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Figure 1- Properties of used images
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1 10:33:54 16/04/92 07/07/2013
2 10:33:53 01/05/92 07/23/2013
3 10:33:56 17/05/92  08/08/2013
4 10:33:58 02/06/92  08/24/2013
5 10:33:56 18/06/92  09/09/2013
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7 10:33:48 19/07/92  10/11/2013
8 10:33:20 09/10/92  12/30/2013
9 10:33:40 25/10/92  01/15/2014
10 10:31:32 17/02/93  05/07/2014
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Table 2- NDVI values of studiy area
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Date SD Mean Max Min
92/02/17 0.17 0.38 0.67 0.03
92/04/16 0.18 0.33 0.62 0.07
92/05/01 0.12 0.27 0.61 0.01
92/05/17 0.10 0.28 0.59 -0.05
92/06/02 0.08 0.30 0.62 0.07
92/06/18 0.11 0.24 0.57 -0.13
92/07/03 0.18 0.24 0.57 0.01
92/07/17 0.11 0.22 0.55 0.03
92/10/09 0.08 0.09 0.56 -0.19
92/10/25 0.26 0.28 0.50 -0.14
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Figure 2- Hourly evapotranspiration values of Sari
Naz plain on 2013/7/7
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Figure3- Hourly evapotranspiration values of Sari
Naz plain on 2013/23/7
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Figure4- Hourly evapotranspiration values of Sari
Naz plain on 2013/8/8
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Figure 5- Hourly evapotranspiration values of Sari
Naz plain on 2013/24/8
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Table 3- Albedo values of study area
aslllan 8590 adlaio (G9undl yolio -V Jguxr

Date SD Mean Max Min
93/02/17 0.39 0.38 0.93 0.11
93/04/16 0.28 0.33 0.69 0.19
92/05/01 0.15 0.27 0.76 0.08
92/06/02 0.10 0.28 0.80 0.14
92/06/18 0.18 0.24 0.75 0.04
92/07/03 0.14 0.24 0.75 0.23
92/07/19 0.17 0.22 0.71 0.14
92/10/09 0.11 0.09 0.62 0.15
92/10/25 0.08 0.08 0.58 0.13

Table4- Surface temperature values (°K) of study area
allla 8590 dilaio (K) oo o slod polio—F Jguo

Date SD Mean Max Min
93/02/17 9.24  306.49 314.65 298.34
93/04/16 8.15 316.14 32429 307.99
92/05/01 751 31365 321.80 305.50
92/06/02 443  309.67 317.82 30152
92/06/18 8.53 310.85 319.00 302.70
92/07/03 5,61 311.06 319.21 30291
92/07/19 7.37 307.35 31550 299.20
92/10/09 6.29 300.10 308.25 291.95
92/10/25 4,18 289.95 298.10 281.80
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FAO-Penman-  Squared Absolute

Date  SEBAL MAE RMSE R? tstudent P_value

Monteith difference difference
93/02/17 8.678 8.333 0.119 0.344
93/04/16 7.051 5.875 1.383 1.176
92/05/01 4.448 3.355 1.195 1.093
92/06/02 6.214 4112 4,378 2.092
92/06/18 6.432 5.516 0.839 0.916
92/07/03 5.268 6.000 0.535 0.732
92/07/19 5.749 6.500 0.565 0.751
92/10/09 9.035 8.591 0.198 0.444
92/10/25 1.353 2.470 1.247 1.117
93/02/17 1.437 2.360 0.852 0.923
Mean 5.56 5.31 0.96 1.14 0.83 0.23 0.82
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Figure 1- Location of South Khorasan Province in
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Figure 7- Rain-gauge prioritization and the
corresponding A, values for alpha=0.8 in augmented
network
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Figure 1- Area under study in this research, Iran’s river basins boundaries are identified
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Table 1- Seasonal Climate Forecast System from NMME project (phase-1) and their characteristics
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Resolution of

