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scenarios.

Introduction

The Severe shortage of surface and groundwater resources is the most important constraint on
sustainable agricultural development in arid and semi-arid regions. Frequent droughts in recent
decades have also led to a significant drop in groundwater levels due to uncontrolled abstraction. In
the present study, different irrigation scenarios are provided to reduce the withdrawal of water from
the aquifer of Kavar plain in Fars province. The results of various studies show that due to climate
change, water resources are reduced and irrigation requirements of plants will be increased during the
growing season (Goodarzi et al., 2015; Zeinoddini et al., 2019). In this study, to simulate future
climate parameters, the outputs of AOGCMs models and emission scenarios RCP2.6, RCP4.5, and
RCP8.5 of the Fifth Climate Change Report were used (IPCC,2014). Then irrigation requirements of
the study area were calculated by Cropwat software considering the cultivation pattern for the future
period. Finally, by defining irrigation scenarios, the simultaneous effects of climate change and
cultivation pattern change in the development of irrigation systems (surface and pressurized) on
groundwater resources were evaluated.

Methodology

Due to the occurrence of recent droughts in Fars province, the water level of the Kavar plain
aquifer has decreased by about 30 meters compared to 1995. In the present study, the effects of the
developing irrigation systems and changing cultivation patterns on irrigation requirements and
withdrawal of water from the aquifer have been investigated.
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Water requirement of the cultivation pattern

Cropwat software was used to calculate the water requirement of the cultivation pattern. This
software uses the FAO Penman-Monteith method to calculate water requirements. The results of
using this method in comparison with the measurement data in neighboring areas have been
satisfactory (Zand-Parsa et al., 2015).

Climate Prediction

Historical data on rainfall and maximum and minimum temperature were collected during the
period of 57 years (1961-2018). In order to predict the climatic parameters in the future period, the
CanESM2 model, which is a series of GCMs models, was used under the emission scenarios of
RCP2.6, RCP4.5, and RCP8.5 (Arora et al.,2011). The SDSM model was also used to downscaling
data. The results of various researches indicated the proper performance of the SDSM model
compared to other downscaling statistical models (Gutierrez et al., 2013). Statistical indices R?,
RMSE, NRMSE, and NSE were used to evaluate the results of the climate change model and
downscaling data.

Development of irrigation scenarios

In the present study, six irrigation scenarios were defined based on the type of irrigation systems,
changes in cultivation pattern levels, and future climate change, then the impact of each on the
withdrawal of groundwater resources was evaluated. To determine the percentages of cultivation
patterns in each scenario, linear programming (LP) was used in Excel software in which the
maximum volume of available water resources and the gross irrigation requirements of plants are
considered.

Results and discussion
Climate change results

Meteorological parameters of rainfall, maximum and minimum temperature were simulated by
the SDSM model for the future period (2020-2070). The results of temperature prediction by the
model showed that the temperature increase in the future period will be different in months of the
year. The highest maximum temperature increase under the scenarios of RCP2.6, RCP4.5, and
RCP8.5 in July is predicted at 1.38, 1.44, and 1.72 ° C, respectively. Also, the minimum temperature
increase will occur in June under the RCP8.5 scenario by 1.51 ° C and under the RCP2.6 and RCP4.5
scenarios in June by 1.26 and 1.43 ° C, respectively. Simulation of rainfall in the future period
showed that the annual average will be decreased. rainfall decreases under the RCP2.6, RCP4.5 and
RCP8.5 scenarios are predicted at 16, 35, and 50 mm per year, respectively.

The impact of climate change on water demand

The modeling results showed that the net water requirement of plants under RCP2.6, RCP4.5, and
RCP8.5 scenarios will be increased in the future period. The rate of increase in net water requirement
over the future period for RCP2.6 scenarios between 3.9 and 4.5; For RCP4.5 scenarios between 6 to
7 and for RCP8.5 scenarios between 8.5 to 10 percent are calculated.

Analysis of irrigation scenarios

Comparison of the climate change scenario with the reference scenario showed that the gross
irrigation requirements for plain in the future period will be increased from 188 to 210 MCM.
Therefore, to meet the irrigation requirements, Withdrawal from the aquifer should be increased by
18 percent. To reduce it, scenarios of changing the cultivation pattern towards low-consumption
crops, increasing the allocation of surface water, improving the efficiency of surface and pressurized
irrigation were proposed. The results showed that by applying these scenarios, the irrigation



49
The effect of changing the ... Vol. 46, No. 1, 2023

requirements of the plain can be decreased to 164 MCM. It also reduced groundwater abstraction by
56 MCM (about 40 percent).

