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Abstract

In this paper, the SWAT model is used to study the effects of
climate change on discharge and water quality of inflow of
Esteghlal reservoir in Minab catchment. Climate change scenarios
(RCP2.6, RCP4.5, RCP6, and RCP8.5) in 5 GCMs (GFDL-
ESM2M, HadGEM2-ES, IPSL-CM5A-LR, MIROC, NoerESM1-
M) to simulate future discharge, NO3 load, and agricultural
products yield, were applied. According to the analysis of different
climate change scenarios, the highest average annual precipitation
decrease and increase were 34.8% and 37.2% in RCP8.5 and RCP6
scenarios in NORESM1-M model, respectively. In the baseline
period, the share of precipitation in winter is 65.8%, spring 5.1%,
summer 1.8% and fall 27.4%. Crop yield change depends on the
type of crop and its irrigation period. Because of the 77% water
requirement of lima bean crop in winter, the average yield of this
crop increases by 19%, as models show that the share of
precipitation in winter increases by 9%. Also, 75% of water
requirement of wheat and 44% of water requirement of eggplant is
in autumn and winter that increased and stabilized rainfall in these
seasons caused slight variations in yield. In contrast, 80%of water
requirement of corn crop is in summer, and due to the severe
decrease in precipitation in summer (15%), corn yield has
decreased by 17%. In the baseline period (1995-2014) the
maximum precipitation occurs between November and April.
Maximum monthly precipitation displacement occurs in RCP8.5
toward early fall in 2080-2099 and late spring in 2021-2040, that
it can respectively increase sediment load and soil erosion or
nitrate load. In general, from reduced inflow to the reservoir and
low average crop yield variations, it can be concluded that the
decrease in crop yield due to decline green water is partially offset
by increasing blue water allocation to agricultural areas, which in
turn reduces inflow to the reservoir. These conditions result in an
increase in nitrate loading into the reservoir and a decrease in the
inlet flow to the reservoir resulting in increased nitrate
concentration in the inlet runoff, which may result from
displacement of maximum precipitation towards the grazing
season or Increase the fraction of agricultural return water in
runoff to the reservoir.
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Fig. 1- Upstream catchment map of Esteghlal dam and climatology, synoptic and hydrometric stations
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Table 1- Description of climate change scenarios in IPCC’s 5" report
IPCC o2y ()35 53 uldl yud (§Log jlow By 25 - Jgo

Description IA Model Publication — A Model
Rising radiative forcing pathway leading (Riahi et al., 2007)
RCP8.5 to 8.5 W/m2 in 2100. MESSAGE (Rao and Riahi, 2006)
RCP6 Stabilization without overshoot pathway AIM (Fujino et al., 2006)
to 6 W/m2 at stabilization after 2100 (Hijioka et al., 2008)
RCPA45 Stabilization without overshoot pathway GCAM (Sr?ggﬁcge\:v;?mgég%oa)
to 4.5 W/m2 at stabilization after 2100 (MiniCAM) (Wise et al., 2009)
. o . _ (Van Vuuren et al., 2006)
RCP2.6 Peak in radiative forcing at ~ 3 W/m2 IMAGE (Van Vuuren et al., 2007)

before 2100 and decline (Meinshausen et al., 2011)
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Fig. 3- Average monthly precipitation changes due to RCP8.5 climate change scenario (2021-2040) compared
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Table 2- Percentage of average annual and standard precipitation variation (2021-2040)
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GCM1 (%) GCM2 (%) GCM3 (%) GCM4 (%) GCMS5 (%) Average of GCMs (%)

Std.  Awg. Std.  Awg. Std.  Avg. Std.  Avg. Std.  Avg. Std. Avg.
S1 -222 -17 5.7 -183 -31.2 -325 -63 -149 -0.3 -8.6 -10.9 -18.3
S2  40.3 24 -17.2  -17.9 7.7 -16.6 141 7 -30.3 -315 2.9 -7
S3 -2.0 151  -29.7 -30 -9.0 -4.7 75 -11.8 487 37.2 3.1 1.1
S4 22 2.2 5.0 -10.2 -25.2 -30.7 340 159 -346 -348 -5.7 -11.5
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Table 3- Selected parameters after sensitivity analysis

Comwlue Judodi 51 (e CSle (5 yiel )by -F Jou

parameter Fitted value Description
r_SOL_AWC(1).sol -0.11859 Available water capacity of
the soil layer
r__SOL_BD(1).sol -0.45338 Moist bulk density
Saturated hydraulic
w -
% r_ SOL_K(1).sol 0.15775 conductivity
£ Effective hydraulic
5 v__ CH_K2.rte 30.25723 conductivity in main
;’ channel alluvium
° Manning's "n" value for the
o r_ CH_N2.rte 0.308173 main channel
r_ CN2.mgt -0.80966 SCS runoff curve humber
r_ GW_DELAY.gw 0.469241 Groundwater delay
r_ALPHA BF.gw -0.9609 Base flow alpha factor
Threshold depth of water in
v__ GWQMN.gw 2833.379 the shallow aquifer for
= < return flow to occur
= 2 v_GW_REVAPgw :0.06618 Groundwater “revap
? 3 coefficient
o8 Threshold depth of water in
v__ REVAPMN.gw -49.3125 the shallow aquifer for
"revap" to occur
o i Nitrogen percolation
. r__NPERCO.bsn 0.9495 coefficient
CZ> £ r__SOL_CBN().sol 0.4075 Organic carbon content
g v N_UPDIS.bsn 84 650002 Nitrogen uptake distribution
parameter
plant Corn Eggplant tg;r? Wheat
T_BASE{}.plant.dat 12.15 5.749 3.15 12.11 Min temp for plant growth
Optimal temp for plant
T_OPT{}.plant.dat 42 23.514 47 43 growth
" Fraction of growing season
e DLAI{}.plant.dat 0.4 0.754 0.25625 0.38375 when leaf area starts
£ declining
s Fraction of the max. leaf
S LAIMX2{}.plant.dat 0.86 0.445 0.125 0.875 ; '
S area index
€ LAIMX1{}.plant.dat 0.64 0322 0425 0625  ractionofthe max. leaf
o area index
8 BLAI{}.plant.dat 2.213 12.23 54875  2.1625 Max leaf area index
HVSTI{}.plant.dat 0.875 0.859 1.157 0.909 Harvest index
BIO_E{}.plant.dat 39 90.737 84 40 Biomass/Energy Ratio
FRGRW2{}plantdat  0.983 0.628 0675  0.975 Fraction of the plant
growing season
FRGRW1{}.plantdat  0.264 5749 0075  0.275 Fraction of the plant

growing season
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