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Abstract

In thisresearchthe latest version 7 (V7) of the Tropical Rainfall Measuring Mission (TRMM) Multi
satellite Precipitation Analysis (TMPA) product 3B4@valuated, using data from 34 rain gauge
stationsdistributed over Greece. Thevaluationaims to assess the capacity of the product in
estimating observed precipitation amounts¢£> 0 mm).The \alidationprocesss conducted at

five different tempaoal scales (3, 6, 12, 24 and 48tr) the period 2002014 It is evident that,
although there is a notable improvement in the accuracy of the estimatésginer temporal
scales (e.g. the mean value of the efficiency coefficient index is approxima@Hy B@her in the

48 h temporal scale, compared with thet3scale), the product reliability is low in elisesThe
satellite datasystematically underestimaterecipitation in lower temporal scales, while this
tends to change in higher. In particulargetlexamination 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 prodsgotential use

for classifying total annual precipitation inttsiconvective and stratiform components is also
examined For thispurpose, a classification algorithm is applied over the greater Athens area
using ground observation and the satelldata separately for the 2002014 period. According

to the methodology followedan exponential distribution can be observed when cumukat
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 componemhecritical precipitation intensity (B, as

well as, the percentages of convective)(Bnd stratiform (B precipitation arecalculatedbased

on a computational proces3he results obtained, using the two different datasets, show that P

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 farcas €ncerned, vih the
mean absolute differencbeing approximately 7 mm/6 m the six year periodHence, 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. Satebdsed quantitatve 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 sabeltitl
measurements (e.g., the spatiotemporal vaitat 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 satelkt®msed precipitation products is recognized as a
major issue for theisefulness of the estimates (Hong et al., 2006).

To this respect, the goal of thiesearch works firstly to evaluate the space borne Version 7
TRMM MultiSatellite Precipitation Analysis (TMPA 3B42) research product over the wider area
of Greece usinglzserved rain gauge data. The TMPA provides a 3 hr, gridded precipitation; gauge
adjusted, postreaktime product This product has a spatial resolution of X525 within the

global latitude range of 50{60S. Vesion 7of 3B42(hereafter, 3B42 Y) is tre latest version,

which became available for the time period of 18P8sent in late December 2012, and
supersedes all previous versions. There are several studies which have also attempted to evaluate
the 3B42 (Feidas, 201G <8 v~ ~,7201 ] M = h * 8" 12011 Katsanos et al., 2004
product over Greece, howevell 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 usefimulations 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 fedures. 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 th€EMPA 3B42 ¥ precipitation esimates, 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 obseraid cauge and the TMPA 3B427 data.

The result are finally compared.



Literature review

TheTRMM mission andhe TMPA3B42 W7 product

The Tropical Rainfall Measuring Mission (TRMM), launched in late %8&7 joint mission

between National Aeronautics and SgaAdministration (NASA) of the United States and the

Japan Aerospace Agency (JAXA). Thetiimst use of both active and passiveiamowave
instruments and the preessingas wellasit§ 2 ¢ Ay Of Ayl GA2y 2NDBAG odopcO
foremost satellitefor 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 woflde primary rainfall instruments dhe

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

and Infrared Radiometer System (VIRS). Additionally, the TRMM satellite carried the Lightning
Imaging Sensor (LIS) ard$ / f 2dzRa | yR 9F NI KQa wWEHRESayld 9y S
operative only for a small period over the 17 years of the mission, due to an electronic failure
(NASA, 2007).

The TMPA 3B42 ¥ estimates were produced in four stages; (1) the microwave estismat
precipitation from TRMM and other satellites were calibrated and combined, (2) infrared
precipitation estimates were created using the calibrated microwave precipitat{8h the
microwave and IR estimates were obtained daourly 0.25 grid resoltion, and (4Yain gauge

data were incorporated (Huffman et al., 2006

¢tKS ¢waa alidSttAGS NBSYIGSNBR GKS 9FNIKQa | dYz
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 2b&4satellite 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 Microwkwager (TMI) continued

to function with slowly changing characteristics until it was shut down on 8 April 2015 as part of
0KS RSO2YYA&aaArzyAy3asr 2N aLJ &aidITRMMVBvgsHot tReF G K S
substantive issue for the TMPA and TMRA 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 pagioipi versus
precipitation intensity distribution follows a near exponential law but with anomalies. Regarding



high precipitation rates, the anomalies deviated from the distribution were related to convective
systems. This exponential law is always gdatisfor any selected period, as shown at the figure
below.
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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 decompased a

0Y 0600Q ne (1)
where A(t) and b(t) are timelependent parameters and R is precipitation intensity. In general,
the exponential component in (1) dominates for small rates and can be related to stratiform

LINS OA LA G I O A 2 yimpossakt Xof |&ge lidtensified and i2 dddSbe linked to convective
precipitation.

