡŰɖ ŮˊɘŰɡɢɑŬ. ȳɚɞɘ ɞɘ ŭŮɑəŰŮɠ ŬɡŰɞɑ ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ əɎɗŮ ůŰŬɗɛɧ ɝŮɢɤɟɘůŰɎ əŬɘ ɔɘŬ əɎɗŮ 

ɛɘŬ Ŭˊɧ Űɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ ɢɟɞɜɘəɏɠ ŭɘɎɟəŮɘŮɠ Űɤɜ 3, 6, 12, 24, 48 h. 

 ὖὕὈ
ὥ

ὥ ὧ
 (3.10) 

3.6 ɼʰˍʱˊˍʽˋʹ ˔ʰˊˍ˗˄ ̀ ˒ʰ˂˃ʱˍ˖˄ 

ʅˍˇ ˋˍʱʵʽˇ ʰˎˍˈΣ ˃ʶ˂ʶˍʺʻʹˁʶ ʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ˋˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍʹˌ 

ɳ˂˂ʱʵʰˌΦ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ ˋ˔ʷˋʹ όмύΣ ʹ ˃ʶˊˇ˂ʹ˕ʾʰ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˉʱ˄˖ ʰˉˈ ˍʹ ʻʷˋʹ ˍˇˎ 

ˁʱʻʶ ˋˍʰʻ˃ˇˏ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʻʰ ˍʹ ˔˖ˊʽˁʺ ˉʰˊʶ˃ʲˇ˂ʺ ˁʰʽ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ 

˔ʰˊˍ˗˄Φ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ ArcGIS млΦп ˁʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ 

˃ʶʻˈʵˇˎ ʲʷ˂ˍʽˋˍʹˌ ˉʰˊʶ˃ʲˇ˂ʺˌ Kriging. 

ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ʰ˄ʺˁʶʽ ˋˍʽˌ ˋˍʰˍʽˋˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ ˉʰˊʶ˃ʲˇ˂ʺˌΣ ˇʽ ˇˉˇʾʶˌ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʽˌ 

ˉˊˇˋʵʽˇˊʽˋˍʽˁʷˌΣ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˎˉˈʻʶˋʹ ˈˍʽ ʹ ˔˖ˊʽˁʺ ʵʽʰˁˏ˃ʰ˄ˋʹ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ʶʾ˄ʰʽ 

ˍˎ˔ʰʾʰΣ ˇˉˈˍʶ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˋˍʰˍʽˋˍʽˁʷˌ ˃ʶʻˇʵˇ˂ˇʴʾʶˌ ʴʽʰ ˇˉˇʽʰʵʺˉˇˍʶ ʶˁˍʾ˃ʹˋʹ ʰˉˇˊˊʷʶʽ 

ʰˉˈ ˍʽˌ ˋʹ˃ʶʽʰˁʷˌ ˃ʶˍˊʺˋʶʽˌ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌΦ ɶ ˃ʷʻˇʵˇˌ Kriging ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ ʵˏˇ 

˒ʱˋʶʽˌ όɾʰ˃ʱˋʹˌΣ нллсύΥ 

i. ʆʹ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ˁʰˍʱˊˍʽˋʹ ʹ˃ʽ˃ʶˍʰʲ˂ʹˍˇʴˊʱ˃˃ʰˍˇˌ ˁʰʽ ˍʹ˄ 

ˉˊˇˋʰˊ˃ˇʴʺ ʶ˄ˈˌ ˃ˇ˄ˍʷ˂ˇˎ ˋʶ ʰˎˍˈΦ 

ii. ʆʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌΣ ˋˍʽˌ ʻʷˋʶʽˌ ˈˉˇˎ ʹ ˍʽ˃ʺ ˍʹˌ ʶʾ˄ʰʽ ʱʴ˄˖ˋˍʹΣ ˃ʶ ˍʹ ˃ʷʻˇʵˇ 

ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ ʴˊʰ˃˃ʽˁʺˌ ʰ˃ʶˊˈ˂ʹˉˍʹˌ ʶˁˍʾ˃ʹˋʹˌ BLUEΣ ˈˉˇˎ ˍʰ ʲʱˊʹ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʰˉˈ 

ˍˇ ˃ˇ˄ˍʷ˂ˇ ˔˖ˊʽˁʺˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍʹˌ όƛύ ˒ʱˋʹˌΦ 

ʅˍʹ ˃ʷʻˇʵˇ Kriging ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ˄ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ʹ ˃ˇˊ˒ʺ ˍʹˌ όordinaryύΣ ˁʱ˄ˇˎ˃ʶ ˍʽˌ 

ˉʰˊʰʵˇ˔ʷˌ ˈˍʽ ʹ ˃ʶˍʰʲ˂ʹˍʺ ʰˁˇ˂ˇˎʻʶʾ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺΣ ʹ ʶˁˍʽ˃ʺˍˊʽʰ ʶʾ˄ʰʽ ʰ˃ʶˊˈ˂ʹˉˍʹΣ 

ˎˉʱˊ˔ʶʽ ˃ˇ˄ʽ˃ˈˍʹˍʰ ʵʶˎˍʷˊˇˎ ʲʰʻ˃ˇˏ ˁʰʽ ˇ ˍˇˉʽˁˈˌ ˃ʷˋˇˌ ʶʾ˄ʰʽ ʱʴ˄˖ˋˍˇˌΦ 
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ʆˇ ʹ˃ʽ˃ʶˍʰʲ˂ʹˍˈʴˊʰ˃˃ʰ ʵʶʾ˔˄ʶʽ ˍʹ˄ ʹ˃ʽʵʽʰˋˉˇˊʱ όʴ όmm)2ύ ˋˎ˄ʰˊˍʺˋʶʽ ˍʹˌ ʰˉˈˋˍʰˋʹˌ όkmύΦ ʆʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎΣ ˉˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ рΦмΣ ʶʾ˄ʰʽ ˍˇ ˁʰˍ˗˒˂ʽ όsillύΣ ˍˇ ʶˏˊˇˌ όrangeύ ˁʰʽ ʹ 

ˍʽ˃ʺ ˍʹˌ ʹ˃ʽʵʽʰˋˉˇˊʱˌ ˋˍʹ ˃ʹʵʶ˄ʽˁʺ ʰˉˈˋˍʰˋʹ όnugget effectύΦ ʆˇ ˁʰˍ˗˒˂ʽ ʶʾ˄ʰʽ ʹ ˍʽ˃ʺ ˍʹˌ 

ʹ˃ʽʵʽʰˋˉˇˊʱˌ ˉˇˎ ʵʶ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʱ˂˂ˇ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʰˉˈˋˍʰˋʹˌΦ ɶ ʰˉˈˋˍʰˋʹ ˋˍʹ˄ ˇˉˇʾʰ 

ʹ ʹ˃ʽʵʽʰˋˉˇˊʱ ˉʽʱ˄ʶʽ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˁʰˍ˖˒˂ʽˇˏ ˂ʷʴʶˍʰʽ ʶˏˊˇˌΦ ɶ ʹ˃ʽʵʽʰˋˉˇˊʱ ˃ˉˇˊʶʾ ˄ʰ ˃ʹ˄ 

ʶʾ˄h ʽ ˃ʹʵʷ˄ ˋˍʹ ˃ʹʵʶ˄ʽˁʺ ʰˉˈˋˍʰˋʹΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶ˅ʹʴʶʾˍʰʽ ˈˍʰ˄ ˇʽ ˃ʶˍˊʺˋʶʽˌ ʷ˔ˇˎ˄ ʻˈˊˎʲˇΣ 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˂ʱʻʹ ʺ ʵʶ˄ ʶʾ˄ʰʽ ˍʰˎˍˈ˔ˊˇ˄ʶˌ όɾʰ˃ʱˋʹˌ ˁʰʽ ɾʽ˃ʾˁˇˎΣ нлмлύΦ ɾʽʰ ʱ˂˂ʹ ʲʰˋʽˁʺ 

ˉʰˊʱ˃ʶˍˊˇˌ ʴʽʰ ˍʹ˄ ˁʰˍʱˊˍʽˋʹ ˍˇˎ ʹ˃ʽ˃ʶˍʰʲ˂ʹˍˇʴˊʱ˃˃ʰˍˇˌ ʶʾ˄ʰʽ ʹ ʶˉʽ˂ˇʴʺ ʵʽʶˏʻˎ˄ˋʹˌΦ ʆ̌  

ʹ˃ʽ˃ʶˍʰʲ˂ʹˍˈʴˊʰ˃˃ʰ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰˊˍʽˋˍʶʾ ʴʽʰ ˈ˂ˇ ˍˇ ˔˗ˊˇΣ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ 

ʵʽʶˎʻˏ˄ˋʶʽˌΦ 

 

ʅ˔ʺ˃ʰ оΦрΥ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ʹ˃ʽ˃ʶˍʰʲ˂ʹˍˇʴˊʱ˃˃ʰˍˇˌ ώʃʹʴʺΥ 

http://desktop.arcgis.com/en/arcmap/10.3/tools/3d-analyst-toolbox/how-kriging-works.htm]. 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˇʽ default ˍʽ˃ʷˌ ˉˇˎ ʷʵʽ˄ʶ ˍˇ ˉˊˈʴˊʰ˃˃ʰΦ ɶ ˃ˈ˄ʹ 

ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ʺˍʰ˄ ʹ ʰ˂˂ʰʴʺ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˉʰˊʶ˃ʲˇ˂ʺˌΦ ɱʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈ ʶˁ˂ʷ˔ʻʹˁʶ ʹ 

ʶˁʻʶˍʽˁʺ ˋˎ˄ʱˊˍʹˋʹΣ ʹ ˇˉˇʾʰ ʻʶ˖ˊʶʾˍʰʽ ˁʰˍʱ˂˂ʹ˂ʹ ʴʽʰ ˍʹ ˔˖ˊʽˁʺ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ʵʶʵˇ˃ʷ˄˖˄ 

ʲˊ̌˔ˈˉˍ˖ˋʹˌ όɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ нлмлύΦ 

3.7 ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ h ˅ʽˇ˂ˈʴʹˋʹ ˉˊˇʿˈ˄ˍˇˌ TRMM 3B42 V7  

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˁʰʽ ˋ˔ˇ˂ʽʱʸˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˍˇˎ 

ˉˊˇʿˈ˄ˍˇˌ оB42 Vт ˋʶ ˁʰʻʶ˃ʽʱ ʰˉˈ ˍʹˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˉˇˎ ˎʽˇʻʶˍʺʻʹˁʰ˄ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ 

όоΣ сΣ мнΣ нп ˁʰʽ пу hrύΦ ɮˊ˔ʽˁʱΣ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ʶ˄ʵʶʽˁˍʽˁʱ ʵʽʰʴˊʱ˃˃ʰˍʰ ˃ʶ ˍʽˌ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˍ˖˄ 

ʵʽʰ˒ˈˊ˖˄ ˁˊʽˍʹˊʾ˖˄Φ ʁʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ʷ˔ˇˎ˄ ˎˉˇ˂ˇʴʽˋˍʶʾ ʰˉˈ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ 

ˋˍʰʻ˃˗˄Φ ʃʰˊˈˍʽ ʵʶ˄ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸˇˎ˄ ˁʰˍΩ ʰ˄ʱʴˁʹ ˍʽˌ ˍʽ˃ʷˌ ˋˍʹ ˔˗ˊʰΣ ʶ˄ˍˇˏˍˇʽˌ ˂ˈʴ˖ ˍʹˌ 

ˁʰ˂ʺˌ ˔˖ˊʽˁʱ ˁʰˍʰ˄ˇ˃ʺˌ ˍˇˎ ʵʽˁˍˏˇˎΣ ʶʾ˄ʰʽ ʶ˄ʵʶʽˁˍʽˁʷˌΦ ʆʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍˇ˄ ˁʱʻʶ 

ˋˍʰʻ˃ˈ ˅ʶ˔˖ˊʽˋˍʱ  ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ʃʰˊʱˊˍʹ˃ʰ. 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽΣ ˋʶ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ˔ʱˊˍʶˌΣ ʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ ˈˉ˖ˌ 

ʶˉʾˋʹˌ ˁʰʽ ˍ˖˄ ˍʽ˃˗˄ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˁˊʽˍʹˊʾ˖˄ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋ˔ˇ˂ʽʱʸˇ˄ˍʰʽΦ 
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3.7.1 ɾʷˋʶˌ ˍʽ˃ʷˌ ˁˊʽˍʹˊʾ˖˄ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˁʰʽ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˍʰ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ 

ʰ˅ʽˇ˂ˈʴʹˋʹˌΦ ɱʽʰ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ʰ˄ʱ˂ˎˋʹˌ όоΣ сΣ мнΣ нп ˁʰʽ пу hrύ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˇʽ ˃ʷˋʶˌ 

ˍʽ˃ʷˌ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˁˊʽˍʹˊʾ˖˄ ʶˁ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ˍ˖˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ˋˍʰʻ˃˗˄Φ ʁʽ ˍʽ˃ʷˌ ʰˎˍʷˌ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋʶ ˁʰˍʱ˂˂ʹ˂ʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˁʰʽ ˋˍˇ ˍʷ˂ˇˌ ˋʶ ʷ˄ʰ˄ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁˈ ˉʾ˄ʰˁʰΦ 

ɲʶʵˇ˃ʷ˄ʹˌ ˍʹˌ ˁʰ˂ʺˌ ˔˖ˊʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ˋˍʰʻ˃˗˄ ˋˍʹ˄ ʶˉʽˁˊʱˍʶʽʰΣ ˇʽ ̱ ʽ˃ʷˌ ʰˎˍʷˌ ˃ˉˇˊˇˏ˄ 

˄ʰ ʻʶ˖ˊʹʻˇˏ˄ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʷˌ (˖ˌ ʷ˄ʰ ʲʰʻ˃ˈύ ʴʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ˔˗ˊʰˌ ˁʰʽ ˄ʰ ʵ˗ˋˇˎ˄ ˃ʽʰ 

ʴʶ˄ʽˁʺ ʶʽˁˈ˄ʰ ˍʹˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌΦ ʍˋˍˈˋˇΣ ʴʽʰ ˉʽˇ ˂ʶˉˍˇ˃ʶˊʺ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ 

ʶ˄ʵʶʽˁˍʽˁˈˍʶˊʰ ʶʾ˄ʰʽ ˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˉˇˎ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ʃʰˊʱˊˍʹ˃ʰ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˇʽ 

˔ʱˊˍʶˌ ˃ʶ ˍʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˍʽ˃˗˄ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˁˊʽˍʹˊʾ˖˄Σ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ 3.7.2. 

ʀʶˁʽ˄˗˄ˍʰˌ ˃ʶ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ όʅ˔ʺ˃ʰ 3.6), ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ʹ ˍʽ˃ʺ ʰˎˍˇˏ 

ʰˎ˅ʱ˄ʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ ʅˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ 

ˍˊʽ˗˄ ˖ˊ˗˄Σ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˁʰʽ ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˋˍʹ˄ ˇˉˇʾʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉʰˊʷ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ NASAΣ ʹ 

ˍʽ˃ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶʾ˄ʰʽ ʰˊ˄ʹˍʽˁʺ όҐ - лΦмпύΣ ʵʹ˂ʰʵʺ ʹ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʵˇˊˎ˒ˇˊʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌ 

ʶʾ˄ʰʽ ˁʰˍ˗ˍʶˊʹ ʰˉˈ ʰˎˍʺ ˉˇˎ ʻʰ ˉʶˍˎ˔ʰʾ˄ʰ˃ʶ ʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏˋʰ˃ʶ ʰˉ˂ʱ ˍʹ ˃ʷˋʹ ˍʽ˃ʺ ˍʹˌ 

ˉʰˊʰˍʹˊʹ˃ʷ˄ʹˌ  ˔ˊˇ˄ˇˋʶʽˊʱˌΦ ɶ ˉʰˊʰˍʺˊʹˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ʶ˄ʵʶʽˁˍʽˁʺ ˍʹˌ ˃ʹ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ 

ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʹ˄ ˍˈˋˇ ˂ʶˉˍʺ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ ˉˇˎ ʵʽʰˍʾʻʶ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ 

ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˃ʽʰˌ ˁʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ Eff h ˉˇˍʶ˂ʶʾ ʰ˄ʰ˃˒ʾʲˇ˂ʰ ̱ ˇ ˇˎˋʽʰˋˍʽˁˈˍʶˊˇ ˁˊʽˍʺˊʽˇ 

ʰ˅ʽˇˉʽˋˍʾʰˌ ʰ˒ˇˏ ʶ˅ʶˍʱʸʶʽ ˉˊʰˁˍʽˁʱ ˋʶ ˁʱʻʶ ʲʺ˃ʰ ˍˇ ˉˈˋˇ ˁʰ˂ʱ ʹ ʶˁˍʽ˃˗˃ʶ˄ʹ ˔ˊˇ˄ˇˋʶʽˊʱ 

ˉˊˇˋʶʴʴʾʸʶʽ ˍʹ˄ ˉʰˊʰˍʹˊʹ˃ʷ˄́. 

 

ʅ˔ʺ˃ʰ 3.6: ɾʷˋʶˌ ˍʽ˃ʷˌ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ όEffύ ˋˍʰʻ˃˗˄ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ 

ˁ˂ʾ˃ʰˁʶˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ 
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ʅˎ˄ʶ˔ʾʸˇ˄ˍʰˌ ˍ˗ˊʰ ˋˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ʶʵ˗ ˉ˖ˌ ˈˋˇ ʰ˄ʶʲʰʾ˄ʶʽ ʹ 

˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰʽˋʻʹˍʱ ʲʶ˂ˍʽ˗˄ˇ˄ˍʰʽΣ ˉˊʱʴ˃ʰ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˁʰʽ ˂ˇʴʽˁˈ ˄ʰ 

ˋˎ˃ʲʰʾ˄ʶʽΦ ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˋˍʽˌ пу ˗ˊʶˌ ˂ʰ˃ʲʱ˄ʶʽ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˍʽ˃ʺ ˍˇˎ όҐ 

лΦсмύ ˉˇˎ ˈ˃˖ˌ ˁʰʽ ˉʱ˂ʽ ʶʾ˄ʰʽ ˔ʰ˃ʹ˂ˈˌΣ ˗ˋˍʶ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˉ˖ˌ ˎˉʱˊ˔ʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˋˎˋ˔ʷˍʽˋʹ 

ˍ˖˄ ʵˏˇ ˔ˊˇ˄ˇˋʶʽˊ˗˄Φ 

 

ʅ˔ʺ˃ʰ оΦт: ɾʷˋʶˌ ˍʽ˃ʷˌ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ όwύ ˋˍʰʻ˃˗˄ ʴʽʰ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ 

ʰ˄ʱ˂ˎˋʹˌΦ 

ʅˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍ˗ˊʰ ˍʽˌ ʶˁˍʽ˃˗˃ʶ˄ʶˌ ˁʰʽ ˉʰˊʰˍʹˊʹ˃ʷ˄ʶˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˖ˌ ˉˊˇˌ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ 

˃ʶˍʰʲ˂ʹˍʺˌΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʽʰ  ˋˎˋˍʹ˃ʰˍʽˁʺ ˎˉˇʶˁˍʾ˃ʹˋʹ ˋˍʰ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰΦ 

ɳˁ˒ˊʰˋ˃ʷ˄ʹ ˖ˌ ˉˇˋˇˋˍˈ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍʹˌ ˁʱʻʶ ˔ˊˇ˄ˇˋʶʽˊʱˌ ό˗ˋˍʶ ˄ʰ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ 

ˋˏʴˁˊʽˋʹ ˋˍʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌύΣ ʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˎˉˇʶˁˍʾ˃ʹˋʹ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ ˍˊʽ˗˄ ˖ˊ˗˄Σ ʹ ˇˉˇʾʰ ˁˎ˃ʰʾ˄ʶˍʰʽ ʴˏˊ˖ ˋˍˇ нр҈ ˍʹˌ ˃ʷˋʹˌ 

ˍʽ˃ʺˌ ό-0.72 mm ˋʶ ʰˉˈ˂ˎˍʹ ˍʽ˃ʺύΦ ɮ˄ˍʾʻʶˍʰΣ ˍˇ ˃ʽˁˊˈˍʶˊˇ ˋˎˋˍʹ˃ʰˍʽˁˈ ˋ˒ʱ˂˃ʰ ό˖ˌ ˉˇˋˇˋˍˈ 

ˉʱ˄ˍʰύ ˉʰˊʰˍʹˊʶʾˍʰʽ ̀ ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ пу ˖ˊ˗˄Σ ˃ʶ ˉˇ˂ˏ ˃ʽˁˊʺ ʰˉˈˁ˂ʽˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ Ϥ - 1.3%. 

ɸʰ ˉˊʷˉʶʽ ˄ʰ ʶʽˉ˖ʻʶʾ ʲʷʲʰʽʰΣ ˉ˖ˌ ˋˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˍˇˎ ʃʰˊʰˊˍʺ˃ʰˍˇˌ ɮ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʵʶ 

˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ˈ˂ʶˌ ˇʽ ʶ˅ʶˍʰʸˈ˃ʶ˄ʶˌ ʻʷˋʶʽˌ ʰˉˈ ˎˉˇʶˁˍʾ˃ʹˋʹ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ 

ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰ˒ʶˊʻˇˏ˄ ˇʽ ˋˍʰʻ˃ˇʾ ˍʹˌ ɽʺ˃˄ˇˎΣ ˍʹˌ ɮ˂ʶ˅ʰ˄ʵˊˇˏˉˇ˂ʹˌΣ ˍʹˌ 

ʅˁˏˊˇˎ ˁΦʰΦΣ ˋˍʽˌ ˇˉˇʾʶˌ ˎˉʱˊ˔ʶʽ ˋˎˋˍʹ˃ʰˍʽˁʺ ˎˉʶˊʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʰˉˈ ˍˇˎˌ 

ʵˇˊˎ˒ˈˊˇˎˌΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ˇʽ ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˎˍʷˌ ʶʾ˄ʰʽ ʹ ˃ʶʽˇ˕ʹ˒ʾʰ ˁʰʽ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ 

ˋ˒ʱ˂˃ʰˍˇˌ ˋˍˇˎˌ ˋˍʰʻ˃ˇˏˌ ʰˎˍˇˏˌ ˃ʽˁˊˈˍʶˊˇΣ ˋʶ ʰˉˈ˂ˎˍʹ ˍʽ˃ʺΣ ʰˉΩ ˈˍʽ ˋʶ ʶˁʶʾ˄ˇˎˌ ˈˉˇˎ ʹ 

˃ʶˊˇ˂ʹ˕ʾʰ ʶʾ˄ʰʽ ʰˊ˄ʹˍʽˁʺΦ ɴˍˋʽΣ ˁʰʽ ˇʽ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˉˊˇˁˏˉˍˇˎ˄ ʰˊ˄ʹˍʽˁʷˌ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ 

ˎˉˇʶˁˍʽ˃ʱˍʰʽ ˋˎˋˍʹ˃ʰˍʽˁʱ ʹ ʲˊˇ˔ˈˉˍ˖ˋʹΦ ɰʷʲʰʽʱΣ ˁʰ˂ˏˍʶˊʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˊˇˁˏˉˍˇˎ˄ ˋˍʹ˄ 

ʶˉˈ˃ʶ˄ʹ ˉʰˊʱʴˊʰ˒ˇΣ ˈˉˇˎ ˁʰʽ ʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʱ˄˖ ʰˉˈ 
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ˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇΦ ɶ ˎˉˇʶˁˍʾ˃ʹˋʹ ʰˎˍʺ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʷ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ˁʰʽ ˋʶ ʱ˂˂ʶˌ 

˃ʶ˂ʷˍʶˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˉʰ˂ʰʽˈˍʶˊ˖˄ ʶˁʵˈˋʶ˖˄ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ оɰпн όFeidas, 2010; 

ʃʰˉʰʻʶˇʵˇˋʾˇˎΣ нлммΤ AlexopoulouΣ нлмлύΦ ʊʰʾ˄ʶˍʰʽΣ ˂ˇʽˉˈ˄Σ ˉ˖ˌ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˁʰʽ ˋˍʹ ˄ʶˈˍʶˊʹ ʷˁʵˇˋʹ όV7). 