Name Center Lead time Ensemble Atmospheric Model Reference
members
(degree)
CFSv2 NCEP 0.5-9.5 24 0.9 (Sahaet al., 2014)
CMC1 Environment 0.5-11.5 10 25
CcMC2 Canada 0.5-11.5 10 ' (Merryfield et al., 2013)
GFDL-CM2.1 0.5-11.5 10 2
GFDL-FLOR-A06 GFDL 0.5-11.5 11 0.5 (Zhang et al., 2007)
GFDL-FLOR-B01 0.5-11.5 11 0.5
NCAR-CCSM4 NCAR 0.5-11.5 10 1.25%0.9 (Gent et al., 2010)
NASA-GMAO-062012 NASA 0.5-9.5 11 1.25x1 (Vernieres et al. 2012)
NCAR-CESM1 NCAR 0.5-11.5 10 1.25x0.9 (Neale et al., 2013)
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Table 2- Pearson correlation between NMME
temperature outputs and CRU in three target seasons
(1982-2010)
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CFSv2 0.49 0.54 0.62
CCSM4 0.19 0.29 0.55
GFDL-aer04 0.41 0.50 0.36
FLOR-BO1 0.51 0.25 0.40
FLOR-AQ6 0.47 0.28 0.47
cMC2 0.25 0.55 0.65
CMC1 0.31 0.46 0.55
NASA-GMAO 0.33 0.42 0.50
CESM1 0.30 0.44 0.31
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NMME temperature outputs and CRU for three
target seasons in Karkheh river basin (1982-2010)
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Figure 2- Temperature correlation between a number of NMME seasonal forecasting systems and CRU for OND,
DJF and FMA target seasons at 0-month lead time over Iran (1982-2010)
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Figure 3- Mean bias (degree Celsius) for a number of NMME seasonal forecasting systems calculated based on
CRU for OND, DJF and FMA target seasons at 0-month lead time over Iran (1982-2010)
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Figure 4- ROC area (below normal and above normal) for a number of NMME individual forecasting systems at 0-
month lead time for OND, DJF and FMA target seasons over Iran (1982-2010)
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Table 1- Geographic specifications of studied stations (Hasanalizadeh et al., 2014)
(Hasanalizadeh et al., 2014) o ol | ol o wlasin - Jgus

Altitude  Longitude  Elevation

Mean Annual Mean Annual

Station (°N) (°E) (m) Precipitation (mm)  Temperature (°C) Climate

Aqg qala 37.01 54.28 -12 419.81 19.09 Semi Dry

Araz kooseh 37.13 55.08 34 468.57 18.33 Semi Dry

Behlakeh dashli 37.04 54.47 24 396.85 17.31 Semi Dry

Cheshmeh khan 37.18 56.07 1250 234.1 11.76 Semi Dry

Fazel abad 36.54 54.45 210 708.75 17.35 Semi Wet

Ghafar haji 37.00 54.08 -22 462.73 17.26 Semi Dry
Ramian 37.01 55.08 200 929.31 16.86 Wet
Robat gareh bil 37.21 56.18 1450 195.74 12.21 Dry
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F(x) = [(1 L2 )B] o) Table 2- Different classes of meteorological

X—=Y drought based on SPI and SPEI indices
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Table 3- Characteristic of different observed drought classes using SP1 and SPEI indices in 3 months time step in
studied stations

Wl sollws ! jo aale ¥ SPEI g SPI JLuSLis sbo Ll ool sl Jlslis Glico sl S dasin -Y Jgoo

Station Very  Moderate Near Moderate Severely  Total wet  Total dry
wet wet Normal dry dry events events

SPI 25 34 239 50 21 59 71
Aq qala SPEI 23 27 255 32 24 60 56
SPI 25 42 242 43 19 67 62
Arazkooseh — oop o 29 262 31 23 55 54
. SPI 22 34 251 36 28 56 64
Behlakeh dashli - gpp) 59 45 247 32 26 66 58
SPI 27 38 246 33 27 65 60
Cheshmehkhan oo 55 32 262 31 23 55 54
SPI 23 43 236 47 22 66 69
Fazel abad SPEI 21 39 257 32 22 60 54
N SPI 26 42 238 42 23 68 65
Ghafar haji SPEI 23 40 245 4 22 63 63
Ramvan SPI 27 20 258 42 24 47 66
y SPEI 27 19 271 29 25 46 54
Robat qareh bil P! 26 33 254 36 22 59 58
q SPEI 24 32 264 28 23 56 51

