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Abstract

Investigating and identifying the amount of water used for different agricultural products is of particular
importance, and considering such evaluations, appropriate solutions can be provided to reduce agricultural water
consumption, which is of great importance. The water footprint index as a global index shows the actual amount
of water consumed by products based on the conditions and climate of each region. On the other hand, the
phenomenon of climate change is one of the most critical environmental challenges that have a significant impact
on water resources. Therefore, it is essential and necessary to evaluate this phenomenon to predict its impact on
water consumption in the agricultural sector. In this research, the simulation of climate parameters using the
MIROCES2L model of the 6th Report of the General Oceanic Atmospheric Circulation under three scenarios
SSP1-2.6, SSP2-4.5, and SSP5-8.5 in Birjand plain has been done and then using those results to calculate the
footprint prediction The blue water and green water traces of the strategic product of saffron were carried out in
the Birjand Plain region. The results of the first part showed that the minimum and maximum temperatures in all
three future scenarios (2050-2022) generally increased, and the precipitation parameter increased in autumn and
winter and decreased in spring and summer. In the second part, the prediction of saffron crop performance by NI1O
model showed that under three scenarios SSP1-2.6, SSP2-4.5 and SSP5-8.5 in the future (2022-2038) on average
0.13, 0.21 respectively and 0.05 kg/ha has decreased compared to the observation period (2005-2021) and the
results showed that with the increase in water demand in the future period, the water footprint, the green water
footprint and the total water footprint of the saffron crop under the influence of climate change In the future period,
it has increased by almost two times compared to the observation period. Also, the ratio of blue water consumption
to green water in this product has increased in the future under all three scenarios compared to the observation
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period from 1.91 to 2.04. Therefore, despite the phenomenon of climate change, increase in temperature, increase
in water demand, and finally, increase in the footprint of water consumption in surface and underground water
sources in the Birjand plain in the coming years, it is necessary to implement a suitable model of water
consumption in the plain and To use appropriate and practical solutions to reduce the water footprint in the study
area, the methods of reducing the area under cultivation, less irrigation, changing the cultivation pattern and
changing the agricultural calendar should also be proposed and implemented.
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4- coefficient of determination
5- Nash-Sutcliffe efficiency

1- Regression
2- Root-mean-square deviation
3- Kling-Gupta Efficiency
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Table 2- The results of the evaluation criteria of the MIROCES2L model in the period of 1990-2014

Station Parameter Evaluation criteria
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Figure 2- Comparison of changes in average monthly rainfall during the observation period (2005-2021) and the future
(2022-2038).
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Figure 3- Comparison of changes in the average monthly temperature of the maximum observation period (2005-2021) and
the future (2022-2038).
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Figure 4- Comparison of changes in the average monthly temperature of the minimum observation period (2005-2021) and
the future (2022-2038).

/N yso 4 SSP2-4.5 o1 \lis Cov i 5 A Oyl dnpd
/¥ olie0 4 SSP1-2.6 (g9 )l cow g 0l ,8 Bl a4

b oo 01,5 ol 4y

OlAe) dgans slaay g apsles Sohay
A Cod o] D s Cagby yelyb g ol
5l edlawl L SSP5-8.5 4 SSP2-4.5 SSP1-2.6 (¢4s,lw
Casloy oy & (S (g )5 dlaily B2k 5l g Minitab o
5o dal sty lualiie 0,9 5 owliln (slo el g (s
g 2l 5L polie jl ool | b dw als yo 43 cow | o duw b
VYA 059 (o oaia] )3 45T lhe; Jsaso 3 e
polie w0l duw o a8l (6905l A Cow (V-V)
e S0l &S lie; IS Ol sbsy g ol (ol o ol L3,
2 eSasie > ) Jpa o sy 039 il 4 (Bpas
Jgpame O (6bd) dwbre Caa 13,5 duwlbre 23 b o (059
opl g ool 3550 eulBl (g0l dw o aan] 3 olyhe;
cond ohass o Slas yolie o 4 ki ol Gues
b jslaie s 0l o a5 (pl Slatie o8l g9l

