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! Climate change impacts in Iran: Assessing our current knowledge; Theoretical and applied climatology, 2019,
135, 545-564

2 Climate of Iran; Chapter3 in The Soils of Iran.; Springer Nature, 2018, 25 pages.
https://link.springer.com/chapter/10.1007/978-3-319-69048-3 3

3 SIAP: Standard index of annual precipitation: (Pyear —Pmean )/SDp With P=Annual precipitation.

4 Spatial analysis of meteorological drought in Iran from 1965 to 2003. Desert:2013 18: 63-71.
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Editorial Topic

Weather, Climate, and water; the heritage of future generations

Abstract

The World Meteorological Day 2023's theme is “The Future of Weather, Climate and Water across Generations”
and it refers to the situation that the future will face. These three components together with the soil element form
the main fundamentals of food security. The current note states that although the quantitative and qualitative
unfavorable variations of these three components have global dimensions and covers many regions of the world ,
but what differentiates countries from each other in terms of the degree of damages due to these changes is the
ways of managing and balancing water resources and water consumptions, as well as the implementation of
resistance, resilience and adaptation programs in the face of crises. This study deals with the damages caused to
the weather, water and climate in Iran and emphasizes that climate change and drought alone are not the cause of
environmental crises. Especially, the effects of drought and climate change in the occurrence of water crisis are
much less compared to the effect of water resources management. It has been concluded that drought like wet
year is a natural, expectable and repeatable climatic phenomenon. Based on the 120 years rainfall data analysis of
four old stations in Iran (Isfahan, Bushehr, Tehran and Mashhad) it has been concluded that the one, two, three,
four and five consecutive years lasting droughts in Iran, regardless of their severity, occur once every four, eight,
17, 33 and 40 years in average. In fact, the water wealth of the country is the rainfall that the spatial average of
which fluctuates between 140 and 350 millimeters in different years and it is necessary to consider this limitation
as fundamental assumption in weather climate, water and soil challenges of the present and future generations.

Keywords: World Meteorological Day, water challenge, climate challenge, weather challenge, future of the
environment

Ali Khalili

Chief Editor

Prof. Emeritus; Univ. of Tehran
akhalili@ut.ac.ir
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Table 1 - Ground stations in each of the cells of the
TRMM network

Station Cell
number
Doab E Nosod- Pave* 1
Nagre”
Bon chele* - Mivan- Javanroud- Javanroud
Sinoptik 4
Cheshme E Toran® 5
Kol Kol™-Songhor- Songhor Ghelyayi 6
Khosro Abad Songhor* 7
Kile Sefid*- Jaberi- Tange Hamam 8
Kamal Abad*- Sarzamele 9
Mir Abad*- Taze Abad 10
Doab Mark*- Ravansar- Ravansar (Sinoptik) 12
Kamal Abad*- Piran 13
Sarzamele- Karam Bast* 14
Pire Salman- Cheragh Abad*- Biston Heydar 15
Abad
Ghasre Shirin- Ghasre Shirin (Sinoptik) 17
Abbarik*- Sarpol E Zahab- Sarpol E Zahab
(Sinoptik) 18
Mahaki Habibvand*- Dire Pol Shah 19
Totshami*- Mokhaberat Kerend 20
Kashanbe Lak* 21
Mahidasht” 22
Hojat Abad- Markaze Pazhoheshi*- 23
Taghbostan- Kermanshah- Pol Kohne
Sararud 24
Pol Chehr*- Harsin 25
Sahne 26
Ghelangharb- Ghilangharb (Sinoptik)* 28
Khosro Abad Kerend- Firoz Abad Kerend 29
Eslam Abad- Eslam Abad (Sinoptik) * - Kale 30
Chon Chamravand
Ghorbaghestan- Sarfiroz Abad” 33
Somar- Somar (Sinoptik) " 34
Badrgard” 35

Pl g bobe (S5 )0 el oad ekt cadle b Jobo 58 )0 el (s ol

sl 00t 03,51 ¥ S 53 laJslos 51 o o (oldl i Caxbgn .canl ot Sl
The appropriate ground station in each cell is marked with a * sign. In some
cells no station is selected. The geographical location of each cell is shown in
Figure 2.
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Table 2- Different methods of quantile mapping