Table 4- Characteristic of different observed drought classes using SPI and SPEI indices in 6 months time
step in studied stations.
oWl soliws| jo anle # SPEI ¢ SPI Jluslis by ool bouds gl JlusSis b s S aasin -F Joua

Stati Very  Moderate Near Moderate Severely  Total wet  Total dry
ation
wet wet Normal dry dry events events

Aq qala SPI 24 37 235 47 23 61 70
a4 SPEI 28 25 260 36 22 53 58
Araz kooseh SPI 23 37 254 35 22 60 57
SPEI 25 22 275 26 23 47 49
. SPI 24 42 244 42 19 66 61
Behlakehdashli - oo o5 39 253 29 28 61 57
SPI 23 38 251 32 27 61 59
Cheshmehkhan oo 5 39 258 24 30 59 54
SPI 24 43 244 35 25 67 60
Fazel abad SPEI 18 42 261 29 21 60 50
Ghatar haii SPI 23 29 255 M 23 52 64
J SPEI 24 27 262 36 22 51 58
Ramvan SPI 26 26 262 29 28 52 57
y SPEI 26 20 278 25 22 46 47
. SPI 28 38 248 34 23 66 57
Robatgareh bil - opp) o) 38 255 30 26 60 56
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Table 5- Characteristic of different observed drought classes using SPI and SPEI indices in 12 months time step in
studied stations

Sl ol ! yo anle 1Y SPEI 5 SPI Jlusiis sl aslis b ooy il (JluSiins cilizeo 5l oM anaseinn -0 Jguor
Very  Moderate Near Moderate Severely  Total wet  Total dry

Station wet wet Normal dry dry events events
Aq gala SPI 24 41 218 57 20 65 77
aq SPEI 26 34 255 39 17 60 56
Araz kooseh SPI 25 34 253 4 18 59 59
SPEI 31 21 274 29 16 52 45
Y 20 46 234 61 10 66 71
Behlakeh dashli o) 19 43 261 22 26 62 48
SPI 25 35 248 42 21 60 63
Cheshmeh khan  opp, 11 50 240 47 23 61 70
Fazel abad SPI 22 30 269 24 26 52 50
SPEI 20 25 257 34 17 45 51
Ghafar haji SPI 16 37 256 32 30 53 62
SPEI 20 32 262 27 30 52 57
SPI 24 30 269 30 17 64 48
Ramyan SPEI 23 8 208 28 14 31 46
. SPI 26 59 231 37 18 85 55
Robatgareh bil - opp 55 30 251 33 25 62 62

Table 6- Characteristic of different observed drought classes using SPI and SPEI indices in 24 months time step in
studied stations

Sellao ol 4o anlo YF SPEI 3 SP1 JluSis sloaslis b ooy il JlwSuins caliizio sla S duaseino % Jgor
Very  Moderate Near Moderate Severely  Total wet  Total dry

Station

wet wet Normal dry dry events events
Aq qala SPI 26 38 223 38 23 64 61
a4 SPEI 27 26 269 26 23 53 49
Araz kooseh SPI 27 13 269 44 18 40 62
SPEI 17 32 260 47 15 49 62
. SPI 24 42 233 53 19 66 72
Behlakehdashli — opp) o 29 258 30 28 55 58
SPI 29 34 259 25 24 63 49
Cheshmeh khan o) 9 53 247 27 35 62 62
SPI 23 27 264 27 30 50 57
Fazel abad SPEI 21 13 285 28 24 34 52
Ghafar haii SPI 16 4 247 44 23 57 67
J SPEI 20 32 262 27 30 52 57
Ramvan SPI 26 16 281 25 23 42 48
y SPEI 28 7 293 24 19 35 43
. SPI 32 53 233 31 22 85 53
Robatgareh bil - opp) 7 41 261 27 25 58 52

Table 7- Correlation coefficient between SPI and SPEI indices in different time steps
iz oy s pw 5o SPEI ¢ SPI (a5l 98 oy M o o -Y Jgoo