ASR 2y (KS NBadz (a 2-Feodét AR20TL)f propoSedl a methodolpgy & (i dz
for classifying total precipitation at a regional scale. For determining bothvective and
stratiform precipitation components, a suitable exponential function, as (1) was used. After a
computation process, critical precipitation intensity {salled R) was obtained for each year and
season of the 1992008 studied period. Everygxipitation episode in Levantegion, where the

Xi



study took place, was classified into prevailing convective or stratiform regime according to the
threshold value defined bydR

Partition of the annual cumulative precipitation in Levante, 2007
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Fig 2: Obtaining Rfor Eastern Iberian Peninsula [Rduo et al., 2011]

Methodology

Evaluation of theTMPA3B42 W7 product

Evaluation of the productvas performed in two main stages. The first one is the statistical
analysisat whicha comparison between the satellilnd observed rain gauge data toplace.
The second is the study of the spatial distribution of the performance indicatbmpted,over
the area of Greece. Validatiomasconducted in five differentemporal scales separately; the 3
h, 6 h, 12 h, 24 h and 48temporal scales and for a period of six years (22044). Only time
intervals at whiclobservedprecipitation wagyreater than zerdi.e. nonzero valuesPons>0 mm)
were examined.

The necessary rain gauge timeseries data was acquired by three different sahecétellenic
National Meteorological Service (HN§)| the National Observatory of Athens (NOA) and the
Hydrological Observatory of Athens (HOA), a netwbet belongsto the National Technical
University of Athens (NTUA). In particuldata from 34 statonswere used 15 meteorological
stations of theHNMSnetwork, 15 stations of the NOA tveork and 4 of the HOA network.

Xii
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Fig 3: The TRMM 0.2%0.25' grid over Greece and rain gauge stations used are presented.

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

of the 34 examined stations and to estimate a moel@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 researchersfor a similar purpose (Tsaknias et,aR0ll; B <& v~ = 72019~ .

[ h T h ¥ ¥ 12011). This technique waspplied here as well. More speaifally, the time

series of all fourclosestgrid pointswere usedand the modelled time series fagach station
locationwere produced based on the best linear unbiased estimation (BLUE) i.e. by optimizing
the weight coefficients. h_ h_ h_ (assuming no negative values for physical consistency and

p) in a linear relationshipy _ Y Y Y _ Y, whereis the

best linear estimate of the historical valudi.e. Y¢S is the prediction error), andz, S, S and
S are the model outputs for the four closest grid points. Optimizatasdone on the basis of
the coefficient of efficiency:

B Y O (1)
B Y 0

0°QQp

The perfornance indicators of the TMPA 3B4Z7 ¥stimatesused in this studyvere the linear
correlation coefficient (R), the biasiéB), the square root of mean square error (RMSE), the mean
absolute error (MAE), and the efficiencgefficient(Eff). These quantities were calculated over
each rain gaugcationand for alltemporal scaleq3, 6, 12, 24 and 48)hFurthermore, he Hit
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Rate, which is the fraction of observed events that are correctly predigtedalso calculated.
Hit Rateis also known as the Probability of Detection (POD). It ranges from zemh@) the
detection ispoor, to one (1)when it is excellent

Finally, surfaces showing thepatial distribution of theLJS NJF 2 NI | y O Saluksyw&el O § 2 NJ
constructed. This procedure took place AncGIS environmenusing the Kriging interpolation
method (Fig. 8 13).

Classification of total precipitation

With the aim of investigating thepotential use of the TMPBB42 W productfor classiyingtotal
precipitation intoits stratiform and convectiveomponentsthe algorithm proposed by Tremblay
(2005)wasappliedin the Attica region,usingboth the precipitation timeserie®f both the eight
HOArain gauge stationand theeight grid cells of theTMPA3B42 V¥ productshown in Fig. 4
The time period waagain the2009-2014six year period
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Fig.4: Rain gauge network and TMM grid cells over Athens

First algorithm: exponential adjustment

The condition that the exponential function passlesugh the minimum valuewasimposed in
order to avoid negative fluctuationsas required Therefore, itwas necessary to select a
precipitation intensity (mm/6 hglass intervalhat creates acumulative precipitation distribution
without too manyanomalies. A good adjustment would no¢ possible in case ofdastribution
with many localminimum values. In addiion, the chosencurve should accomplishhe

Xiv



commitment of having few variations and nbeing too smooth to keepnformation on the
amount ofconvective precipitation, so as not to underestimatéRuizLeo et al., 2011)

Class Interval = 1.00 mm/6h

Class Interval = 2.50 mm/6h
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Fig.5: Distribution of the cumulative precipitation in Attica aress calculated using observed
data,during 2011 The class intervabsxaminedare: a) 1.5, b) 2.5, ¢) 4, and d) 5.5 mm/6 h.