Calculation form Method
- distribution derived transformations
p,=bp;, (Power)
p,=(atb.p ) (Liner)
p,=(a+b.p_)(1-exp (-p /1) (expasympt) parametric
transformations
p,=b-p,, (Scale) (PTF)
p,=b(,,-Xo)* (power.x0)
p,=(a+b.p_)(1-exp (-(p,,-Xo)/1) (expasympt. x0)
Non-parametric quantile mapping using empirical quantiles QUANT
Non-parametric quantile mapping using robust empirical quantiles RQUANT
Quantile mapping using a smoothing spline SSPLINE
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Evaluation of quantile mapping methods in bias correction of the TRMM
satellite’s estimated precipitation data during vegetation growth period (Apr-
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Abstract

Global space coverage of the TRMM satellite imagery has provided a good opportunity to use the precipitation data
estimated by this satellite in the country. Various studies have been conducted in the country to evaluate the accuracy
of the above data in comparison to the measured data at ground stations. However, few studies have examined the
efficacy of postprocessing methods in correcting TRMM precipitation data. The purpose of this study was to evaluate
the performance of quantile mapping methods in improving TRMM precipitation data compared to ground data. For
this purpose, 10 quantile mapping methods were applied to the gridded TRMM precipitation data in Kermanshah
province on a monthly time scale (Apr-Oct) from 2005 to 2012. The ground precipitation data for the same time
periods were collected from 13 synoptic weather stations and 82 rain gauges. The results showed that non-corrected
estimations of TRMM precipitation data in the elevated (lowland) areas higher (lower) than the ground data. In
addition, it was found that the difference between satellite- and ground-based estimates of precipitation in high-
precipitation months was much greater than low-precipitation ones. The Parametric transformation of scale method
with the least error, among the others, was introduced as the most appropriate quantile correction method. The results
of data post-processing showed that the mentioned method could improve the accuracy of TRMM precipitation data.
In addition, the correlation coefficient between ground measurements and satellite precipitation data varied in the
range of 0.73 to 0.94 (significant at the 5% level), with the highest correlations obtained compared to the precipitation
of synoptic and TRMM stations.

Keywords: Precipitation, Quantile Mapping, TRMM, Bias Correction, Kermanshah
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Figure 1- The geographic location of North Khorasan
province in Iran
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Precipitation Temperature

Climate Yield (kg ha'ty 1)

Station/City . (De Martenne Classification)
Mean (mm) Mean (C) Aridity Index Mean Standard Deviation
Bojnord 256.2 13.4 Semi- Arid 10.95 882.9 298.5
Shirvan 226.7 13.1 9.81 752.3 3315
Esfarayen 186.2 14.9 7.48 495.8 240.6
Mane Semelgan 287.1 159 Semi- Arid 11.08 884.7 281
Faruj 244.1 13 Semi- Arid 10.61 760.8 346.8
Jajarm 123.4 16.1 7.09 621.8 387.9
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Table 2- Result of T- Test analysis between monthly

total precipitation and effective precipitation in studied
stations

Station T value Station T value

Bojnord 9.62 Mane Semelgan 11.89

Shirvan 10.41 Faruj 10.63
Esfarayen 9.61 Jajarm 7.66

o8l Lyl b glaollins] jo oS ools lis s

5 (VIFF Jade b p>l>) eSS je5e o)lal jlade 5 S
5 &S Sodly cpl boas ogd o (VAR go0e jlade
Oyl 052y o5 ol b (Sis (BBl L slaolSi]
S 500 o] jo Wges g 4 dilble wlide o 5

160
eeeeee Precipitation
= Effective Precipitation
E
c
i=]
g
=3
8
a

S gms oLl )3 30 ()l 9 )L Sl (ylimo -V S
Figure 2- Total precipitation and effective precipitation
changes in Bojnord station
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Figure 3- Monthly scale of aSPI index in studied stations
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Table3- Correlation between SPI, aSPI and wheat standardized yield in reference periods (Tigkas et al., 2019) in different
cities of North Khorasan province in period of 1383- 1397

Reference Period Bojnord Shirvan Faruj Jajarm Mane Semelgan Esfarayen
(Months) SPI aSPl SPI aSPl SPI aSPI SPI aSPI SPI aSPI SPI aSPI
Oct- Sep 0.43 0434 0351 036 0308 0311 0423 0.444 0.399 0.414 0.436 0.438