ʃʷˊʰ ʰˉˈ ˍˇ ˋˎˋˍʹ˃ʰˍʽˁˈ ˋ˒ʱ˂˃ʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌΣ ˎ˕ʹ˂ʷˌ ˍʽ˃ʷˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˁʰʽ ˋˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ 

ˍˇˎ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ (MAEύ όʅ˔ʺ˃ʰ оΦ9ύΦ ʆˇ ˁˊʽˍʺˊʽˇ ʰˎˍˈΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˁʰʽ ˉʽˇ 

ʶ˄ʵʶʽˁˍʽˁˈ ʴʽʰ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ʰˉΩ ˈˍʽ ˍˇ ˁˊʽˍʺˊʽˇ ˍʹˌ ˃ʶˊˇ˂ʹ˕ʾʰˌ ό˃ʽʰˌ ˁʰʽ ˋˍˇ 

ʵʶˏˍʶˊˇ ˇʽ ʵʽʰˁˎ˃ʱ˄ˋʶʽˌ ʴˏˊ˖ ʰˉˈ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˃ʹʵʶ˄ˈˌ ˃ˉˇˊʶʾ ˄ʰ ʵ˗ˋˇˎ˄ ˉ˂ʰˋ˃ʰˍʽˁʺ ʶʽˁˈ˄ʰΣ 

˂ˈʴ˖ ˍ˖˄ ʰ˂ʴʶʲˊʽˁ˗˄ ˉˊˇˋʻʰ˒ʰʽˊʷˋʶ˖˄ ˁʰˍʱ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃˗˄ ˍʹˌ ˉˇˋˈˍʹˍʰˌύ ˒ʰ˄ʶˊ˗˄ʶʽ 

ˋʹ˃ʰ˄ˍʽˁʷˌ ʰˉˇˁ˂ʾˋʶʽˌ ˉˇˎ ˒ˍʱ˄ˇˎ˄ ˃ʷ˔ˊʽ ˁʰʽ ˍˇ Ϥмнл҈ ʴʽʰ ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ ˍˊʽ˗˄ ˖ˊ˗˄ όоΦлуп 

mm ̡ ˊˇ˔ˈˉˍ˖ˋʹˌύΦ ʃʰˊˈˍʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʲʶ˂ˍʽ˗˄ˇ˄ˍʰʽ ˁʰʻ˗ˌ ʰ˄ʶʲʰʾ˄ʶʽ ʹ ̝ ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΣ 

ˋʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ˈ˃˖ˌ ʰˎˍʱ ʵʶ˄ ˁʰʻʾˋˍʰ˄ˍʰʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱΦ ʆˇ ʾʵʽˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˉˊˇˁˏˉˍʶʽ 

ˁʰʽ ˏˋˍʶˊʰ ʰˉˈ ˍʹ˄ ʶ˅ʷˍʰˋʹ ˍˇˎ RMSEΦ ɶ ˉˇˋˈˍʹˍʰ ʰˎˍʺ ˉˊʰˁˍʽˁʱ ʵʶʾ˔˄ʶʽ ˍˇ ˍˎ˔ʰʾˇ ˋ˒ʱ˂˃ʰˍʰ 

ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄Σ ˍˇ ˇˉˇʾˇ ˁʰʽ ˋʶ ˈ˂ʶˌ ˍʽˌ ˁ˂ʾ˃ʰˁʶˌ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˎ˕ʹ˂ˈ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊˇΣ 

ʶˁ˒ˊʰˋ˃ʷ˄ˇ ˖ˌ ˉˇˋˇˋˍˈΣ ˍˇˎ млл҈ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ˁʰˍʱ ˍʽˌ ʵʽʱ˒ˇˊʶˌ ʰ˄ʰ˂ˏˋʶʽˌΦ 

ʆʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˋˍʰ ˇˉˇʾʰ ˁʰʽ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ ʰˎˍ˗˄ όBias, MAE ˁʰʽ 

RMSEύ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ όʅ˔ʺ˃ʰˍʰ 3.8, 3.9 ˁʰʽ о.10ύΦ ʅʶ ʰˎˍʱΣ ˇ ˎˉˇ˂ˇʴʽˋ˃˗˄ ˍ˖˄ 

ʵʽʰ˒ˈˊ˖˄ ˉˇˋˇˍʺˍ˖˄ ʷ˔ʶʽ ʴʾ˄ʶʽ ˖ˌ ˉˇˋˇˋˍˈ ˍ˖˄ ˃ʷˋ˖˄ ˍʽ˃˗˄ ˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˗ˋˍʶ ʹ 

ˋˏʴˁˊʽˋʹ ˄ʰ ˁʰʻʾˋˍʰˍʰʽ ˉʽˇ ʶˎ˔ʶˊʺˌ ʰˉΩ ˈˍʽ ʰ˄ ʺˍʰ˄ ˋʶ ˔ʽ˂ʽˇˋˍʱ ʲˊˇ˔ʺˌΦ 

 

ʅ˔ʺ˃ʰ 3.8: ɾʷˋʶˌ ˍʽ˃ʷˌ ˃ʶˊˇ˂ʹ˕ʾʰ όBiasύ ˋˍʰʻ˃˗˄ ˋʶ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ ʁʽ 

ˉˇˋˈˍʹˍʶˌ ʷ˔ˇˎ˄ ʰ˄ʰ˔ʻʶʾ ˋʶ ˉˇˋˇˋˍˈ ʶˉʾ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Φ  
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ʅ˔ʺ˃ʰ 3.9: ɾʷˋʶˌ ˍʽ˃ʷˌ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ˋˍʰʻ˃˗˄ ˋʶ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ ˍʹˌ 

ʰ˄ʱ˂ˎˋʹˌΦ ʁʽ ˉˇˋˈˍʹˍʶˌ ʷ˔ˇˎ˄ ʰ˄ʰ˔ʻʶʾ ˋʶ ˉˇˋˇˋˍˈ ʶˉʾ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Φ  

 

ʅ˔ʺ˃ʰ 3.10: ɾʷˋʶˌ ˍʽ˃ʷˌ ˊʾʸʰˌ ˃ʷˋˇˎ ˍʶˍˊʰʴ˖˄ʽˁˈ ˋ˒ʱ˂˃ʰ ˋˍʰʻ˃˗˄ ˋʶ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ 

ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ ʁʽ ˉˇˋˈˍʹˍʶˌ ʷ˔ˇˎ˄ ʰ˄ʰ˔ʻʶʾ ˋʶ ˉˇˋˇˋˍˈ ʶˉʾ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Φ 

ʃʷˊʰ ʰˉˈ ˍʰ ʰˎˋˍʹˊʱ ˉˇˋˇˍʽˁʱ ˁˊʽˍʺˊʽʰ ˉˇˎ ʶ˒ʰˊ˃ˈˋˍʹˁʰ˄ ˁʰʽ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ˇˉˇʾ˖˄ ˒ʰʾ˄ˇ˄ˍʰʽ 

ˋˍh ˉʰˊʰˉʱ˄˖ ʵʽʰʴˊʱ˃˃ʰˍʰΣ ʶˉʽˉˊˈˋʻʶˍʰ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˁʰʽ ʹ ˍʽ˃ʺ ˍʹˌ ʃʽʻʰ˄ˈˍʹˍʰˌ 

ɮ˄ʾ˔˄ʶˎˋʹˌ ʺ Pod όάProbability of DetectionέύΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ʹ ˇ˄ˇ˃ʰˋʾʰ ˍˇˎ ʵʶʾˁˍʹ ˉˇˎ ʷ˔ʶʽ 

ˎʽˇʻʶˍʹʻʶʾ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΦ ʁ ʵʶʾˁˍʹˌ ʰˎˍˈˌΣ ˈˉ˖ˌ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾ ˁʰʽ ˋˍʹ˄ ˉʰˊʱʴˊʰ˒ˇ  

3.5, ʵʶʾ˔˄ʶʽ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˍˇ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇ ʵˇˊˎ˒ˇˊʽˁˈ ˉˊˇʿˈ˄ ˄ʰ ʰˉˇʵʾʵʶʽ ˍʹ˄ ˏˉʰˊ˅ʹ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˈˍʰ˄ ˎˉʱˊ˔ʶʽ ˉʰˊʰˍʹˊˇˏ˃ʁ˄ʹ ˍʽ˃ʺΦ ɲʶʵˇ˃ʷ˄ˇˎ ˉ˖ˌ ʹ ˉʰˊˇˏˋʰ ˃ʶ˂ʷˍʹ ʶˋˍʽʱʸʶʽ 

ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ оɰпн Vт ˖ˌ ˉˊˇˌ ˍʰ ʵʽʰˋˍʺ˃ʰˍʰ ʶˁʶʾ˄ʰ ˋˍʰ ˇˉˇʾʰ 
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ˎˉʱˊ˔ʶʽ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʹ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍˇˎ ʵʶʾˁˍʹ ʷ˔ʶʽ ˄ʰ ˁʱ˄ʶʽ ˇˎˋʽʰˋˍʽˁʱ ˃ʶ ˍˇ 

ˉˇˋˇˋˍˈ ˍ˖˄ ˃ʹ ˃ʹʵʶ˄ʽˁ˗˄ ˍʽ˃˗˄ ˍʹˌ ʶˁˍʽ˃ʹ˃ʷ˄ʹˌ ˔ˊˇ˄ˇˋʶʽˊʱˌΦ 

ʂˉ˖ˌ ʷ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ˋʶ ʱ˂˂ʶˌ ˃ʶ˂ʷˍʶˌ όHan et alΦΣ нлммύΣ ˇʽ ʵˇˊˎ˒ˇˊʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ˍʶʾ˄ˇˎ˄ 

˄ʰ ʰʴ˄ˇˇˏ˄ ˋˎˋˍʹ˃ʰˍʽˁʱ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ˍˊʾ˖ˊ˖˄ ˃ʶ ˃ʽˁˊˈ ˏ˕ˇˌ ʲˊˇ˔ʺˌ όʷˍˋʽ ʶ˅ʹʴʶʾˍʰʽ ˁʰʽ ʹ 

ˋˎˋˍʹ˃ʰˍʽˁʺ ˎˉˇʶˁˍʾ˃ʹˋʹ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʷˋʰ ʰˉˈ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ʵʶʾˁˍʹ BiasΣ ˈˉ˖ˌ 

ʰ˄ʰ˒ʷˊʻʹˁʶ ˉʰˊʰˉʱ˄˖ύΦ ɼʰʽ ˉʱ˂ʽ ˈ˃˖ˌΣ ʹ ˉʰˊʰˍʺˊʹˋʹ ʰˎˍʺ ʰ˒ˇˊʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʷ˔ˇˎ˄ 

ˉˊˇˁˏ˕ʶʽ ˃ʶ ˔ˊʺˋʹ ʵʽʰ˒ˇˊʶˍʽˁˇˏΣ ˉʰ˂ʰʽˈˍʶˊʹˌ ʷˁʵˇˋʹˌΣ ʰ˂ʴˇˊʾʻ˃ˇˎ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˁʰʽ ˈ˔ʽ ˍʹˌ 

˄ʶˈˍʶˊʹˌ ʷˁʵˇˋʹˌ όVersion тύ ʹ ˇˉˇʾʰ ʶ˅ʶˍʱʸʶˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΦ 

 

ʅ˔ʺ˃ʰ 3.11: ɾʷˋʶˌ ˍʽ˃ʷˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʰ˄ʾ˔˄ʶˎˋʹˌ ˋˍʰʻ˃˗˄ ˋʶ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ ˍʹˌ 

ʰ˄ʱ˂ˎˋʹˌΦ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʺ ˃ʰˌΣ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʰˎˍˈ ʽˋ˔ˏʶʽ ʴʽʰ  ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˍˊʽ˗˄ ˁʰʽ ʷ˅ʽ ˖ˊ˗˄Σ ˈˉˇˎ 

ˇʽ ˍʽ˃ʷˌ ˍˇʽ ʵʶʾˁˍʹ POD ʁ ʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʶˌ ˍˇˎ лΦр όлΦопп ˁʰʽ лΦпрн ʰ˄ˍʾˋˍˇʽ˔ʰύΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˉ˖ˌ 

ˋʶ ˉʶˊʽˋˋˈˍʶˊʰ ʰˉˈ ˍʰ ˃ʽˋʱ ʵʽʰˋˍʺ˃ʰˍʰ ˋˍʰ ˇˉˇʾʰ ˎˉʱˊ˔ʶʽ ˉʰˊʰˍʹˊʹ˃ʷ˄ʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʹ 

˃ʶˍ́́ ˃ʷ˄ʶˌ ˍʽ˃ʷˌ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ ʶʾ˄ʰʽ ˃ʹʵʶ˄ʽˁʷˌΦ ɮ˄ˍʾʻʶˍʰΣ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˉ˖ˌ 

ʴʽʰ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍ˖˄ ʷ˅ʽ ˖ˊ˗˄ όʰˎˍʷˌ ʵʹ˂ʰʵʺ ˍ˖˄ мнΣ нп ˁʰʽ пу ˖ˊ˗˄ύ ʹ 

ˉʽʻʰ˄ˈˍʹˍʰ ʰ˄ʾ˔˄ʶˎˋʹˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˍˇˎ лΦрΦ ɾʱ˂ʽˋˍʰΣ ʴʽʰ ˍʽˌ нп ˁʰʽ пу 

˗ˊʶˌ ʹ ˍʽ˃ʺ ˍˇˎ ʵʶʾˁˍʹ POD ˉˊˇˋʶʴʴʾʸʶʽ ˍˇ лΦт ˁʰʽ лΦу ʰ˄ˍʾˋˍˇʽ˔ʰΦ ɮˎˍˈ ʶʾ˄ʰʽΦ ˖ˌ ʷ˄ʰ ʲʰʻ˃ˈΣ 

˂ˇʴʽˁˈ ˄ʰ ˋˎ˃ʲʰʾ˄ʶʽΦ ʅʶ ˃ʶʴʰ˂ˏˍʶˊʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ʶʾ˄ʰʽ ˉʽˇ ˉʽʻʰ˄ˈΣ ˋʶ ʶˉʶʽˋˈʵʽʰ ʲˊˇ˔ʺˌ 

ˉˇˎ ʵʽʰˊˁˇˏ˄ ˉʶˊʽˋˋˈˍʶˊˇ ʰˉˈ ˍˊʶʽˌ ˗ˊʶˌΣ ˋʶ ʷ˄ʰ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʰˉˈ ʰˎˍʱ ˄ʰ ˎˉʱˊ˅ʶʽ ˃ʷˍˊʹˋʹ 

ʲˊˇ˔ʺˌ ʰˉˈ ˍˇ ʵˇˊˎ˒ˈˊˇΦ ɳˉʽˉˊˈˋʻʶˍʰ ˈ˃˖ˌΣ ʶ˅ʹʴʶʾˍʰʽ ʰˉˈ ˃ʾʰ ʰˁˈ˃ʰ ˉʰˊʰˍʺˊʹˋʹΦ ɼʰˍʱ ˍʹ˄ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˒ʱ˄ʹˁʶ ˋʶ ʰˊˁʶˍʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉ˖ˌ ˇ ʵˇˊˎ˒ˈˊˇˌ ˃ˉˇˊʶʾ ˄ʰ ʷʵʽ˄ʶ 

˃ʹʵʷ˄ ˋʶ ˁʱˉˇʽˇ ʵʽʱˋˍʹ˃ʰ ˋˍˇ ˇˉˇʾˇ ˎˉʺˊ˔ʶ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ ́ʲˊˇ˔ʺΣ ˁʰʽ ˍʽ˃ʺ ʵʽʱ˒ˇˊʹ ˍˇˎ 

˃ʹʵʶ˄ˈˌ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁˈΣ ʶˉˈ˃ʶ˄ˇ ʺ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ʵʽʱˋˍʹ˃ʰ ˈˉˇˎ ʹ ˍʽ˃ʺ ˍʹˌ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʹˌ 
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˔ˊˇ˄ˇˋʶʽˊʱˌ ʺˍʰ˄ ˃ʹʵʶ˄ʽˁʺΦ ɲʹ˂ʰʵʺΣ ˎˉʺˊ˔ʰ˄ ˉʶˊʽˉˍ˗ˋʶʽˌ ˁʰˍʱ ˍʽˌ ˇˉˇʾʶˌΣ ʶ˄˗ ˍˇ ʴʶʴˇ˄ˈˌ ˍʹˌ 

ˏˉʰˊ˅ʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʶˁˍʽ˃˗˄ˍʰʽ ˋ˖ˋˍʱΣ ˎˉʺˊ˔ʶ ˋ˒ʱ˂˃ʰ ˖ˌ ˉˊˇˌ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˉˇˎ 

ʰˎˍʺ ʶˁʵʹ˂˖˄ˈˍʰ˄Φ ɴˍˋʽ ˂ˇʽˉˈ˄Σ ˈˋˇ ʰ˄ʶʲʰʾ˄ʶʽ ʹ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΣ ʹ ʰʲʶʲʰʽˈˍʹˍʰ ʰˎˍʺ 

˃ʶʽ˗˄ʶˍʰʽ ˁʰʽ ʰˎˍˈˌ ʶʾ˄ʰʽ ʷ˄ʰˌ ʰˉˈ ˍˇˎˌ ˂ˈʴˇˎˌ ˉˇˎ ʲʶ˂ˍʽ˗˄ʶˍʰʽ ˁʰʽ ʹ ˍʽ˃ʺ ˍˇˎ ʵʶʾˁˍʹ POD. 

ɾʱ˂ʽˋˍʰΣ ʴʽʰ ˍʰ ʵʽʰˋˍʺ˃ʰˍʰ ˍ˖˄ нп ˁʰʽ пу ˖ˊ˗˄ ˃ˉˇˊʶʾ ˄ʰ ʶʽˉ˖ʻʶʾ ˉ˖ˌ ˍˇ ˉˊˇʿˈ˄ оɰпн Vт ʶʾ˄ʰʽ 

ʰˊˁʶˍʱ ʰ˅ʽˈˉʽˋˍˇ ό˃ʶ ˉʽʻʰ˄ˈˍʹˍʶˌ ˁˇ˄ˍʱ ˋˍˇ лΦт ˁʰʽ лΦу ʰ˄ˍʾˋˍˇʽ˔ʰύ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ 

ˏˉʰˊ˅ʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʂ˔ʽ ˈ˃˖ˌ ʴʽʰ ˍʹ˄ ˉˇˋˇˍʽˁʺ ʶˁˍʾ˃ʹˋʹ ʰˎˍʺˌ όˉˇˎ ʰ˄ʱʴʶˍʰʽ ˋˍʹ˄ 

ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˂ˇʽˉˈ˄Σ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍ˖˄ ʵʶʽˁˍ˗˄ύΣ ˈˉ˖ˌ ˋʹ˃ʶʽ˗ʻʹˁʶ ˉʰˊʰˉʱ˄˖Φ ʅˍˇ ʅ˔ʺ˃ʰ 

3.1м ˒ʰʾ˄ˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ˍˇˎ ʵʶʾˁˍʹ ʴʽʰ ˍʰ ʵʽʱ˒ˇˊʰ ʵʽʰˋˍʺ˃ʰˍʰΦ 

ʅˎ˄ˇ˂ʽˁʱΣ ˉˊˇˁˏˉˍʶʽ ˉ˖ˌ ˍˇ ˉˊˇʿˈ˄ TMPA 3B42 Vт ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰˋˍʶʾ ʶˎʻʷ˖ˌ ʰ˅ʽˇˉˇʽʺˋʽ˃ˇ 

όʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˍʹˌ ˉʰˊʰˍʹˊʹ˃ʷ˄ʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˉˇˎ ʶʾ˄ʰʽ ˁʰʽ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ 

ˍʹˌ ˃ʶ˂ʷˍʹˌύ ˋʶ ˁʰ˃ʾʰ ʰˉˈ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˍ˖˄ оΣ сΣ мнΣ нп ˁʰʽ пу hrΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ 

˃ʰˊˍˎˊʱˍʰʽ ʰˉˈ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ʵʶʽˁˍ˗˄Σ ˈˉ˖ˌ ˉʰˊˇˎˋʽʱˋˍʹˁʰ˄ ˋˍʹ˄ ˉʰˊʱʴˊʰ˒ˇ ʰˎˍʺΦ 

ʅʰ˒ʷˋˍʰˍʰΣ ˈˋˇ ʰ˄ʶʲʰʾ˄ˇˎ˃ʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʲʶ˂ˍʽ˗˄ˇ˄ˍʰʽ 

ʰʽˋʻʹˍʱ ˋʶ ˈ˂ʶˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌΦ ɶ ʲʶ˂ˍʾ˖ˋʹ ˈ˃˖ˌ ʰˎˍʺ ʵʶ˄ ʶʾ˄ʰʽ ʰˊˁʶˍʺ ˗ˋˍʶ ˄ʰ ˁʰˍʰˋˍʶʾ ˍˇ 

ˉˊˇʿˈ˄ ʰ˅ʽˈˉʽˋˍˇ ʴʽʰ ˍʹ˄ ˉˇˋˇˍʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ʺˌ ˁʰʽ ʴʽʰ ʰˉʶˎʻʶʾʰˌ ˔ˊʺˋʹ ˍˇˎ ˋʶ 

ˎʵˊˇ˂ˇʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ ɶ ˃ˈ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˁʰ˂˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ʷ˔ˇˎ˄ ˄ʰ ˁʱ˄ˇˎ˄ ˃ʶ ˍʹ˄ 

ˍʽ˃ʺ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʰ˄ʾ˔˄ʶˎˋʹˌ όPODύ ˁʰʽ ʰˎˍʷˌ ˃ˈ˄ˇ ʴʽʰ ˍʽˌ ˁ˂ʾ˃ʰˁʶˌ ˍ˖˄ нп ˁʰʽ пу ˖ˊ˗˄Φ ʅˍʽˌ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˎˍʷˌΣ ˍʰ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˃ˉˇˊˇˏ˄Σ ˃ʶ ˋ˔ʶˍʽˁʺ ʰ˅ʽˇˉʽˋˍʾʰΣ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˏˉʰˊ˅ʹˌ ʺ ˃ʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ˁʰʽ 

ʴʽʰ ˍˇ ˔ˊˈ˄ˇ ˉˇˎ ʰˎˍʺ ˉʰˊʰˍʹˊʺʻʹˁʶΦ ɰʷʲʰʽʰΣ ʹ ʴ˄˗ˋʹ ʰˎˍʺ ʰˉˈ ˃ˈ˄ʹΣ ˈˍʰ˄ ʵʶ ˋˎ˄ˇʵʶˏʶˍʰʽ 

˃ʶ ʴ˄˗ˋʹ ˁʰʽ ˍ˖˄ ˉˇˋˇˍʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ʲˊˇ˔ʺˌ ʰˎˍʺˌΣ ʵʶ˄ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʹˌ ˉˊʰˁˍʽˁʺˌ 

ʰ˅ʾʰˌΣ ʽʵʾ˖ˌ ʴʽʰ ˎʵˊˇ˂ˇʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ 

ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽΣ ʴʽʰ ˁʰ˂ˏˍʶˊʹ ʶˉˇˉˍʶʾʰΣ 

ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰΦ 

ʃʾ˄ʰˁʰˌ пΦмΥ ɾʷˋʶˌ ˍʽ˃ʷˌ ˁˊʽˍʹˊʾ˖˄ ʰˉˈʵˇˋʹˌ ʴʽʰ ˁʱʻʶ ˃ʾʰ ʰˉˈ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˍʹˌ 

ʰ˄ʱ˂ˎˋʹˌ. 

ʋˊˇ˄ʽˁˈ 

ʲʺ˃ʰ 

(hr) 

POD Eff R 
Bias 

(mm) 

Bias 

(%) 

MAE 

(mm) 

MAE 

(%) 

RMSE 

(mm) 

RMSE 

(%) 

3 0.344 -0.138 0.302 -0.721 -26.336 3.084 118.343 6.156 237.637 

6 0.452 -0.003 0.412 -0.728 -18.235 3.952 107.833 7.505 206.070 

12 0.570 0.118 0.496 -0.6479 -10.747 4.989 98.100 9.101 180.206 

24 0.681 0.199 0.554 -0.560 -5.355 6.339 90.929 11.133 160.966 

48 0.786 0.274 0.606 -0.475 -1.251 8.042 82.983 13.469 140.036 
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3.7.2 ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˁˊʽˍʹˊʾ˖˄ ʰˉˈʵˇˋʹˌ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ʶˉʽ˔ʶʽˊʺʻʹˁʶ ʹ ˔˖ˊʽˁʺ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍ˖˄ ˍʽ˃˗˄ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˁˊʽˍʹˊʾ˖˄ 

ˉʱ˄˖ ʰˉˈ ˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇΣ ˗ˋˍʶ ˄ʰ ʵʽʶˊʶˎ˄ʹʻʶʾ ʹ ˍˎ˔ˈ˄ ˏˉʰˊ˅ʹ ˍʱˋʶ˖˄ ˉʱ˄˖ ʰˉˈ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ ArcGIS ˁʰʽ ʹ 

˔˖ˊʽˁʺ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ʷʴʽ˄ʶ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ ʲʷ˂ˍʽˋˍʹˌ ˉʰˊʶ˃ʲˇ˂ʺˌ Kriging όϠ 3.6ύΦ ʅʶ 

ˁʰʻʷ˄ʰ ʰˉˈ ˍʰ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʷ˄ˍʶ ˔ʱˊˍʶˌΣ ˁʰʻʷ˄ʰˌ ʰˉˈ ˍˇˎˌ ˇˉˇʾˇˎˌ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˃ʾʰ ʰˉˈ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ ʁʽ ˔ʱˊˍʶˌ ʷ˔ˇˎ˄ ˁʰˍʰˋˁʶˎʰˋˍʶʾ ˃ʶ 

ˁˇʽ˄ʺ ˁ˂ʾ˃ʰˁʰ ˔ˊ˖˃ʱˍ˖˄ όˈˉˇˎ ˁʱʻʶ ˔ˊ˗˃ʰ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˁˇʽ˄ˈ ʶˏˊˇˌ ˍʽ˃˗˄ ˍˇˎ ˁʱʻʶ 

ˁˊʽˍʺˊʽˇˏύ ˗ˋˍʶ ˃ʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˄ʰ ʶʾ˄ʰʽ ʶˎ˔ʶˊʷˋˍʶˊʹ ʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˁʰʽ 

ˉʽˇ ʶˏˁˇ˂ʰ ʰ˄ˍʽ˂ʹˉˍʺ ʹ ˃ʶˍʰʲˇ˂ʺ ˍˇˎ ˁʱʻʶ ˃ʶʴʷʻˇˎˌΣ ˈˍʰ˄ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʹ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΦ 

ɸʰ ˉˊʷˉʶʽ ˋˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ʲʷʲʰʽʰΣ ˄ʰ ˍˇ˄ʽˋʻʶʾ ˉ˖ˌ ˇ ˋˁˇˉˈˌ ˍ˖˄ ˔ʰˊˍ˗˄ ʰˎˍ˗˄ ʶʾ˄ʰʽ ˄ʰ ʴʾ˄ʶʽ 

ˁʰ˂ˏˍʶˊʰ ʰ˄ˍʽ˂ʹˉˍˈ ˍˇ ζ˃ˇˍʾʲˇη ˉˇˎ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˋˍʹ˄ ʶˉʽˁˊʱˍʶʽʰΦ ʂˉ˖ˌ ʷ˔ʶʽ 

ˍˇ˄ʽˋʻʶʾ ˁʰʽ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰΣ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˋˍʰʻ˃˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ 

˃ʶ˂ʷˍʹ όоп ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˇʾ ˋˍʰʻ˃ˇʾύ ʵʶ˄ ʶʾ˄ʰʽ ʶˉʰˊˁʺˌ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˋˍʷˊʶ˖˄ ˁʰʽ ʰˁˊʽʲ˗˄ 

ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ˋʶ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ˉʶˊʽˇ˔ʺΦ ʁ ʰˊʽʻ˃ˈˌ ʰˎˍˈˌ ˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ 