Conclusion

The simulation results of climatic parameters showed that in all three scenarios of emission, the
temperature will be increased and precipitation will be decreased. increase in gross irrigation
requirements for different plants under RCP2.6 scenario between 4 to 8; Under RCP4.5 scenario
between 6 to 13 and under RCP8.5 scenario between 8 and 18 percent were predicted. Also, the
results of irrigation scenarios on the amount of irrigation consumption in the region showed that by
designing and adjusting the cultivation pattern and improving the efficiency of surface and
pressurized irrigation, the amount of groundwater abstraction in dry and normal conditions can be
reduced by 21 to 40 percent.
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Table 1- Percentage of crops in the cultivation pattern during the last decade in Kavar plain

rops Percent (2008-2009) Area (ha) Percent (2017-2018) Area (ha)
Canola 4 4
Wheat 35 30
Barely 5 3
Suqa(rbeet \ 9 7
Maize (Grain 10 7
Onion 3 9500 2 8500
Beans 1 1
Alfafla 4 4
Maize 3 3
Tomato 2 1
Grape 16 25
Pistachio 0 3000 1 5200
Orchards 8 12
SUM 100 12500 100 13700

1A 50 5195 Culd HLS o g B Lol maw -Y Jaus
Table 2- Area of pressurized and Non-Pressurized lands of Kavar plain in the last decade

Irrigation System 2008-2009 2017-2018
Non-Pressurized (Gravity) 10650 8100
Pressurized 1850 5600
SUM 12500 13700

T Lo § xwilg (SBe90 Jab 38 SDSM Juow & e (b 31 -V S
Table 3- Evaluating the performance of the SDSM model during calibration and validation periods

Calibration Validation
Parameter
RMSE NRMSE NSE R? RMSE NRMSE NSE R?
Maximum Temperature 0.61 2.39 0.99 0.68 0.67 2.57 099 0.71
Minimum temperature 0.33 3.61 099 061 041 3.62 0.99 0.64
Percipitation 2.59 7.96 099 064 3.96 8.03 0.98 0.59
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Table 4- The different irrigation scenarios

Irrigation Scenarios (ha)
Crop Pattern Systems st 52 s3 S4 S5 S6
TICN* 500 548 548 137 0 0
Canola MICN** 0 0 0 411 548 137
PIS*** 0 0 0 0 822 1233
TICN 4375 3425 3425 411 0 0
Wheat MICN 0 0 0 3014 2740 1644
PIS 0 685 685 685 685 1781
Barely TICN 625 411 411 274 0 0
MICN 0 0 0 137 411 411
TICN 975 360 360 89 0 0
Sugarbeet MICN 0 0 0 270 274 137
PIS 150 600 600 600 685 822
TICN 1250 548 548 205 0 0
Maize (Grain) MICN 0 0 0 343 274 0
PIS 0 411 411 411 274 548
Onion PIS 375 274 274 274 137 137
Beans TICN 125 137 137 137 0 0
PIS 0 0 0 0 822 822
TICN 500 274 274 69 0 0
Alfafla MICN 0 0 0 206 137 0
PIS 0 274 274 274 137 274
Maize TICN 375 411 411 137 0 0
MICN 0 0 0 274 411 411
TICN 250 68 68 68 68 0
Tomato PIS 0 68 68 68 69 137
TICN 1000 959 959 411 0 0
Grape MICN 0 0 0 548 548 274
PIS 1000 2466 2466 2466 1644 1918
TICN 625 959 959 548 0 0
Orchards MICN 0 0 0 411 411 274
PIS 375 685 685 685 685 822
Pistachio PIS 0 137 137 137 1918 1918
Total Crop Pattern 12500 13700 13700 13700 13700 13700
Allocated Surface Water TICN 45 45 45 0 0 0
(MCM) MICN 0 0 0 80 80 45
Allocated Groundwater TICN 117 80 95 46 0 0
(MCM) PIS 22 63 70 70 84 111
Total allocated water (MCM) 184 188 210 196 164 156