Oct- Jun 0.404 0.409 0.416 0422 0408 0.414 0.544* 0.545* 0.39 0.403 0.452 0.454
Nov- Jun 0.429 0.432 0437 0441 0407 0476  0.498 0.5 0.347 0.355 0.455 0.456
Nov- May 0.543* 0.548* 0365 0.368 0.347 0.303  0.497 0.499 0.312 0.323 0.427 0.428
Oct- Mar 0.54 0547 0287 028 0225 0.217  0.156 0.15 0.307 0.342 0.133 0.142
Nov- Apr 0.563 0566 0397 0399 0.348 0301 0.156 0.409 0.36 0.377 0.367 0.366
Dec- may 0.498 0.51 033 033 0305 0307 0483 0.478 0.291 0.3 0.47 0.475
Jan- jun 0.322 0314 0428 0494 0459 0499 0522 0.524* 0.245 0.239 0.511 0.515*
Nov- Mar 0.59* 0595 0275 0267 0274 0.262 0.258 0.251 0.249 0.274 0.142 0.152
Nov- Feb 0.485 0.493 017 0156 0.054 0.037 0.23 0.226 0.335 0.35 0.079 0.088
Nov- Jan 0.595 0603 0255 0.248 0249 0251 0.134 0.13 0.525*  0.528* 0.244 0.248
Dec- Feb 0.399 0.4 0.056 0.039 0.081 0.059 0.181 0.179 0.323 0.345 0.035 0.043
Jan- Mar 0.475 0.487 0.296 0.29 0.24  0.227 0.42 0.419 0.084 0.096 0.112 0.12
Feb- Apr 0.354 0373 0372 0367 0.065 0.108 0.482 0.481 0.163 0.157 0.443 0.441
Mar- May 0.441 0459 0315 0323 0345 0342 0.464 0.463 0.208 0.183 0.649**  0.651**
Apr-Jun 0.092 0.091 0463 0469 0473 0.484 0.49 0.492 -0.197  -0.211  0.643**  0.648**

PRPRPRPRPRPRPPRPOOOOWWRIOOOON®OER

Nov 0.275 0268 0358 035 0365 0.361 0.439 0.439 0.232 0.234 0.347 0.348
Dec 0.124 0.125 012 0117 0119 0119 -0.57* -0.57*  0.543*  0.541* 0.205 0.205
Jan 0.432 0434 0411 0415 0369 0369  0.268 0.268 0.256 0.254 0.206 0.208
Feb 0.012 0.015 0.053 0.041 0.114 0125 0.192 0.194 -0.048  -0.045 -0.198 -0.195
Mar 0.543* 0.547* 0381 0381 038 0.391 0.304 0.303 0.064 0.079 0.37 0.377
Apr 0.122 0125 0395 0401 0373 0402 0.381 0.383 -0.14 -0.157 0.5* 0.506*
May -0.162 -0.16 -0.26 -0.26 0229 0.228 0.204 0.203 -0.322 -0.325 0.134 0.133
Jun -0.006  -0.012 0214 0218 0.398 0.401  0.063 0.063 0.181 0.181 0.294 0.293

*and ** significant in probability levels of 5% and 1 % respectively
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Figure 4- Index changes (left axis) in reference periods with higher correlation and corresponding wheat
standardized yield (right axis) in studied stations
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Assesment of drought impacts on rainfed wheat yield using SPI and
Agricultural- SPI indices (Case study: North Khorasan province)
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Abstract

In this study, a modified version of standard precipitation index (SPI), namely Agriculture- SPI, or aSPI was used to
assese the impacts of drought on rainifed wheat yield in North Khorasan province, northeast of Iran. In the aSPI
index, the effective rainfall is used instead of precipitation. The USDA- SCS, method was used for effective rainfall
calculation. Both indices were worked out, using 30- years (1989- 2018) monthly rainfall and temperature data.
Rainfed wheat yield data for the period of 2004 to 2018 were also retrived from local oranizations and standardized
for comparisons in different SPI time windows of 1, 3, 4, 5, 6, 7, 8, 9 and 12 months. The obtained annual yields
were correlated with SPI and aSPI values in selected timescales. The results showed that in Bojnord station, the
rainfall druring November- May period, in Shirvan, Faruj and Esfarayen stations April- June, in Maneh- Semelgan
station, November- December period and in Jajarm station, October- June period rainfall, are the most signifcant
variables affteting the rainfed wheat according to drought indices used in study region.

