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Introduction. Climate change and its impact on agriculture has become a very important issue worldwide. Climate change is
generally associated with global warming, which is caused by the obvious increase in greenhouse gas emissions. The effects of
climate change can be harmful or beneficial for agriculture, depending mainly on the region and the type of crop. The impact of
climate change on crop production has been studied using global circulation models (GCM) along with crop growth simulation
models under different scenarios in different parts of the world. The studies of crop yields in recent years show an increasing
trend due to advances in technology (such as new varieties and agricultural management methods, etc.). An analysis of the 50-
year trend of wheat production in Iran also shows that the increase in wheat production in the country, especially in recent years,
was not due to an increase in the cultivated area, but mainly due to an increase in yield per unit area, which is due to technological
development in production. Therefore, to accurately estimate future yield changes, it is necessary to consider technological
development as an influential factor in addition to changes in climate variables and CO; effects.

Materials and Methods. In the study, the Coupled Model Intercomparison Project Phase 6 (CMIP6) was used to investigate the
future climate situation using two scenarios (SSP585 and SSP245). To simulate wheat growth, the DSSAT-Nwheat model in
DSSAT software, which effectively simulates crop growth, development, and yield, was utilized. In order to parameterize and
validate the model, data from field experiments conducted for the compatibility of promising wheat genotypes and lines at the
country's grain research stations in the main wheat production regions of the country were used. In each region, data from two
years 2019 and 2020 were used to parameterize the model, and data from two years 2021 and 2023 were used to evaluate the
model. To evaluate the model, the normalized root mean square error (NRMSE) and the model efficiency (EF) criterion were
used. Comparison of the fitted linear regression between the simulated (y) and observed (x) data with the 1:1 line was also used
to evaluate the model. To quantify the impact of technological advancements on future wheat yields, the method developed by
Ewert et al. (2005) was utilized. To calculate the impact of CO. on wheat yield, the future CO, concentration was first estimated,
and then the increase in yield per unit increase in CO, was evaluated. Finally, the combined effects of influencing factors (climate
change, CO:, and technological development) on wheat yield in future conditions were estimated.

Results and Discussion. The results of the climate model evaluation showed that the climate data have acceptable accuracy for
simulating climate variables, due to the low values of the NRMSE index. The crop growth model has an acceptable estimate for
simulating traits in wheat plants based on the NRMSE and ME statistical indices. Simulation of the effect of technological
development on wheat yield in future conditions in different scenarios showed that in all different regions of the country, the
effect of technology was positive compared to the baseline years, and the extent of this effect varied from 1% to 27%, depending
on the region, scenario, and time period. The results showed that an increase in carbon dioxide will lead to an increase in wheat
production in the future, such that the increase in production due to an increase in CO. varied from 2.6 to 27.8% compared to
the baseline years, depending on the year and scenario. Simulation of the effect of climate change on wheat production in
different regions of the country showed that climate change caused a decrease in wheat production compared to the baseline
years in both scenarios and in all time periods, the extent of this decrease varies by scenario, region, and time, ranging from 3%
to 86%. In general, the combined effects had the least impact in the first time period and the greatest impact in the third time
period on wheat yield in different regions. During the second period (2051-2075), the overall impact of various factors resulted
in a decrease in wheat yield across most regions compared to the base year. However, in some regions, such as Ardabil, llam,
Tehran, Zanjan, Sari, Shahr-e-Kord, Karaj, and Hamedan did not experience a decline in yield under the SSP245 scenario. In
the third period (2076-2100), the combined effects showed a negative and decreasing effect on wheat yield compared to the base
year in all regions of the country. The highest negative effect was observed in the Ahvaz region in the SSP245 scenario with a
57% decrease in production compared to the baseline years and the lowest negative effect was observed in the Ardabil region in
the SSP585 scenario with an 8% decrease in production compared to the baseline years.

