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6- Crop Growth Model
7- World Meteorological Organization, WMO
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5- Surface Solar Radiation, SSR

(Email: swsabzi@basu.ac.ir



1WA 55— 310 ,5 F o)leds FF wls (S g ol 4,85 QY

Sy e ooy Sl 9 23kioe s iz 9 el
slaaSed b 5 5399551 siglarhen (e daw cutbly odgs
Jde oyl g8 blas 51 (YD) Cosl oss (Slyb o) pdaw  aolisslgn
Sy 45 Cl ool 0oy I8 pdiie ds g5 D90 Iy o S
OB dwganyd ) g+ /T Sl S8 @)i8 o b g K],
030> 5 Al o o yiwd ;3 dilale g &ljg; el dw (Sloj SSa
(597 3= il Slllae 55 o 1A Bly oo & S5 ol
i lsee 3blis 3 SSR b5 55l ;5 GLDAS alobw obj)l
Ol (V) o hKen g Kilg ciges lais 4 .Cuwl 0ids pboml o
Ao pel8l Ly gl 0j9> 1> GLDAS &lolw baugi 1y yuoj odaw
wlolw a8 ol lis Gimed cpl gl 00,8 obs)l e 0 Sis
o35y Lol el (53591 i ailale il oS > GLDAS
SSR yuls oas (5 ,Sojlul slaools b os3 38155 &iljg, yolie
5 il o 3o Jao 2350 (Y8) 50 351 352
2 &lig) Slaa L el jslaie 41 1) (slojlsale Y gae
O (o5 (Ste 50 (L @l )8 oy Jlod (5154l
Sl sy ) 0d (g ySojluil (sl 03l 5 oA gy DY gaze
aibaie il )9l Jawgio 3 Slas GLDAS &bl g azily 939
Jgmazme jlaa bwg ) SSR uls (YY) l)lSen 5 SOL 550
leodly (g5l luen alols GLDAS sl Jolis calizce
cibly Lmosls dcgame 5 ' s wolidlen (lojlo
dgliio SouS5 b oy 3 Yoo AT\ )93 el e wlilsn
sl L gy 6)B5L CMFD Jas ob lis guls .65,8
3L 45 G CLDAS 5 GLDAS a5 Jbs )3 5y s (5,503l
SSR L2l (W) ohlser 5 (558 ol o it S35l ey
(=275 SYole gy d b1y (938 olSiun] )3 00l (g pSTo ]
&Mygi g NCEP/NCAR o}l Jos 5 GLDAS il
s gl 508 duglie " parld] Sy —lolsale (i) sl
Crrite GLDAS &lols a9 pg a5l o 0yJS” Jio a5 3l
Ly Y gase (K00 & s |y 3 Sas
Sl by 9 YU Slej g (LS SSE ©)18 3529 L
s (bl 35 55 Jie opl cl (Seo GLDAS wilobs
ol sl sl aad (6, Sojlasl lasoly 4y cuns oYL
p;Y GLDAS alolw it 25 ity 5 pSRoiics € iy of yule

8- Near real time

9- Land Data Assimilation System, CLDAS

10- China Meteorological Administration, CMA

11- China Meteorological Forcing Dataset, CMFD

12- The Satellite Application Facility on Climate
Monitoring, CM SAF
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1- Radiative extinction process

2- Radiative Transfer Models, RTM

3- National Centers for Environmental Prediction and
the National Center for Atmospheric Research
Reanalysis, NCEP/NCAR

4- European Centre for Medium-Range Weather
Forecasts, ECMWF

5- Global Land Data Assimilation System, GLDAS

6- Interim Reanalysis, ERA-Interim

7- Japanese 55-year Reanalysis, JRA-55
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4- National Oceanic and Atmospheric Administration,
NOAA

5- National Centers for Environmental Prediction,
NCEP

6- Downward shortwave radiation flux

7- Air Force Weather Agency’s (AFWA) Agricultural
Meteorology modeling system (AGRMET)

8- Climate Data Operator
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1- Digital Elevation Model, DEM