Keywords: Drought assessment, Drought index, Effective rainfall, Wheat
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Table 3- Error-values of intelligent methods in
reconstruction sunshine hours

. RMSE MAD
Station Method R (hn) (hr)
ANN 0.96 1.06 0.75

Tabriz RF 0.96 1.17 0.84

SVR 0.96 1.10 0.76

ANN 0.91 1.58 117

Sarab RF 0.89 171 1.27
SVR 091 1.58 111

ANN 0.96 1.14 0.77

Sahand RF 0.95 1.26 0.87
SVR 0.96 1.23 0.83

ANN 0.93 1.56 1.09

Maragheh RF 0.92 1.59 1.08
SVR 0.93 1.46 0.96
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Table 2- Correlation coefficients matrix of sunshine
hours data.

Tabriz__Sarab Sahand  Maragheh
Tabriz 1 0.90 0.95 0.91
Sarab 1 0.87 0.89
Sahand 1 0.91
Margheh 1
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Abstract

One of the climate variables with relatively large gaps in observation and significant importance in estimation of
evapotranspiration is sunshine hours. In the present study, in order to reconstruction the sunshine hour data of
several selected stations in Tabriz province, Iran hamely,Tabriz, Sarab, Sahand and Maragheh during the period
of 1990 to 2019, skill of intelligent approaches of SVR, ANN and RF was compared with statistical methods of
normal ratio, geographical coordinates and weight correlation coefficient. Statistical indices of R, RMSE, MAD
and Taylor diagrams were used for evaluation of comparisons. The obtained results showed that ANN and
geographical coordinate methods have the highest accuracy in reconstruction sunshine hours among the selected
intelligent and statistical methods, respectively. In Tabriz and Sahand stations, the geographical coordinate
method with RMSE of 1.04 and 1.13 hours, respectively, in the Sarab station SVR with RMSE of 1.58 hours and
in Maragheh station the normal ratio method with RMSE of 1.45 hours showed the highest accuracy in generating
sunshine hours. Besides, RF method had the lowest accuracy in reconstruction of sunshine hours data. It can be
concluded that in Tabriz, Sarab and Sahand stations, both types of intelligent and statistical methods have almost
same accuracy, but in Maragheh station, statistical methods provided slightly better estimations.

Keywords: Data gaps, Sunshine hours, Taylor diagram, Urmia Lake basin
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Figure 1- Agro-Climatic classification map for Kermanshah province using Papadakis method and location of
Sararoud agrometeorological research station
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Figure 2- Growing Degree-Days of chickpea for different growth stages (Whish and Cocks, 2011)
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Table 1- Average date of spring chickpea growth stages with Growing Degree-Days (Organization Of Agricultural-
Jahad-Kermanshah Province, 2021; Whish and Cocks, 2011)
Date of reaching to

Growing stages number of days Growing Degree-Days

each stage
Planting to emergence 18 24 March 115
Emergence to 50%flowering 54 17 May 994
50%flowering to 90%podding 30 16 June 1140
The whole period of growth 102 - 2248
Harvesting Late June
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Extraction of impor tant
phenological stages of chiclpea
plant (1990-1991 to 2017-2018)

Cakulation of meteorological, Agrometeorological and NDVI indices in each crop vear

!

Calculation of the correlation between the above indices (predictor variable) and spring
chickpea vield (depend ent variable) in each crop yvear and extraction of indices with linear
relationship with vield variable

h J

Enter 24 samples of effective linear indices (predic tive variables) and vield
{dependent variable) to teach the model and hold for 3 vears to validate
and create a linear regression model based on a significant level
of 0.05 or 0.01 for each of the important stages of phenology

Possihility of applyving various
regression methods based on regression model in
each of the phenological stages

v

The same basic linear regression
maodel

v

Apply and cakeulate a variety of
forward, Bacloward, stepwise, |—
lasso or ridge methods

Selection of the final mod el based on the maximum value of the ad justed

deviation in the training and testing stages of the model

\mefﬁ:;iuﬂ of d etermination, the lowest standard error and the index of relative F—
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Figure 5- Scheme of steps of conducting research method
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Table 2- Baseline linear regression model in the emergence stage to 50% flowering (model training)
Adjusted SEOE

Intercept Independent variables with their coefficients R R Square (kg ha'))
14.2*Tmax + 2.79*Rainys+ 25.16*Rainyio + 26.8*Tmean - 3.098*RHmin - ox
1831 21.64*TD + 573.45*NDVI 0.87 0.65 63.6

*P<0.05 ; **P<0.01

(Jo 3901 Gidr) (23S 8% B s aww alor po 33 (Sigms )y (s h0 gl95l gl - Jgur
Table 3- Results of different regression models in the emergence stage to 50% flowering (model training)