In the case of Figp and based on the condition described above, tip@m@priate interval is 2.50
mm/6 h. The same procedure was followading boththe observed and in the TRMM data
separatelyfor eachyear.

After that, an algorithmwasdesignedn order to identify the minimunvaluesof the cumulative
precipitation curve.The fitted exponential curveshould pass through these minimumalues
detected, never above them, to avoid obtainimgrealisticvalues of precipitatioriRuizLeo et al.,
2011)
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Second algorithm: obtainingcR

The next step was to obtain the critical intélysRc. Thisparameter is the threshold valughich
allows to classify precipitation into convective stratiform prevailing regimes. According to
Tremblay (2005)Yhe optimum Rvalue clearly separates two regions in tidjustment; the area
on the leftof the critical value wherghe stratiform component exceeds the convective amount
(Ps>Pc) and the area on the right side of the thresholg Where convective regime is dominant
(P<Po).

(b)

Cumulative Precipitation (mm)
Cumulzative Precipitation (mm)

%v@ =
50 60 70

Intensity R (mm/hr) Intensity R (mm/hr)

Fig. 6:Exponential adjustment and critical intensiB (red dash line) calculated using a) rain
gauge and bbhe TMPA3B42 V¥ data.

The stratiform component @Pwas subtracted from the totalprecipitation (P), obtaininghe
convective componentP) as a resul{Fig. 6)

Results

Evaluation of theTMPA3B42 V product

Based on the statistical analysis of the results, it can be shown that there is a notable
improvement inthe accuracy of th& MPA 3B42 ¥productin highertemporalscales (e.geff is

~ 300% higher in the 48than in the 3h scale). Nevertheless, estimations are reltable even

in the 48h analysidemporal scale.The mean value of Efis negativefor the 3h and 6h and
positive(but close to zerojor the rest. The highestalue of Effcorrespondingo the 48 hscalg

is approximately0.27, which isobviouslylow.

The same applies for the linear correlationex(R).More specifically,ie meanindexvaluesare
equal t00.302, 0.412, 0.496, 0.554 and 0.606tfwe 3, 6, 12, 24 and 4B scalegespectively.

XVi



Themean Bas of the product is negativiea all cases which shows an underestimatiasf the
precipitation amount over Greece. While the valdes the 3h and 48h are ~-26%and~-1%
respectivelythe significantly higher (as an absolute valMAE(118%- 83%) ad RMSE238%
140%)indicesshowthat the primal source of the unreliabilitys relatedto random errors rather
than the systematic one&astly, the mean probabilgsof detectionare0.344 0.452, 0.57, 0.681
and 0.786 fothe 3, 6, 12, 24nd 48h temporal scalesespectively.

By examining theneanBiasspatial distribution(Fig.7), the notable underestimatiormentioned
abovecan be observedHowever,in coarser time scaleshis underestimatiordecreasesnd in
manycasesthe productturnsto overestimate precipitationthe values of Bias become positive,
but close to zerd In particulat in areas withgenerallyhigherannualprecipitation amounts (e.g.
westernmainlandGreece) the product underestimatgsecipitationand overestimates it in arsa
with lower annualamounts(e.g. estern mainlandGreece). Howevem similar patternis not
noticed in the values of theest of theindicators(Fig.8-12). In general, e highresults as far as
the majority ofthe calculated quantitiesare concernedcan be observeaver northwestern
mainlandGreece, Atticaeastern Thraceand in some islantbcated atthe eastern part of the
country, contrary to the result®ver Crete (especiallpver Chania), central Greece and in the
eastern part of Macedonian@rthern Greece).

3h N 6h u 12h

A A A
24h i 48h y Bias (%)
3 B 513--44
ad BN 44— 2656
366 --292
292--219
219--145
145-7186
716-02
02-756
7.56-149
149-223
B 223295
B 29637

Fig 7: Eff distribution over Greece for the five different analytsisiporalscales
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Fig 9: Bias (%) distribution over Greece in five different analgsigoralscales
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Fig 12: POD distribution over Greece for the five different anal{esisporalscales

Classification of total precipitation

Theresults obtained from thepplicationof the classificatioralgorithmusing the two different
datasetsare presented iMable 1In generalthe percentage ofonvective precipitation is almost
constant along the whole perio¢~ 30%of total precipitation each year In addition, he
differences inPc (Fig. 14) as calculated using the observed and the TRMM ,datalow in all
cases except foyear 2009, due to the shape of theTMPA 3B42 V7 distribution and the
corresponding unsatisfactory fitting.