2- National Aeronautics and Space Administration,
NASA

3- Goddard Space Flight Center, GSFC
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Figure 1- Map of studied radiation sites in Iran and classification of the studied sites based on altitude and climate types
(UNESCO)
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Figure 2- Zoning maps of measured daily SSR, estimated GLDAS and bias map (difference between estimated GLDAS and
measured daily SSR) in Iran in the time period of (2012-2015)
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Figure 3- Scattered plot of comparison of daily measured SSR with estimated GLDAS data in the time period of (2012-2015)
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(2012-2015)
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Introduction: Surface Solar Radiation (SSR) as the largest source of land-surface energy is an important
parameter in meteorological and climatological studies. Limitations in ground-based measurements have
encouraged the users to approach low cost and reliable methods to estimate radiation components, for the regions
where the ground-based radiation data are sparse. Different methods have been developed for estimating SSR
including empirical models, radiative transfer models, semi-empirical models, and models based on satellite and
reanalysis products. In most studies in Iran, empirical methods have been investigated. Despite the simplicity of
these models, they do not accurately represent SSR variations because of not considering all the parameters
affecting radiation variations, at large spatial scales with different climates. The Global Land Data Assimilation
System (GLDAS) is a combination of measured and satellite data that uses advanced land surface modeling and
data assimilation methods. One of the strengths of this model that makes GLDAS unique is that it has global
coverage, high spatial-temporal resolution and is available for free. GLDAS is a terrestrial modeling system
uncoupled to the atmosphere. This work was aimed to evaluate SSR derived from GLDAS using ground
measurements over Iran from 2012 to 2015 on a daily basis.

Materials and Methods: In this study, measured SSR in 24 radiometer stations of Iran from 2012 to 2015
was extracted. Since the measured data are associated with some errors, the quality of the data must be checked
and screened before use. In this study, Moradi's proposed method was used to control data quality. The studied
areas were classified into three zones of coastal, arid and semi-arid climates based on Digital Elevation Model
(DEM) and UNESCO climate classification approach. The GLDAS SSR outputs were extracted with a spatial
and temporal resolution of 0.25° grid cell and 3-hourly from 2012 to 2015. The GLDAS is one of the LDAS
projects and has been extended jointly by the National Aeronautics and Space Administration (NASA) Goddard
Space Flight Center (GSFC) and the National Oceanic and Atmospheric Administration (NOAA) National
Centers for Environmental Prediction (NCEP). The purpose of GLDAS is to produce high quality temporal and
spatial land surface data. GLDAS drives three land surface models: Mosaic, Noah, and CLM. GLDAS
assessments SSR at the land surface using a method and cloud and snow products from the Air Force Weather
Agency's (AFWA) Agricultural Meteorology modeling system (AGRMET). Since the GLDAS data are created
using the gridded Binary format, the nearest neighborhood interpolation method was used to match these data
with ground-based data and GLDAS datasets were generated for station points using CDO software. In this
study, GLDAS datasets were compared against measured SSR datasets by four validation metrics. The metrics
used are determination coefficient (R?), the mean bias error (MBD), the mean absolute error (MABD), relative
mean absolute error (RMABD) and root mean squared error (RMSE).

Results and Discussion: Statistical analysis showed that the performance of GLDAS in SSR evaluation is
reasonable in Iran with a high-efficiency coefficient of 0.88. Also, it was shown that the GLDAS has a higher
ability to estimate SSR under clear sky (warm seasons) conditions than cloudy conditions (cold seasons). Similar
to the obtained results, Trager-Chatterjee et al. (2010); Jia et al. (2013); Boilley and Wild (2015) and Heidary
Beni and Yazdanpanah (2017) also showed that the ERA- Interim, NCEP-DOE, RegCM4 and angstrom model
are also more capable of estimating SSR in warm seasons. Seasonal bias variations at three studied areas showed
that the most changes occurred in summer and least changes in winter. The highest overestimation was also
observed in the coastal areas in summer and the lowest overestimation in the semi-arid regions in spring. The
evaluation of the GLDAS performance against the site measured SSR data suggests that the GLDAS tends to
underestimate in 71% of the studied stations. Moreover, the stations located in the arid region provided a better
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estimation of SSR as compared with semi-arid and coastal locations. These results were compared with those of
Boilley and Wald (2015) that showed ERA-Interim and MERRA reanalysis models have high uncertainty in
areas with tropical humid climates, and in regions with arid climates, models perform better in SSR estimation.
Our findings were also in good agreement with their results.

Conclusion: GLDAS SSR outputs can be used for agricultural studies. This is due to the facts that arid and
semi-arid climates are dominant in Iran and the growing season is mostly in the warm season.

Keywords: Evaluation, GLDAS, Iran, Surface solar radiation