'Y[I;S:I Intercept Independent variables with their coefficients R stjgjger% (lf;hoal_zl)
Backward -180.4 22.7* Rainyio + 38.8*Tmean - 15.9*TD + 569.5*NDVI 0.86™ 0.69 60.06
Forward 124.9 -1.2* Rainys + 23.4* rainyio + 600.5*NDVI 0.84™ 0.67 62.6
Stepwise 124.7 22.05* Rainyio + 588.24*NDVI 0.84™ 0.68 62

Lasoo 63.5 20.2* Rainy1o + 17.01*Tmean- 9.98*TD + 523.96*NDVI  0.84™ 0.67 59.8

Ridge 28.9 1.7*Tmax + 5.7* Rainys + 14.32* Rainy1o + 23.1*Tmean - 0.76™ 0.61 67.2

0.8*RHmin - 13.96*TD + 433.4*NDVI

*P<0.05 ; **P<0.01

(Joo (i )Lt ) (23S T8+ b (yid s al> 3o 50 (s (Giga 55 sl Joro g1l (b3 -F Jgu
Table 4- Evaluation of different regression models in the emergence stage to 50% flowering (model validation)
Years of validation

Model name 1997-1_998 2005-_2006 2010-_2011
Actual Estimated RD Actual Estimated RD Actual Estimated RD
value value (%) value value (%) value value (%)
Baseline 277.8 279.1 0.5 634.7 659.7 3.9 385 398.4 3.5
Backward 277.8 273.8 -1.4 634.7 656.7 3.5 385 400.8 3.9
Forward 277.8 268.3 -3.4 634.7 665.7 4.9 385 390.7 1.5
Stepwise 277.8 267.6 -3.7 634.7 659.4 3.9 385 394.1 2.3
Lasso 277.8 278.9 0.4 634.7 632.6 -0.3 385 398.9 35
Ridge 277.8 286.6 3.2 634.7 591.7 -6.8 385 415.1 7.8

(Joo b3501) Sy U (2OJS 1.0+ &l o 33 (s Ggmms 55 Joto Aot -0 Jgu
Table 5 - The result of linear regression model at 50% flowering to maturity stage (model training)
Adjusted R 1
Square SEOE (kg.ha)
-29.6 9.95RHmax 0.46™ 0.37 86.1
*P<0.05 ; **P<0.01

Intercept Independent variables with their coefficients R
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Table 6- The result of linear regression model at 50% flowering to maturity stage (model validation)
Years of validation

Model name 1997-1998 2005-2006 2010-2011
Actual Estimated RD Actual Estimated RD Actual  Estimated RD
value value (%) value value (%) value value (%)
Baseline 277.8 363.8 30.9 634.7 375.5 -40.8 385 369.2 -4.1
Journal of Agricultural Meteorology Sl (owllilgh &y pid
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Table 7- Baseline linear regression model in the whole growth period (model training)

intercept Independent variables with their coefficients R stjgjger% (lf;hoal_zl)
25.2*Tmax + 3.3* Rainys + 24.7* Rainy1o + 8.9*RHmax- 30.7*TD + o
50.6 415.5*NDVI - 14.7*RHmean 0.8 0.63 65.9
*P<0.05 ; **P<0.01
(oo hjgol (Ader) ady 090 JS (6l p (b (P 55 s g1l b A Jgur
Table 8- Results of different regression models for the whole growth period (model training)
l\:l;;i:l intercept Independent variables with their coefficients R é‘g;j;eg (EE hoal_El)
Backward  -151.2 31.4*Tmax + 22.7* Rainyio - 31.4*TD + 490.4*NDVI 0.85™ 0.66 62.8
Forward 1333 12.2* Rainyio + 435.9*NDVI 0.79" 0.58 69.7
Stepwise 1333 12.2* Rainyio + 435.9*NDVI 0.79" 0.58 69.7
Lasoo 357.4 17.7* Rainyio - 10.5*TD + 417.78*NDVI 0.81" 0.63 64.04
. 11.7*Tmax + 4.8* Rainys + 13.9% Rainyio + 0.34*RHmax - o
Ridge 276.7 5 03" RHn - 20.6°TD + 368 03*NDVI 0.72 0.56 708
*P<0.05 ; **P<0.01
(Jo (o )liiel) wlty 0593 S (6l (b (Sgmw )5y S0 glgil @l - Joux
Table 9- Results of different regression models for the whole growth period (model validation)
model name Years of validation
1997-1998 2005-2006 2010-2011
Actual Estimated RD  Actual Estimated RD  Actual Estimated RD
value value (%) value value (%) value value (%)
Baseline 277.8 330.7 19.1 634.7 575.2 -9.4 385 440.7 145
Backward 277.8 310.2 11.6 634.7 584.6 -7.9 385 420.4 9.2
Forward 277.8 266.6 -4.1 634.7 552.7 -12.9 385 425.1 104
Stepwise 277.8 266.6 -4.1 634.7 552.7 -12.9 385 425.1 104
Lasso 277.8 313.5 12.8 634.7 556.8 -12.3 385 419 8.8
Ridge 277.8 309.4 114 634.7 532.5 -16.1 385 429.1 115
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Figure 6- Diagram of A values versus coefficients of
independent variables in Lasso regression model in
emergence stage up to 50% of flowering
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Application of machine learning approach for Chickpea yield estimation
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Abstract