Table 1 Critical IntensityR), percentage of convectivedPand stratiform (B precipitation per
year. W h @eérr@spondsd ground observation datawhi ¢ wa a Q O2 NNB A LFYy Ra G2
data.

vear Re(mm/6h) P (%) Ps(%)
Obs TRMM Obs TRMM Obs TRMM
2009 18 2 27927  51.609 72073 48.391
2010 9 17.5 37.426  29.462 62.574  70.538
2011 12.5 24 34775  30.752 65.225  69.248
2012 20 17.5 27601  35.663 72399  64.337
2013 17.5 16 27393  35.794 72607  64.206
2014 18 14 20286  33.947 70.714  66.053
Mean 15.833  15.167 30.735  36.204 69.265  63.796
Values
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On the other hand, therags anotable deviation in the R valuesof each year(Rc,onsfranges
between 9 mm/6h and 20 mm/6h)Furthermore, significant differences betweeRc,obsand
Rerrvvcan be noedin most of theyears(Fig. 14)

60

o

Annual values of Pc Annual values of Rc
T T T T

T T T T
[ Fc obs ] (R obs
C_Jre3sa2v.? [__JRe3Ba2v.?

— — 15}

5}
L1 | 0 .H I

1 I f 1 1
2009 2010 2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
Year Year

|
Re (mm/6h)

Fig. 13 Annual values of Hleft) and R (right) as calculated usy observed and the TMPA 3B42

V7 data.

Conclusions

The main findings of this study asammarized as follows:

Evaluation of the TMPA 3B42 V7 product

)l

There is a significant improvememt the quality of the TMPA 3B42 V7 estimates when
the analysis is conductad highertemporal scales (e.g. in the 48 h compared with the 3
h scale)

In all temporal scales examined, the reliability of theduct is low (even in the 4B
temporal scale).

The product systematically tends to underestimafagcipitation amount (Bias< 0) in
lower temporal scales. However, this underestimation tam into an overestimation
(Bias> 0jn higher scalesverspecificregions; especially thosghichare characterized by
lower annual precipitation amounts (e.g. eastern mainland Greece, contrary to western
mainland Greece).

Classification of total precipitation

T

The relation between smulative precipitation(mm) andprecipitation intensity (mm/6
hours)over the greater Athens arezan be adequately described the equation0 'Y
00Q re, at which the exponential term is related with the stratiform compoi

XXI



and neis linked to the convective component of precipitation. This also applies for the
majority ofthe distributionscalculated using the TMPA 3B42 V7 estim&easept foryear
2009).

The percentage of annual convective precipitatiog) (RPasfound to be almost constant
along the six year study peripasestimatedusing both ground observatiorend the
TMPA 3B42 V7 data.

Critical precipitation intensity dRvalues varyalong the six year period. Furthermore,
there are notable differences e values of &for the two different datasets.

Overall, here are some promising results concerning the potential use of the satellite
product for the classification of total precipitation intits convective and stratiform
componentsvia the examined atgithm. However, furtheresearchis required.
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1998 13.5 40.83 5917 16.25 30.88 69.12 10 72.77 27.23
1999 375 2923 7077 325 22.86 77.14 10.5 57.9 42,09 10.5 65.28 3472
2000 17.5 6848 3153 105 47.44 52.55 10 80.39 19.68 6 100 0
2001 225 5423 4578 13.75 35.06 64.93 315 13.72 86.28 7.5 100 0
2002 22,75 38.64 6134 11 12.39 87.61 28.75 7.77 92.22 17.5 68.69 3131
2003 16.5 50.2 498 21 16.57 83.43 16.5 45,57 54,43 17.5 78.09 2191
2004 12.5 73 27.03 19.5 22.75 77.24 23.75 23.86 76.14 22,75 23.79 7621
2005 15.75 58.69 413 19 12.22 87.78 13.75 30.24 69.76 17.5 56.62 4337
2006 225 4525 5476 18.75 2243 77.57 13.5 49,58 50.41 15.75 59.62 4038
2007 275 5546 4455 135 42.66 57.34 18.75 20.67 79.33 17.5 68.47 3153
2008 12.25 65.76 3423 23 12.24 87.75 2275 28.84 71.16 5.25 100 0
2009 18.75 20.09 7991
Mean percent. 527 473 248 75.2 35.8 64.2 73.73 263
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