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Fig. 1- Location of study area in the country and province
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Table 1- Planting and harvesting specification used in the experimental farm
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Planting date

C;ws‘.:).) &0
Harvest data

oo 0,0 owande 395

oo T30 owond9§ 395

Solar data  Julius day Solar data  Julius day

2008.10.1 275

2009.6.30 181
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Table 2- Soil physical and chemical characteristics of experimental farm
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Depth EC&f (s i)I:I o513 <=s Bulk density Texture Cl2y Silt  Sand
(cm) of saturation PWP  FC (g.cm™) (%) (%) (%)
extract (dS.m™)
0-30 1.06 8 7.3 20.1 1.51 “lw ? 18 52 30
Silty-loam
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Table 3- Water chemical characteristics used in experimental farm
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EC (dS.m™) H SAR Cations (meq.lit™") Anions (meq.lit")
: P Ca” Mg~ Na° K CI HCO; CO;” SO~
0.6 7.9 3.5 3.5 35 1.1 25 2.8 0 1
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3- Root mean square error
4- Mean absolute error
5- Coefficient of determination
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1- Long Ashton Research Station-Weather Generator
2- Representative concentration pathways
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Table 4- Models and scenarios characteristics used in this research
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Fig. 2- Calibration (top) and Validation (bottom) of SWAP model with soil moisture data of 30 cm depth
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Table 5- Estimation of simulated and measured soil moisture content

Jae 2l ‘e MAE (%) RMSE (%) R*(%)
Model estimation Depth (cm)
Pely
L 0.045 2.31 79.5
Callpratlon 0-30
Validation 0.12 247 72
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Table 6- Daily average values of climate parameters in the base and future periods under two scenarios of 4.5

and 8.5
Ll slags Uww il glod S5l sled ook
Emotion scenarios Minimum temperature ("C) Maximum temperature (‘C) Precipitation (mm)
Baseline 6.80 22.08 0.63
RCP4.5 8.40 22.22 0.71
RCP8.5 8.64 22.56 0.69

ol ey o L P10 gl o GCM sla Jae sl ST g Ol oyd 1y elBl slayiol)ly wiljg, lawgio polio ¥V Jaio



VO o Jae Sasay (5T )30 (sl S gy (53l () S0n g 355 (Gummun plg

9 CanESM2 (sl Jus 4 Loy jo sy ()1 9 Sl
GISS-ES-R 5 GFDL (sLa Jis cyizsen .35 CSIROMK3.6
239 fieS l 0y9 4 G 3l 0y9 3 1) pSlis (lod ol
039> Lyl (1 0393 13 1y by Jlade MIROC Jue g siles S

ol 03,5 359l 4L

w551 sl il 5 510 i (slas o o e Jgi
ol 4l o138l 4l 0y9d 4 cans ST 0y90 ;5 GCM (sl Jso
s (1 093 sonldl (slojtolyly 2502 )3 o Jo duglie ysliatos,
bgye oo gy Bl glos Gali8l iy (it il 0)90 &
slos Gili 8l oy 2aS g o iy s GFDL g IPSL (sl Jos &

£/0 g2l o GCM o (sl (519 arly 0,99 13 (oulBl (Lo ol s iljo) banwgio yy3lie —¥ Jgur
Table 7- Daily average values of climate parameters in the base and future periods for GCM models under the
scenario 4.5

Je Jilss glod Sl slod ok
Model Minimum temperature (C) Maximum temperature (C) Precipitation (mm)
Baseline 6.80 22.08 0.63
CanESM2 8.31 23.39 0.79
GFDL 7.92 21.37 0.75
MIROC 8.73 22.27 0.63
IPSL 8.78 22.57 0.71
CSIROMK3.6 8.45 22.21 0.65
GISS-ES-R 8.19 21.54 0.74
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Table 8- Daily average values of climate parameters in the base and future periods for GCM models under the
scenario 8.5

Je Jlas glod Sl glod oyl
Model Minimum temperature (C) Maximum temperature (C) Precipitation (mm)
Baseline 6.80 22.08 0.63
CanESM2 8.55 23.70 0.74
GFDL 8.49 22.15 0.66
MIROC 8.95 22.57 0.71
IPSL 8.83 22.56 0.64
CSIROMK3.6 8.63 22.54 0.62
GISS-ES-R 8.41 21.82 0.78
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Table 9- Average values of weekly moisture in the base and future periods under two scenarios 4.5 and 8.5

S Cugb,
Sl gWgy b Weekly moisture
Emotion scenarios oSbe PS5l BEIKES
Mean Maximum Minimum
Baseline 0.301 0.342 0.233
RCP4.5 0.295 0.338 0.213
RCP8.5 0.294 0.339 0209
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Table 10- Average values of yearly moisture in the base and future periods under two scenarios 4.5 and 8.5

Sl Cugb,
SLiS! lags luw Yearly moisture
Emotion scenarios Sl PSlas BEIKES
Mean Maximum Minimum
Baseline 0.300 0.316 0.282
RCP4.5 0.295 0.307 0.282
RCP8.5 0.294 0.309 0.279
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Table 11- Average values of weekly moisture for the six GCM models under two scenarios of 4.5 and 8.5