(NIO) (s i (29 5=639)9 (Sloj (53w Jbo 3l odlaiusl

Cansss (V+YY=Y-0+) o..\.:.ﬂ 0y95 ;3 JBlas (slod g yiSlas (slod
Ol ol 0 03> lis (Yo 0=V YY) Slialie 6ysd &
Ol Jde baw o o iy BBlis (slod g STas gled

el i3] X9y (el o] 55 eyl g3 oyl 45 dmd e

Ol 9 )l sladuasd 55 g Cunl (a3l g (Sl Gline
odis] )3 )b el @l (&Y Kb 3 b e Lials
2 00k Gl il oS a3 e i gl dw oo
SSP2-4.5 coxi 4,98 olo )3  Slaalie 090 4 Cuund 0]
OhelS i e 9 bl e VIY pliee 4
P SSP2-4.5 44l Cou Jlaalis oysd & Cumnd (i)L
¥ US—d @ dogi b ool jio e o [0V Gl 42 6Y55 olo
ol (o3l aolo  olod )3 IS job a4 yiSTas glod ol yuss
Sonlw co Yojolo 3 Ol axyd il gt oS
il a8 5 3,8 Bl 4 3 ) liee 4 SSP5-8.5
4>y /Y 500 4 SSP1-2.6 (540 )l cod &yl a4y
Gl ¥ USS Gele o Tools &) (sY g5 olo yd 01,5 il

w‘)-"‘ L)))Lo.g PRy oS S9ib 0 ol J§|J> S



VEOY 5l F o)led VYl oolhie spolid g el e YVY

¥ IYY ohe) few ol b, Hlade .ol ail yil38l
@ L pise ol @l wsd e Joli 1y o pae Ol o >
5 JSs p sl e alie (Montaseri et al., 2015) s.éss
b 3 ol Jpame s Ol sy 4l o gbo) s
395 oo oamliie a0l o3l jLis oan] 5  Slmliis oy9
I b5l on ol Brms ggi i 5l oy Jgua o &S
b S o0li | (o)) 9 (o gl o g (Sl
iy o3 polod )3 jw 4y ol Ol s Kb 4 229
Jeame s ol & ol O conns 395 0 oaaliie Cus |
odisl )90 P YAV B Slan Lo 093 1 VA I o ))jae;
s Sl s ol OF G (I it | aly l38)
&) SSP2-45 (g2l oyl 093 &) s 041 093
wol by g o5l Jo b mls wlo 1y 1 cu ol
Ol b olyan oulBl youis 85 o5 85wt g e o]
bl g (ool Koy pman g e glod g Pl gled
Gl Nz cbd p3 oail p3 b Jab Sl S ) bk
ol Jdo g4 sl 51 g oolitl 5 ol O ol
dasly 4y (pej) 9 (s Of lio s>l i By e
Syt ) (b 1581 88 (] 6bs)) o o B pime 2ol
Sl aay Gl Bl (65ysliS s 0 Jgame o 5l
5 ol calply ol adhaie 3 b SH)k il 5 g Lo
A plie Jeasly 5o 4 4295 b Ol a3 ol sl
el Uyl 5 e 5] (o5 (Sllao ddlaie 15 39590
Sy € 0 Ol gl el el & ola b, dlex
i o aw il (il oS slabyy 4 plgise S5 00