* Traditional Irrigation Canals Network

**Modern Irrigation Canals Network *** Pressurized Irrigation Systems



2\

FV-FF o NF Y L) o,led ¥ 655

ol (oo phe

Ol (VOVA B Ve A) p30 and 0 duopd Ve dgd> ) adkaie
@ bpacy (Eb OVgaxs Cow a4 i cuiS g8l g b
b s ol Jlosl sl 4l pis jid syglogw >
oLt 42335 g d9250 oy baulyd > (o)lel syl Gy
dbie ol Grae o)l Glosly Gl of) Je o o
eSS g 0y eloly LIl gBly )3 sl Al gy
aobl ol atily JUis a1y cwss” LB ol plo o Ol sz
05 o cely uﬂ 0593 53 Uﬂ S ol b oolyes byl s oyl
wlye Ol (kg b gy aejp) ol boyw o
$6 5 S5 syl ok 39 JSite ol ) Sl sl 3,5
S ki 5 e 3,55y b Jlegs 5 JLits Ly (sl
byd 4y )lid ot g (o (5ol slapiugs dnsgi 5 CutS
B L oy ol o 458 sleity CuiS ) o i
culyy ials Coge oanl o8l Gl ey @l gl 28,5
b ol (ot 33,5 o o> ¥o B YN dgds 13 ey
Gl s Pl a4 Sbls K8 dasleisy ol x5S
AP Olglh Cueal & a2 L g o 0a] )3 dllaie (ge)
lpl 35 8 pete ()lel Bl (s [ 35 ol ool
55 oolatdl slogwy 335 0 Sty S sloadlls (ol

255 8 i 2o

L VY-
SPES 9 ldlaio ;.j uf)m OL.\:L;.J})K Slowowo )5
oleMbl s byl Ll o gly o)lb bl (g5,9liS

D5 o (F2)35 5 S Sl )9

O o

bolyd 3 )l s cutS (oS0 (o)l 5l Baios ol

5 adlles 3)0 (G)lul Slapius drug g ouldl Sy
3l s Gl g O Sl epn Gy cdS
il glagy b cov ST 0y el liilsn (slayally
b (layiehly (s3lo dund 235 sy IPCC ooy (5155
Jlo Galiee claole p3 Lad yiulsl a8 ols olis 5T o900
Blglw cov Sl Oyl aspn GliEl cwl aglae
FY VYA (554 RCP8.5 4 RCP45 RCP2.6 Ll
Jalis @yl 4y GuliEl quaen 5 3,8 le 4y V/VY
ol sl 005 it 3,5 5l 4,0 V/BY 4 VEY (\/YF
Sl og 3 ol Vs basgio GialS Sl (S0 silosnd
Gl Sglaie i glag )l cov Lials pl gl
Vo oliwe 4 RCPBS gl co (S,b Lials o pui
cov Su)b el mnes .l 0135 3y5ln o
Mo VY gz cuiy 4 RCP4AS 4 RCP2.6 (slagslw
35 (6 (gl (ol Jael ol 015
o] > il (glog s coo alS aes )l 5 o b
Sl ] 5l BRI e e I3 (Y-Y-Y Y1)
oy i U oz o RCP26 g5 s o cilieo lalS
RCP8.5 g5l cos ¥ b b oy RCPAS gyl cow
O ol 0 S e dwpie e AL e e
Sl Ygaxe 5 Cuwlus (pyide oiml OYsaxe
oy p ity dnlg @l s 4 1) Conlas o ieS
Slapiuge a5 i8S oSl Sl g9y 485 Cj0
9 bl glesily (il amd oo (L 3 ans 5 lol (g
iS5 LAl s b Crge b OB (glb s dasss

References
1- Abbasi, F., Sohrab, F. and Abbasi, N., 2017. Evaluation of Irrigation Efficiencies in Iran. Irrigation and
Drainage Structures Engineering Research, 17(67), pp.113-128. (In Persian).

2- Abbasi, H., Delavar, M. and Bigdeli Naalbanda, R., 2020. Evaluation of the effects of climate change on
water resource sustainability in basins using water footprint scarcity indicators. Iran-Water Resources
Research, 15(4), pp.252-279. (In Persian).

3- Alizadeh, A., Sayari, N., Hesami Kermani, M.R., Bannayan Aval, M. and Farid Hossaini, A., 2010.
Assessment of Climate Change Potential Impacts on Agricultural Water Use and Water Resources of
Kashaf rood basin. Journal of Water and Soil, 24(4), pp. 815-835. (In Persian).

4- Anonymous, 2015. Studies of the second phase of the irrigation and drainage network Mirza Shirazi dam
(Kavar plain). Parab Consulting Engineers. Regional water company of Fars. Technical Report. 295p. (In
Persian).