Station 3 months time step 6 months time step 12 months time step 24 months time step
Aqg gala 0.68 0.58 0.47 0.38
Araz kooseh 0.86 0.86 0.85 0.86
Behlakeh dashli 0.83 0.8 0.76 0.71
Cheshmeh khan 0.86 0.88 0.86 0.85
Fazel abad 0.94 0.94 0.94 0.94
Ghafar haji 0.94 0.94 0.93 0.68
Ramian 0.95 0.95 0.93 0.89

Robat gareh bil 0.57 0.53 0.52 0.51
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Figure 1- Different observed classes using SP1 index in 8 stations of Golestan province, respectively in A) spring, B)
summer, C) autumn and D) winter seasons
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Figure 2- Different observed classes using SPEI index in 8 stations of Golestan province, respectively in A) spring, B)
summer, C) autumn and D) winter seasons
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Figure 3- Different observed classes using SPI and SPEI indices in stations of Golestan province, respectively in A)
Aqg Qala, B) Araz Kooseh, C) Behlakeh Dashli and D) Cheshmeh Khan in 12 month time step
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Figure 4- Different observed classes using SPI and SPEI indices in stations of Golestan province, respectively in A)
Ag Qala, B) Araz Kooseh, C) Behlakeh Dashli and D) Cheshmeh Khan in 12 month time step
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Table 1- Statistical characteristics of available data at
studied stations

ol 35 33230 1 0015 )bl Gluoguas —Y Jgus

axdlbwo 6)5.0
Station '?)%T:é ﬁ? k:t?:]iz Maryanej  Sarabi
Max 150 187 174 190
Min 0 0 0 0
Mean 19.5 18.25 315 26.75
Variance  1209.79  1160.99 1655.71 1743.51
SD 34.78 34.07 40.69 41.76
CV 178.37 186.7 129.18 156.09

Table 2 — Geographical location of studied stations
and annual average precipitation

g axdllo 5 g0 (Lol (Ll i CuxBgo -Y Jgu

Yl )b (Slee
Station _Annual Latitude Longitude
rainfall (mm) (N) (E)
Sarabi 436 34° 58' 48° 10"
Aghajan bolaghi 332 34° 50 48° 03'
Agh kahriz 317 34° 59* 48° 48'
Maryanj 451 34° 49" 48° 48"

Table 3- Correlation coefficient between precipitation
data of studied stations

ol ! (5l rodls (e (Ko o g =T Jou

eS| 129 O),ﬂ
Station Sarabi Maryanaj kgr?riz %%T:é?‘?
Aghajan bolaghi 0.88 0.88 0.88 1
Agh kahriz 0.90 0.90 1 0.88
Maryanij 0.93 1 0.90 0.88
Sarabi 1 0.93 0.90 0.88
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Table 5- Common kernel functions in supporting
vector machines (Hamel, 2009)
oleidy H1o 2 sl (dle yo @l 5 &l -0 Jgu
(Hamel, 2009)
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| Production of an initial population l

—‘l evaluate fitness of formula on the populate I

Selection of genetic operators for generating new formulas

Reproduction Confluence Mutation

Select a formula | Select two formula | Select a formula
for reproduction for confluence for mutation

Putting the formula in the new population as long as the
population is equal to the initial population

Figure 1- General description of the steps taken to
implement genetic programming (Sette and Boullart,
2001)
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Table 4- Specifications of genetic programming used
to reconstruct missing monthly rainfall data
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parameter Value
Head Size 8
Chromosomes 30
Number of Genes 3
Mutation Rate 0.044
Inverstion Rate 0.1
One-Point Recombination Rate 0.3
Two- Point Recombination Rate 0.3
Gene Recombination Rate 0.1
IS Transpositation Rate 0.1
RIS Transpositation Rate 0.1
Gene Transpositation Rate 0.1
Fitness Function Error Type RMSE
Linking Function +

Type of function Kernel function

Linear K(x;, xj) = x{ . X;