This study aims to estimate the yield of spring chickpea using machine learning methods of linear regression
models in Kermanshah region, west of Iran. The meteorological variables, agrometeorology and remotely-sensed
based indices as predictor variables and yield data of Agricultural Jihad Organization of Kermanshah as a response
variable were used for four growth stages during 1990-1991 to 2017-2018. Twenty four and three years data were
used for training and model validation, respectively. The results revealed that among the linear models, Lasso
model with a coefficient of determination of 67% and a standard error of 59.8 kg.ha* was chosen as a best model
for crop yield estimation in the emergence to 50% of flowering stages. This model has relative deviations of 0.4,
-0.3 and 3.5 for the years 1997-1998, 2005-2006 and 2010-2011, respectively.
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Table 2- RMSE and MBE values of TRMM network

data
TRMM aSwis gWosls MBE g RMSE yolio ¥ Jgur
2013 2012

Month —DMSE  MBE RMSE  MBE
Jan 44 15 47 31
Feb 34 1.4 7.4 55
Mar 36 11 53 3.9
Apr 33 2 35 1.2
May 42 3 3.8 0.2
June 37 2.7 37 15
July 2.9 1.4 3.4 1.2
Agu 35 2.6 3.9 -0.4
Sep 2.9 -1.1 34 -2.1
Oct 37 21 37 1.8
Nov 41 2.2 42 2.6
Dec 48 3.2 46 2.8
Average 3.4 -2 3.6 -2.2
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Table 1- Correlation of TRMM data with monthly and
annual air temperature

9 &bl 5o LTRMM gdosls Suwod oyl jmo -V Jguo

92 43¥lus
2013 2012

Month 5 ale R Pvalue R

Jan 0.002 061 0003 058

Feb 0002 06 0.03 0.2

Mar 001 051 004 042

Apr 0003 057 0003 058

May 0.003 0.58 0.003 0.59
June 0.001 0.61 0.001 0.63

July 0.001 0.62 0.001 0.63
Agu 0.001 0.63 0.002 0.59
Sep 0.001 0.62 0.0001 0.66
Oct 0.002 0.6 0.001 0.63
Nov 0.002 0.59 0.002 0.61
Dec 0.004 0.56 0.003 0.57

Average 0.001 0.63 0.001 0.65
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Figure 3- Comparison of monthly temperature data of
ground data and satellite data

ool g 2815 rosls ailale gloo (4 juo duny Lo - T JSCi
Sloylgale

G329l (wliiilgh &y pis

Vol. 10, No. 2, Autumn & Winter 2023, pp. 52-57

BY-BY. oo AF+) oo 9 juals ¥ o o e ol



A5 DOI: 10.22125/agmj.2022.292759.1119

wloylgalo pglai o ,ls

Table 4- RMSE and MBE values of TRMM network

data
TRMM aSis glaosls MBE g RMSE yolio —f Jgus
TRMM
Month RMSE MBE
Jan 4.3 -2.6
Feb 4.2 -2.6
Mar 4.3 -3.2
Apr 3.3 0.1
May 2.5 -0.8
June 3 0.1
July 3.2 -1.2
Agu 3.3 -1.1
Sep 4 -2.4
Oct 3.3 -15
Nov 3.9 -2
Dec 5.1 -3.4
Average 3.8 -2.7
35.00
; 20,00 ==f==T ac T trmm (2015)
= 2500
Z 2000 of )_‘\\
£ 1500 /
g 1000 ._/ \
2
< 500
0.00 S
= i . - (=9
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Figure 4- Comparison of monthly temperature data of
real data and satellite data
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Table 3- Correlation of TRMM data with monthly and
annual temperature