5- Anonymous, 2018. Statistics and performance Agriculture section Fars province. Agricultural organization
of Fars. Technical Rep. 224p. (In Persian).



7Y
DOI: 10.22055/JISE.2022.38791.1994 s 5 S 6 SN it 2B 0L en 5 ol

6- Arora, V. K., Scinocca, J. F., Boer, G. J., Christian, J. R., Denman, K. L., Flato, G. M., Kharin, V. V., Lee,
W. G. and Merry field, W. J., 2011. Carbon emission limits required to satisfy future representative
concentration pathways of greenhouse gases. Geophysical Research Letters, 38(5), pp. 1-6.

7- Chen, H., Chong-Yu, X. and Shenglian, G., 2012. Comparison and evaluation of multiple GCMs, statistical
downscaling and hydrological models in the study of climate change impacts on runoff. Journal of
Hydrology, 434(435), pp.36-45.

8- Etemadi, H. and Delshab, H., 2020. Potential expected climate change impact on Persian Gulf Coastal
Mangrove ecosystems based on temperature and precipitation variables. Journal of Environmental Science
and Technology (JEST), 22(2), pp. 1-13. (In Persian).

9- Ewert, F., Rounsevell, M.D.A., Reginster, I., Metzger, M.G. and Leemans, R., 2005. Future scenarios of
european agricultural land use. I. Estimating changes in crop productivity. Agriculture, Ecosystems and
Environment, 107(2), pp.101-116.

10- Fahiminezhad, E., Baaghide, M.O., Babaeian, I. and Entezari, A., 2019. Simulation of the effect of global
warming on the mean and extreme events of some hydrochemical variables in Shandiz catchment basin
Case study: The Case of the general circulation model CanESM2. Journal of Spatial Analysis
Environmental, 6(3), pp.27-48. (In Persian).

11- Gohari, A.R., Eslamian, S., Abedi-Koupaei, J., Massah Bavani, A.R., Wang, D. and Madani, K., 2013
Climate change impacts on crop production in Iran's Zayandeh-Rud River Basin. Science of the Total
Environment, 442 (1), pp.405-419.

12- Goodarzi, M., Abedi-Koupai, J., Heidarpour, M. and Safavi, H.R., 2016. Evaluation of the effects of
climate change on groundwater recharge using a hybrid method. Water Resources Management, 30, pp.133-
148.

13- Goodarzi, M.R. and Faraji, A.R., 2017. Evaluation of different exponential downscaling methods for
indicators minimal flow under the effects of climate change. Journal of Climate Research, 31(1), pp.57-72.
(In Persian).

14- Grafton, R.Q., Williams, J., Perry, C.J., Molle, F., Ringler, C., Steduto, P., Udall. B., Wheeler, S.A., Wang,
Y., Garrick, D. and Allen, R.G, 2018. The paradox of irrigation efficiency. Science, 361(6404), pp.748-750.

15- Gutierrez, J.M., San-Martin, D., Brands, S., Manzanas, R. and Herrera, S., 2013. Reassessing statistical
downscaling techniques for their robust application under climate change conditions. Journal of Climate,
26(1), pp.171-188.

16- IPCC, 2014. Climate change 2014 synthesis report. Summary for policymakers. Contribution of Working
Group I, 1l and 111 to Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC),
In: R. Pachauri and L. Meyer (eds). Geneva, Switzerland. 151p.

17- King, L., Iriwin, M.S., Sarwar, R., McLeod, A.l., Slobodan, P. and Simonovic, P., 2012. The Effects of
climate change on extreme precipitation events in the upper thames river basin: a comparison of
downscaling approaches. Canadian Water Resources Journal, 37(3),pp.252-274.

18- Khayat, A., Amirabadizadeh, M., Pourreza-Bilondi, M. and Khozeymeh Nezhad, H., 2020. Study
temperature and precipitation parameters under the effect of climate change (case study: Birjand plain).
Journal of Irrigation and Water Engineering, 11(1), pp. 200-210. (In Persian).

19- Kumar, C.P., 2012. Climate change and its impact on groundwater resources. International Journal of
Engineering and Science, 1(5), pp.43-60.

20- Malmir, M., Mohammadrezapour, O. and Sharif Azari, S., 2016. Evaluation of climate change impacts on
agricultural water allocation in Qara Su watershed, using WEAP. Journal of Irrigation and Water
Engineering, 23(1), pp.143-155. (In Persian).


https://www.sciencedirect.com/journal/agriculture-ecosystems-and-environment
https://www.sciencedirect.com/journal/agriculture-ecosystems-and-environment

4

f\’—?rup.“:'* db\a)u??ojjz LSJl?ZTg*'J""G"ﬁf}J&

21- Mehta, V.K., Haden, V.R., Joyce, B.A., Purkey, D.R. and Jackson, L.E., 2013. Irrigation demand and
supply, given projections of climate and land-use change, in Yolo County, California. Agricultural Water
Management, 117(1), pp. 70-82.