ˋˍʰʻ˃˗˄ ˎˉʰʴˇˊʶˏˍʹˁʶ ʰˉˈ ˍʹ˄ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʰ˄ʶˏˊʶˋʹˌ ˍ˖˄ ʰ˄ʰʴˁʰʾ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˋˍʹ˄ ˍˈˋˇ ˂ʶˉˍʺ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΣ ˈˉ˖ˌ ʷ˔ʶʽ ʺʵʹ ʶˉʽˋʹ˃ʰ˄ʻʶʾΦ ʃʰˊˈˍʽ ˍˇ ʵʾˁˍˎˇ 

όʅ˔ʺ˃ʰ 3.3ύ ʶʾ˄ʰʽ ˉˇ˂ˏ ˁʰ˂ʱ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ˇ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ όˉˊʱʴ˃ʰ ˍˇ ˇˉˇʾˇ ʺˍʰ˄ ˁʰʽ ˇ 

ˁˏˊʽˇˌ ˋˍˈ˔ˇˌ  ˍʹˌ ˃ʶ˂ʷˍʹˌύΣ ʶ˄ˍˇˏˍˇʽˌ ʴʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʰˉˇ˂ˏˍ˖ˌ ʰ˅ʽˈˉʽˋˍʹˌ ˔˖ˊʽˁʺˌ 

ˇ˂ˇˁ˂ʺˊ˖ˋʹˌ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ʻʰ ʰˉʰʽˍˇˏ˄ˍʰ˄ ˉˇ˂ˏ ˉʶˊʽˋˋˈˍʶˊˇʽ ˋˍʰʻ˃ˇʾΣ ˉˇˎ ˈ˃˖ˌ ʶʾ˄ʰʽ 

ʵˎˋʶˏˊʶˍˇʽΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵʾ˄ʶˍʰʽ ʽʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ˁʰˍʱ ˍʹ˄ ʰ˄ʱʴ˄˖ˋʹ ˍ˖˄ 

˔ʰˊˍ˗˄ ˁʰʽ ˍʹ˄ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ɳ˄ ʴʷ˄ʶʽΣ ˃ˉˇˊʶʾ ˄ʰ ʶʽˉ˖ʻʶʾ ˉ˖ˌ ˍʰ ˉʰˊʰˁʱˍ˖ 

ˋ˔ʺ˃ʰˍʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʵ˗ˋˇˎ˄ ˃ʽʰ ʴʶ˄ʽˁʺ ʶʽˁˈ˄ʰ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ˃ʶʴʶʻ˗˄Σ ˈ˔ʽ ˈ˃˖ˌ 

˂ʶˉˍˇ˃ʶˊʺΦ ɾʶ ʰˎˍʺ ˍʹ ˂ˇʴʽˁʺ ʻʰ ˉˊʷˉʶʽ ˁʰʽ ˄ʰ ʰ˅ʽˇ˂ˇʴʹʻˇˏ˄Φ 

ɮˊ˔ʽˁʱΣ ʰˉˈ ˍʹ˄ ʶ˅ʷˍʰˋʹ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ˍ˖˄ ˔ʰˊˍ˗˄Σ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ʰ˅ʽˇˋʹ˃ʶʾ˖ˍʹ 

ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˃ʶʴʶʻ˗˄ ˉʱ˄˖ ʰˉˈ ˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʷ˔ʶʽ 

ˉʰˊʰ̱́ˊʹʻʶʾ ˋʶ ˃ʶ˂ʷˍʶˌ ˉʱ˄˖ ʰˉˈ ˉʶˊʽˇ˔ʷˌ ˃ʶ ʷ˄ˍˇ˄ˇ ʰ˄ʱʴ˂ˎ˒ˇ ʰ˂˂ʱ ˁʰʽ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ˇ 

ˁʰʻʶˋˍ˗ˌ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄Σ ˈˉ˖ˌ ʶʾ˄ʰʽ ʹ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ɹˊʱ˄ όMoazami et alΦΣ нлмпύΦ ɮ˄ˍʾˋˍˇʽ˔ʶˌ 

ˋˎ˄ʻʺˁʶˌ ʶˉʽˁˊʰˍˇˏ˄ ˁʰʽ ˋˍʹ˄ ɳ˂˂ʱʵʰ όɾˉʰ˂ˍʱˌΣ нлмоύΣ ˇʽ ˇˉˇʾʶˌ ˁʰʽ ʵʽˁʰʽˇ˂ˇʴˇˏ˄ ˍʽˌ 

ʵʽh˒ ˇˊˇˉˇʽʺˋʶʽˌ ʰˎˍʷˌ ˃ʽʰˌ ˁʰʽΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ˂ˇʴʽˁˈΣ ʰˎ˅ʱ˄ˇˎ˄ ˍʹ˄ ʰʲʶʲʰʽˈˍʹˍʰ ˍ˖˄ 

ʵˇˊˎ˒ˇˊʽˁ˗˄ ˃ʶˍˊʺˋʶ˖˄Φ ʃʰˊˈ˂ʰ ʰˎˍʱ ˈ˃˖ˌΣ ʵʶ˄ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍʹ ˃ʶʴʱ˂ʹ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ 

˔ʰˊˍ˗˄ ˁʱˉˇʽʰ ʶ˅ʰʽˊʶˍʽˁʱ ˃ʶʴʱ˂ʹ ς ̄ ˇˎ ʻʰ ˎˉˇʵʶʾˁ˄ˎʶ ʰˋˎ˄ʷˉʶʽʰ ς ˃ ʶˍʱʲʰˋʹ ʰˉˈ ʷ˄ʰ ˔ˊ˗˃ʰ 

ˋʶ ʷ˄ʰ ʱ˂˂ˇ ˁʰʽ ˖ˌ ʶˁ ˍˇˏˍˇˎ ʰˉˈ ˃ʾʰ ˍʽ˃ʺ ˁʱˉˇʽˇˎ ˃ʶʴʷʻˇˎˌ ˋʶ ʱ˂˂ʹΦ ɼʱˍʽ ˍʷˍˇʽˇ ˉʽʻʰ˄ˈˍʰˍʰ 

ʻʰ ʷʵʶʽ˔˄ʶ ˃ʹ ʰ˅ʽˇˉʽˋˍʾʰ ˋˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˁʱˉˇʽˇˎ ʶˁ ˍ˖˄ ˋˍʰʻ˃˗˄Φ ʃʱ˄ˍ˖ˌΣ ˇʽ ˈˉˇʽʶˌ 

ʵʽʰˁˎ˃ʱ˄ˋʶʽˌ ˋˍʰ ˔ˊ˗˃ʰˍʰ ˃ʶʽ˗˄ˇ˄ˍʰʽΣ ˈˋˇ ʰ˄ʶʲʰʾ˄ʶʽ ʹ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΣ ˃ʽʰˌ ˁʰʽ ˃ʶʽ˗˄ʶˍʰʽ ʹ 

ʰʲʶʲʰʽˈˍʹˍʰ ˋˍʰ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ʰˎˍʱ ˁʰʻʾˋˍʰ˄ˍʰʽ ˉˇʽˇˍʽˁʱ ˁʰ˂ˏˍʶˊʰΣ ˈˉ˖ˌ ˒ʱ˄ʹˁʶ 

ˋˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰΦ 
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ɾˇ˄ʰʵʽˁʺ ˉʶˊʾˉˍ˖ˋʹΣ ʾˋ˖ˌΣ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ʰ˅ʽˇˉˊˈˋʶ˔ˍʰ ʰˉˈˍˇ˃ʹ ˃ʶˍʰʲˇ˂ʺ ˋˍʰ ˔ˊ˗˃ʰˍʰ 

ˍ˖˄ ˔ʰˊˍ˗˄Σ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɼʶ˄ˍˊʽˁʺˌ ɳ˂˂ʱʵʰˌ ˁʰʽ ˉʽˇ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ʊ˖ˁʾʵʰˌΣ ʊʻʽ˗ˍʽʵʰˌ ˁʰʽ ɰˇʽ˖ˍʾʰˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʶ˅ʷˍʰˋʹˌ ˍˇˎ 

˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ˁʰʽ ˍˇˎ ˃ʷˋˇˎ ˍʶˍˊʰʴ˖˄ʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌ όʅ˔ʺ˃ʰˍʰ оΦмр ˁʰʽ оΦмс). 

ʅˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ˇ ˃ˇ˄ʰʵʽˁˈˌ ˋˍʰʻ˃ˈˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʺˍʰ˄ ˇ ˋˍʰʻ˃ˈˌ ˍʹˌ 

ɮ˃˒ʾˁ˂ʶʽʰˌΣ ˇ ˇˉˇʾˇˌ ˃ʱ˂ʽˋˍʰΣ ˃ʽʰˌ ˁʰʽ ʲˊʾˋˁʶˍʰʽ ˋʶ ʰˊˁʶˍʱ ˃ʶʴʱ˂ʹ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇˎˌ 

ʴʶʽˍˇ˄ʽˁˇˏˌ ˍˇˎ όʰ˄ʰˍˇ˂ʽˁʱ ˋˎ˄ʰ˄ˍʱ˃ʶ ˍˇ ˋˍʰʻ˃ˈ ˍʹˌ ɾʱ˄ʵˊʰˌ ˋˍʹ˄ ɮˍˍʽˁʺ ˋʶ ʰˉˈˋˍʰˋʹ Ϥ фт 

kmΣ ˄ˈˍʽʰ ˍˇ ˋˍʰʻ˃ˈ ˍʹˌ ɿʶ˃ʷʰˌ ˋʶ ʰˉˈˋˍʰˋʹ Ϥ ур km ˁh ʽ ʵˎˍʽˁʱ ˍˇ ˋˍʰʻ˃ˈ ˍˇˎ ɮʴˊʽ˄ʾˇˎ ˋʶ 

ʰˉˈˋˍʰˋʹ Ϥмлр kmύ ʶˉʹˊʶʱʸʶʽ ˁʰˍʰ˂ˎˍʽˁʱ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˖ˌ ˉˊˇˌ ˍʹ ˔˖ˊʽˁʺ ˇ˂ˇˁ˂ʺˊ˖ˋʹΦ 

ʅˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺΣ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˎˋˍʹ˃ʰˍʽˁʱ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʰˉˈʵˇˋʹ ˍ˖˄ 

ʵʽʰ˒ˈˊ˖˄ ˁˊʽˍʹˊʾ˖˄ ˋʶ ˈ˂ʶˌ ˍʹˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ό˖ˌ ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʰˉˇʵˇˍʽˁˈˍʹˍʰˌΣ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʽ ˁˎˊʾ˖ˌ ˍʽˌ ˍʽ˃ʷˌ ˍˇˎ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ 

ˋ˒ʱ˂˃ʰˍˇˌ ˁʰʽ ˍʹˌ ˊʾʸʰˌ ˍˇˎ ˃ʷˋˇˎ ˍʶˍˊʰʴ˖˄ʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌύΦ  

ʂˋˇ˄ ʰ˒ˇˊʱ ˍ˗ˊʰ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ʵʶʽˁˍ˗˄Σ ʰˊ˔ʽˁʱΣ ˋˍˇ ʅ˔ʺ˃ʰ 3.12 ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˉʷ˄ˍʶ ˔ʱˊˍʶˌ 

˃ʶ ˍʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌΦ ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˋˍʹ˄ 

ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˉʰˊʱʴˊʰ˒ˇΣ ˍˇ ˁˊʽˍʺˊʽˇ ʰˎˍˈ ʶʾ˄ʰʽ ˁʰʽ ˍˇ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇΣ ʾˋ˖ˌΣ ˃ʽʰˌ ˁʰʽ ʶ˅ʶˍʱʸʶʽ 

ˍˇ ˉˈˋˇ ˁʰ˂ʱΣ ˋʶ ˁʱʻʶ ʻʷˋʹΣ ʹ ʶˁˍʽ˃˗˃ʶ˄ʹ ˔ˊˇ˄ˇˋʶʽˊʱ ˉˊˇˋʶʴʴʾʸʶʽ ˍʹ˄ ˉʰˊʰˍʹˊʹ˃ʷ˄ʹΦ ʁʽ 

ˉʶˊʽˇ˔ʷˌ ˋˍʽˌ ˇˉˇʾʶˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ʹ ˁʰ˂ˏˍʶˊʹ ʰˉˈʵˇˋʹ ˖ˌ ˉˊˇˌ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ Σ ʶʾ˄ʰʽ 

ˁˎˊʾ˖ˌ ˇʽ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ɰˇˊʶʽʰ˄ʰˍˇ˂ʽˁˇˏ ɮʽʴʰʾˇ όˉΦ˔Φ ɽʺ˃˄ˇˌΣ ɽʷˋʲˇˌύ ˁʰʽ ˍʹˌ ɸˊʱˁʹˌΣ ˍˇ ˄ˈˍʽˇΣ 

ˁˎˊʾ˖ˌΣ ˍ˃ʺ˃ʰ ˍʹˌ ɮˍˍʽˁʺˌ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ˁʶ˄ˍˊʽˁʺˌ ˁʰʽ ʲˈˊʶʽʰˌ 

ʹˉʶʽˊ˖ˍʽˁʺˌ ˔˗ˊʰˌΦ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇʽ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɼˇʸʱ˄ʹˌΣ ˍ˖˄ ɱˊʶʲʶ˄˗˄Σ ˍ˖˄ ʆˊʽˁʱ˂˖˄Σ 

ˍʹˌ ɶ˃ʰʻʾʰˌΣ ʃʷ˂˂ʰˌ ˁˍ˂Φ ɳˁʶʾ ˇʽ ˁʰ˂ʷˌ ˋˎʴˁˊʽˍʽˁʱ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋʶ ˈ˂ʶˌ 

ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌΣ ˈ˄ˍʰˌ ˇˊʽʰˁʱ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍˇˎ ˃ʹʵʶ˄ˈˌ ʴʽʰ ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ ˍˊʽ˗˄ ˖ˊ˗˄ 

όˈˉˇˎ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˍ˖˄ ˋˍʰʻ˃˗˄ ˁˎ˃ʰʾ˄ʶˍʰʽ ʴˏˊ˖ ˋˍˇ -лΦмпύ ˁʰʽ ˒ˍʱ˄ˇ˄ˍʰˌ ˖ˌ ˁʰʽ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ 

лΦр ʴʽʰ ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ пу ˖ˊ˗˄ ό˃ʶ ˃ʷˋʹ ˍʽ˃ʺ ˋˍʰʻ˃˗˄ ˋˍˇ лΦнтύΦ 

ɮ˄ˍʾʻʶˍʰΣ ˇʽ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˉˊ˖ˍʾˋˍ˖ˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɼʶ˄ˍˊʽˁʺˌ ˁʰʽ ɮ˄ʰˍˇ˂ʽˁʺˌ 

ɾʰˁʶʵˇ˄ʾʰˌ ό˃ʶ ˍʽ˃ʷˌ ʰˉˈ Ϥ -лΦрс ʷ˖ˌ ˁʰʽ Ϥ лΣмр ʴʽʰ ˍʽˌ ˁ˂ʾ˃ʰˁʶˌ ˍ˖˄ о ˁʰʽ пу hr ʰ˄ˍʾˋˍˇʽ˔ʰύΦ 

ɳˉʾˋʹˌΣ ˋˎˋˍʹ˃ʰˍʽˁʱ ˔ʰ˃ʹ˂ʺ ˉˊˇˋʷʴʴʽˋʹ ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɲˎˍʽˁʺˌ 

ɳ˂˂ʱʵʰˌ όɼʷˊˁˎˊʰΣ ɸʶˋˉˊ˖ˍʾʰΣ ʃˊʷʲʶʸʰύ ˁʰʽ ˍʹˌ ɼˊʺˍʹˌ όʋʰ˄ʽʱ ˁʰʽ ɯʴʽˇˌ ɿʽˁˈ˂ʰˇˌύΦ 

ʃʰˊʶ˃˒ʶˊʺ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˖ˌ ˉˊˇˌ ˍʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺΣ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˁʰʽ ˈˋˇ˄ ʰ˒ˇˊʱ ˍˇ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄Σ ˇ ˇˉˇʾˇˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ 

ʅ˔ʺ˃ʰ оΦмоΦ ɼʰʽ ˉʱ˂ʽ ʶʵ˗ ˃ˉˇˊˇˏ˄ ˄ ʰ ʵʽʰˁˊʽʻˇˏ˄ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ 

ʵʶʾˁˍʹΦ ʁʽ ˎ˕ʹ˂ˈˍʶˊʶˌ ʶˍʶˊˇˋˎˋ˔ʶˍʾˋʶʽˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɸˊʱˁʹˌ ˁʰʽ ˍ˖˄ 

˄ʹˋʽ˗˄ ˍˇˎ ɰˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁˇˏ ɮʽʴʰʾˇˎΣ ˍʹˌ ʲˇˊʶʽˇʵˎˍʽˁʺˌ ʹˉʶʽˊ˖ˍʽˁʺˌ ɳ˂˂ʱʵʰˌΣ ˋˍʰ 

ɲ˖ʵʶˁʱ˄ʹˋʰ ˁʰʻ˗ˌ ˁʰʽ ˋʶ ʷ˄ʰ ˍ˃ʺ˃ʰ ˍʹˌ ɮˍˍʽˁʺˌΦ ɳʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ˇʽ ʾʵʽʶˌ ˉʶˊʽˇ˔ʷˌ ˉˇˎ 

ʲˊʷʻʹˁʶ ˉ˖ˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˁʰʽ ˍˇˎˌ ˎ˕ʹ˂ˈˍʶˊˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌΦ ʁʽ ˍʽ˃ʷˌ ˋˍʽˌ 

ˉʶˊʽˇ˔ʷˌ ʰˎˍʷˌ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ ʵʽʰˋˍʺ˃ʰˍʰ лΦоо-0.38, 0.40-0.55, 0.51-0.61, 0.51-лΦсс ˁʰʽ лΦсм-
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лΦтн ʴʽʰ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˍ˖˄ оΣ сΣ мнΣ нп ˁʰʽ пу h ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ˇʽ ˃ʷˋʶˌ ˍʽ˃ʷˌ 

ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ˉˇˎ ʷ˔ˇˎ˄ ˎˉˇ˂ˇʴʽˋˍʶʾ ʴʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˋˍʰʻ˃˗˄ ʶʾ˄ʰʽ Ϥ лΦоΣ Ϥ лΦпнΣ Ϥ лΦрлΣ Ϥ 

лΦрр ˁʰʽ Ϥ лΦсл ʰ˄ˍʾˋˍˇʽ˔ʰΦ  

 

ʅ˔ʺ˃ʰ 3.12: ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ όEffύ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʴʽʰ ˁʱʻʶ 

˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΥ ʰύ о ƘǊΣ ʲύ с hrΣ ʴύ мн hrΣ ʵύ нп hr ˁ ʰʽ ʶύ пу hr. 
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ʅ˔ʺ˃ʰ 3.13: ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ όRύ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʴʽʰ ˁʱʻʶ 

˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΥ ʰύ о ƘǊΣ ʲύ с hrΣ ʴύ мн hrΣ ʵύ нп hr ˁ ʰʽ ʶύ пу hr. 

ʂˉ˖ˌ ˁʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 3.12Σ ˁʰʽ ˉʱ˂ʽ ʶʵ˗ ˇʽ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʽˌ 

ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɼʶ˄ˍˊʽˁʺˌ ɾʰˁʶʵˇ˄ʾʰˌΣ ˍʹˌ ɼʶ˄ˍˊʽˁʺˌ ɳ˂˂ʱʵʰˌ ˁʰʻ˗ˌ ˁʰʽ ˋʶ ˃ʷˊˇˌ ˍʹˌ ɼˊʺˍʹˌ 

όʶʽʵʽˁˈˍʶˊʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄  ʋʰ˄ʾ˖˄ύΦ ʅˍˇ ʅ˔ʺ˃ʰ 3.13Σ ˒ʰʾ˄ʶˍʰʽ ˁ ʰʽ ʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺΣ ʰˉˈˍˇ˃ʹ 

ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˍ˖˄ ˔ˊ˖˃ʱˍ˖˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɼʶ˄ˍˊʽˁʺˌ ɳ˂˂ʱʵʰˌ όʴˏˊ˖ ʰˉˈ ˍˇ ˋˍʰʻ˃ˈ ˍʹˌ 

ɮ˃˒ʾˁ˂ʶʽʰˌύ ˉˇˎ ʷ˔ʶʽ ʶˉʽˋʹ˃ʰ˄ʻʶʾ ˉʰˊʰˉʱ˄˖Φ 
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ʂˋˇ˄ ʰ˒ˇˊʱ ˍ˗ˊʰ ˍʽˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎˋˍʹ˃ʰˍʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌ όʺ ˃ʶˊˇ˂ʹ˕ʾʰˌύ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ оB42 

Vт ˉʱ˄˖ ʰˉˈ ˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇΣ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʰ˄ˍʽ˂ʹˉˍʺ ˃ʶ ˃ʾʰ ˉˊ˗ˍʹ ˃ʰˍʽʱ ʹ ˋˎˋˍʹ˃ʰˍʽˁʺ 

ˎˉˇʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʰˉˈ ˍˇ ʵˇˊˎ˒ˇˊʽˁˈ ˉˊˇʿˈ˄Σ ʶʽʵʽˁˈˍʶˊʰ ˋˍʽˌ ˂ʶˉˍˈˍʶˊʶˌ ˔ˊˇ˄ʽˁʷˌ 

ˁ˂ʾ˃ʰˁʶˌΦ ʆˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ʰˎˍˈΣ ˍˇ ˇˉˇʾˇ ʷ˔ʶʽ ˉˊˇˁˏ˕ʶʽ ˁʰʽ ʰˉˈ ˍʹ˄ ʶ˅ʷˍʰˋʹ ˍ˖˄ ʵʽʰʴˊʰ˃˃ʱˍ˖˄ 

ˍʹˌ ˉˊˇʹʴˇˏ˃ʶ˄ʹˌ ʶ˄ˈˍʹˍʰˌΣ ʶʾ˄ʰʽ ˋˎ˃ʲʰˍˈ ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˂ˇʽˉ˗˄ ˃ʶ˂ʶˍ˗˄ ʰ˅ʽˇ˂ˈʴʹˋʹˌ 

ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˉˊˇʿˈ˄ˍˇˌ όChen et alΦΣ нлмоύΣ ʰ˂˂ʱ ˁʰʽ ˉʰ˂ʰʽˈˍʶˊ˖˄ ʶˁʵˈˋʶ˖˄ ʰˎˍˇˏ 

όʃʰˉʰʻʶˇʵˇˋʾˇˎΣ нлммΤ ɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ нлмлύΦ ʍˋˍˈˋˇΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ 

ʶˎʻʷ˖ˌ ˋˎʴˁˊʾˋʽ˃ʰ ˃ʶˍʰ˅ˏ ˍˇˎˌΣ ˃ʽʰˌ ˁʰʽ ʰ˒ʶ˄ˈˌ ˇʽ ˃ʶ˂ʷˍʶˌ ʰˎˍʷˌ ʵʽʰ˒ʷˊˇˎ˄ ˃ʶ ˍʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʰ˒ʶ˄ˈˌ ˖ˌ ˉˊˇˌ ˍʹ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˁʰʽ 

ʰ˒ʶˍʷˊˇˎ ˖ˌ ˉˊˇˌ ˍʹ˄ ʰˁˇ˂ˇˎʻˇˏ˃ʶ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˍʹˌ ˉʰˊʰˍʹˊʹ˃ʷ˄ʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʵʹ˂ʰʵʺ ʹ 

ˋˏʴˁˊʽˋʹ ʴʾ˄ʶˍʰʽ ˃ˈ˄ˇ ˋˍʰ ʵʽʰˋˍʺ˃ʰˍʰ ˈˉˇˎ ˇʽ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˍ˖˄ ʲˊˇ˔ˇʴˊʱ˒˖˄ ʷ˔ˇˎ˄ ˃ʹ 

˃ʹʵʶ˄ʽˁʷˌ ˍʽ˃ʷˌΦ ɮˎˍˈˌ ʶʾ˄ʰʽ ˁʰʽ ʷ˄ʰˌ ʰˉˈ ˍˇˎˌ ˂ˈʴˇˎˌ ʴʽʰ ˍʽˌ ˒ˍ˖˔ʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ 

ˉʰˊʰˍʹˊˇˏ˄ˍʰʽΦ ɮˎˍˈ ʶʾ˄ʰʽ ˁʰʽ ˂ˇʴʽˁˈΣ ˃ʽʰˌ ˁʰʽ ˇʽ ˃ʹʵʶ˄ʽˁʷˌ ˍʽ˃ʷˌ ˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʵʶ 

ˎˉʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ ʅʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʰˎˍˈ ʴʽ˄ˈˍʰ˄Σ ʹ ˍʰˏˍʽˋʹ ˍ˖˄ ʵˏˇ 

˔ˊˇ˄ˇˋʶʽˊ˗˄ ˋˍʰ ʵʽʰˋˍʺ˃ʰˍʰ ʰˎˍʱ ό˂ˈʴ˖ ˍˇˎ ˈˍʽ ʵʶ˄ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˇ ʵˇˊˎ˒ˈˊˇˌ ˄ʰ ʵʾ˄ʶʽ ˍʽ˃ʷˌ 

ʵʽʱ˒ˇˊʶˌ ˍˇˎ ˃ʹʵʶ˄ˈˌ ˈˍʰ˄ ˋʶ ˉʰˊʰˍʶˍʰ˃ʷ˄ˇ ʵʽʱˋˍʹ˃ʰ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʶˁʵʺ˂˖ˋʹ ʶˉʶʽˋˇʵʾˇˎύ ʻʰ 

ˇʵʹʴˇˏˋʶ ˁʰʽ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʹ ˋˎˋ˔ʷˍʽˋʹ ˁʰʽ ˁʰ˂ˏˍʶˊʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ 

ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍ˖˄ ˔ʰˊˍ˗˄ ˍˇˎ ʅ˔ʺ˃ʰˍˇˌ 3.14Σ ʶʾ˄ʰʽ ̄ ˖ˌ ˉʷˊʰ ʰˉˈ ˍʹ ʴʶ˄ʽˁʺ ʰˎˍʺ ˎˉˇʶˁˍʾ˃ʹˋʹ 

ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽΣ ˈˋˇ ʰ˄ʶʲʰʾ˄ʶʽ ʹ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΣ ˍˇ ˉˇˋˇˋˍˈ ˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ˃ʶʽ˗˄ʶˍʰʽ όˋʶ 

ʰˉˈ˂ˎˍʹ ˍʽ˃ʺύ ˁʰʽ ˋʶ ˁʱˉˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʴʾ˄ʶˍʰʽ ˃ʷ˔ˊʽ ˁʰʽ ʻʶˍʽˁˈΦ ɲʹ˂ʰʵʺΣ ˉʶˊʽˇ˔ʷˌ ˋˍʽˌ ˇˉˇʾʶˌ 

ˎˉʱˊ˔ʶʽ ˎˉˇʶˁˍʾ˃ʹˋʹ ˋˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ ˍˊʽ˗˄ ˖ˊ˗˄Σ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʰˍʹˊʹʻʶʾ ʰˁˈ˃ʰ ˁʰʽ 

ˎˉʶˊʶˁˍʾ˃ʹˋʹ ˈˍʰ˄ ʹ ʰ˄ʱ˂ˎˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˋʶ ˎ˕ʹ˂ˈˍʶˊʶˌ ˁ˂ʾ˃ʰˁʶˌΦ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ 

˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ʹ ˉʶˊʽˇ˔ʺ ˍʹˌ ɸʶˋˋʰ˂ʾʰˌΣ ˋˍʹ˄ ˇˉˇʾʰ ʶ˄˗ ˋˍʽˌ о hr ́  ˍʽ˃ʺ ˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ 

ό˖ˌ ˉˇˋˇˋˍˇˏύ ˁˎ˃ʰʾ˄ʶˍʰʽ ˋˍˇ ʵʽʱˋˍʹ˃ʰ -29.2% - -нмΦф҈Σ ˋˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ пу hr ˒ˍʱ˄ʶʽ ˄ʰ 

ʲˊʾˋˁʶˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɽʱˊʽˋʰˌΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˉ˂ʹˋʾˇ˄ ˍˇˎ Ҍнр҈ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍʹˌ 

˔ˊˇ˄ˇˋʶʽˊʱˌΦ ɰʷʲʰʽʰΣ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹ ʰˉˇˍʶ˂ʶʾ ʰˁˊʰʾˇ ˉʰˊʱʵʶʽʴ˃ʰΣ ˈ˔ʽ ˈ˃˖ˌ ˁʰʽ 

˃ˇ˄ʰʵʽˁˈ όʰ˄ˍʾˋˍˇʽ˔ʹ ˉʶˊʾˉˍ˖ˋʹ ʶʾ˄ʰʽ ˉΦ˔Φ ʹ ɽʺ˃˄ˇˌύΦ ʃʱ˄ˍ˖ˌΣ ʹ ʰˉˈ˂ˎˍʹ ˍʽ˃ʺ ˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ 

˃ʶʽ˗˄ʶˍʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ˋʶ ˈ˂ʶˌ ˍʽˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ 

ʶˉʽˁˊʱˍʶʽʰˌΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍˇ ʅ˔ʺ˃ʰ 3.14. 
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ʅ˔ʺ˃ʰ оΦмп: ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʶˊˇ˂ʹ˕ʾʰˌ ˖ˌ ˉˇˋˇˋˍˈ ʶˉʾ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍ˖˄ ʽˋˍˇˊʽˁ˗˄ 

˔ˊˇ˄ˇˋʶʽˊ˗˄ όBiasύ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʴʽʰ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΥ ʰύ о ƘǊΣ ʲύ с hrΣ ʴύ мн hrΣ ʵύ 

24 hr ˁ ʰʽ ʶύ пу hr. 
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ʅ˔ʺ˃ʰ оΦмр: ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌΣ ʶˁ˒ˊʰˋ˃ʷ˄ˇˎ ˖ˌ ˉˇˋˇˋˍˈ ʶˉʾ ˍʹˌ 

˃ʷˋʹˌ ˍʽ˃ʺˌ ˍ˖˄ ˉʰˊʰˍʹ˃ʷ˄˖˄ ʽˋˍˇˊʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ όɾɮɳύ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʴʽʰ ˁʱʻʶ 

˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΥ ʰύ о ƘǊΣ ʲύ с hrΣ ʴύ мн hrΣ ʵύ нп hr ˁ ʰʽ ʶύ пу hr. 

ʅˍˇˎˌ ˔ʱˊˍʶˌ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ ʰˎˍˇˏ όʅ˔ʺ˃ʰ 3.15ύ ˃ˉˇˊʶʾ ˄ʰ ˒ʰ˄ʶʾ ˁʰ˂ˏˍʶˊʰ ˁʰʽ ˄ʰ ʴʾ˄ʶʽ 

ˉ˂ʹˊʷˋˍʶˊʰ ˁʰˍʰ˄ˇʹˍʺ ˁʰʽ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄Σ ʰˉΩ ˈˍʽ ʶ˅ʶˍʱʸˇ˄ˍʰˌ ˍˇˎˌ ˔ʱˊˍʶˌ ˍˇˎ 

ʅ˔ʺ˃ʰˍˇˌ 3.14. ʁ ˂ˈʴˇˌ ʶʾ˄ʰʽ ˉ˖ˌ ʰ˂ʴʶʲˊʽˁʷˌ ˉˊˇˋʻʰ˒ʰʽˊʷˋʶʽˌ ʵʶ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ˋˍʹ˄ 

ˍʽ˃ʺ ˍˇˎ ʵʶʾˁˍʹ MAEΣ ˈˉ˖ˌ ˋˎ˃ʲʰʾ˄ʶʽ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˍˇˎ ʵʶʾˁˍʹ Bias. ʅˍˇ ʅ˔ʺ˃ʰ 3.15 ̍ ˉ˖ˌ ˁʰʽ ˋˍˇ 
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ʶˉˈ˃ʶ˄ˇ όʅ˔ʺ˃ʰ оΦмсύ ˋˍˇ ˇˉˇʾˇ ʰ˄ʰˉʰˊʾˋˍʰˍʰʽ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ʵʶʾˁˍʹ RMSE ˁʰʽ ˍˇ ˇˉˇʾˇ 

ˉˊˇˋˇ˃ˇʽʱʸʶʽ ʰˊˁʶˍʱ ˃ʶ ˍˇ ʅ˔ʺ˃ʰ мΣ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ 

ˋ˒ʰ˂˃ʱˍ˖˄Σ ʵʶ˄ ʰˁˇ˂ˇˎʻˇˏ˄ ʰ˄ʰʴˁʰˋˍʽˁʱΣ ˋʶ ˈ˂ʶˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ 

ˉˊˇʷˁˎ˕ʰ˄ ˁʰʽ ˋ˔ˇ˂ʽʱˋˍʹˁʰ˄ ʴʽʰ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌ 

(R ˁʰʽ ɳffύΦ ɳ˄˗ ˋˍʹ˄ ɮˍˍʽˁʺ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ʵʶʽˁˍ˗˄ MAE, RMSE ʰ˂˂ʱ ˁʰʽ Bias όˋʶ ʰˉˈ˂ˎˍʹ ˍʽ˃ʺύ 

ʶʾ˄ʰʽ ʰˉˈ ˍʽˌ ˁʰ˂ˏˍʶˊʶˌ όˇʽ ˍʽ˃ʷˌ ˍˇˎ MAEΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʰ ʵʽʰˋˍʺ˃ʰˍʰ млр҈-

118%, 92.5%-105%, 79.6%-92.5%, 73.2%-усΦм҈ ˁʰʽ ссΦт҈-тоΦн҈ ˋˍʽˌ ˁ˂ʾ˃ʰˁʶˌ ˍ˖˄ оΣсΣ мнΣ нп ˁʰʽ 

48 hr h ˄ˍʽˋˍˇʾ˔˖ˌΣ ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ˇʽ ˃ʷˋʶˌ ˍʽ˃ʷˌ ʲˊʾˋˁˇ˄ˍʰʽ ʴʽʰ ˁʱʻʶ ˃ʾʰ ʵʽʱˊˁʶʽʰ ˋˍˇ Ϥ мму҈Σ ~ 

млу҈Σ Ϥ фу҈Σ Ϥ фл҈ ˁʰʽ Ϥ ун҈ύ ˁʰʽ ˋˎʴ˔ˊˈ˄˖ˌ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ Eff ˁʰʽ R ʶʾ˄ʰʽ ʶ˅ʾˋˇˎ ˁʰ˂ʷˌΣ ˍˇ ʾʵʽˇ 

ʵʶ ˋˎ˃ʲʰʾ˄ʶʽ ˋˍʹ ɸˊʱˁʹΣ ˍʰ ˄ʹˋʽʱ ˍˇˎ ɰˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁˇˏ ɮʽʴʰʾˇˎ όɽʺ˃˄ˇˌ ˁʰʽ ɽʷˋʲˇˌύ ˁʰʻ˗ˌ 

ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɲˎˍʽˁʺˌ ɾʰˁʶʵˇ˄ʾʰˌ ˁʰʽ ˍˇˎ ɰˈˊʶʽˇˎ ˍ˃ʺ˃ʰˍˇˌ ˍʹˌ ɸʶˋˋʰ˂ʾʰˌ ˁʰʽ ˍʹˌ 

ɶˉʶʾˊˇˎΦ ɳ˄ʵʶʽˁˍʽˁʱΣ ˋˍˇ ʵʽʰ˃ʷˊʽˋ˃ʰ ˍʹˌ ɸˊʱˁʹˌ ʲ˂ʷˉˇˎ˃ʶ ˉ˖ˌ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˍʽ˃ʷˌ ˍˇˎ ʵʶʾˁˍʹ 

ɾɮɳ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ мом҈-138%, 118%-125%, 99%-105%, 92.5%-фф҈ ˁʰʽ усΦм҈-тфΦс҈ ʴʽʰ ˍʽˌ 

˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˍ˖˄ оΣ сΣ мнΣ нп ˁʰʽ пу hr ʰ˄ˍʾˋˍˇʽ˔ʰ ˉˇˎ ʶʾ˄ʰʽ ʴʶ˄ʽˁʱ ˎ˕ʹ˂ˈˍʶˊʶˌ ʰˉˈ ˍʽˌ 

˃ʷˋʶˌ ˍʽ˃ʷˌ ˍˇˎ ʵʶʾˁˍʹ ˋˍʹ ˔˗ˊʰΦ ʅˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺΣ ˖ˋˍˈˋˇΣ ˉʰˊʱ˂˂ʹ˂ʰ 

ˉʰˊʰˍʹˊʺʻʹˁʰ˄ ˁʱˉˇʽʶˌ ʰˉˈ ˍʽˌ ˎ˕ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʽ 

ʰˉˇʵˇˍʽˁˈˍʹˍʰˌΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈΣ ʶʾ˄ʰʽ ʶ˄ʵʶʽˁˍʽˁˈ ˍʹˌ ˃ʶʴʱ˂ʹˌ ʰʲʶʲʰʽˈˍʹˍʰˌ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ 

ˍʰ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰΦ ʃʱ˄ˍ˖ˌ ʴʽʰ ˄ʰ ʶʾ˃ʰˋˍʶ ʰˉˇ˂ˏˍ˖ˌ ʰˁˊʽʲʶʾˌΣ ˉʷˊʰ˄ ˍʹˌ ʶ˅ʰʾˊʶˋʹˌ ˍˇˎ 

ˋˍʰʻ˃ˇˏ ˍʹˌ ɮ˃˒ʾˁ˂ʶʽʰˌΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʱ˄˖ ʰˉˈ ˈ˂ˇˎˌ ˍˇˎˌ ˎˉˇ˂ˇʾˉˇˎˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ 

˃ʽʰ ʴʶ˄ʽˁʺ ˇ˃ˇʽˇʴʷ˄ʶʽʰΣ ˖ˌ ˉˊˇˌ ˍʰ ʵʽʱ˒ˇˊʰ ˋ˒ʱ˂˃ʰΦ ʅʶ ˁʱˉˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˃ˉˇˊʶʾ ˁʰʽ ˍʰ 

˔ˊ˗˃ʰˍʰ ˍ˖˄ ˔ʰˊˍ˗˄ ˄ʰ ʶʾ˄ʰʽ ˉʰˊʰˉ˂ʰ˄ʹˍʽˁʱΣ ˃ʽʰˌ ˁʰʽ ˇʽ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ʷ˔ˇˎ˄ ʰˉˇʵˇʻʶʾ ˋʶ 

ʰˊˁʶˍʱ ˃ʶʴʱ˂ˇ ʰˊʽʻ˃ˈ ˁ˂ʱˋʶ˖˄ όмн ˋˍˇ˄ ʰˊʽʻ˃ˈύ ˃ʶ ˋˁˇˉˈ ˄ʰ ʴʾ˄ˇˎ˄ ʰ˄ˍʽ˂ʹˉˍʷˌ ʰˁˈ˃ʰ ˁʰʽ 

˃ʽˁˊʷˌ ʵʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌΦ ɸʰ ˉˊʷˉʶʽ ˈ˃˖ˌ ˄ʰ ʶʾ˃ʰˋˍʶ ˉˊˇˋʶˁˍʽˁˇʾ ˋˍʹ˄ ʰ˄ʱʴ˄˖ˋʹΣ ˗ˋˍʶ ˇʽ 

ʵʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌ ʰˎˍʷˌ ˄ʰ ˃ʹ ʵ˗ˋˇˎ˄ ˍʹ ˂ʰ˄ʻʰˋ˃ʷ˄ʹ ʶ˄ˍˏˉ˖ˋʹ ˉˇ˂ˏ ʷ˄ˍˇ˄˖˄ ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄Σ 

ˉˊʱʴ˃ʰ ˍˇ ˇˉˇʾˇ ʻʰ ʺˍʰ˄ ʰ˄ʰ˂ʹʻʷˌΦ 

ʅˎ˄ʶ˔ʾʸˇ˄ˍʰˌ ˍˇ ˋ˔ˇ˂ʽʰˋ˃ˈ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʹ ɼˊʺˍʹ όˁʰʽ ʶʽʵʽˁʱ ʹ ˉʶˊʽˇ˔ʺ ˍ˖˄ 

ʋʰ˄ʾ˖˄ύ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˍʽ˃˗˄ ˍˇˎ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ˁʰʽ ˍʹˌ ˊʾʸʰˌ ˍˇˎ ˃ʷˋˇˎ 

ˍʶˍˊʰʴ˖˄ʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌ ʶʾ˄ʰʽ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˈˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˎˋˍʹ˃ʰˍʽˁʱ 

˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌΦ ɲˎˋ˃ʶ˄ʷˋˍʶˊʰΣ ˋˎʴˁˊʽˍʽˁʱΣ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʰˊˇˎˋʽʱˋˍʹˁʰ˄ ˁʰʽ ˋˍʹ˄ 

ʶ˅ʷˍʰˋʹ ˍ˖˄ Eff ˁʰʽ RΦ ɶ ʃʶ˂ˇˉˈ˄˄ʹˋˇˌ ʰˉˈ ˍʹ˄ ʱ˂˂ʹΣ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ 

ʰ˄ˇ˃ˇʽˇʴʷ˄ʶʽʰΦ ɮˉˈ ˍʹ ˃ʾʰ ˇʽ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ʲˇˊʶʾˇˎ ˁʰʽ ʵˎˍʽˁˇˏ ˍ˃ʺ˃ʰˍˇˌ ˍˇˎ ʵʽʰ˃ʶˊʾˋ˃ʰˍˇˌ 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˎ˕ʹ˂ˈˍʶˊʰ ˋ˒ʱ˂˃ʰˍʰ ʰˉΩ ˈˍʽ ˍˇ ʰ˄ʰˍˇ˂ʽˁˈΦ ɸʰ ˉˊʷˉʶʽΣ ˖ˋˍˈˋˇ ˄ʰ ʶʾ˃ʰˋˍʶ 

ˉˊˇˋʶˁˍʽˁˇʾΣ ˃ʽʰˌ ˁʰʽ ˍˇ ʲˈˊʶʽˇ ˍ˃ʺ˃ʰ ˍʹˌ ʶˉʹˊʶʱʸʶˍʰʽ ʰˊˁʶˍʱ ʰˉˈ ˍˇ ˋˍʰʻ˃ˈ ˍʹˌ ɮ˃˒ʾˁ˂ʶʽʰˌΣ 

ˋˍˇ˄ ˇˉˇʾˇ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ʹ ˉˇʽˈˍʹˍʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ʶ˂ʷʴ˔ʶˍʰʽΦ 
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ʅ˔ʺ˃ʰ оΦмс: ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍʶˍˊʰʴ˖˄ʽˁʺˌ ˊʾʸʰˌ ˃ʷˋˇˎ ˍʶˍˊʰʴ˖˄ʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌΣ 

ʶˁ˒ˊʰˋ˃ʷ˄ˇˎ ˖ˌ ˉˇˋˇˋˍˈ ʶˉʾ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍ˖˄ ˉʰˊʰˍʹ˃ʷ˄˖˄ ʽˋˍˇˊʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ 

(RMSEύ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʴʽʰ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΥ ʰύ о ƘǊΣ ʲύ с hrΣ ʴύ мн hrΣ ʵύ нп hr ˁ ʰʽ ʶύ 

48 hr. 

ɮ˄ʰ˒ˇˊʽˁʱ ˍ˗ˊʰ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʰ˄ʾ˔˄ʶˎˋʹˌ όʅ˔ʺ˃ʰ 3.17ύΣ ʱ˅ʽˇ ˋ˔ˇ˂ʽʰˋ˃ˇˏ ʶʾ˄ʰʽ 

ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ʰˉˈ ˍʽˌ ˎ˕ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ όˉˇˎ ˉˊˇˋʶʴʴʾʸˇˎ˄ ˍˇ лΦфр ˋˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ пу ˖ˊ˗˄ύ 

ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɼˊʺˍʹˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʰ ʋʰ˄ʽʱ ˁʰʻ˗ˌ ˁʰʽ ˋˍˇ ˄ˈˍʽˇˎ 
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ˍ˃ʺ˃ʰ ˍˇˎ ɮʴʾˇˎ ɿʽˁˇ˂ʱˇˎ ˁʰʽ ɶˊʰˁ˂ʶʾˇˎΦ ɳˁʶʾ όˁʰʽ ʽʵʾ˖ˌ ˋˍʰ ʋʰ˄ʽʱύ ʷ˔ʶʽ ʶˉʽˋʹ˃ʰ˄ʻʶʾ 

ˉʰˊʰˉʱ˄˖ ʹ ˔ʰ˃ʹ˂ʺ ʰˉˈʵˇˋʹ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ оɰпн VтΦ ʅˍʹ˄ ˉˇˋˇˍʽˁʺ ʶ˅ʷˍʰˋʹ ˉˇˎ ʷ˔ʶʽ 

ˉˊˇʹʴʹʻʶʾΣ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˎˍʺ ˋˎ˄ʰ˄ˍʱ˃ʶ ˁʱˉˇʽʶˌ ʰˉˈ ˍʽˌ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ ˍ˖˄ ʵʶʽˁˍ˗˄ Eff, R, 

MAE ˁ ʰʽ RMSE ̀ ˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇΦ ɴˍˋʽΣ ˇʵʹʴˇˏ˃ʰˋˍʶ ˋˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˉ˖ˌ ʶ˄˗ ˍˇ ˉˊˇʿˈ˄ ˋʶ 

ˉˇˋˇˍʽˁˈ ʶˉʾˉʶʵˇ ʰˉˇʵʾʵʶʽ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˃ʶ ˋʹ˃ʰ˄ˍʽˁʱ ˋ˒ʱ˂˃ʰˍʰΣ ʶ˄ˍˇˏˍˇʽˌ ʶʾ˄ʰʽ ʰˊˁʶˍʱ 

ʰ˅ʽˈˉʽˋˍˇ όˋˍʽˌ ˎ˕ʹ˂ʷˌ ˁ˂ʾ˃ʰˁʶˌ ˁˎˊʾ˖ˌύ ˋˍˇ ˄ʰ ʰˉʰ˄ˍʺˋʶʽΣ ˃ʶ ˄ʰʽ ʺ ˈ˔ʽΣ ˋˍˇ h ˄ ʷʲˊʶ˅ʶΦ ɮˉˈ ˍʹ˄ 

ʱ˂˂ʹΣ ˔ʰ˃ʹ˂ʷˌ ˍʽ˃ʷˌ ˍˇˎ ʵʶʾˁˍʹ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ɮˍˍʽˁʺΣ ʴʶʴˇ˄ˈˌ ʶˉʾˋʹˌ ʱ˅ʽˇ 

ʰ˄ʰ˒ˇˊʱˌΣ ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ ˁʰ˂˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ˎˉˇ˂ˇʾˉ˖˄ ʵʶʽˁˍ˗˄ ˉʱ˄˖ ʰˉˈ 

ˍʹ˄ ˉʶˊʽˇ˔ʺΦ 
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ʅ˔ʺ˃ʰ оΦмт: ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˉʽʻʰ˄ˈˍʹˍʰˌ ʰ˄ʾ˔˄ʶˎˋʹˌ όPODύ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʴʽʰ ˁʱʻʶ 

˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΥ ʰύ о ƘǊΣ ʲύ с hrΣ ʴύ мн hrΣ ʵύ нп hr ˁ ʰʽ ʶύ пу hr. 

ʆʷ˂ˇˌΣ ˋˍʰ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ˍˇˎ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ˁʰʻ˗ˌ 

ˁʰʽ ˍʹˌ ˃ʶˊˇ˂ʹ˕ʾʰˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ TRMM 3B42 Vт όʅ˔ʺ˃ʰ м ˁʰʽ н ʰ˄ˍʾˋˍˇʽ˔ʰύ ˋʶ ˔ʽ˂ʽˇˋˍʱ ʲˊˇ˔ʺˌ 

ˉʱ˄˖ ʰˉˈ ˍʹ˄ ɳ˂˂ʱʵʰΦ ʅˁˇˉˈˌ ˍ˖˄ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˋ˔ʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ ˄ʰ ʵˇʻʶʾ ˁʰʽ ˃ʾʰ ʶʽˁˈ˄ʰ ˖ˌ 

ˉˊˇˌ ˍˇ ˒ˎˋʽˁˈ ˃ʷʴʶʻˇˌ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄Φ ʃʰˊˈˍʽ ˍʰ ˋ˔ʺ˃ʰˍʰ ʰˎˍʱ ʵʶ˄ ˉˊˇˋ˒ʷˊˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ 

ʶ˅ʰʴ˖ʴʺ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ˖ˌ ˉˊˇˌ ˍʽˌ ˍʱˋʶʽˌ ʰ˄ʱ ˉʶˊʽˇ˔ʺ όˈˉ˖ˌ ˋˎ˃ʲʰʾ˄ʶʽ ˃ʶ ˈ˂ʰ ˍʰ 
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ˉˊˇʹʴˇˏ˃ʶ˄ʰύ ˃ˉˇˊˇˏ˄ ʰˉˈ ʰˎˍʱ ˄ʰ ʲʴˇˎ˄ ˁʱˉˇʽʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰΦ ɹʵʽʰʾˍʶˊˇ 

ʶ˄ʵʽʰ˒ʷˊˇ˄ ˉʰˊˇˎˋʽʱʸʶʽ ʹ ʷ˄ˍˇ˄ʹ ʰ˄ʽˋˇˍˊˇˉʾʰ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍˇ˄ ˁʶ˄ˍˊʽˁˈ ˁˇˊ˃ˈ ˍʹˌ 

˔˗ˊʰˌ ˁʰˍʱ ˍʹ ʵʽʶˏʻˎ˄ˋʹ ʵˏˋʹˌ-ʰ˄ʰˍˇ˂ʺˌΦ ɶ ʰ˄ʽˋˇˍˊˇˉʾʰ ˖ˌ ˉˊˇˌ ˍˇ ˉʶʵʾˇ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ʶʾ˄ʰʽ ʴ˄˖ˋˍʺ όɾˉʰ˂ˍʱˌΣ нлмоύ ˁʰʽ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ˏˉʰˊ˅ʹ ˍʹˌ ˇˊˇˋʶʽˊʱˌ ˍʹˌ ʃʾ˄ʵˇˎΦ ɽˈʴ˖ ˍˇˎ 

ˇˊˇʴˊʰ˒ʽˁˇˏ ˒ʰʽ˄ˇ˃ʷ˄ˇˎΣ ˍʰ ˏ˕ʹ ʲˊˇ˔ʺˌ ʵˎˍʽˁʱ ˍʹˌ ˇˊˇˋʶʽˊʱˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊʰΣ ˋʶ 

ʶˍʺˋʽʰ ʲʱˋʹΣ ʰˉΩ ˈˍʽ h ˄ʰˍˇ˂ʽˁʱΦ ɴˍˋʽΣ ʶʾ˄ʰʽ ʶˉˈ˃ʶ˄ˇ ˍʰ ˋ˒ʱ˂˃ʰˍʰ όˋʶ ˔ʽ˂ʽˇˋˍʱ ʲˊˇ˔ʺˌύ ˄ʰ ʶʾ˄ʰʽ 

ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʴʰ˂ˏˍʶˊʰ ˋˍˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ˔˗ˊʰˌ ˁʰʽ ˃ʽˁˊˈˍʶˊʰ ˋˍˇ ʰ˄ʰˍˇ˂ʽˁˈΣ ʵʶʵˇ˃ʷ˄ˇˎ 

ˁʰʽ ˍˇˎ ʴʶʴˇ˄ˈˍˇˌ ˉ˖ˌ ʹ ˃ʶˊˇ˂ʹ˕ʾʰ ˋʰ˄ ˉˇˋˇˋˍˈ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍ˖˄ ˉʰˊʰˍʹ˃ʷ˄˖˄ 