9 4ildlo Lo LTRMM slaosls ( Kicwmod (yl3m0 =Y Jgu

aYlw
Year 2015
Month R? P-Value
Jan 0.51 0.01
Feb 0.53 0.008
Mar 0.43 0.03
Apr 0.25 0.2
May 0.57 0.004
June 0.56 0.005
July 0.59 0.002
Agu 0.58 0.003
Sep 0.57 0.003
Oct 0.56 0.005
Nov 0.53 0.007
Dec 0.52 0.009
Average 0.56 0.004
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Application of processed sattelite images for filling the air tempersture gaps
(Case Study: Mazandaran Province)
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Abstract

One of the main challenges in hydrological and meteorological studies is determination of the air temperature in in
large scale and high altitudes regions with limted stations. The remote sensing images have been widely used for
estimating air temperature providing large scacle, precise data. In this study, in order to evaluate the accuracy of
TRMM satellite air temperature estimates, the monthly data of two years of 2012 and 2013 were used for calibration
and the 2015 dataset for validation. 36 TRMM satellite images of monthly temperature were retrieved and compared
with observations of of 24 meteorological stations in Mazandaran province the correlation coefficents of satellite
temperature estimations and observation data in most months was more than 0.50. Also, the spatial distribution of
TRMM satellite and froundbased were almost same for the accuracy evaluation the MBE and RMSE indices were
used. The highest errors in 2012 and 2013 study years were correspond to February and December, respectively,
with a RMSE value of 7.4 and 4.8 °Celsius, respectively, the lowest error were observed in July and September, i.e.
3.4 and 2.9 ° Celsius, respectively. Similariy, based on the MBE index, the highest and lowest error was belonged to
December and April, with values of -3.4 and +0.1, respectively, and the highest and lowest error based on RMSE
was observed in months of May and December, with the values of +5.1 and +2.5 degrees Celsius, respectively. The
results of this study showed that the use of remote sensing can be recommended in the regions with limited weather
stations.

Keywords: Remote Sensing, Trend, Air Temperature, Mazandaran
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Table 1- Geographical and climatic characteristics of the study stations

Station Longitude Latitude Height Statistical Type of climate
name (East degree)  (North degree) (m) Period (Extended de Martonne)
Ahvaz 48.74 31.34 225 1993-2018 Arid
Yazd 54.29 31.54 1230.2 1993-2018 Extra arid-moderate
Kerman 56.97 30.25 1753 1993-2018 Arid-cold
Bushehr 50.82 28.97 8.4 1993-2018 Arid-warm
Mashhad 59.63 36.27 999.2 1993-2018 Semi-arid cold
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Figure 1- Projected pan evaporation changes in Mashhad station under the RCP8.5 and RCP4.5 scenarios (2020-2100)
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Figure 2- Projected pan evaporation changes in Bushehr station under the RCP8.5 and RCP4.5 scenarios (2020-2100)
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Figure 3- Projected pan evaporation changes in Ahvaz station under the RCP8.5 and RCP4.5 scenarios (2020-2100)
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Figure 4 - Projected pan evaporation changes in Kerman station under the RCP8.5 and RCP4.5 scenarios (2020-2100)
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Table 2- The results of trend analysis of pan evaporation data under the RCP4.5 scenario during (2020-2049)

RCP4.5 Sen slope estimator
Station Year N Z signific Q Qmin99 Qmax99
Ahvaz 2020-2049 30 0.84 0.043 -0.095 0.311
Kerman 2020-2049 30 2.71 *x 0.27 0.03 0.52
Mashhad 2020-2049 30 -0.43 0.051- -0.420 0.322
Bushehr 2020-2049 30 -1.71 0.090- -0.230 0.063
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Table 3- The results of trend analysis of pan evaporation data under the RCP8.5 scenario during (2020-2049)

RCP4.5 Sen slope estimator
Station Year N z signific Q Qmin99 Qmax99
Ahvaz 2020-2049 30 -1.09 -0.027 -0.294 0.114
Kerman 2020-2049 30 321 fale 0.26 0.06 0.52
Mashhad 2020-2049 30 3.21 *x 0.26 0.06 0.42
Bushehr 2020-2049 30 -2.53 * -0.243 -0.439 0.018

(Yo¥A-Y+8+) RCPA5 g3 ylow coxi i 31 yutkad sboools g1y digy gl 31 ol zuls —-F Jgux
Table 4- The results of trend analysis of pan evaporation data under the RCP4.5 scenario during (2050-2079)