22- Mesbhah Zadeh, T., Mirakbari, M., Mohseni Saravi, M., Khosravi, H. and Mortezaie Farizhendi, G.H.,
2019. Study of current and future meteorological drought conditions using the CMIP5 model under RCP
scenarios. Iran-Watershed Management Science & Engineering, 13(46), pp.11-22. (In Persian).

23- Mohebi, A.H., 2019. Study of climate change on water requirement for date palm in Ahwaz region. Journal
of Water and Soil Conservation, 26(4), pp.135-153. (In Persian).

24- Molavi, H., Liaghat, A.M. and Nazari, B, 2017, Assessment of development and improvement policies of
pressurized and surface irrigation systems using system Dynamics; case study Aras basin. Journal
of Irrigation and Water Engineering, 7(27), pp.75-92. (In Persian).

25- Mojerloo, F., Fazloula, R. and Emadi, A.R., 2019. Application of the IHACRES model to assess the effects
of climate change on the discharge of Tajan watershed. Iranian Journal of Irrigation and Drainage, 13(1),
pp. 129-141. (In Persian).

26- Multsch, s., Elshamy, M.E., Batarseh, s., Seid, A.H., Frede, H.G. and Breuer, L., 2017. Improving
irrigation efficiency will be insufficient to meet future water demand in the Nile Basin. Journal of
Hydrology: Regional Studies, 12(1), pp.315-330.

27- Nasseri, A., Abbasi, F. and Akbari, M., 2017. Estimating Agricultural Water Consumption by Analyzing
Water Balance. Irrigation and Drainage Structures Engineering Research, 18(68), pp.17-32.

28- Rafiee, M.R., Moazed, H., Ghaemi, A.A. and Boroomandnasab, S., 2015. FAO-56 Method for Estimating
Evapotranspiration and Crop Coefficients of Eggplant in Greenhouse and Outdoor Conditions. Journal of
Irrigation Sciences and Engineering (JISE), 39(2), pp.59-77. (In Persian).

29- Sepaskhah, A.R., Fooladmand, H.R. 2004. A computer model for desing of microcatchment water
harvesting system for rain-fed vineyard. Agricultural Water Management, 64(3), pp.213-232.

30- Shaltout, M.E.S. and Tobol, K.M., 2018. Global climate models: the case of Egypt. Alexandria Research
Center for Adaptation to Climate Change (ARCA), 6(1), pp.1-27.

31- Sivakumar, M.V.K., Das, H.P. and Brunini, O., 2005. Impacts of present and future climate variability and
change on agriculture and forestry in the arid and semi-arid tropics. Climatic Change, 70(1), pp.31-72.

32- Stancalie, G., Marica, A. and Toulios, L., 2010. Using earth observation data and CROPWAT model to
estimate the actual crop evapotranspiration. Physics and Chemistry of the Earth, 35(2), pp.25-30.

33- Surendran, U., Sushanth, C.M., Mammen, G. and Joseph, E.J., 2015. Modelling the crop water requirement
using FAO-CROPWAT and assessment of water resources for sustainable water resource management: A
case study in Palakkad district of humid tropical Kerala, India. Aquatic Procedia, 4(1), pp.1211- 1219.

34- Wilby, R.L. and Dawson, C.W., 2007. SDSM 4.2- A decision support tool for the assessment of regional
climate change impacts. SDSM manual version 4.2, Environment Agency of England and Wales, 94p.

35- Zand-Parsa, S.h., Mahmoudian Shooshtari, M. and Majnooni-Heris, A., 2015. Measurements of standard
maize evapotranspiration using water balance method and Variable Root Depth in an Arid and Semi-Arid
Region. Water and Soil Science, 25(1), pp.169-181.(In Persian).

36- Zeinoddini, S., Anvari, S. and Zahmatkesh, Z., 2019. Application of simulation-optimization approaches to
assess the effect of climate and management scenarios on a water resource system. Iran-Water Resources
Research, 14(5), pp.295-310. (In Persian).


https://www.sciencedirect.com/science/journal/14747065

	7-1282
	8-1282