Polynomial K(x;, %) = (vxI.X; + c)“
Hyperbolic tangent  K(x;,x;) = tanh(yx{.X; + C)
RBF K(x; x;) = exp (—y|xi,xi|2)
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Table 7- Performance evaluation of different combinations of SVM and GP models in reconstructing monthly
precipitation data of Sarabi and Maryanaj stations
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. Target SVM GP
Pattern Base station station r RMSE(mm) _ r _ RMSE (mm)
1 Aghajan bolaghi Sarabi 0.91 18 0.90 20
2 Agha kahriz and Aghajan bolaghi Sarabi 0.93 14.34 0.92 14
3 Aghajan bolaghi, Agh kahriz and Maryanj Sarabi 0.93 12.88 0.93 13
4 Aghajan bolaghi Maryanaj 0.94 211 0.89 21.15
5 Aghajan bolaghi and Agh kahriz Maryanaj 0.94 13.47 0.94 12.41
6 Aghajan bolaghi, Agh kahriz and Sarabi Maryanaj 0.95 11.43 0.95 12.21
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Figure 2- Comparison of observed and reconstructed data with SVM and GP models (Target station: Sarabi)
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Figure 3- Comparison of correlation coefficient between observed and reconstructed precipitation data (Target station: Sarabi)
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Figure 4- Comparison of observed and reconstructed data with Support vector machine and genetic programming
(Target station: Maryanaj)
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Figure 1- Map of the geographical location of Kermanshah province (a) and the meteorological stations under study
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Table 1- Geographical location of the studied weather stations in Kermanshah Province (The Ministry of
Jahad-Agriculture, 2014)
The Ministry of Jahad-) slisle ;S ¢yl 5o alllae 3590 Gy dod cwlisiilgn G0l oLl yior Cardgo —) Jgus

(Agriculture, 2014

. latitude longitude Height - .
Station name Degree Minute Degree Minute Meter Statistical period

Kangavar 34 30 47 59 1468 1990 - 2012
Kermanshah 34 21 47 09 1319 1990 - 2012
Ravansar 34 43 46 39 1380 1990 - 2012
Sarpol Zohab 34 27 45 52 545 1990 - 2012
Eslam Abad 34 07 46 28 1349 1990 - 2012

Table 2- Long-term average Area under cultivation, yield and production of rain-fed Wheat in the study area
axdllan 5590 bl j0 g3 puiS uulgi 9 0 Slos (LulS 1 gl Goto ol (1uSSlee - Jgu

Row Region Area under cultivation (ha) Yield (Kg.ha®) Production (Ton)

1 Kermanshah 100400 1210 121484

2 Eslamabad 39000 1100 42900

3 Ravansar 20500 1350 27675

4 Kangavar 8400 1350 11340

5 Sarpol Zohab 10500 900 9450
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The classification of
probabilities and
weighting each classes

Determination of the
appropriate date of

Calculation of the
growing degree-

cultivation on the basis of
a rainfall incidence of five
millimeters and the
condition of 10 days of
rainfall thereafter

v

days of growth
stages of rainfed
wheat

v

A

Analysis of probabilities at each station
based on their classification and their

potential level

* Determination of the probability of occurrence
of rainfall of 300 mm or more .

* Determination of the ratio of spring and
autumn precipitation to total precipitation
(Temporal distribution of rainfall ).

*Determination of the probability of occurrence
of the temperature of the germination stage (8-
14 degrees Celsius).

* Determination the probability of occurrence of
minimum temperature of zero and less than zero
in the flowering stage.

* Determination of the probability of an
optimum temperature of 18- 23 ° C during the
flowering stage.

* Determination of the probability of maximum
temperature more than 35 degrees in the grain
filling stage.

Figure 2 - The Plan of the Agro-Climatic classification Processes for rain-fed Wheat According to FAO Method in
Kermanshah Province
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Table 3- Criteria and climatic classes of rain-fed wheat cultivation in Kermanshah Province (used in the FAO

method)
(910 (g o oolasw! 840) oliilo )5 (yliwl jo p10 puiS ClS ol Wb g byl -Y Jgu
Probability Class

Criterion dlfsg;:?tlij;fn Sl)i/te ;t))ll e suitable Moderate Weak
Probability of occu gfr;ﬁgrc;f rainfall of 300 mm Ise l;;régre]l_ I8ILI > 0680 %(70-80)  %(60-70)  <%60
The ratio of a”;‘r‘ggigft’;fgﬁ'tat'on to total Pearson-1ll % (30-40)  %(20-30)  %6(10-20)  <%10
The ratio of Sg;ﬁ?pﬁ’;‘;g‘:tat'on to total Pearson-1ll  %(25-30)  9%(20-25)  %(15-20)  <%15