ge5 o)Ll CutS (oSN )3 il g (£l gy

(Yo¥Y=Y-YA) clo Jlow b oail p lyae; 5,Slee polio
ol (gt 3)Ses plie (ol e 035 Gniie
o3l NSE 3 RMSE R? 5] (sl lno 5| Jio Lawgs
el oas oy s ¥ Jgae ) ol gl &S el sais
A D g5 S e Cuw | diwilyy Jdo 45 298 0 0aaliis
QUi O S8 5 plde 3 )Sles dnpin I Jol> guls il
o] ) olyhe ) 3, Slae &S 29 oo 0dmli o .Cow | odd o3l
SSP5-8.5 5 SSP2-4.5 SSP1-2.6 (slagy, ks i o
PSS 10 3 TV VY clie & iy 4 e b
el Ll sl jialsh Slialie 6)sd 4 Cuuws (LS
Sl 0] )3 e Jsmamme 5 Shes (i Gy ) J—ol>
3 3y s g Led GlaljBl g ol e 510 o5 el ()]
bd)y osd s o pdlie ¥ Jods 45 o | adl, ioliél
adlaio )3 olyde Jpanme Cusl 0ad 0351 o)yie; Jgao
o oyt & Sl (Y garme s o9 lulS
SYsb 3) 0)93 Jsb s> Jg—aze cnl )b ]y €l ;5
Jlo Gl 5 sk slaele y> i o] 4 0y93 9 ]
Sl by calple Sl Josl gl b 58T (slaole (imy
Olie 9 sl SV slo Sl b Cos i e
Sl by ) ey JB 3 Slge (o)l el b 38l
3L polie &S aad o LS ¥ Jads puls b b asly e
ol 3 9 IS ol (sl o o by el ol s,
(Yo¥Y=Y-YA) oail 093 )3 lyhe) Jg—amme yui polio
5 ol )“.u)ub Coxd (Verd=YoVY) 4l 0y90 4y oy
(eio);3 SSP5-8.5 4 SSP2-4.5 SSP1-2.6 (slagy, ks
o WAV e 5l lyaes ol 5L 295 (o0 odaliie ]

0] 5,93 »3 yio oo YEV/VE lise 4 Slanlice 0,93 3 yie



Y\o e85 Lol o S iz Sy oylyie Jgamme OF Shsy (ot ol Kot 9 8,8 dieg

woonoooe Ysspl26 ssaeeesss Yssp245 20000000t Y3sp385 == g= . Yobs
5 5
4.5 45
Q
4 & 4
o~ 35 35 ~
2 3 3 2
%f 25 25 2|
w
z 2 2 %.
i 15 15
5 »
1 1
05 05
0 3 3 S5 ot 3 3 35 3! 3 i > s 3 i3 0
1 2 3 456 7 8 91011121314151617
Year

Al 290 43 Cumnnd 0] )3 SSPS (5lagy U yui T o NIO Juto bawgs (i § Jguasmo 3,Shos st sy —0 JSW
Figure 5- Prediction of saffron crop yield by NIO model under the influence of SSPs scenarios in the future compared to the
base period.
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Table 3- Results of NIO model performance evaluation in predicting saffron crop yield

. ol PESHRRS Y3 dod
Jypaze ""’9‘1)“‘_" Train Validation Test All
Crop  Scenarios .  RMSE 2 RMSE .  RMSE . RMSE
R (kg.ha?) NSE R (kg.ha') NSE R (kg.ha?) NSE R (kg.ha?) NSE

4. SSPL26 071 023 076 0.94 0.03 089 095 034 086 088 024 0.80
O ssp245 065 039 061 0.70 0.27 063 096 036 082 075 036 0.66
Saffron  sspsg5 063 029 060 0.84 0.06 075 098 013 098 084 024 083

ozl (conldl (glag L Cod g Al 893 )3 i Ol 5Ly p23lie € Jgua
Table 4- Water footprint values of saffron in the base period and under future climate scenarios
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Jpamo il i Ity T EF olgls,  oigls, 6V R
Jpame gl Crop water <! T Js < e o

Crop  Scenarios requirement Blue WF Green Total WE  Blue WE  ©reen Ratio of blue

(mmyear’)  matony |, WF (mitond) (%) WF WE
: (md.ton't) : (%) to green
WF (%)

Observed 128.57 359772.5 237587.7 597360.1 85.05 41.94 191
Olyass SSP1-2.6 239.14 657194.1 365637 1022831.09 64.77 35.22 2.04
Saffron SSP2-4.5 243.12 694684.9 348228.3 1042913 65.91 34.08 2.17

SSP5-8.5 243.16 674343.9  345671.3 1020015.1 65.43 34.56 2.01
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Figure 6- Green water footprint, blue water footprint, and total water footprint of saffron in the future (2022-2038) compared
to the observation period (2005-2021).
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