RCP4.5 Sen slope estimator
Station Year N z signific Q Qmin99 Qmax99
Ahvaz 2020-2049 30 -4.42 *x -0.589 -0.864 -0.341
Kerman 2020-2049 30 1.35 0.08 -0.05 0.20
Mashhad 2020-2049 30 -0.46 -0.072 -0.407 0.319
Bushehr 2020-2049 30 -1.78 -0.088 -0.205 0.032
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Table 5- The results of trend analysis of pan evaporation data under the RCP8.5 scenario during (2050-2079)

RCP4.5 Sen slope estimator
Station Year N z signific Q Qmin99 Qmax99
Ahvaz 2020-2049 30 -2.32 * -0.231 -0.509 0.027
Kerman 2020-2049 30 1.99 0.13 -0.02 0.33
Mashhad 2020-2049 30 2.28 * 0.641 -0.059 1.185
Bushehr 2020-2049 30 -1.57 -0.214 -0.457 0.127
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Table 6- The results of trend analysis of pan evaporation data under the RCP4.5 scenario during (2080-2100)

RCP4.5 Kendall Sen slope estimator
Station Year N Zz signific Q Qmin99 Qmax99
Ahvaz 2020-2049 21 2.14 * 0.268 -0.056 0.639
Kerman 2020-2049 21 0.5 0.03 -0.22 0.33
Mashhad 2020-2049 21 0.45 0.080 -0.707 0.703
Bushehr 2020-2049 21 0.03 0.008 -0.268 0.272
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Table 7- The results of trend analysis of pan evaporation data under the RCP8.5 scenario during (2080-2100)

RCP4.5 Kendall Sen slope estimator
Station Year N Z signific Q Qmin99 Qmax99
Ahvaz 2020-2049 21 -1.12 -0.163 -0.518 0.180
Kerman 2020-2049 21 1.66 0.27 -0.09 0.49
Mashhad 2020-2049 21 -2.08 * -0.755 -1.859 0.410
Bushehr 2020-2049 21 -2.33 * -0.455 -0.927 0.049
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Table 8-Trend analysis of Kp values obtained from observed data for baseline peiod (1993-2018)

Station Year Man-Kendall SEN s estimator (99%o)
Z Signific Q Q min Q max
Ahvaz 1993-2018 2.60 * 0.003 -0.001 0.006
Bushehr 1993-2018 4.10 fola 0.012 0.006 0.017
Kerman 1993-2018 -4.10 fola -0.009 -0.014 -0.005
Mashhad 1993-2018 4.70 ol 0.01 0.00 0.01
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Abstract

The pan evaporation is one of the major components of hydrological cycle. It is quite important in agricultural water
management and water balance estimations. The current research was performed with two main goals. First, to study
the trend of pan coefficient during baseline period of 1993-2018 and second, projection of pan evaporation during
three future periods under RCP climate change scenarios in 5 selected stations across Iran, namely Mashhad, Bushehr,
Ahvaz, Kerman. In part one; the monthly trend of Kp values were studied using Man-Kendal and Sen’s slope estimator
in warm season (Spring and Summer). In second part, for projection of pan evaporation under RCP scenarios, the
PenPan model, a modified form of P-M equation, was used. The required projected climate data were retrieved from
CNRM-C5 model outputs under RCP 4.5 and RCP 8.5 scenarios. The trend analysis of Kp values using Man-Kendal
test during the baseline period showed a significant decreasing trend except for the Yazd station with the least
coefficient of -1.88 mm. The greatest decreasing value based on Sen’slope estimator was observed in Bushehr station.
The results of Man-Kendal test revealed a decreasing trend in pan evaporation in Ahvaz, Mashhad, Bushehr and
increasing trend in Kerman stations. For future periods of 2020-2049, 2050 to 2079 and 2080 to 2100, an increasing
trend of pan evaporation in Kerman station and decreasing trend in 3 other stations was detected. According to Sens’s
slope estimator test, during the baseline period the most increasing trend was observed in Kerman station. For future
period the most increasing trend was observed in Mashhad station (+0.64). It is projected that mean pan evaporation
values during near, middle and far future periods would decrease 4.7, 6.2 and 8.8%, respectively. Despite of projected
increase of air temperature in Mashhad, Bushehr and Ahvaz stations, a reduction in pan evaporation was observed
which might be attributed to reduced received radiation as reported in previous studies as evaporation paradox.

Keywords: Trend, Climate Change, PenPan model, Pan Evaporation
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