Probability of occurrence of the temperature of o O (T O (AN o
the germination stage (8-14 degrees Celsius). Normal >%80 76(70-80) 76(60-70) <%660

The probability of occurrence of minimum
temperature of zero and less than zero in the Normal <%40 %(40-60)  %(60-80) >%80
flowering stage

The probability of the optimum temperature of o OO, Ol AN, o
flowering stage (18-23 degrees Celsius) Normal >%680 76(60-80) 76(40-60) <%640
Probability of maximum temperature more Normal <%40 9%(40-60)  96(60-80) 59680

than 35 degrees in the grain filling stage
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Table 4- Criteria potential of rain-fed wheat with their weight at the meteorological stations (used in the FAO

method)
(956 by y ooliiiun! 3590) axlllae 3 )30 uilidlgn (Sl ol ] 30 1 (3T ()39 ol yod & 0.0 AT oS Junmmiliy (5L )laze —F Jgur
Indicators Stations
Sarpol Zohab  Kermanshah  Eslamabad Kangavar Rvansar
Probability of occurrence of rainfall of 300 s@3) s@3) VS(4) @) VS(4)
mm or more
The ratio of autumn precipitation to total
precipitation VS(4) VS(4) VS(4) VS(4) S(3)
The ratio of Spring precipitation to total
precipitation S(3) VS(4) S(3) VS(4) VS(4)
Probability of occurrence of the temperature
of the germination stage W) VS() M) S@) M)
The probability of occurrence of minimum
temperature of zero and less than zero in the VS(4) VS(4) VS(4) S(3) VS(4)
flowering stage
The probability of the optimum temperature
of flowering stage (18-23 °C) W) S@) Vvs(4) Vvs(4) Vvs(4)
Probability of maximum temperature more w(1) s@3) s@3) s(3) VS(4)

than 35 °C in the grain filling stage

.2l oo (VS= Very Suitable, S= Suitable, M= Moderate W=Weak) Jguz ol 3o aiiil g0 Sliab 51 SO ;2 059 il 5l J&10 slasl s

Table 5- Results from the UNESCO method at the studied stations
axdllao 5 )50 (b ol 5o sSmiss (g 3l Jol> gl -8 Jguz

Sarpol Zohab ~ Kermanshah Eslamabad Kangavar Ravansar
Annual precipitation (mm) 395.9 436.1 456.6 380.9 501.6
Average annual temperature ( C) 20.2 144 135 13.1 15
Annual potential 1650 1446.7 1249.3 1210.2 1590.4
evapotranspiration(mm)
Moisture regime (Al) 0.24 0.30 0.37 0.32 0.31
The type of moisture regime semi-arid semi-arid semi-arid  semi-arid  semi-arid
Average monthly temperature in the
coldest month of the year 8.1 2.2 1.5 03 1.3
Winter type Cool Cool Cool Cold Cool
Average monthly temperature in the 323 28.1 258 254 28.7
warmest month of the year
Summer Type too warm warm warm warm warm
Table 6- Results from the Papadakis method at the meteorological stations under study
axfllan i owlililad sbd ol 5o waSTobl g, 31 Jolo gl -F Jgus
Sarpol Zohab Kermanshah Eslamabad Kangavar Ravansar
Annual (pr;fg;p'ta“o“ 395.9 436.1 456.6 380.9 501.6
Average annual 20.2 14.4 135 13.1 15
temperature ( C)
Average annual potential
evapotranspiration (mm) 1779 1506 1452 1410 1228
The length Season At least 4.5 At least 4.5 At least 4.5 At least 4.5 At least 4.5
without frost Month Month Month Month Month
Summer type G G G G G
Winter type AV TV TV TV av
Thermal regime Su Co1 Co1 col col
Humid Season D-M D,J,F D-M D-M D-M
Middle season AN M,AN A-O M,A O A
Dry season M-O M-O M-S M-S M-O
Moisture index 0.24 0.30 0.37 0.32 0.31
Leaching index 104 72.6 177 87 157
Moisture regime Me Me Me Me Me
Climatr tvoe Sub-Tropical Continentality ~ Continentality =~ Continentality =~ Continentality
yp Mediterranean  Mediterranean  Mediterranean  Mediterranean  Mediterranean
Considerations Smtgble.for Sungble.for Smtqble_for Smtqble_for Smtgble_for
cultivation cultivation cultivation cultivation cultivation
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Estimating actual evapotranspiration using OLI images and SEBAL
algorithm (Case study: Dasht-e Naz, Sari)