˔ˊˇ˄ˇˋʶʽˊ˗˄ ʶʾ˄ʰʽ ˉˊʰˁˍʽˁʱ ˇ˃ˇʽˇʴʶ˄˗ˌ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʹΦ ɶ ˉʰˊʰˍʺˊʹˋʹ ʰˎˍʺΣ ʵʶʾ˔˄ʶʽ ˉ˖ˌ ˍˇ 

ˉˊˇʿˈ˄ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍʹ˄ ˍʱˋʹ ˉˇˎ ˎˉʱˊ˔ʶʽ ˖ˌ ˉˊˇˌ ˍˇ ˁʰʻʶˋˍ˗ˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˔˖ˊʾˌ 

˖ˋˍˈˋˇ ˄ʰ ʵʾ˄ʶʽ ˍʽ˃ʷˌ ʶˉʰˊˁˇˏˌ ʰˁˊʾʲʶʽʰˌΦ 
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ʅ̝ ʺ˃ʰ оΦму: ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ όɾɮɳύ ˋʶ ˃ˇ˄ʱʵʶˌ ˏ˕ˇˎˌ ʲˊˇ˔ʺˌ 

(mmύ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʴʽʰ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΥ ʰύ о ƘǊΣ ʲύ с hrΣ ʴύ мн hrΣ ʵύ нп hr ˁ ʰʽ ʶύ пу 

hr. 
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ʅ˔ʺ˃ʰ 3.19: ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ όɾɮɳύ ˋʶ ˃ˇ˄ʱʵʶˌ ˏ˕ˇˎˌ ʲˊˇ˔ʺˌ 

(mmύ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʴʽʰ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΥ ʰύ о ƘǊΣ ʲύ с hrΣ ʴύ мн hrΣ ʵύ нп hr ˁ ʰʽ ʶύ пу 

hr. 
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ɼʶ˒ʱ˂ʰʽˇ 4. ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˁʰˍʰʽʴʾʵ˖˄ ˋˍʹ˄ ɮˍˍʽˁʺ 

4Φм ɳʽˋʰʴ˖ʴʽˁʱ 

ʅˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˍ˖˄ ˁʰˍʰʽʴʽʵˇ˒ˈˊ˖˄ 

ˋˎ̀ˍʹ˃ʱˍ˖˄ ˋˍʹ˄ ɮˍˍʽˁʺΣ ˃ʶ ˋˁˇˉˈ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ˁˊʾˋʽ˃ʹˌ ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɱʽʰ ˍˇ 

ˋˁˇˉˈ ʰˎˍˈΣ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˇ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ˇˌ ʰˉˈ ˍˇ˄ Tremblay όнллрύ ʰ˂ʴˈˊʽʻ˃ˇˌ ˁʰʽ 

ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˍ˖˄ Rouiz-Leo et alΦ όнлммύΦ ʃʱ˄˖ ʰˉˈ ˍʹ˄ ˁˊʾˋʽ˃ʹ 

ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˃ʶ ʲʱˋʹ ˍʹ˄ ˉˊˈʴ˄˖ˋʹ ˎʶˍˇˏΣ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ʹ ʶˁʵʺ˂˖ˋʹ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ 

ˋˎ˄ʵʶˈ˃ʶ˄ʹˌ ˃ʶ ˋˎˋˍʺ˃ʰˍʰ ˁʰˍʰˁˈˊˎ˒ʹˌ ʰ˄ʱˉˍˎ˅ʹˌΣ ˁʰʽ ˁʰˍΩ ʰ˄ʰ˂ˇʴʾʰΣ ˁʱˍ˖ ʰˉˈ ʰˎˍʺ˄ 

ʶˉʽˁˊʰˍˇˏ˄ ˋˍˊ˖˃ʰˍˈ˃ˇˊ˒ʰ ˒ʰʽ˄ˈ˃ʶ˄ʰΦ ɶ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˃ʶ ˔ˊʺˋʹ ʰˊ˔ʽˁʱ 

ˉʰˊʰˍʹ˃ʷ˄ʹˌ ʰˉˈ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ˇˎˌ ʲˊˇ˔ˇ˃ʶˍˊʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʶ˄˗ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 

ʵʽʶˊʶˎ˄ʱˍʰʽ ʹ ˔ˊʺˋʹ ˁʰʽ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ TRMM 

3B42 Vт ʴʽʰ ˍˇ˄ ʾʵʽˇ ˋˁˇˉˈΦ ɽˈʴ˖ ˍʹˌ ˎ˕ʹ˂ʺˌ ˔ˊˇ˄ʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˉˇˎ ˍˇ ˉˊˇʿˈ˄ ʰˎˍˈ ˉˊˇˋ˒ʷˊʶʽ 

(3 hύΣ ˁʰʻʾˋˍʰˍʰʽ ʵˎ˄ʰˍʺ ʹ ˔ˊʺˋʹ ˍˇˎ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʲˊˇ˔ʺˌ ˋʶ ʶˉʾˉʶʵˇ ʶˉʶʽˋˇʵʾˇˎΦ ʍˋˍˈˋˇΣ 

ʴʽʰ ˄ʰ ˋˎ˃ʲʶʾ ʰˎˍˈ ʻʰ ˉˊʷˉʶʽ ˉˊ˗ˍʰ ʹ ʰ˅ʽˇˉʽˋˍʾʰ ˍˇˎΣ ʴʽʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶ˒ʰˊ˃ˇʴʺΣ ˄ʰ 

ʵʽʶˊʶˎ˄ʹʻʶʾΦ ɮˎˍˈˌ ʶʾ˄ʰʽ ˁʰʽ ˇ ˋˁˇˉˈˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ˍʹˌ ɾʶˍʰˉˍˎ˔ʽʰˁʺˌ 

ʰˎˍʺˌ ʶˊʴʰˋʾʰˌΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˈ ˍʰ ʵˏˇ ˉˊˇʿˈ˄ˍʰ ʶ˄ ˍʷ˂ʶʽ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽΣ ʻʶ˖ˊ˗˄ˍʰˌ 

˒ˎˋʽˁʱ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˄ ˉˊˇˁˏ˕ʶʽ ˃ʶ ʲʱˋʹ ˍʹ˄ ˉʰˊʰˍʹ˃ʷ˄ʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˖ˌ ˍʹ˄ 

ζʰ˂ʺʻʶʽʰηΦ 

ɽˈʴ˖ ˍ˖˄ ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖˄ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ όˍʰ ˇˉˇʾʰ ʷ˔ˇˎ˄ ʰ˄ʰ˂ˎʻʶʾ ʵʽʶ˅ˇʵʽˁʱ 

ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˉʰˊʱʴˊʰ˒ˇύ ˁʰʽ ˁˎˊʾ˖ˌ ˍʹˌ ˔˖ˊʽˁʺˌ ˁʱ˂ˎ˕ʹˌ ˉˇˎ ʰˎˍʱ ˉˊˇˋ˒ʷˊˇˎ˄Σ ʹ ˉʽʻʰ˄ʺ 

ʰ˅ʽˇˉˇʾʹˋʺ ˍˇˎˌ ʴʽʰ ʰˎˍˈ ˍˇ ˋˁˇˉˈ ʵˏ˄ʰˍʰʽ ˄ʰ ˉˊˇˋ˒ʷˊʶʽ ˉˇ˂ˏˍʽ˃ʹ ʴ˄˗ˋʹ ˁʰʽ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ 

ˋʹ˃ʰ˄ˍʽˁˈ ʶˊʴʰ˂ʶʾˇ ʽʵʾ˖ˌ ˋʶ ʻʷ˃ʰˍʰ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ˉˊˈʴ˄˖ˋʹˌΦ ɳʽʵʽˁˈˍʶˊʰΣ ˉʽʻʰ˄ʱ 

ʶ˄ʻʰˊˊˎ˄ˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʵˏ˄ʰ˄ˍʰʽ ˄ʰ ˁʰˍʰˋˍʺˋˇˎ˄ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʵˇˊˎ˒ˇˊʽˁˈ ˉˊˇʿˈ˄ 

ˉˊˈˋ˒ˇˊˇ ˉˊˇˌ ʰ˅ʽˇˉˇʾʹˋʹ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍʹˌ ɾʶˋˇʴʶʾˇˎΣ ˋˍʹ˄ ˇˉˇʾʰ 

ˎˉʱˊ˔ʶʽ ʰˉˇˎˋʾʰ ˋˎ˃ʲʰˍʽˁ˗˄ ˃ʶˍˊʺˋʶ˖˄ ˉʱ˄˖ ʰˉˈ ˍʹ ʻʰ˂ʱˋˋʽʰ ˉʶˊʽˇ˔ʺ ˁʰʽ ˋˎʴ˔ˊˈ˄˖ˌ ˍʰ 

ʶˉʶʽˋˈʵʽʰ ˍˏˉˇˎ convective h ˉˇˍʶ˂ˇˏ˄ ˋˎ˔˄ˈ ˒ʰʽ˄ˈ˃ʶ˄ˇ όMartin and Carretero, 2001). 

4Φн ɮ˄ʱˉˍˎ˅ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˃ʶ ˔ˊʺˋʹ ʶˉʾʴʶʽ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ɶ ˉʶˊʾˇʵˇˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ˃ʶ˂ʷˍʹ ʶʾ˄ʰʽ ʹ ʶ˅ʰʶˍʾʰ нллф-2014 ˁʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˃ʶˍˊʺˋʶʽˌ ˍˇˎ ʇʵˊˇ˂ˇʴʽˁˇˏ ʃʰˊʰˍʹˊʹˍʹˊʾˇˎ ɮʻʹ˄˗˄ 

(Hydrological Observatory of Athens ς HOA). 
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ʁʽ ˋˍʰʻ˃ˇʾΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˇˉˇʾ˖˄ ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʾˇʵˇΣ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ ό ʅ˔ʺ˃ʰ 4.м ˁʰʽ ʃʾ˄ʰˁʰˌ 4.1). 

 

ʅ˔ʺ˃ʰ 4.1Υɾʶˍʶ˖ˊˇ˂ˇʴʽˁˇʾ ˋˍʰʻ˃ˇʾ ʵʽˁˍˏˇˎ HOA ̄ ˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄. 

ʃʾ˄ʰˁʰˌ 4.1: ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˇʾ ˋˍʰʻ˃ˇʾ ʵʽˁˍˏˇˎ HOA ̄ ˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄. 

ʅˍʰʻ˃ˈˌ ɱʶ˖ʴˊΦ ɾʺˁˇˌ ό) ɱʶ˖ʴˊΦ ʃ˂ʱˍˇˌ ό) ʇ˕ˈ˃ʶˍˊˇ όƳύ 

ɯʴʽˇˌ ɼˇˋ˃ʱˌ 23.718 37.893 5 

ɯʴʽˇˌ ɿʽˁˈ˂ʰˇˌ 23.907 38.046 383 

ɱʰ˂ʱˍˋʽ 23.758 38.029 176 

ɾʱ˄ʵˊʰ 23.564 38.123 258 

ʃʶ˄ˍʷ˂ʹ 23.919 38.070 630 

ʃʽˁʷˊ˃ʽ 38.001 23.929 133 

ʌˎˍʱ˂˂ʶʽʰ 23.595 37.943 20 

ɵ˖ʴˊʱ˒ˇˎ 37.980 23.780 181 

 

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˋˍʰʻ˃˗˄ ʰˎˍ˗˄ ˉʰˊʷ˔ˇ˄ˍʰʽ ˋʶ ˗ˊʰ EET (East European Timeύ ˁʰʽ ˋʶ 

ʵʶˁʱ˂ʶˉˍˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰΦ ɴˍˋʽΣ ʰ˒ˇˏ ˉˊ˗ˍʰ ˃ʶˍʰˍˊʱˉʹˁʰ˄ ˋʶ ʸ˗˄ʹ UTC (Coordinated Universal 

TimeύΣ ʰ˄ʺ˔ʻʹˋʰ˄ ˋʶ с˖ˊˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ˎˉˈ ˃ʶ˂ʷˍʹ ˉʶˊʾˇʵˇΣ ˃ʶ ʲʱˋʹ ˍʰ ˈˋʰ 
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ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈΣ ˁ ʱʻʶ ʹ˃ʷˊʰ ˔˖ˊʾʸʶˍʰʽ ˋʶ ˍʷˋˋʶˊʰ 

ʾˋʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˍ˖˄ с ˖ˊ˗˄ ˁʰʽ ˍˇ ˏ˕ˇˌ ʲˊˇ˔ʺˌ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʰ ʵʽʰˋˍʺ˃ʰˍʰ ʰˎˍʱ 

ʽˋˇʵˎ˄ʰ˃ʶʾ ˃ʶ ˍʹ˄ ʷ˄ˍʰˋʹ ʰ˄ʱ ʷ˅ʽ ˗ˊʶˌ όmm/6hύΦ ɶ ʰ˄ʱ˂ˎˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʴʽʰ ˁʱʻʶ ʷˍˇˌ 

˔˖ˊʽˋˍʱΦ 

4ΦнΦм ʃˊ˗ˍˇˌ ʰ˂ʴˈˊʽʻ˃ˇˌΥ ʶˁʻʶˍʽˁʺ ˉˊˇˋʰˊ˃ˇʴʺ 

ʂˉ˖ˌ ʷ˔ʶʽ ʰ˄ʰ˂ˎʻʶʾ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇΣ ˉˊ˗ˍˇ ʲʺ˃ʰ ʰˉˇˍʶ˂ʶʾ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ 

ʰ˂ʴˇˊʾʻ˃ˇˎ ˉˇˎ ʻʰ ˉʶˊʽʴˊʱ˒ʶʽ ˍˇ stratiform ˁʰʻʶˋˍ˗ˌ ˃ʷˋ˖ ʶ˄ˈˌ ʶˁʻʶˍʽˁˇˏ ˄ˈ˃ˇˎΦ ɾʶ ˍʹ˄ 

ʲˇʺʻʶʽʰ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʰˎˍˇˏ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʰʻˊˇʽˋˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹ ʴʽʰ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ 

ʷ˄ˍʰˋʹ R(tύ ʰ˄ʱ с hΣ ˁʰʻ˗ˌ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʵʽʱˋˍʹ˃ʰ ʰˉˇˍʶ˂ʶʾ ˍˇ ˍˎˉʽˁˈ ʶ˂ʱ˔ʽˋˍˇ ʴʽʰ ˍʹ˄ 

ʰ˄ʱˉˍˎ˅ʹ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˍˏˉˇˎ convective. 

ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ʴʾ˄ʶˍʰʽ ʹ ʶˉʽ˂ˇʴʺ ˍʹˌ ˁ˂ʱˋʹˌ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌΣ ˁʰʻ˗ˌ ˍˇ ˃ʷʴʶʻˇˌ ʰˎˍˈ ʶˉʹˊʶʱʸʶʽ 

ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ˄ ˍʶ˂ʽˁʺ ˃ˇˊ˒ʺ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌΦ ʂˉ˖ˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ пΦ2Σ ʶˉʽʵʽ˗˔ʻʹˁʶ ́  

ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ʵʶʽˁˍʽˁ˗˄ ˁʰˍʰ˄ˇ˃˗˄ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʵʽʰˋˍʺ˃ʰˍʰ όclass intervals: 1, 2.5, 4, 5.5, 

ˁΦʰΦ mm/6 hύ ʷˍˋʽ ˗ˋˍʶ ʹ ˍʶ˂ʽˁʺ ˃ˇˊ˒ʺ ˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ ˍˈˋˇ ˇ˃ʰ˂ʺ ˗ˋˍʶ ˄ʰ ˔ʱ˄ʶˍʰʽ ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ 

ˍˇˎ convective, ˁʰʽ ˉʰˊʱ˂˂ʹ˂ʰ ˄ʰ ˃ʹ˄ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʰʵʽˁʰʽˇ˂ˈʴʹˍʶˌ ʰ˄˖˃ʰ˂ʾʶˌ ˉˇˎ ˄ʰ 

ˇʵʹʴˇˏ˄ ˋʶ ˎˉʶˊʶˁˍʾ˃ʹˋʺ ˍˇˎΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹΣ ʹ ˁʰ˃ˉˏ˂ʹ ˇ˒ʶʾ˂ʶʽ ˄ʰ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˇ˃ʰ˂ʺΣ ˗ˋˍʶ 

ʶˏˁˇ˂ʰ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋʰˊ˃ˇˋˍʶʾ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ όRuiz-Leo A.M., et al., 2011). 

ʅˍˇ ʅ˔ʺ˃ʰ 4.2 ʶ˄ʵʁ̔ ˁˍʽˁʱ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˁʰ˃ˉˏ˂ʶˌ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ʴʽʰ ˍʷˋˋʶˊʽˌ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍʽ˃ʷˌ ˁ˂ʱˋʹˌ ʷ˄ˍʰˋʹˌ ʴʽʰ ˍˇ ʷˍˇˌ нлммΦ ɾʶ ʲʱˋʹ ˍʰ ˁˊʽˍʺˊʽʰ ˉˇˎ ʷ˔ˇˎ˄ ʰ˄ʰ˂ˎʻʶʾΣ 

˖ˌ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊʹ ʶˉʽ˂ʷʴʶˍʰʽ ʹ ˁʰ˃ˉˏ˂ʹ ( )̡Φ ɰʷʲʰʽʰΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋʻʶʾΣ ˉ˖ˌ ˋʶ ˁʱʻʶ 

ˉʶˊʾˉˍ˖ˋʹ ʶ˅ʶˍʱˋˍʹˁʰ˄ ˁʰʽ ˇʽ ʴʶʽˍˇ˄ʽˁʷˌ ˍʽ˃ʷˌ ʶˁʶʾ˄ʹˌ ˉˇˎ ʻʶ˖ˊˇˏ˄ˍʰ˄ ˖ˌ ʹ ˉʽˇ ˁʰˍʱ˂˂ʹ˂ʹ 

όˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ˇʽ ˍʽ˃ʷˌ н mm/6 h ˁ ʰʽ о mm/6 h). 
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ʅ˔ʺ˃ʰ 4.2: ɼʰˍʰ˄ˇ˃ʺ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɮˍˍʽˁʺˌ ʴʽʰ ˍˇ ʷˍˇˌ нлмл ˃ʶ 

˔ˊʺˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʵʽʰˋˍʹ˃ʱˍ˖˄ ˁ˂ʱˋʶ˖˄Υ ʰύ мΣ ʲύ нΦрΣ ʴύ п ˁʰʽ ʵύ рΦр mm/6 hΦ ɳʾ˄ʰʽ ˒ʰ˄ʶˊˈ 

ˉ˖ˌ ˋʶ ˃ʽˁˊˈˍʶˊʶˌ ˁ˂ʱˋʶʽˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰ˄˖˃ʰ˂ʾʶˌΦ 

ɱʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ ʶˁʻʶˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌΣ ʵʽʰ˃ˇˊ˒˗ʻʹˁʶ ˋˍʹ MATLAB ˁʰˍɦ˂ ˂ʹ˂ˇˌ 

ʰ˂ʴˈˊʽʻ˃ˇˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΦ ʅʰ˄ ˃ʷʻˇʵˇˌΣ ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ ˔ˊʺˋʹ ʴʶ˄ʶˍʽˁ˗˄ ʰ˂ʴˇˊʾʻ˃˖˄ όʹ 

ˋˎ˄ʱˊˍʹˋʹ άgaέύΦ ɮˊ˔ʽˁʱ ˋʶ ˁʱʻʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʰ˄ʽ˔˄ʶˏʻʹˁʰ˄ ˍʰ ˍˇˉʽˁʱ ʶ˂ʱ˔ʽˋˍʰ ˉˇˎ 

ˉʰˊˇˎˋʽʱʸʶʽ ʹ ˉʰˊʰˍʹ˃ʷ˄ʹ ʰʻˊˇʽˋˍʽˁʺ ˁʰ˃ˉˏ˂ʹΣ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˍˇ ˉˊ˗ˍˇ ˋʹ˃ʶʾˇ ʰˎˍʺˌ 

όʅ˔ʺ˃ʰ 4.3ύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˍʷʻʹˁʶ ˋʰ˄ ˉʶˊʽˇˊʽˋ˃ˈˌ  ˋˎ˄ʻʺˁʹ ˍʷˍˇʽʰ ˗ˋˍʶ ʹ ˉˊˇˋˇ˃ˇʽ˖˃ʷ˄ʹ 

ˁʰ˃ˉˏ˂ʹ ˄ʰ ʵʽʷˊ˔ʶˍʰʽ ʰˉˈ ˍʰ ˋʹ˃ʶʾʰ ʰˎˍʱ ό˃ʶ ʵʹ˃ʽˇˎˊʴʾʰ ˁʰˍʱ˂˂ʹ˂ʹˌ έAnonymous functionέύΦ 

ʅʰ˄ ˋˍˇ˔ʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ˇˊʾˋˍʹˁʶ ˍˇ ˃ʷˋˇ ˍʶˍˊʰʴ˖˄ʽˁˈ ˋ˒ʱ˂˃ʰ όMSEύ ˃ʶˍʰ˅ˏ ˍ˖˄ ˍʽ˃˗˄ ˍʹˌ 

ˉʰˊʰˍʹˊʹ˃ʷ˄ʹˌ ˁʰʽ ˉˊˇˋˇ˃ˇʽ˖˃ʷ˄ʹˌ ˁʰ˃ˉˏ˂ʹˌ ˁʰʽ ʶˉʽʵʽ˗˔ʻʹˁʶ ʹ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʺ ˍˇˎΣ 

ˍʹˊˇˎ˃ʷ˄ˇˎ ˉʱ˄ˍʰ ˍˇˎ ˉʶˊʽˇˊʽˋ˃ˇˏ ˃ʹ ʴˊʰ˃˃ʽˁʺˌ ʽˋˈˍʹˍʰˌΦ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽΣ ʴʽʰ ˁʱʻʶ ʷˍˇˌΣ ˉˇˎ 

ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄Σ ʶʾ˄ʰʽ ˇʽ A(tύ ˁʰʽ ɰόtύ ˇʽ ˇˉˇʾʶˌ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍʹˌ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʺˌ ʶˁʻʶˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌΥ  

 ὖὙ ὃὸὩ  (4.1) 

ɸʰ ˉˊʷˉʶʽ ˋˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˄ʰ ˍˇ˄ʽˋʻʶʾ ˉ˖ˌ ʹ ʰ˄ʰʴˁʰʾʰ ˋˎ˄ʻʺˁʹ ˃ʶ ʲʱˋʹ ˍʹ˄ ˇˉˇʾʰ ʹ 

ˉˊˇˋˇ˃ˇʽ˖˃ʷ˄ʹ ˁʰ˃ˉˏ˂ʹ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʲˊʾˋˁʶˍʰʽ ˋʶ ˁʱʻʶ ˋʹ˃ʶʾˇ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˉʰˊʰˍʹ˃ʷ˄ʹ ʵʶ˄ 
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ʶˉʶˍʶˏ˔ʻʹ ˋʶ ʰˉˈ˂ˎˍˇ ʲʰʻ˃ˈ ˁʰʻΩ ˈ˂ʶˌ ˍʽˌ ʲʶ˂ˍʽˋˍˇˉˇʽʺˋʶʽˌΦ ʃʰˊˈˍʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ 

ʰ˂ʴˇˊʾʻ˃ˇˎ ʶʾ˄ʰʽ ˉˇ˂ˏ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˋˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˍˎ˔ʰʾ˄ʶʽ ʹ 

ˉˊˇˋˇ˃ˇʽ˖˃ʷ˄ʹ ˁʰ˃ˉˏ˂ʹ ˋʶ ˁʱˉˇʽʰ ˋʹ˃ʶʾʰ ˄ʰ ˎˉʶˊʲʰʾ˄ʶʽ ˋʶ ˍʽ˃ʺ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˉʰˊʰˍʹ˃ʷ˄ʹΦ 

ʁ̔  ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˎˍʷˌΣ ˖ˋˍˈˋˇΣ ʶʾ˄ʰʽ ˂ʾʴʶˌ ˁʰʽ ˇʽ ˎˉʶˊʲʱˋʶʽˌ ʽʵʽʰʾˍʶˊʰ ˃ʽˁˊʷˌ ˗ˋˍʶ ˄ʰ 

ʻʶ˖ˊʹʻˇˏ˄ ˋʹ˃ʰ˄ˍʽˁʷˌΦ ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʸʺˍʹ˃ʰ ʰˉˇʵʾʵʶˍʰʽ ˋˍʹ ˃ˇˊ˒ʺ ˉˇˎ ʷ˔ˇˎ˄ ˇʽ ˁʰ˃ˉˏ˂ʶˌ 

ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˈ˔ʽ ˋʶ ˁʱˉˇʽʰ ʰʵˎ˄ʰ˃ʾʰ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΦ 

 

ʅ˔ʺ˃ʰ 4.3: ɼʰˍʰ˄ˇ˃ʺ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ɮˍˍʽˁʺˌ ˍˇˎ ʷˍˇˎˌ нлмоΣ ˃ʶ ʶˉʽˋʺ˃ʰ˄ˋʹ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶˁ 

ˍ˖˄ ˇˉˇʾ˖˄ ʹ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˁʰʻˇˊʾˋˍʹˁʶ ˄ʰ ʵʽʷˊ˔ʶˍʰʽΦ 

ʆʷ˂ˇˌΣ ʹ ʰʻˊˇʽˋˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ˋʶ ˁʱʻʶ ʲʺ˃ʰΣ ʵʽʰ˔˖ˊʾˋˍʹˁʶ ˋʶ ˁʰʻʶˋˍ˗ˌ stratiform ˁʰʽ 

convectiveΦ ɶ ʲˊˇ˔ˈˉˍ˖ˋʹ ˍˏˉˇˎ stratiform ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʽˌ ˍʽ˃ʷˌ ˍʹˌ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˉˇˎ 

ˉˊˇˋʰˊ˃ˈˋˍʹˁʶΣ ʶ˄˗ ʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˍˏˉˇˎ convective ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ˄ ʰʻˊˇʽˋˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹΣ 

ʰ˒ʰʽˊ˗˄ˍʰˌ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˍˏˉˇˎ stratiform. 