SLiS! glags L
Emotion scenarios
Jae RCP4.5 RCPS.5

Model " o~ " o~
NEJKES PSlas ol JEJRES PSSl Ol
Minimum Maximum Mean | Minimum Maximum Mean
CanESM2 0.216 0.337 0.298 0.232 0.334 0.297
GFDL 0.215 0.337 0.295 0.209 0.337 0.291
MIROC 0.219 0.335 0.292 0.220 0.335 0.293
IPSL 0.224 0.338 0.295 0.214 0.336 0.292
CSIROMK3.6 0.213 0.336 0.293 0.212 0.337 0.293
GISS-ES-R 0.227 0.337 0.296 0.219 0.339 0.295
Baseline 0.233 0.342 0.301 0.233 0.342 0.301
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Table 12- Average values of yearly moisture for the six GCM models under two scenarios of 4.5 and 8.5

S glagy yLw
Emotion scenarios
Jao RCP4.5 RCPS.5

Model " _” " -
J8las PSlas oSl NEJKES PSlas oSl
Minimum Maximum  Mean Minimum Maximum Mean
CanESM2 0.284 0.307 0.298 0.287 0.304 0.297
GFDL 0.289 0.306 0.295 0.279 0.303 0.291
MIROC 0.282 0.302 0.292 0.284 0.302 0.293
IPSL 0.284 0.305 0.295 0.279 0.301 0.292
CSIROMK3.6 0.286 0.304 0.293 0.286 0.304 0.293
GISS-ES-R 0.288 0.305 0.296 0.283 0.309 0.295
Baseline 0.282 0.316 0.300 0.282 0.316 0.300
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Fig. 3- The weekly moisture variations of the soil in the base and future periods under two scenarios of 4.5 (top)
and 8.5 (bottom)
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Fig. 4- The yearly moisture variations of the soil in the base and future periods under two scenarios of 4.5 (top)
and 8.5 (bottom)
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Introduction

Climate change is one of the major challenges which society will face during current century. Temperatures
are projected to increase up to 2 °C by 2100, which is expected to result in major changes in the atmosphere’s
energy balance and the hydrological cycle. The term soil moisture generally refers to temporary storage of
precipitation at a depth of 1 to 2 meters from the soil profile). Soil moisture in the root zone well known as a
very important factors that severely effects on crop productivity. Hence, the study of soil moisture changes is
crucial for the planning and managing water resources in the coming periods. Accordingly, this study was
conducted in order to predict and stimulate soil moisture in upcoming period (2020-2039) according to baseline
(1992-2011).

Materials and Methods

The study area in this research was Neyshabour plain located in Khorasan Razavi province. At first, SWAP
model implemented using meteorological and agronomic data from study area, and soil moisture of field
capacity is simulated for 30 cm soil depth. Then, to ensure the results of moisture simulation, the moisture
content of the model is calibrated and validated using the measured soil moisture content of the 2008-2009. After
ensuring the accuracy of the model results, soil moisture is simulated for the baseline (1992-2011). Then, to
estimate moisture content in the upcoming period (2020-2039) six models (CanESM2, GFDL, MIROC, IPSL,
CSIROMK3.6, and GISS-ES-R) and two emotion scenarios (RCP4.5 and 8.5) were used, as well as the ratio of
the weekly and yearly values of the meteorological parameters of the upcoming period, which estimated using
the baseline. In addition, to evaluate SWAP model accuracy, Root Mean-Squared Error (RMSE), Mean Absolute
Error (MAE), and Coefficient of Determination (R?) were used. Data obtained by Neyshabur Synoptic Station
(1992-2011) were utilized in order to determine daily weather patterns and future weather parameters.
Temperature and precipitation parameters determined by the LARS-WG model.

Results and Discussion

In order to use the SWAP simulated moisture, initially the model calibrated and validated with measured soil
moisture data from 2008-2009 growth season. So, after soil moisture simulation for 2008-2009, the measured
data by TDR used for calibration and validation model. The coefficient of determination factor (R?) between
simulated and measured results was 79.5%. The climate parameters used in this study include minimum and
maximum temperatures and precipitation, which are known as the most important factors affecting the soil
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moisture. According to table 6, the minimum and maximum temperatures and precipitation for the upcoming
period will increase compared to the baseline. On the other hand, According to table 9 and table 10, under two
scenarios, the means, maximum and minimum soil moisture decrease compared to baseline. The weekly and
yearly uncertainty in soil moisture under two scenarios showed in figures 4 and 5, respectively. Under the 4.5
scenario, the MIROC model due to the lower band thickness and the IPSL model, due to the higher bandwidth
thickness, have the highest and lowest accuracy, respectively. Whereas, under the 8.5 scenario, the IPSL model
has the highest accuracy and the CanESM2 and GISS-ES-R models have the lowest accuracy compared to other
models. Results of weekly and yearly uncertainty showed less and more uncertainty for weekly and yearly soil
moisture, respectively.

Conclusions

In general, results of this study revealed that minimum, maximum temperature and precipitation will increase
in upcoming period compared to baseline. Soil moisture decrease in upcoming period compared to baseline
under two scenarios (4.5 and 8.5). Moreover, temperature was higher and precipitation was lower under 8.5
scenario rather than 4.5 scenario. Therefore, 8.5 scenario showed worse condition compared to 4.5 scenario.
Results of this study showed lower soil moisture in 1, 3, 6, 13, 18, and 19 years in upcoming period under two
scenarios. Therefore, these years known as warning condition compared to baseline.

Keywords: Climate change, Emotion scenarios, GCM model, SWAP model.