M. Raeini-Sarjaz'", H. Piri’, M.A. Gholami®, S. Khazaei*
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Abstract

Estimation of evapotranspiration is,one of the main components of the hydrological cycle, and is essential for
irrigation scheduling, water balance, irrigation system design and management and crop yields simulation.
Unlike conventional methods remote sensing estimates evapotranspiration in different spatial scales. Therefore,
the aim of this study is to estimate evapotranspiration using OLI sensor images and SEBAL algorithm in the
Dasht-e-Naz area, Sari, Iran. To evaluate the results, evapotranspiration estimated by the reference method,
Penman-Monteith-FAO, was compared with SEBAL algorithm. Strong and significant correlation was obtained
between these two methods (R?=0.93), Low error of estimation by SEBAL compared with reference method
(RMSE=1.14) and low absolute difference between the SEBAL and Penman-Monteith-FAO (MAE=0.96)
indicates that there is a good match between estimated values by SEBAL algorithm and Penman-Monteith-FAO
standard method. This study showed that OLI sensor images and SEBAL algorithm could satisfactorily estimate
actual evapotranspiration in the Dasht-e-Naz area, Sari.

Keywords: SEBAL Algorithm, Penman-Monteith-FAQO, Evapotranspiration, Remote Sensing, Iran
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Application of acceptance probability approach for determination of optimal
rain gauge network density (Case study: South Khorasan province)
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Abstract

For accurate estimation of rainfall, as a key element in agricultural and water balance studies, an optimum
density of raingauges is required. Although many approaches based on geostatistic are developed to optimize
raingauges network, but majority of them suffer from drawbacks. This study aimed to assess a newly developed
method in geostatistic based on acceptance probability, for designing the raingauge network with least error in
South Khorasan province. The linear moment method was used for testing the homogeneity of the study
stations. Then, by choosing a suitable semi-variogram, the acceptance probability in the region was calculated.
Based on the spatial pattern of annual rainfall, the acceptance probability was worked out for various parts of the
province and the acceptance accuracy (AP) values were analyzed at different levels of probability. The results
showed that 20 stations of existing network had no significant effect on estimating the rainfall and it can be
recommended to shift their location in order to obtain an optimal network. Also, similar to the existing network
of 63 stations, the remaining 43 stations could cover 36% of the province at the probability acceptance level of
80%. Besides, the results indicated that by adding 27 rain gauges to the locations specified in the optimal
density, the performance of the optimized network will be approximately doubled comparing to previously
existing one, which means 65% coverage of province.

Keywords: Climatological variogram, Kriging variance, Acceptance accuracy, Density, Rain gauge
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Evaluation of NMME seasonal temperature forecasts over Iran’s river
basins
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Abstract

The aim of this research is to evaluate the temperature outputs of climate forecasting systems over Iran. The
analysis is provided based on Atmosphere-Ocean Coupled General Circulation Models from North America
Multi Model Ensemble (NMME). The skill of NMME individual models are evaluated in different
initializations, of lead times (0-month, 1-month and 2-month) for October-December (OND), December-
February (DJF), and February-April (FMA) target seasons. Temperatures at 2m from Climate Research Unit
(CRU) dataset are used as reference observation over 1982-2010. Pearson correlation, Mean Error and Root
Mean Squared Error are calculated as deterministic verification criteria for seasonal forecast verification. In
addition, Relative Operating Characteristic (ROC) score is calculated as a categorical measure for below-normal
and above-normal conditions. The results suggest that correlation between NMME forecasts and CRU is higher
in FMA (compared to DJF and OND). CFSVv2 has a significant skill in the south of Iran in FMA (correlation >
0.9, ROC> 0.7). Spatial pattern of NMME biases is similar in three target seasons. GFDL-FLOR-BO1 bias is
lowest among all evaluated NMME models. At longer lead times; skill of some models is dropped for
forecasting temperature in some river basins in Iran. Given large temperature biases found in NMME individual
models, applying Model Output Statistics is recommended. Developing Multi-model Ensemble (MME) can also
help to improve seasonal forecasts in Iran’s river basins for agriculture and water resources management
applications.