4.2.2: ɲʶˏˍʶˊˇˌ h ˂ʴˈˊʽʻ˃ˇˌΥ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˁˊʾˋʽ˃ʹˌ ʷ˄ˍʰˋʹˌ Rc 

ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˁˊʾˋʽ˃ʹˌ ʷ˄ˍʰˋʹˌ RC ʴʽʰ ˁʱʻʶ ʷˍˇˌ ˍʹˌ ˎˉˈ ˃ʶ˂ʷˍʹ ʶ˅ʰʶˍʾʰˌ όнлф-2014) 

ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ˉˊˇˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍˇ˄ Tremblay όнллрύΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˖ˌ RC 

ˇˊʾʸʶˍʰʽ ʹ ʷ˄ˍʰˋʹ ʶˁʶʾ˄ʹ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ʶˉʽˁˊʰˍʶʾ ˍˇ ˁʰʻʶˋˍ˗ˌ convective ʷ˄ʰ˄ˍʽ ˍˇˎ 

stratiformΦɾʶ ʱ˂˂ʰ ˂ˈʴʽʰΣ ʹ ˋˎ˄ˇ˂ʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹ ˍˏˉˇˎ convective όˈˉ˖ˌ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˃ʶ ˍʹ 

˔ˊʺˋʹ ˍˇˎ ˉˊ˗ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎύΣ ʵʶ˅ʽʱ ˍˇˎ ˇˊʾˇˎ ʰˎˍˇˏ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˍˇˎ рл҈ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɴˍˋʽΣ ʰˊʽˋˍʶˊʱ ˍˇˎ RC ̔ ˋ˔ˏʶʽ ˉ˖ˌ PS > PCΣ ʶ˄˗ ʵʶ˅ʽʱ PS < PC. 

ɸʰ ˉˊʷˉʶʽ ˄ʰ ʵʽʶˎˁˊʽ˄ʽˋˍʶʾ ʲʷʲʰʽʰΣ ˉ˖ˌ ˍˇ ˈˊʽˇ ʰˎˍˈ ʵʶ ʵʽʰ˔˖ˊʾʸʶʽ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ʰˉˇ˂ˏˍ˖ˌ 

ˋʶ  convective ˁ ʰʽ stratiform ˁ ʰʻʶˋˍ˗ˌΦ ɮˉˇˍʶ˂ʶʾ ʰˉ˂˗ˌ ζʵʶʾˁˍʹηΣ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˇˉˇʾˇˎ 

ʶʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁʱ ˉʽʻʰ˄ˈˍʶˊʹ ʹ ʶˁʵʺ˂˖ˋʹ ʶˉʶʽˋˇʵʾˇˎ ˍˏˉˇˎ convective ʰˉΩ ˈˍʽ stratiform ˁʰʽ 
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ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˍʽ˃ʺ ʰˎˍˇˏ ˍˇ ʰ˄ˍʾˋˍˊˇ˒ˇΦ ɮˎˍˈ ˒ʰʾ˄ʶˍʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ʰˉˈ ˍˇ ʅ˔ʺ˃ʰ 4.5, 

ˈˉˇˎ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˊʽˋˍʶˊʱ ˍˇˎ RCΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ʹ ˏˉʰˊ˅ʹ ʶ˄ˍʱˋʶ˖˄ ˉˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˁʰʻʶˋˍ˗ˌ convective. 

 

ʅ˔ʺ˃ʰ 4.5: ɼˊʾˋʽ˃ʹ ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ RCΣ ˋˍʹ˄ ɮˍˍʽˁʺ ʴʽʰ ˍˇ ʷˍˇˌ нлммΦ 

ʅˍˇ˄ ʃʾ˄ʰˁʰ 4.2 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˈˉ˖ˌ ˉˊˇʷˁˎ˕ʰ˄ ʴʽʰ ˍˇ 

ˋˏ˄ˇ˂ˇ ˍʹˌ ʶ˅ʰʶˍʾʰˌ ˃ʶ ʲʱˋʹ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄Φ 

ʃʾ˄ʰˁʰˌ 4.2: ɳˍʺˋʽʶˌ ˍʽ˃ʷˌ RC ˁ ʰʽ ˉˇˋˇˋˍʱ convective ˁ ʰʽ stratiform ̡ ˊˇ˔ˈˉˍ˖ˋʹˌ ʴʽʰ ˍʹ˄ 

ˉʶˊʾˇʵˇ нллф-нлмп ˋˍʹ˄ ɮˍˍʽˁʺΦ ɳˉʾˋʹˌ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˁʰʽ ˇʽ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˍ˖˄ ˃ʶʴʶʻ˗˄Φ 

ɴˍˇˌ RC  (mm/6h) PS (%) PC (%) 

2009 18 72.073 27.927 

2010 9 62.574 37.426 

2011 12.5 65.225 34.775 

2012 20 72.399 27.601 

2013 17.5 72.607 27.393 

2014 18 70.714 29.286 

ɾʷˋʶˌ ˍʽ˃ʷˌ 15.833 69.265 30.735 

ɮˉˈ ˍˇ˄ ˉʾ˄ʰˁʰ ʰˎˍˈ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʹ ˃ʷˋʹ ˍʽ˃ʺ ˍˇˎ RC ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˋʶ Ϥ мрΦу mm/6h ʴʽʰ ˍʹ˄ 

ˉʶˊʾˇʵˇ ˍʹˌ ʶ˅ʰʶˍʾʰˌΦ ɾʱ˂ʽˋˍʰΣ ˒ʰʾ˄ʶˍʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉ˖ˌ ˇʽ ʶˉʽ˃ʷˊˇˎˌ ˍʽ˃ʷˌ ˍ˖˄ ʶˍ˗˄ ʵʶ˄ 

ˉʰˊʶˁˁ˂ʾ˄ˇˎ˄ ˉˇ˂ˏ ʰˉˈ ˍʹ˄ ˍʽ˃ʺ ʰˎˍʺΦ ɾˇ˄ʰʵʽˁʺ ʶ˅ʰʾˊʶˋʹ ʰˉˇˍʶ˂ʶʾ ˍˇ ʷˍˇˌ нлмлΣ ˁʰˍʱ ˍˇ ˇˉˇʾˇ 

ʹ ˁˊʾˋʽ˃ʹ ʷ˄ˍʰˋʹ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˋˍʰ ф mm/6hΣ ʰˊˁʶˍʱ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʵʹ˂ʰʵʺ ʰˉˈ ˍˇ мрΦу mm/6h. 

ɾʱ˂ʽˋˍʰΣ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʷˍˇˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰˎ˅ʹ˃ʷ˄ˇ ˉˇˋˇˋˍˈ convective ʶˉʶʽˋˇʵʾ˖˄ 
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όотΦпо ҈ ˖ˌ ˉˊˇˌ ˍˇ ˋˏ˄ˇ˂ˇύΦ ʅˍˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʰˁˊʽʲ˗ˌ ˇ˒ʶʾ˂ʶˍʰʽ ˁʰʽ ʹ ˔ʰ˃ʹ˂ʺ ˍʽ˃ʺ ˍˇˎ RC, 

˃ʽʰˌ ˁʰʽ ˇˎˋʽʰˋˍʽˁʱΣ ˃ʶ ʲʱˋʹ ˉʱ˄ˍʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰΣ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˉ˖ˌ ˉʱ˄˖ 

ʰˉˈ ˍʰ ф mm/6hΣ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ʹ ʶˁʵʺ˂˖ˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍˏˉˇˎ convective ˃ʶ ˉʽʻʰ˄ˈˍʹˍʰ 

˃ʶʴʰ˂ˏˍʶˊʹ ˍˇˎ лΦрΦ 

4.3 ɳ˒ʰˊ˃ˇʴʺ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˃ʶ ̝ ˊʺˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ TRMM 3B42 V7 

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ оɰпн Vт ˉˊˇˋ˒ʷˊˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˉʰˊʰˉʱ˄˖ 

˃ʶʻˇʵˇ˂ˇʴʾʰˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ convective ˁʰʽ stratiformΦ ɮˎˍˈΣ ˂ˈʴ˖ ˍʹˌ 

˂ʶˉˍʺˌ ˔ˊˇ˄ʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ˋˍʹ˄ ˇˉˇʾʰ ʵʽʰˍʾʻʶ˄ˍʰʽ όо hrύΦ ɴˍˋʽΣ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ 

ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʲˊˇ˔ʺˌ ˋʶ ʶˉʾˉʶʵˇ ʶˉʶʽˋˇʵʾˇˎΦ ɮ˄ ˁʰʽ ˍʰ ˋ˒ʱ˂˃ʰˍʰ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˎ˕ʹ˂ʱ ˋˍʹ˄ 

ˉˇˋˇˍʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲˊˇ˔ʺˌ όˈˉ˖ˌ ˒ʱ˄ʹˁʶ ˋˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰύΣ ˖ˋˍˈˋˇ ʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶ˒ʰˊ˃ˇʴʺ ˉʰˊˇˎˋʽʱʸʶʽ ʽʵʽʰʾˍʶˊˇ ʶ˄ʵʽʰ˒ʷˊˇ˄Σ ˂ˈʴ˖ ˍˇˎ ˈˍʽ ʰˎˍˈ ˉˇˎ ˇˎˋʽʰˋˍʽˁʱ 

ʰˉʰʽˍʶʾˍʰʽ ʶʾ˄ʰʽ ʹ ˁʰ˂ʺ ʰˉˈʵˇˋʹ ̱ ʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍˇ ʷˍˇˌΦ 

ɱʽʰ ˍˇˎˌ ˋˁˇˉˇˏˌ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ˍʰ grids ˍʰ ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ 

ˋ˔ʺ˃ʰΦ 

 

ʅ˔ʺ˃ʰ 4.6: ɾʶˍʶ˖ˊˇ˂ˇʴʽˁˇʾ ˋˍʰʻ˃ˇʾ ʵʽˁˍˏˇˎ HOA ˁ ʰʽ ˁʶ˂ʽʱ TRMM ̄ ˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄Φ 
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ɮ˄ ˁʰʽ ʹ ˉʶˊʽˇ˔ʺ ˉˇˎ ˁʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ˍʰ grids h ˎˍʱ ʵʶ˄ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ 

ˇʽ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ˇʽ ˋˍʰʻ˃ˇʾΣ ˍʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˗ˋˍʶ ˇ ʰˊʽʻ˃ˈˌ ˍˇˎˌ ˄ʰ ʶʾ˄ʰʽ ˇ ʾʵʽˇˌ 

˃ʶ ʰˎˍˈ˄ ˍ˖˄ ˋˍʰʻ˃˗˄ όˇ˔ˍ˗ ʵʹ˂ʰʵʺ ˋˍˇ ˋˏ˄ˇ˂ˇύΦ ʁˎˋʽʰˋˍʽˁʱΣ ʻʶ˖ˊʺʻʹˁʶ ˉ˖ˌ ˁʱʻʶ grid 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ʷ˄ʰ˄ ˋˍʰʻ˃ˈΣ ˇ ˇˉˇʾˇˌ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ˁʶ˄ˍˊʽˁˈ ˋʹ˃ʶʾˇ ˍˇˎ ˁʱʻʶ ˇˊʻˇʴ˖˄ʾˇˎΦ ɽˈʴ˖ 

ˍʹˌ ˋˎ˄ʱʻˊˇʽˋʹˌ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽΣ ʴʽʰ ˄ʰ ʷ˔ˇˎ˃ʶ ˋˎʴˁˊʾˋʽ˃ʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʻʰ ʷˉˊʶˉʶ ˄ʰ ʵʽʰʻʷˍˇˎ˃ʶ ˇ˔ˍ˗ ˋʹ˃ʶʾʰ ˋˍʰ ˇˉˇʾʰ ˄ʰ ˎˉʱˊ˔ʶʽ ˃ʷˍˊʹˋʹΦ ɴˍˋʽΣ 

ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˍʰ ˇ˔ˍ˗ ʰˎˍʱ ˁʶ˂ʾʰΦ ʅˎ˄ ˍˇʽˌ ʱ˂˂ˇʽˌΣ ʹ ʶˉʽ˂ˇʴʺ ʰˎˍʺ ʻʶ˖ˊʶʾˍʰʽ ˉ˖ˌ ˃ʶʽ˗˄ʶʽ ˁʰʽ ˍʹ˄ 

ʰʲʶʲʰʽˈˍʹˍʰΣ ˃ʽʰˌ ˁʰʽ ʶ˅ʶˍʱʸʶˍʰʽ ʹ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺΦ ɳ˅ʶˍʱʸˇ˄ˍʰˌ ˁʰʽ ˍʰ ʴʶʽˍˇ˄ʽˁʱ grids, 

˃ʶʽ˗˄ʶˍʰʽ ʹ ʰʲʶʲʰʽˈˍʹˍʰ ˖ˌ ˉˊˇˌ ˍˇ ˔˖ˊʽˁˈ ˋ˒ʱ˂˃ʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎΦ ɮ˂˂ʱ 

ʰˁˈ˃ʰ ˁʰʽ ˄ʰ ˃ʹ ˋˎ˄ʷʲʰʽ˄ʶ ʰˎˍˈΣ ˋʶ ʰˉˇˋˍʱˋʶʽˌ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ лΦнр ꜛʵʶ˄ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˉˊʰˁˍʽˁʱ 

ˁʰ˃ʾʰ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˖ˌ ˉˊˇˌ ˍˇ ˁʰʻʶˋˍ˗ˌ ˁʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɴˍˋʽΣ ˇʽ 

ˇ˔ˍ˗ ʰˎˍʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˍˇˎ оɰпн Vт ʰ˄ˍʽ˃ʶˍ˖ˉʾˋˍʹˁʰ˄ ʰˁˊʽʲ˗ˌ ˈ˃ˇʽʰ ˃ʶ ˍʽˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˍ˖˄ 

ʲˊˇ˔ˇʴˊʱ˒˖˄ ˁʰʽ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ʹ ʾʵʽʰ ˃ʶʻˇʵˇ˂ˇʴʾʰΦ 

ɮ˅ʽˇˋʹ˃ʶʾ˖ˍˇ ʶʾ˄ʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ˋˍʹ˄ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄Σ ʹ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋʰˊ˃ˇˋˍʶʾ ˋʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈ ʲʰʻ˃ˈ ˋˍʽˌ ˁʰˍʰ˄ˇ˃ʷˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʃʱ˄ˍ˖ˌΣ ˇʽ 

˃ˇˊ˒ʷˌ ˍ˖˄ ˁʰ˃ˉˎ˂˗˄ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʵʽʰ˒ʷˊˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˋʶ ˁʱʻʶ ʷˍˇˌΦ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ʰˎˍˈ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍʰ ʵˏˇ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʰ ʅ˔ʺ˃ʰˍʰ пΦт ˁʰʽ пΦуΦ ʁʽ 

ˉʰˊʰˁʱˍ˖ ˁʰ˃ˉˏ˂ʶˌΣ Σ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ʴʽʰ ˍˇ ʾʵʽˇ ʶˏˊˇˌ ˁ˂ʱˋʹˌ όclass intervalύΣ ˗ˋˍʶ ˄ʰ ˃ˉˇˊˇˏ˄ 

˄ʰ ʶʾ˄ʰʽ ʶˎʻʷ˖ˌ ˋˎʴˁˊʾˋʽ˃ʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ 

 

ʅ˔ʺ˃ʰ 4.7: ɼʰˍʰ˄ˇ˃ʷˌ ˉʰˊʰˍʹˊʹ˃ʷ˄ʹˌ όʰύ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʹˌ όʲύ ˁʰˍʰ˄ˇ˃ʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍʹ˄ 

ɮˍˍʽˁʺΣ нлмлΦ 
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ʅ˔ʺ˃ʰ пΦу: ɼʰˍʰ˄ˇ˃ʷˌ ˉʰˊʰˍʹˊʹ˃ʷ˄ʹˌ όʰύ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʹˌ όʲύ ˁʰˍʰ˄ˇ˃ʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍʹ˄ 

ɮˍˍʽˁʺΣ нлмоΦ 

ʅˍʰ ʵˏˇ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʰˎˍʱΣ ʴʾ˄ʶˍʰʽ ʰ˄ˍʽ˂ʹˉˍʺ ʹ ˋʹ˃ʰ˄ˍʽˁʺ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˖ˌ ˉˊˇˌ ˍʹ ˃ˇˊ˒ʺ 

ˍ˖˄ ˁʰ˃ˉˎ˂˗˄ ˉˇˎ ˎˉʱˊ˔ʶʽΦ ɱʾ˄ʶˍʰʽ ˒ʰ˄ʶˊˈ ʰˁˈ˃ʰΣ ˉ˖ˌ ʵʶ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˍˇ 

ʾʵʽˇ ʶˏˊˇˌ ˁ˂ʱˋʶ˖˄ ˃ʶ ʰˎˍˈ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʰ ˉʰˊʰˍʹˊʹ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰΦ ɴˍˋʽΣ ˍʰ class 

intervals ʁ ˉʽ˂ʷ˔ʻʹˁʰ˄ ʶˁ ˄ʷˇˎΣ ˗ˋˍʶ ˄ʰ ˉ˂ʹˊˇˏ˄ˍʰʽ ˍʰ ˁˊʽˍʺˊʽʰ ˍʹˌ ˉʰˊʰʴˊʱ˒ˇˎ рΦнΦмΦ ɮˉˈ ʶˁʶʾ 

ˁʰʽ ˉʷˊʰΣ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ʹ ʾʵʽʰ ʰˁˊʽʲ˗ˌ ˃ʶʻˇʵˇ˂ˇʴʾʰΣ ˈˉ˖ˌ ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ˉʰˊʰˉʱ˄˖Φ ʅˍˇ 

ʅ˔ʺ˃ʰ 4.9Σ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʶ˄ʵʶʽˁˍʽˁʱ ˇ ʶˉʽ˃ʶˊʽˋ˃ˈˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˃ʶ ˔ˊʺˋʹ ˍˇˎ 

ʵˇˊˎ˒ˇˊʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌ ʴʽʰ ˍˇ ʷˍˇˌ нлммΦ 

 

ʅ˔ʺ˃ʰ пΦф: ɼˊʾˋʽ˃ʹ ʷ˄ˍʰˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ RCΣ ˋˍʹ˄ ɮˍˍʽˁʺ ʴʽʰ ˍˇ ʷˍˇˌ нлмм ˃ʶ ʲʱˋʹ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ оɰпн V7. 

ʆʰ ˋˎ˄ˇ˂ʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰΦ 
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ʃʾ˄ʰˁʰˌ 4.3: ɳ̱ ʺˋʽʶˌ ˍʽ˃ʷˌ RC ˁ ʰʽ ˉˇˋˇˋˍʱ convective ˁ ʰʽ stratiform ̡ ˊˇ˔ˈˉˍ˖ˋʹˌ ʴʽʰ ˍʹ˄ 

ˉʶˊʾˇʵˇ нллф-нлмп ˋˍʹ˄ ɮˍˍʽˁʺΦ ɳˉʾˋʹˌ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˁʰʽ ˇʽ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˍ˖˄ ˃ʶʴʶʻ˗˄Φ 

ɴˍˇˌ RC  (mm/6h) PS (%) PC (%) 

2009 2 48.391 51.609 

2010 17.5 70.538 29.462 

2011 24 69.248 30.752 

2012 17.5 64.337 35.663 

2013 16 64.206 35.794 

2014 14 66.053 33.947 

ɾʷˋʶˌ ˍʽ˃ʷˌ 15.167 63.796 36.204 

4Φп ʅˏʴˁˊʽˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˍˈˋˇ 

˃ʶ ʲʱˋʹ ˍʹ ˔ˊʺˋʹ ʶˉʾʴʶʽ˖˄ ˉʰˊʰˍʹ˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˈˋˇ ˁʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ TMPA 

3B42 Vт ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɮˍˍʽˁʺˌΦ 

ɮˊ˔ʽˁʱΣ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ʰ˔ʻʶʾ ˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˉ˖ˌ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˖ˌ ˉˊˇˌ ˍʹ ʵʽʱˁˊʽˋʹ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ convective ˁ ʰʽ stratiform ˁ ʰʻʶˋˍ˗ˌ ˃ʶ ʲʱˋʹ ˍʰ ʶˉʾʴʶʽʰ ʵʶʵˇ˃ʷ˄ʰ όˍʰ ˇˉˇʾʰ ˁʰʽ 

ˋˎ˄ʽˋˍˇˏ˄ ˁʰʽ ˍʹ˄ ζʰ˂ʺʻʶʽʰηύ ʶʾ˄ʰʽ ˉʰˊʰˉ˂ʺˋʽʰ ˃ʶ ʶˁʶʾ˄ʰ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ʰˉˈ ˍˇˎˌ Ruiz-

Leo et alΦ όнлммύ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɽʶʲʱ˄ˍʶ ˋˍʹ˄ ɹˋˉʰ˄ʾʰΦ ɶ ɮˍˍʽˁʺ ʲˊʾˋˁʶˍʰʽ ˋʶ ʰ˄ˍʾˋˍˇʽ˔ˇ 

ʴʶ˖ʴˊʰ˒ʽˁˈ ˉ˂ʱˍˇˌ όϤ оу ꜛ Nύ ˃ʶ ˍʹ ɽʶʲʱ˄ˍʶ όϤ пл ꜛbύΣ ʶ˄˗ ʶʾ˄ʰʽ ˁʰʽ ˇʽ ʵˏˇ ɾʶˋˇʴʶʽʰˁʷˌ 

ˉʶˊʽˇ˔ʷˌΦ ɴˍˋʽΣ ʶʾ˄ʰʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇ ˄ʰ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˉʰˊʶ˃˒ʶˊʺ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˖ˌ ˉˊˇˌ ˍˇ 

ˉʶʵʾˇ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʰ˂˂ʱ ˋʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ˍʰˎˍˈˋʹ˃ʰΦ ɶ ʶˊʴʰˋʾʰ ˍ˖˄ Ruiz-Leo eta al. 

ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ ˁʰˍʰˉʽʱ˄ʶˍʰʽ ˃ʶ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ  ˋʶ 

ʶˉˇ˔ʽʰˁˈΣ ˁˎˊʾ˖ˌΣ ʶˉʾˉʶʵˇΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ˁʰʽ ˇʽ ʵʽʱ˒ˇˊˇʽ ˉʾ˄ʰˁʶˌ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ 

ˉʰˊʰˍʾʻʶ˄ˍʰʽ ʰ˒ˇˊˇˏ˄ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ˃ʶʴʶʻ˗˄ ʰ˄ʱ ʶˉˇ˔ʺΣ ˔˖ˊʾˌ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ 

ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ˄ ʶˍʺˋʽʰ ʲˊˇ˔ˈˉˍ˖ˋʹΦ ʆˇ ˃ˈ˄ˇ ˋ˔ʺ˃ʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˁʰʽ 

ˍˇ ˇˉˇʾˇ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˉʰˊˇˏˋʰˌ 

ʶˊʴʰˋʾʰˌΣ ʶʾ˄ʰʽ ˍˇ ˉʰˊʰˁʱˍ˖Υ 
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ʅ˔ʺ˃ʰ пΦмл: ɳ˅ʷ˂ʽ˅ʹ ʶˍʺˋʽʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˍʱˋʶʽˌ ˋˎ˄ˇ˂ʽˁʺˌΣ convective ˁ ʰʽ stratiform 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍʹ ɽʶʲʱ˄ˍʶ ˍʹˌ ɹˋˉʰ˄ʾʰˌ ώʃʹʴʺΥ Ruiz-Leo et al., 2011]. 