Key words: Seasonal Forecasting of Temperature, North American Multi Model Ensemble (NMME), Iran’s
river basins, Atmosphere-Ocean Coupled General Circulation Models, Iran
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Comparative analyses of SPI1 and SPEI meteorological drought indices
(Case study: Golestan province)
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Abstract

Precipitation-based drought indices including the SPI generally neglect the effect of other variables such as
temperature and evapotranspiration on drought intensity. However, some studies have confirmed the systematic
errors involved. Therefore, alternate indices like Standardized Precipitation Evapotranspiration Index (SPEI)
have been proposed. The current comparative study was aimed to evaluate the SPI and SPEI indices’ skill for
drought monitoring in different climatic regions of Golestan province. The results were analyzed in different
seasons based on the correlation between SPI and SPEI indices classes in a 12-month window. The results
showed that in more humid regions, the correlation between the two indices is higher. Similarly, in smaller time
scales, the correlation was higher. The SPEI detects greater number of wet and dry spells comparing to SPI.
Significant correlation between the two indices was observed at Ramyan station using Pearson's parametric test
at 95% confidence level for 3 and 6 months time series. Seasonal frequency analysis of drought classes showed
that both indices have more inter-classes variations in summer. Maximum number of severe and extreme
drought events was observed at Ghaffar Haji station during summer using both indices. Also the comparison of
SPI and SPEI time series showed that SPEI index detects longer wet and dry periods, but SPI index revealed
bigger extreme values.

Keywords: Drought, Pearson’s parametric test, Golestan province, Time series, Iran
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Performance evaluation of the genetic programming and support vector
machine models in reconstruction of missing precipitation data
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Abstract

Incomplete rainfall datasets with missing gaps is a major challenge in climatology and water resource studies. In
the present study, two intelligent models, namely Genetic Programing (GP) and Support Vector Machines
(SVM) were used to reconstruct the monthly rainfall data of four rain-gauges located in Hamedan province, Iran
during the period of 1992 to 2011. The incomplete rainfall data was reconstructed first by using the data of one,
two and three stations respectively. The results showed that increasing the memory and the number of stations
involved in the training phase, will improve the performance of the models. In reconstruction of monthly
precipitation data of Sarabi and Maryanj stations, the Support Vector Machine method showed better
performance with RMSE of 12.9 mm and 11.4 mm, and correlation coefficients (r) of 0.93 and 0.95,
respectively. The corresponding values of RMSE for GP approach were 13 mm and 12.21 mm, which indicated
the superior performance of SVM.

Keywords: Rainfall, Missing data, Intelligent methods, Hamedan
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Comparative study of three agroclimatic classification methods for
determination of suitable regions of rainfed wheat cultivation
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Abstract

The purpose of the current feasibility study was to compare three agroclimatic classification methods namely
FAO, Papadakis and UNESCO for determination of suitable regions of rainfed wheat cultivation in Kermanshah
province, west of Iran using observed data of five synoptic stations. Application of all three methods revealed
that the most regions of the province are suitable for the crop cultivation. Based on FAO method, all study
stations showed climatic suitability of wheat cultivation. Application of Papadakis method, on the other hand,
showed that Sarpol Zahab weather station have a sub-tropical Mediterranean climate and, Kermanshah,
Ravansar, Kangavar and Islamabad have continental Mediterranean climate, which are mainly suitable for
rainfed wheat . In case of UNESCO climatic classification, the climate of all five study stations was recognized
as semi-arid climate which indicates high climatic potential of the province for growing rainfed wheat. In
general, all three method confirm the climatic suitability of the region with average yield of 1000 kg ha™.

Keywords: Kermanshah province, FAO, Papadakis, UNESCO, Wheat, Iran
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Time (hr) 6 9
Temperature (°C) 125 15.1
Relative Humidity (%) 35 33
Wind Speed (m s™) 1.2 0.3
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