ɮˉˈ ˍˇ ˋ˔ʺ˃ʰ ʰˎˍˈΣ ˃ˉˇˊˇˏ˃ʶ ʰ ʰ˄ˍʽ˂ʹ˒ʻˇˏ˃ʶ ˉ˖ˌ ˍˇ ˉˇˋˇˋˍˈ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍˏˉˇˎ 

convective ˁˎ˃ʰʾ˄ʶˍʰʽ ˋˍˇ Ϥ мс҈ - рн҈ ˍʹˌ ˇ˂ʽˁʺˌ ʶˍʺˋʽʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˃ʶ ˃ʷˋʹ ˍʽ˃ʺ Ϥ ор҈Φ 

ʅˍʹ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ɮˍˍʽˁʺˌΣ ˍˇ ʶˏˊˇˌ ʶʾ˄ʰʽ нтΦо҈ - отΦп҈ ˁʰʽ ʹ ˃ʷˋʹ ˍʽ˃ʺ ˋˍˇ олΦтп҈Σ ˉˇ˂ˏ ˁˇ˄ˍʱ 

ʵʹ˂ʰʵʺ ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍʹ ɽʶʲʱ˄ˍʶΦ ʍˋˍˈˋˇΣ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʺ ˃ʰˌΣ ˉʰˊʰˍʹˊʶʾˍʰʽ 

ˋ́ ˃ʰ˄ˍʽˁʱ ˃ʽˁˊˈˍʶˊʹ ʵʽʰˁˏ˃ʰ˄ˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ɳʽʵʽˁˈˍʶˊʰΣ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʷˍˇˌ ˋˍˇ ˇˉˇʾˇ 

ʹ ˍʽ˃ʺ ˍˇˎ ˉˇˋˇˋˍˇˏ ˍˇˎ Pc ˄ʰ ˎˉʶˊʲʰʾ˄ʶʽ ˍˇ рл҈ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ 

ˈˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ Ruiz-Leo et alΦ όнлммύ ʴʽʰ ˍʰ ʷˍʹ нллп ˁʰʽ нллрΦ ʃʱ˄ˍ˖ˌΣ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʱ ˃ˈ˄ˇ ʶ˄ʵʶʽˁˍʽˁʱ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˁʰʽ ˋʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ 

ʶˎʻʶʾʰ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ʃˊ˗ˍˇ˄Σ ʶˉʶʽʵʺ ˃ʽ˂ʱ˃ʶ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔ˊˇ˄ʽˁʷˌ 

ˉʶˊʽˈʵˇˎˌ ˁʰʽ ʵʶˏˍʶˊˇ˄ όˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʶˎ˄ˈʹˍˇύ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌΦ 

ʃʾ˄ʰˁʰˌ пΦп: ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶˉʽ˃ʶˊʽˋ˃ˇˏ ʶˍʺˋʽʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ʶ ˔ˊʺˋʹ 

ʶˉʾʴʶʽ˖˄ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ όɰˊˇ˔Φύ ˁʰʽ ʵˇˊˎ˒ˇˊʽˁ˗˄ όɲˇˊΦύ ʵʶʵˇ˃ʷ˄˖˄Φ 

ɴˍˇˌ   
RC (mm/6h) 

  
PC (%) 

  
PS(%) 

ɰˊˇ˔Φ ɲˇˊΦ ɰˊˇ˔Φ ɲˇˊΦ ɰˊˇ˔Φ ɲˇˊΦ 

2009  18 2  27.927 51.609  72.073 48.391 
2010  9 17.5  37.426 29.462  62.574 70.538 
2011  12.5 24  34.775 30.752  65.225 69.248 
2012  20 17.5  27.601 35.663  72.399 64.337 
2013  17.5 16  27.393 35.794  72.607 64.206 
2014  18 14  29.286 33.947  70.714 66.053 

ɾʷˋʶˌ 
ˍʽ˃ʷˌ 

  15.833 15.167   30.735  36.204   69.265 63.796 

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʹ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʰ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˅ʶˁʽ˄˗˄ˍʰˌ ˃ʶ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ ˁˊʾˋʽ˃ʹˌ 

ʷ˄ˍʰˋʹˌ RCΣ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʰ ʵˏˇ 

ˉˊˇʿˈ˄ˍʰΣ ˋˍʹ˄ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄. ʁʽ ʰˉˇˁ˂ʾˋʶʽˌΣ ˖ˌ ˉˊˇˌ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ 
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ˉˊˇˁˏˉˍˇˎ˄Σ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ ʶˏˊˇˌ ˍ˖˄ мΦр mm/6 h-16 mm/6 h (ˁʰˍΩ ʰˉˈ˂ˎˍʹ ˍʽ˃ʺύ ˃ ʶ ˍʹ ˃ʷˋʹ 

ˍʽ˃ʺ ˍ˖˄ ʰˉˈ˂ˎˍ˖˄ ʰˉˇˁ˂ʾˋʶ˖˄ ˄ʰ ˎ̄ ˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ тΦоо mm/6 h.  ʁʽ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˃ˉˇˊʶʾ ˄ʰ 

ʲˊʾˋˁˇ˄ˍʰʽ ˉˇ˂ˏ ˁˇ˄ˍʱ (15.8 mm/6 h ˁʰʽ мрΦн mm/6 h ˃ʶ ʲʱˋʹ ˍʰ ʶˉʾʴʶʽʰ ˁʰʽ ʵˇˊˎ˒ˇˊʽˁʱ 

ʵʶʵˇ˃ʷ˄ʰ ʰ˄ˍʾˋˍˇʽ˔ʰύ ˖ˋˍˈˋˇ ˍˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʶʾ˄ʰʽ ˉʰˊʰˉ˂ʰ˄ʹˍʽˁˈ ˁʰʽ ˋʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ 

ʵʶ˄ ʰˉˇˍʶ˂ʶʾ ʷ˄ʵʶʽ˅ʹ ˁʰ˂ʺˌ ˉˊˇˋʰˊ˃ˇʴʺˌΦ ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍˇ˄ ʃʾ˄ʰˁʰ м h ˁˈ˃ʰΣ ˍˇ ʷˍˇˌ нллф 

ʹ ˍʽ˃ʺ ˍˇˎ RC ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˋʶ му mm/6 h ˃ʶ ˍʹ ˔ˊʺˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʲˊˇ˔ˇʴˊʱ˒˖˄ ˁʰʽ ˋʁ  н mm/6 

h ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ TRMM оɰпн VтΦ ɶ ʰˉˈˁ˂ʽˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ˁʰʽ ʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˉˇˎ 

ˉʰˊʰˍʹˊʶʾˍʰʽ. O ˂ˈʴˇˌ ʴʽʰ ˍˇ˄ ˇˉˇʾˇ ˁʰʽ ˉˊˇʷˁˎ˕ʶΣ ʷ˔ʶʽ ˄ʰ ˁʱ˄ʶʽ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ 

ˍʹˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʅˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹΣ ʵʶ˄ ʶˉʶˍʶˏ˔ʻʶʽ ˁʰʻˈ˂ˇˎ 

ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˉˊˇˋʰˊ˃ˇʴʺ ˍʹˌ ʶˁʻʶˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ ˁʰʽ ˉˊˇʷˁˎ˕ʶ ʹ ˉˇ˂ˏ 

˔ʰ˃ʹ˂ʺ ʰˎˍʺ ˍʽ˃ʺΣ ʰ˂˂ʱ ˁʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ʵʽʰ˒ˇˊʱ ˋˍˇ ˉˇˋˇˋˍˈ ˍˇˎ convective ˋˎˋˍʰˍʽˁˇˏΣ ˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍˇ˄ ʾʵʽˇ ˉʾ˄ʰˁʰ όрмΦс҈ ʷ˄ʰ˄ˍʽ нтΦф҈ ˃ʶ ʲʱˋʹ ˍʽˌ ˃ʶˍˊʺˋʶʽˌύΦ ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ 

ʵʽʶˊʶˏ˄ʹˋʹˌΣ ˖ˋˍˈˋˇΣ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 

ˉʰˊʰˍʺˊʹˋʹ ʷ˔ʶʽ ʽʵʽʰʾˍʶˊʹ ʰ˅ʾʰΦ 

 

ʅ˔̋˃ʰ 4.11: ɼʰˍʰ˄ˇ˃ʺ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ оB42 Vт ʴʽʰ ˍˇ ʷˍˇˌ нллфΦ ʊʰʾ˄ʶˍʰʽ ˉ˖ˌ ʹ 

ʰʻˊˇʽˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʵʶ˄ ʰˁˇ˂ˇˎʻʶʾ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱΣ ˈˉ˖ˌ ʻʰ ʷˉˊʶˉʶΣ ̱ ʹ˄ ʁ ˁʻʶˍʽˁʺ. 

ʅˍʰ ˉˇˋˇˋˍʱ ˍʹˌ convective ˁʰʽ stratiform ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʰ˅ʽˇˋʹ˃ʶʾ˖ˍˇ ʶʾ˄ʰʽ ˉ˖ˌ ˍˇ ˉˇˋˇˋˍˈ 

convectiveΣ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˋˍʰʻʶˊˈ ʰ˄ʱ ʷˍˇˌΣ ʴʶʴˇ˄ˈˌ ˍˇ ˇˉˇʾˇ ˉʽˋˍˇˉˇʽʶʾˍʰʽ ˍˈˋˇ ˃ʶ 

ʲʱˋʹ ˍʰ ʶˉʾʴʶʽʰ ˈˋˇ ˁʰʽ ˍʰ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰΦ ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍʰ ˋ˔ʺ˃ʰˍʰ 4.12 ˁʰʽ 

4.13Σ ʶ˄˗ ́  ˋˎ˄ˇ˂ʽˁʺ ʰʻˊˇʽˋˍʽˁʺ ʲˊˇ˔ˈˉˍ˖ˋʹ ˉʰˊˇˎˋʽʱʸʶʽ ʰˎ˅ˇ˃ʶʽ˗ˋʶʽˌ ˃ʶ ˍˇ ˔ˊˈ˄ˇΣ ˒ʰʾ˄ʶˍʰʽ 

ˉ˖ˌ ˁˎˊʾ˖ˌ ˍˇ stratiform ˁ ˇ˃˃ʱˍʽ ʶʾ˄ʰʽ ʰˎˍˈ ˉˇˎ ˉˊˇˋʰˊ˃ˈʸʶˍʰʽΦ ɮ˄ˍʾʻʶˍʰΣ ˇʽ ʰˎ˅ˇ˃ʶʽ˗ˋʶʽˌ ˍˇˎ 

convective ʶʾ˄ʰʽ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʷˌ ˁʰʽ ʹ ˍʽ˃ʺ ˍˇˎΣ ˋʰ˄ ˉˇˋˇˋˍˈΣ ˁˎ˃ʰʾ˄ʶˍʰʽ ʴˏˊ˖ ˋˍˇ ол҈ ˁʰʽ ˋˍˇ 

ос҈ ˃ʶ ʲʱˋʹ ˍʹ˄ ˉʰˊʰˍʹˊʹ˃ʷ˄ʹ ˁʰʽ ʶˁˍʽ˃˗˃ʶ˄ʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʃʱ˄ˍ˖ˌΣ ˁʰʽ ʹ 

ˎˉʶˊʶˁˍʾ˃ʹˋʹ  ˍˇˎ Ϥ с҈ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʽˋʻʶʾ ˁˊʽˍʽˁʱ ˃ʽʰˌ ˁʰʽ 
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ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ˉʰʾʸʶʽ ʹ ˁʰˁʺ ʶˁˍʾ˃ʹˋʹ ˋˍˇ ʶˉʶʽˋˈʵʽˇ ˍˇˎ нллфΦ ʆˇ рмΦс҈ ˉˇˋˇˋˍˈ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˉˇˎ ˎˉˇ˂ˇʴʾʸʶˍʰʽΣ ʶʾ˄ʰʽ ˉˊˇ˒ʰ˄˗ˌ ˃ʹ ˊʶʰ˂ʽˋˍʽˁˈ ˁ ʰʽ ʰˎ˅ʱ˄ʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ ˃ʷˋʹ 

ˍʽ˃ʺΦ 

 

ʅ˔ʺ˃ʰ 4.12: ɲʽʰ˔˖ˊʽˋ˃ˈˌ ʶˍʺˋʽʰˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ʶ ʲʱˋʹ ˍʰ ʶˉʾʴʶʽʰ 

ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʰ ɻ ʶʵˇ˃ʷ˄ʰ. 

 

ʅ˔ʺ˃ʰ пΦмо: ɲʽʰ˔˖ˊʽˋ˃ˈˌ ʶˍʺˋʽʰˌ ʰʻˊˇʽˋˍʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ʶ ʲʱˋʹ ˍʰ ʵˇˊˎ˒ˇˊʽˁʱ 

ʵʶʵˇ˃ʷ˄ʰΦ 

ʂˉ˖ˌ ʵʽʰˁˊʾ˄ʶˍʰʽΣ ʰˁˈ˃ʰΣ ˋˍˇ ˉʰˊʰˉʱ˄˖ ˋ˔ʺ˃ʰΣ ʹ ʵʽʰ˒ˇˊʱ ˋˍˇ ʶˍʺˋʽˇ ˉˇˋˇˋˍˈ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ 

ˍˏˉˇˎ convective ʶʾ˄ʰʽ ˁʰˍʱ ˁʰ˄ˈ˄ʰ ˃ʽˁˊˈˍʶˊʹ ˍˇˎ мл҈Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˁʰʽ 

ˉʰˊʰˉʱ˄˖ ˍˇ ˉˇˋˇˋˍˈ Pc ʁ ʾ˄ʰʽ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ ол҈Σ ˃ʶ ʶ˅ʰʾˊʶˋʹ ʷ˄ʰ ʷˍˇˌ όнллфύ ˉˇˎ ʹ ʰˉˈˁ˂ʽˋʹ 
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˅ʶˉʶˊ˄ʱ ˍˇ нл҈Φ ʃʰˊʱ˂˂ʹ˂ʰΣ ʵʶ˄ ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʱˉˇʽʰ ˋˎˋˍʹ˃ʰˍʽˁʺ ˎˉʶˊʶˁˍʾ˃ʹˋʹ ʺ 

ˎˉˇʶˁˍʾ˃ʹˋʹ ʰˉˈ ˍˇ ˉˊˇʿˈ˄ оɰпн VтΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˃ʹ˄ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ʰ˔ʻʶʾ ˁʱˉˇʽˇ ˋʰ˒ʷˌ 

ˋˎ˃ˉʷˊʰˋ˃ʰΣ ˈˋˇ˄ ʰ˒ˇˊʱ ˍˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʰˎˍˈΦ ʃʱ˄ˍ˖ˌΣ ˃ʶ ʶ˅ʰʾˊʶˋʹ ˍˇ ʷˍˇˌ нллфΣ ˈ˂ʰ ˍʰ 

ˎˉˈ˂ˇʽˉʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʶ˄ʻʰˊˊˎ˄ˍʽˁʱΦ ɶ ˉʰˊʷˁˁ˂ʽˋʹΣ ˖ˋˍˈˋˇΣ ʰˎˍʺ ʰˉʰʽˍʶʾ ˍʹ˄ 

ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˉʰˊʰˉʱ˄˖ ʷˊʶˎ˄ʰˌ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΦ ʃʽʻʰ˄ˈˍʰˍʰΣ ˁʱˉˇʽʰ 

ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʶ˂ʷˍʹ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʹ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇΦ 

 

ʅ˔ʺ˃ʰ 4.14: ʃˇˋˇˋˍʱ Pc (ʰˊʽˋˍʶˊʱύ ˁʰʽ ʶ˄ˍʱˋʶʽˌ RC (ʵʶ˅ʽʱύΣ ˃ʶ ʲʱˋʹ ˍʰ ʶˉʾʴʶʽʰ ˁʰʽ ˍʰ 

ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˋˍʹ˄ ɮˍˍʽˁʺ. 
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ɼʶ˒ʱ˂ʰʽˇ рΦ ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ ˁʰʽ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʷˊʶˎ˄ʰ  

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʰ˅ʽˇ˂ˇʴʺʻʹˁʶ ʹ ˉˇʽˈˍʹˍʰ ˍˇˎ ʵˇˊˎ˒ˇˊʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌ TRMM 3B42 V7 

ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ʰˎˍˇˏ ʶʾ˄ʰʽ 

ʶˉʽ˒ʱ˄ʶʽʶˌ ˃ʷˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ лΦнрxꜛ0.25ꜛ  ˉˇˎ ʷ˔ˇˎ˄ ˉˊˇˁˏ˕ʶʽ ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ʵʶʵˇ˃ʷ˄˖˄ ˃ʽˁˊˇˁˎ˃ʰˍʽˁ˗˄ ˁʰʽ ˎˉʷˊˎʻˊ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ TRMMΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ 

˃ʶ ˃ʶˍˊʺˋʶʽˌ ʱ˂˂˖˄ ʴʶˇˋˍʱˋʽ˃˖˄ ʵˇˊˎ˒ˈˊ˖˄Σ ˁʰʽ ʷ˔ˇˎ˄ ʵʽˇˊʻ˖ʻʶʾ ʲʱˋʶʽ ˃ʹ˄ʽʰʾ˖˄ ʶˉʾʴʶʽ˖˄ 

˃ʶˍˊʺˋʶ˖˄Φ ʆˇ оɰпн Vт ʵʾ˄ʶʽ ʶˁˍʽ˃ʺˋʶʽˌ  ʷ˄ˍʰˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʰ˄ʱ ˍˊʶʽˌ ˗ˊʶˌΣ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ 

ʵʽʰʻʷˋʽ˃ʶˌ ʰˉˈ ˍʹ˄ м ɹʰ˄ˇˎʰˊʾˇˎ мффу ʷ˖ˌ ˁʰʽ ˋʺ˃ʶˊʰΦ ɶ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇˌ ʹ ˇˉˇʾʰ ʶ˅ʶˍʱˋˍʹˁʶ 

ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʶˍ˗˄ нллф-нлмпΣ ˋˍʹ˄ ˇˉˇʾʰ ˎˉʺˊ˔ʶ 

ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ʶˉʾʴʶʽ˖˄ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋʶ ˉʷ˄ˍʶ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋʶ ʰˎˍʷˌ ˍ˖˄ оΣ сΣ мнΣ нп ˁʰʽ пу ˖ˊ˗˄ ˁʰʽ ˍʰ 

ʰ˄ʰʴˁʰʾʰ ʶˉʾʴʶʽʰ ʵʶʵˇ˃ʷ˄ʰ ʶ˂ʺ˒ʻʹˋʰ˄ ʰˉˈ ˍˊʶʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʹʴʷˌΥ ˍʹ˄ ɳʻ˄ʽˁʺ 

ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ʇˉʹˊʶˋʾʰ όɳɾʇύΣ ˍˇ ɳʻ˄ʽˁˈ ɮˋˍʶˊˇˋˁˇˉʶʾˇ ɮʻʹ˄˗˄ όɳɮɮύ ˁʰʻ˗ˌ ˁʰʽ ˍˇ 

ʇʵˊˇ˂ˇʴʽˁˈ ʃʰˊʰˍʹˊʹˍʺˊʽˇ ɮʻʹ˄˗˄ όʇʃɮύ ˉˇˎ ʰ˄ʺˁʶʽ ˋˍˇ  ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇ 

όɳɾʃύΦ 

ʃʷˊʰ˄ ˍʹˌ ˉˇˋˇˍʽˁʺˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ оɰпн VтΣ ʵʽʶˊʶˎ˄ʺʻʹˁʶ ˁʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ 

ʰ˅ʽˇˉˇʾʹˋʹˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ʴʽʰ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˋʶ 

ˇˊʽʸˈ˄ˍʽʰˌ όstratiformύ ˁʰʽ ˁʰˍʰˁˈˊˎ˒ʹˌ όconvectiveύ ʰ˄ʱˉˍˎ˅ʹˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ 

ʶ˒ʰˊ˃ˈˋˍʹˁʶ ʷ˄ʰˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˍʹˌ ˇ˂ʽˁʺˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ɶ ʶ˒ʰˊ˃ˇʴʺ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˍˈˋˇ ˃ʶ ˍʹ ˔ˊʺˋʹ ʶˉʾʴʶʽ˖˄ ˉʰˊʰˍʹˊˇˏ˃ʶ˄˖˄ ʲˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ 

ˈˋˇ ˁʰʽ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄Φ ɼʰʽ ˋˍʽˌ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʹ ˁˊʾˋʽ˃ʹ ʷ˄ˍʰˋʹ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ Rc (mm/6hύ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˉˇˋˇˋˍˈΣ ʶˉʾ ˍˇʽˌ ʶˁʰˍˈΣ ˍ˖˄ convective ˁʰʽ stratiform 

ˋˎˋˍʰˍʽˁ˗˄ ˍʹˌ ʲˊˇ˔ʺˌ ʴʽʰ ˁʱʻʶ ʷˍˇˌΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ʶ˄ ˍʷ˂ʶʽΣ ˋˎʴˁˊʾʻʹˁʰ˄ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ 

ɮ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍˇ ˉˊ˗ˍˇ ˁˇ˃˃ʱˍʽ ˁʰʽ ˍʹ˄ ˉˇˋˇˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ TRMM 3B42 

V7, ̫ ʴʽ˄ʶ ˒ʰ˄ʶˊˈ ˁʰˍʰˊ˔ʱˌ ˉ˖ˌ ˈˋˇ ʰ˄ʶʲʰʾ˄ˇˎ˃ʶ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΣ ˎˉʱˊ˔ʶʽ ˋʹ˃ʰ˄ˍʽˁʺ ʲʶ˂ˍʾ˖ˋʹ 

ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ɮˎˍˈ ˉʰˊʰˍʹˊʶʾˍʰʽ ʴʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˎˉˈ ʶ˅ʷˍʰˋʹ ˁˊʽˍʹˊʾ˖˄Φ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʹ ˃ʷˋʹ ˍʽ˃ʺ ˍ˖˄ ˋˍʰʻ˃˗˄ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ όEffύ ʲʶ˂ˍʽ˗˄ʶˍʰʽ ˁʰˍʱ 

олл҈ ʰˉˈ ˍʽˌ о h ˋˍʽˌ пу hΣ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ όwύ ˁʰˍʱ млл҈Σ ʹ ˍʽ˃ʺ ˍˇˎ 

ˉˇˋˇˋˍʽʰʾˇˎ ˋˎˋˍʹ˃ʰˍʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌ όBiasύ ˁʰˍʱ фр҈Σ ˍˇ ˉˇˋˇˋˍʽʰʾˇ ˃ʷˋˇ ʰˉˈ˂ˎˍˇ ˋ˒ʱ˂˃ʰ 

ˁʰˍʱ όɾɮɳύ ˁʰˍʱ ол҈Σ ʹ ˊʾʸʰ ˍˇˎ ˃ʷˋˇˎ ˍʶˍˊʰʴ˖˄ʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌ όRMSEύ ˁʰˍʱ мпл҈ ˁʰʽ ʹ ˃ʷˋʹ 

ˍʽ˃ʺ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʰ˄ʾ˔˄ʶˎˋʹˌ όPODύ ˁʰˍʱ мнуΦр҈Φ 

ʃʰˊʱ ˍʽˌ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʶˌ ʰˎˍʷˌ ˋʹ˃ʰ˄ˍʽˁʷˌ ʲʶ˂ˍʽ˗ˋʶʽˌ ˍ˖˄ ˁˊʽˍʹˊʾ˖˄ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌΣ ˇʽ ˍʽ˃ʷˌ 

ˍˇˎˌ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ʰ˃ʹ˂ʷˌ ˋʶ ˈ˂ʶˌ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌΦ ʅˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ ˍˊʽ˗˄ ˖ˊ˗˄Σ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ ʶʾ˄ʰʽ ʰˊ˄ʹˍʽˁˈˌ ˋˍʹ ˃ʶʴʱ˂ʹ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ 

ˋˍʰʻ˃˗˄Φ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ˃ʰˊˍˎˊʱ ˍʹ ˃ʶʴʱ˂ʹ ʰ˄ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˃ʽʰˌ ˁʰʽ 

ˇˎˋʽʰˋˍʽˁʱ ʹ ˃ʷˋʹ ˍʽ˃ʺ ˍʹˌ ˔ˊˇ˄ˇˋʶʽˊʱˌ ʰˉˇˍʶ˂ʶʾ ˁʰ˂ˏˍʶˊʹ ʶˁˍʽ˃ʺˍˊʽʰ ʴʽʰ ˍʹ ˃ʶʴʱ˂ʹ 
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ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˋˍʰʻ˃˗˄Φ ɮˁˈ˃ʰΣ ˇʽ ˋˎˋ˔ʶˍʾˋʶʽˌ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ˃ʶ ˍʰ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʰ 

ʵʶʵˇ˃ʷ˄ʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʽʵʽʰʾˍʶˊʰ ˔ʰ˃ʹ˂ʷˌΣ ˃ʶ ˍʽˌ ˃ʷˋʹ ˍʽ˃ʺ ˋˍʽˌ пу ˗ˊʶˌ όˈˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˁʰʽ 

ˇʽ ˁʰ˂ˏˍʶˊʶˌ ˋˎˋ˔ʶˍʾˋʶʽˌύ ˄ʰ ˒ˍʱ˄ˇˎ˄ ˍˇ Ϥ лΦсΦ 

ʁʽ ˍʽ˃ʷˌ ˍˇˎ ˋˎˋˍʹ˃ʰˍʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌΣ ʰˉˈ ˍʹ˄ ʱ˂˂ʹΣ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˔ʰ˃ʹ˂ʱΣ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍˇˎˌ 

ˎˉˈ˂ˇʽˉˇˎˌ ʵʶʾˁˍʶˌ ˋ˒ʰ˂˃ʱˍ˖˄Σ ʶˉʾˉʶʵʰΦ ʅˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ о hΣ ʹ ˃ʷˋʹ ˍʽ˃ʺ ˍˇˎ 

ˉʰˊʰˍʹˊˇˏ˃ʶ˄ˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ʶʾ˄ʰʽ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ -нсΦо҈ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍʹˌ ˔ˊˇ˄ˇˋʶʽˊʱˌΣ ˋˍʽˌ 

6 h ˋˍˇ -млΦт҈Σ ˋˍʽˌ мн h ˋˍˇ -рΦп҈ ˁʰʽ ˋˍʽˌ пу h ˋˍˇ -1.3%Σ ˍʽ˃ʺ ʽʵʽʰʾˍʶˊʰ ˔ʰ˃ʹ˂ʺΦ ɮˉˈ ˍˇ 

ʰˊ˄ʹˍʽˁˈ ˉˊˈˋʹ˃ˇ ˍ˖˄ ˉˇˋˇˋˍ˗˄Σ ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˎˉʱˊ˔ʶʽ ˋˎˋˍʹ˃ʰˍʽˁʺ ˎˉˇʶˁˍʾ˃ʹˋʹ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇΦ ʅʶ ʰˊˁʶˍˇˏˌ ˋˍʰʻ˃ˇˏˌΣ ʹ ˎˉˇʶˁˍʾ˃ʹˋʹ ˃ʶˍʰˉʾˉˍʶʽ ʰˁˈ˃ʰ ˁʰʽ 

ˋʶ ˎˉʶˊʶˁˍʾ˃ʹˋʹΣ ˈˋˇ ʰˎ˅ʱ˄ʶˍʰʽ ʹ ˔ˊˇ˄ʽˁʺ ˁ˂ʾ˃ʰˁʰΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ʹ ˃ʷˋʹ ˍʱˋʹ ˉˊˇˁˏˉˍʶʽ 

ˉʱ˄ˍˇˍʶ ʰˊ˄ʹˍʽˁʺΦ 

ʁʽ ˋ˔ʶˍʽˁʱ ˔ʰ˃ʹ˂ʷˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎˋˍʹ˃ʰˍʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌΣ ˖ˋˍˈˋˇΣ ʵʶ˄ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋˍˇˎˌ 

ʵʶʾˁˍʶˌ ˍˇˎ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ όMAEύ ˁʰʽ ˍʹˌ ˊʾʸʰˌ ˍˇˎ ˃ʷˋˇˎ ˍʶˍˊʰʴ˖˄ʽˁˇˏ 

ˋ˒ʱ˂˃ʰˍˇˌ όRMSEύΦ  ʁʽ ˁʰˍʱ ˉˇ˂ˏ ˎ˕ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ ˍ˖˄ ʵʶʽˁˍ˗˄ ʰˎˍ˗˄ όммуΦо҈ ˁʰʽ нотΦсп҈ 

ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˁʰˍʱ ˃ʷˋˇ ˈˊˇ ˇʽ ʵʶʾˁˍʶˌ MAE ˁʰʽ RMSE ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ˍʹ˄ 

ˁ˂ʾ˃ʰˁʰ ˍ˖˄ о hύ ˃ʰˊˍˎˊˇˏ˄ ˉ˖ˌ ʹ ˁˎˊʽˈˍʶˊʹ ˉʹʴʺ ˋ˒ʰ˂˃ʱˍ˖˄ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ʶʾ˄ʰʽ ˍʰ ˍˎ˔ʰʾʰ 

ˋ˒ʱ˂˃ʰˍʰΦ 

ʃʷˊʰ ʰˉˈ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ʰ˄˖ˍʷˊ˖ ˁˊʽˍʹˊʾ˖˄Σ ˇʽ ˔ʰ˃ʹ˂ʷˌ ˍʽ˃ʷˌ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʰ˄ʾ˔˄ʶˎˋʹˌ όPOD) 

ˋˍʽˌ ˁ˂ʾ˃ʰˁʶˌ ˍ˖˄ о ˁʰʽ с h ʶʾ˄ʰʽ ʶ˄ʵʶʽˁˍʽˁʷˌ ˍʹˌ ʰʵˎ˄ʰ˃ʾʰˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ˄ʰ ζʰˉʰ˄ˍʺˋʶʽ 

ˋ˖ˋˍʱη ʰˁˈ˃ʰ ˁʰʽ ˋˍʹ˄ ʶˊ˗ˍʹˋʹ ʴʽʰ ˍˇ ʰ˄ ʰˉ˂ʱ ʷʲˊʶ˅ʶ ʺ ˈ˔ʽ ό˔˖ˊʾˌ ˄ʰ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ 

ˉˇˋˇˍʽˁʱ ˁˊʽˍʺˊʽʰύΦ ɴˍˋʽΣ ˋʶ ˂ʽʴˈˍʶˊʰ ʰˉˈ ˍˇ рл҈ ˍ˖˄ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ʵʽʰˋˍʹ˃ʱˍ˖˄ όо ˁʰʽ с h) 

ˋˍʰ ˇˉˇʾʰ ˎˉʺˊ˔ʶ ˁʰˍʰʴʶʴˊʰ˃˃ʷ˄ʹ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ʹ ʶˁˍʾ˃ʹˋʹ ʺˍʰ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ˍˇˎ ˃ʹʵʶ˄ˈˌΦ 

ʅˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ мн hΣ ʹ ʶˉʽˍˎ˔ʾʰ ˅ʶˉʶˊ˄ʱʶʽ ˍˇ рл҈ ˁʰʽ ˒ˍʱ˄ʶʽ ˖ˌ ˍˇ Ϥ ул҈ ˋˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ˖˄ 

48 h. 

ɮ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ˁˊʽˍʹˊʾ˖˄Σ ʷʴʽ˄ʶ ʶ˃˒ʰ˄ʺˌ ʰˊ˔ʽˁʱ ʹ 

˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍ˖˄ ˍʽ˃˗˄ ˋˍˇ ˔˗ˊˇΣ ʰˉˈˊˊˇʽʰ ˍʹˌ ʷ˄ˍˇ˄ʹˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˍ˖˄ 

ʴʶ˖˃ˇˊ˒ˇ˂ˇʴʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ˔˗ˊʰˌ ˁʰʽ ˍʹˌ ˋˎ˄ʶˉʰʴˈ˃ʶ˄ʹˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˌ ˋˍˇ 

ˁʰʻʶˋˍ˗ˌ ˍʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ʆʰ ˋˎʴˁˊʽˍʽˁʱ ˁʰ˂ˏˍʶˊʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍʹ˄ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ 

ˁˊʽˍʹˊʾ˖˄ ˉʰˊʰˍʹˊʺʻʹˁʰ˄ ˁˎˊʾ˖ˌ ˋˍʹ ɰɲ ɳ˂˂ʱʵʰ όˉʶˊʽˇ˔ʷˌ ɼˇʸʱ˄ʹˌΣ ɱˊʶʲʶ˄˗˄Σ ɼʰˋˍˇˊʽʱˌΣ 

ʊ˂˗ˊʽ˄ʰˌΣ ʆˊʽˁʱ˂˖˄ ˁʰʻ˗ˌ ˁʰʽ ˍˇˎ ʲˇˊʶʽˈˍʶˊˇˎ ˃ʷˊˇˎˌ ˍ˖˄ ɹ˖ʰ˄˄ʾ˄˖˄ ˁʰʽ ˍʹˌ ɽʱˊʽˋʰˌύΣ ˋˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˍʹˌ ɮˍˍʽˁʺˌΣ ˋˍˇ ʰ˄ʰˍˇ˂ʽˁˈ ˃ʷˊˇˌ ˍʹˌ ɸˊʱˁʹˌ ˁʰʻ˗ˌ ˁʰʽ ˋʶ ˄ʹˋʽʱ ˍˇˎ ɮ˄ʰˍˇ˂ʽˁˇˏ ˁʰʽ 

ɰˇˊʶʾˇˎ ɮʽʴʰʾˇˎΦ ɮ˄ˍʾʻʶˍʰΣ ˋˎˋˍʹ˃ʰˍʽˁʱ ˔ʰ˃ʹ˂ʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˎˉʺˊ˅ʰ˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ 

ɼˊʺˍʹˌ όˁʰʽ ˁˎˊʾ˖ˌ ˍ˖˄ ʋʰ˄ʾ˖˄ύΣ ˍʹˌ ɼʶ˄ˍˊʽˁʺˌ ɳ˂˂ʱʵʰˌ ό˂ˈʴ˖ ˁˎˊʾ˖ˌ ˍ˖˄ ʰ˄˖˃ʰ˂ʽ˗˄ ˍˇˎ 

ˋˍʰʻ˃ˇˏ ˍʹˌ ɮ˃˒ʾˁ˂ʶʽʰˌύ ˁʰʻ˗ˌ ˁʰʽ ˍʹˌ ɼʶ˄ˍˊʽˁʺˌ ɾʰˁʶʵˇ˄ʾʰˌ ˁʰʽ ʵˎˍʽˁʺˌ ɸˊʱˁʹˌ 

όɸʶˋˋʰ˂ˇ˄ʾˁʹΣ ʅʷˊˊʶˌΣ ɼʰʲʱ˂ʰΣ ɲˊʱ˃ʰύΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʱΣ ˖ˋˍˈˋˇΣ ʵʶ˄ ʰ˄ʰ˒ʷˊˇ˄ˍʰ ˁʰˍΩ 

ʰ˄ʱʴˁʹ ˋʶ ˈ˂ʰ ˍʰ ˁˊʽˍʺˊʽʰΣ ʰ˂˂ʱ ˋˍʹ˄ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ʰˎˍ˗˄Φ ɴˍˋʽΣ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ 

ˍʹˌ ʶˎˊˏˍʶˊʹˌ ˉʶˊʽˇ˔ʺˌ ˍʹˌ ɸʶˋˋʰ˂ˇ˄ʾˁʹˌΣ ˇʽ ˍʽ˃ʷˌ ˍˇˎ ʵʶʾˁˍʹ R ʁ ʾ˄ʰʽ ʰˉˈ ˍʽˌ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˋˍʹ˄ 
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ɳ˂˂ʱʵʰΦ ʍˋˍˈˋˇΣ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʽʰ ˁʰ˂ʺΣ ˋˎʴˁˊʽˍʽˁʱΣ ʰˉˈˁˊʽˋʹ ˖ˌ ˉˊˇˌ ˍʽˌ 

ˍʽ˃ʷˌ ˍˇˎ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ˋˍʽˌ ʵʽʱ˒ˇˊʶˌ ˁ˂ʾ˃ʰˁʶˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ ʻʰ ʺˍʰ˄ 

ˉʰˊʱˍˇ˂˃ˇ ˄ʰ ʰ˄ʰ˒ʶˊʻˇˏ˄ ˃ʶ ʲʶʲʰʽˈˍʹˍʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˍʱˋʶʽˌ ʰ˄ʱ ˍʹ˄ ʶˉʽˁˊʱˍʶʽʰΣ ˉˊʱʴ˃ʰ 

ˍˇ ˇˉˇʾˇ ˁʰʽ ʵʶ ʴʾ˄ʶˍʰʽΦ 

ʅˍˇ ˁˇ˃˃ʱˍʽ ˍˇˎ ʶˉʽ˃ʶˊʽˋ˃ˇˏ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˋʶ ˁʰʻʶˋˍ˗ˌ convective ˁʰʽ 

stratiform ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˍ˖˄ ˋˍʰʻ˃˗˄Σ ˒ʰʾ˄ʶˍʰʽ ʰˊ˔ʽˁʱ ˉ˖ˌ ˍˇ ˉˇˋˇˋˍˈ ˍʹˌ 

ˍˏˉˇˎ convective ʶˍʺˋʽʰˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋ˔ʶˍʽˁʱ ˋˍʰʻʶˊˈ όϤ ол҈  ʶˉʾ ˍʹˌ 

ˋˎ˄ˇ˂ʽˁʺˌύ ˁʰʻΩ ˈ˂ʰ ˍʰ ʷˍʹΦ ɳ˄˗ ˎˉʱˊ˔ʶʽ ʶ˃˒ʰ˄ʺˌ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˋˍʹ ˋˎ˄ˇ˂ʽˁʺ ˁʰˍʰˁˊʺ˃˄ʽˋʹΣ 

ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ʰˎˍʷˌ ˁˎˊʾ˖ˌ ʰˁˇ˂ˇˎʻˇˏ˄ˍʰʽ ʰˉˈ ˍʽˌ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍˏˉˇˎ 

stratiformΦ ʁʽ ˍʽ˃ʷˌ ˍʹˌ ˁˊʾˋʽ˃ʹˌ ʷ˄ˍʰˋʹˌΣ ʰˉˈ ˍʹ˄ ʱ˂˂ʹΣ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʵʽʰˁˏ˃ʰ˄ˋʹ όʰˉˈ ф 

mm/6 h ̫ ˖ˌ ˁʰʽ нл mm/6 hύ ˋʶ ʶˉʾˉʶʵˇ ʷˍˇˎˌΦ 

ʆˇ ˉˊˇʿˈ˄ TRMM 3B42 Vт ˒ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʵʾ˄ʶʽ ˉʰˊʰˉ˂ʺˋʽˇ ˉˇˋˇˋˍˈ ˍʹˌ convective 

ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ˃ʶ ʰˎˍˈ ˍ˖˄ ʶˉʾʴʶʽ˖˄ ʵʶʵˇ˃ʷ˄˖˄. ʁʽ ˁˊʾˋʽ˃ʶˌ ʶ˄ˍʱˋʶʽˌ ʰˉˈ ˍʹ˄ ʱ˂˂ʹΣ 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ʵʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌ όˍʹˌ ˍʱ˅ʹˌ ˍˇˎ т mm/6 h). ʅʹ˃ʰ˄ˍʽˁˈˍʶˊʹ 

ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˉʰˊʰˍʹˊʶʾˍʰʽ ˍˇ нллфΣ ˈˉˇˎ ˒ʱ˄ʹˁʶ ˉ˖ˌ ˇ ʶˁʻʶˍʽˁˈˌ ˄ˈ˃ˇˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ 

ˉʶˊʽʴˊʱ˕ʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ˍʹ stratiform ˁʰˍʰˁˊʺ˃˄ʽˋʹ ˁʰʽ ˖ˌ ʶˁ ˍˇˏˍˇˎ ʹ ˉˊˇˋʰˊ˃ˇʴʺ ˉˇˎ 

ʶˉʶˍʶˏ˔ʻʹ ˁˊʾ˄ʶˍʰʽ ˖ˌ ˃ʹ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ό˃ʶ ʶˉʰˁˈ˂ˇˎʻˇ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ʶ˅˖ˁʶʾ˃ʶ˄˖˄ ˍʽ˃˗˄). 

ʍˌ ˉˊˇˌ ˍʽˌ ˉˊˇˍʱˋʶʽˌ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʷˊʶˎ˄ʰΣ ʰˊ˔ʽˁʱ ˋʹ˃ʰ˄ˍʽˁʺ ʻʰ ʺˍʰ˄ ʹ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ 

ʰ˄ˍʾˋˍˇʽ˔ʹˌ ˃ʶ˂ʷˍʹˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ άIntegrated Multi-satellitE Retrievals for Global 

Precipitation Measurements, IMERGέ ˁʰʽ ʹ ˋˏʴˁˊʽˋʺ ˍˇˎ ˃ʶ ˍˇ TRMM 3B42 VтΦ ʆˇ ˉˊˇʿˈ˄ ʰˎˍˈ 

ˉʰˊʱʴʶˍʰʽ ʰˉˈ ˃ʶˍˊʺˋʶʽˌ ˍˇˎ ʵˇˊˎ˒ˈˊˇˎ GPM ̄ ˇˎ ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ˇ ζˋˎ˄ʶ˔ʽˋˍʺˌη ˍˇˎ TRMM 

ˁʰʽ ʺʵ́ ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʶˍˊʺˋʶ˖˄ ʴʽʰ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˃ʶʴʰ˂ˏˍʶˊˇ ˍˇˎ ʶ˄ˈˌ 

ʷˍˇˎˌΦ 

ɮ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˔ˊʺˋʹˌ ˍˇˎ ʵˇˊˎ˒ˇˊʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌ ˋˍʹ˄ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˍ˖˄ 

ˁʰˍʰʽʴʽʵˇ˒ˈˊ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄Σ ˉˊˇˍʶʾ˄ʶˍʰʽ ʰˊ˔ʽˁʱ ʹ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ˃ʶ˂ʷˍʹˌ ʴʽʰ 

ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʶˍ˗˄ ˉˇˎ ʵʽʰˍʾʻʶ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ оɰпн Vт όмт ʷˍʹύΣ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʱ˃ʲ˂ˎ˄ˋʹ 

ˍʹˌ ʰʲʶʲʰʽˈˍʹˍʰˌΦ 

ɳˉʾˋʹˌ ˉˊˇˍʶʾ˄ʶˍʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˋʶ όiύ ˋʶ ʶˉˇ˔ʽʰˁˈ ʶˉʾˉʶʵˇΣ όii) 

ˋʶ ʶˉʽ˃ʷˊˇˎˌ ˉʶˊʽˇ˔ʷˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʵʽʶˊʶˎ˄ʹʻʶʾ ʶ˄ʵʶ˔ˈ˃ʶ˄ʹ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˋˍʹ˄ ʶˉʾʵˇˋ ́

ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ˁʰʽ όiiύ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʹ ˔˖ˊʽˁʺ ˁ˂ʾ˃ʰˁʰ όˉ˔Φ ˋˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ˔˗ˊʰˌύ ˁʰʽ ʹ ˋˏʴˁˊʽˋʺ 

ˍˇˎ ˃ʶ ˈˋˇ ˍˇ ʵˎ˄ʰˍˈ˄ ˉˎˁ˄ˈˍʶˊˇ ˁʰʽ ˁʰ˂ʱ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ˇ ʵʾˁˍˎˇ ʶˉʾʴʶʽ˖˄ ˋˍʰʻ˃˗˄. 
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ɰʽʲ˂ʽˇʴˊʰ˒ʾʰ 

ɳ˂˂ʹ˄ʽˁʺ ʲ̔ ʲ˂ʽˇʴˊʰ˒ʾʰ 

ɮ˂ʶ˅ˇˉˇˏ˂ˇˎΣ ɮΦ όнлмлύΦ ɮ˅ʽˇ˂ˈʴʹˋʹ ɲˇˊˎ˒ˇˊʽˁ˗˄ ɰˊˇ˔ˇ˃ʶˍˊʽˁ˗˄ ɲʶʵˇ˃ʷ˄˖˄Φ ɾʶˍʰˉˍˎ˔ʽʰˁʺ 

ɳˊʴʰˋʾʰΣ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇΣ ʅ˔ˇ˂ʺ ʃˇ˂ʽˍʽˁ˗˄ ɾʹ˔ʰ˄ʽˁ˗˄Σ ɲʃɾʅ ɳˉʽˋˍʺ˃ʹ ˁʰʽ 

ʆʶ˔˄ˇ˂ˇʴʾʰ ʇʵʰˍʽˁ˗˄ ʃˈˊ˖˄Σ ɮʻʺ˄ʰΦ 

ɼˇˍˊ˗˄ʹΣ ɰΦ όнллфύΦ ʆʹ˂ʶ˃ʶˍˊʽˁʷˌ ˃ʷʻˇʵˇʽ ˃ʷˍˊʹˋʹˌ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ʅʹ˃ʶʽ˗ˋʶʽˌ 

ʇʵˊˇ˃ʶˍʶ˖ˊˇ˂ˇʴʾʰˌΣ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇΣ ɮʻʺ˄ʰΦ όɲʽʰʻʷˋʽ˃ˇ ˋˍʹ ʵʽʶˏʻˎ˄ˋʹΥ 

https:// itia.civil.ntua.gr/courses/hydrometeo/). 

ɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ ɲΦ ˁʰʽ ʀʰ˄ʻˈˉˇˎ˂ˇˌΣ ɸΦ όмфффύΦ ʆʶ˔˄ʽˁʺ ʇʵˊˇ˂ˇʴʾʰΦ о ́ɴˁʵˇˋʹΣ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ 

ʃˇ˂ˎˍʶ˔˄ʶʾˇΣ ɮʻʺ˄ʰΦ 

ɾʰ˃ʱˋʹˌΣ ɿΦ όнллсύΦ ʅʹ˃ʶʽ˗ˋʶʽˌ ʃˊˇ˔˖ˊʹ˃ʷ˄ʹˌ ʇʵˊˇ˂ˇʴʾʰˌΣ ɼʰˍʰˁˊʹ˃˄ʾˋ˃ʰˍʰ ˁʰʽ ˔˖ˊʽˁʺ 

˃ʶˍʰʲ˂ʹˍˈˍʹˍʱ ˍˇˎˌΦ ɳˊʴʰˋˍʺˊʽˇ ʇʵˊˇ˂ˇʴʾʰˌ ˁʰʽ ɮ˅ʽˇˉˇʾʹˋʹˌ ʇʵʰˍʽˁ˗˄ ʃˈˊ˖˄Σ ɳʻ˄ʽˁˈ 

ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇΣ ɮʻʺ˄ʰΦ όhttp:// www.itia.ntua.gr/nikos/adv_hydrology/ index.htm).  

ɾʰ˃ʱˋʹˌΣ ɿΦ όнллтύΦ ʅʹ˃ʶʽ˗ˋʶʽˌ ʃˊˇ˔˖ˊʹ˃ʷ˄ʹˌ ʇʵˊˇ˂ˇʴʾʰˌΣ ɳʽˋʰʴ˖ʴʺ ˋˍʹ ɱʶ˖ˋˍʰˍʽˋˍʽˁʺΦ 

ɳˊʴʰˋˍʺˊʽˇ ʇʵˊˇ˂ˇʴʾʰˌ ˁʰʽ ɮ˅ʽˇˉˇʾʹˋʹˌ ʇʵʰˍʽˁ˗˄ ʃˈˊ˖˄Σ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇΣ 

ɮʻʺ˄ʰΦ όhttp:// www.itia.ntua.gr/nikos/adv_hydrology/ index.htm). 

ɾʰ˃ʱˋʹˌΣ ɿΦ όнллфύΦ ʅʹ˃ʶʽ˗ˋʶʽˌ ʃˊˇ˔˖ˊʽ˃ʷ˄ʹˌ ʇʵˊˇ˂ˇʴʾʰˌΣ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇΣ 

ɮʻʺ˄ʰ όƘǘǘǇΥκκǿǿǿΦƛǘƛŀΦƴǘǳŀΦƎǊκƴƛƪƻs/adv_hydrology/index.htm). 

ɾʽ˃ʾˁˇˎΣ ɾΦɮΦΣ ɾˉʰ˂ˍʱˌΣ ɳΦɮΦ όнллсύΦ ʆʶ˔˄ʽˁʺ ʇʵˊˇ˂ˇʴʾʰΦ п ́ʷˁʵˇˋʹΣ ɳˁʵˈˋʶʽˌ ʃʰˉʰˋ˖ˍʹˊʾˇˎΣ 

ɮʻʺ˄ʰΦ 

ɾʽ˃ʾˁˇˎΣ ɾΦɮΦ όнллсύΦ ʆʶ˔˄ˇ˂ˇʴʾʰ ʇʵʰˍʽˁ˗˄ ʃˈˊ˖˄Φ о ̫́ ˁʵˇˋʹΣ ɳˁʵˈˋʶʽˌ ʃʰˉʰˋ˖ˍʹˊʾˇˎΣ ɮʻʺ˄ʰΦ 

ɾˉʰ˂ˍʱˌΣ ɳΦ όнлмоύΦ ɳ˒ʰˊ˃ˇˋ˃ʷ˄ʹ ɾʶˍʶ˖ˊˇ˂ˇʴʾʰΦ н ̫́ ˁʵˇˋʹΣ ɳˁʵˈˋʶʽˌ ɵʺˍʹΣ ɸʶˋˋʰ˂ˇ˄ʾˁʹΦ 

ʃʰˉʰʻʶˇʵˇˋʾˇˎΣ ɾΦ όнлммύΦ ɮ˅ʽˇ˂ˈʴʹˋʹ ɲˇˊˎ˒ˇˊʽˁ˗˄ ʃˊˇʿˈ˄ˍ˖˄ ɰˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ɽʶˉˍʺ 

ʋˊˇ˄ʽˁʺ ɼ˂ʾ˃ʰˁʰΦ ɾʶˍʰˉˍˎ˔ʽʰˁʺ ʶˊʴʰˋʾʰΣ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇΣ ʅ˔ˇ˂ʺ ʃˇ˂ʽˍʽˁ˗˄ 

ɾʹ˔ʰ˄ʽˁ˗˄Σ ɲʃɾʅ ɳˉʽˋˍʺ˃ʹ ˁʰʽ ʆʶ˔˄ˇ˂ˇʴʾʰ ʇʵʰˍʽˁ˗˄ ʃˈˊ˖˄Σ ɮʻʺ˄ʰΦ  

ʊʶ˂˗˄ʹΣ ɳΦ όнлмпύΦ ɮ˄ʱˉˍˎ˅ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˍ˖˄ ˁʰˍʰʽʴʽʵˇ˒ˈˊ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˋˍʹ˄ 

ɮˍˍʽˁʺΦ ɾʶˍʰˉˍˎ˔ʽʰˁʺ ʶˊʴʰˋʾʰΣ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇΣ ʅ˔ˇ˂ʺ ʃˇ˂ʽˍʽˁ˗˄ ɾʹ˔ʰ˄ʽˁ˗˄Σ 

ɲʃɾʅ ɳˉʽˋˍʺ˃ʹ ˁʰʽ ʆʶ˔˄ˇ˂ˇʴʾʰ ʇʵʰˍʽˁ˗˄ ʃˈˊ˖˄Σ ɮʻʺ˄ʰΦ 

ʊʶ˂˗˄ʹΣ ɳΦ όнлмрύΦ ɮ˄ʱ˂ˎˋʹ ˁʰˍʰʽʴʾʵ˖˄ ˋˍʹ˄ ɮˍˍʽˁʺ ˃ʶ ʋˊʺˋʹ ɲʶʵˇ˃ʷ˄˖˄ ʆʹ˂ʶˉʽˋˁˈˉʹˋʹˌ ˁʰʽ 

ɳˉʾʴʶʽ˖˄ ɼʰˍʰʴˊʰ˒˗˄Φ ɾʶˍʰˉˍˎ˔ʽʰˁʺ ɳˊʴʰˋʾʰΣ ɳʻ˄ʽˁˈ ˁʰʽ ɼʰˉˇʵʽˋˍˊʽʰˁˈ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ 

ɮʻʹ˄˗˄Σ ʆʶ˔˄ˇ˂ˇʴʽˁˈ ɳˁˉʰʽʵʶˎˍʽˁˈ ɺʵˊˎ˃ʰ ʅʶˊˊ˗˄Σ ɲʃɾʅ ʃˊˈ˂ʹ˕ʹ ˁʰʽ ɲʽʰ˔ʶʾˊʽˋʹ ʊˎˋʽˁ˗˄ 

ɼʰˍʰˋˍˊˇ˒˗˄Σ ɮʻʺ˄ʰΦ 
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ʊ˖ˍˈˉˇˎ˂ˇˌΣ ʊΦʅΦ όнлммύΦ ʃˊˈʴ˄˖ˋʹ ʃ˂ʹ˃˃ˎˊ˗˄ ˋʶ ɳˉʾˉʶʵˇ ɽʶˁʱ˄ʹˌ ɮˉˇˊˊˇʺˌ ˃ʶ ʋˊʺˋʹ 

ɲˇˊˎ˒ˇˊʽˁ˗˄ ɾʶˍˊʺˋʶ˖˄ ɼʰˍʰˁˊʺ˃˄ʽˋʹˌΦ ɲʽʵʰˁˍˇˊʽˁʺ ɲʽʰˍˊʽʲʺΣ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ 

ʃˇ˂ˎˍʶ˔˄ʶʾˇΣ ʅ˔ˇ˂ʺ ʃˇ˂ʽˍʽˁ˗˄ ɾʹ˔ʰ˄ʽˁ˗˄Σ ʆˇ˃ʷʰˌ ʇʵʰˍʽˁ˗˄ ʃˈˊ˖˄ ϧ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ 

ɳˊʴʰˋˍʺˊʽˇ ʇʵˊˇ˂ˇʴʾʰˌ ϧ ɮ˅ʽˇˉˇʾʹˋʹˌ ʇʵʰˍʽˁ˗˄ ʃˈˊ˖˄Σ ɮʻʺ˄ʰΦ 
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ʅ˔ʺ˃ʰ 1: ʃʽʻʰ˄ˈˍʹˍʰ ʰ˄ʾ˔˄ʶˎˋʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ о hr h ˄ʱ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˋˍʰʻ˃ˈ. 

 

ʅ˔ʺ˃ʰ 2: ʅˎ˄ˍʶ˂ʶˋˍʺˌ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ о hr h ˄ʱ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˋˍʰʻ˃ˈ. 