Conclusion. It seems that the development of technology and carbon dioxide in the first and second time periods has the potential
to offset the negative effects of climate change, especially in cold regions of the country, and even in the first time period it has
led to an increase in wheat production compared to the base year. However, with the passage of time and in the third time period,
the negative effects of climate change have intensified and prevailed over the positive effects of technology and carbon dioxide,
leading to a decrease in wheat production, especially in tropical and arid regions.
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Table 1. The estimated CO, concentration under two climate scenarios of SSP245 and SSP585 in different time periods.
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Figure 1. Observed and simulated values of country climate variables for baseline year (1992-2022) and NnRMSE index.
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Table 2. The calibration results of genetical coefficients for different wheat cultivars.
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Figure 2. The simulated versus observed values of seed yield, planting until flowering and planting until maturity in wheat and also
comparison with line 1:1.
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Table 3. The t-test result for comparing intercept and slope of line 1:1 with the fitted regression between observed and simulated values.
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Table 4. The values of relative wheat yield change for baseline year (1992-2022) in different regions of country.
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Figure 3. The trend of wheat yield increasing in different regions of country from 1992 to 2022.
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Table 5. Simulation results of technological advancement effect on wheat yield under two senarios of SSP245 and SSP585 in different regions of country.
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Figure 4. Simulation of CO, effect on wheat yield under two scenarios of SSP245 and SSP585.
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Table 6. Simulation of climate change effect on wheat yield under two senarios of SSP245 and SSP585 in different regions of country.

gy L
SSP585 SSP245 ailio
VFOO-Y FVA VY o) FOF VE -1 YR VFOO-YFVA VY oY FOF YE+B-1FY
-Ivs -I5Y -2 -/53 <JAA -/av )
.IvY < /¥ <IAY oJ¥Y Nz . g
.\ NG <IAY -/¥¥ .I5% -IAY Sladeo!
“IvD /%) “Iva < I¥Y N “IAY P
i v ./53 <IYA NI «IAA Slsal
e T <IA¥ /%0 N “IA b
<I¥A NI <A -/¥a .I5% ./ay o0
-IvD Niie -IAs -/¥ < IVY -IA RS
1A <IYA “IAY -/¥ .I5¥ . &l
i) .15V -IAD 108 oIy . 39,0L5
¥ .Joy <IA¥ -J¥Y .Is8 -IAD s
Sy 108 ./a¥ .I5¥ <IA¥ - 3,5 4
<IVA .10 <IN N <JAY .13y ol
“IvY SJ¥Y <IAY ) <ISA “IAA )
-Ivs -I5Y AN - /o] - -[a¥ sble 5
.\ Niid <IAY NG Wi -IA¥ b
¥y NI 1A NIe <V . S
-I\A Niid <IAY IS VY < IAD oleys
1A -Jay -Iva -J¥Y .Y -IA oliile,S
NAai -15] <IA¥ .I5¥ VA “IAA o5
i) .I5¥ -IAs s N SIAY e
) -I0¥ “IAY N3 < 1A A OMan
1A -Jav -IA < I¥Y N .Y zowl
-Iv N\t -IAs -I5Y -Ivs .13y Sh
<IV¥Y NS <IADY <IOVA N -[AD _
-jovs SIVeY ol
Sl Ot 1YY

o ys3 5 Wngy s )3 5 Ciliseo oo puiS 5,8kas 1 (£5kb € pihy 5 (315 emS D el s Ll 31 O S5

sgbods .Cuil> SSPB5 (g5l b duglio )3 4y Jlu &y G puS 5, Sos 5y (55008 Sl )9S 3blie plos 3 5 Sloj 0)9



rv Ot 19 5198 vy g oeild] i’ Ly s o ok [ 50 S 3 Klas (6 jlvdnids

e 3blie ) puiS 3 Sles y pgw (Sloj 0)93 13 1y U il 5 Jol Sloj 0)9 3 1y 383U (e85 I 1 IS
5 asms) oI5 o gl ooB Sl oladinl 3blin | Jolge (ils SIS] (YYA-VE-0) gl jloj ey 55 et
0,8l dad o i Olalllas (0 JS35) sl al Jlo b awslie o j0iS sblie ST 0 puiS 5 Slas p o Sl o5
Pyl S5 alonjl) (5)9ld oyt Jd> 4 jiiar & ol Aty (Ll Ky, 41335 55 (6)eliS SV gaze Sl ()b
ol Lad cledlygy g Lod iulj8l Wy o Jlscpll (Burchfield et al., 2020) il oo (v g (5555liS Cu ppdo (sboogud
e alS Bolle ) Gl 1y Jpame 38les ol ool Sl | (56 o 25, b S
(Guoetal., 2022)

5 23l glite Cilies Y gams o bl (sl Cusl (S waldl s S8 g gyl oty B SISl sl
o adllas @ls 59 35 sy Gl Cel Coles 3 (o by e |y walBl s e LI Wl e (659l iy
Jole (5)gld iy a5 3 (LS paS 3 Sles podia] waldl S Ll yd )5 (659ls Cé iy 9 CO2 Glaljdl il I3l
WS o b |y paS 3 Sles p olll Gl ate @l &S g amls oan] o paS 5 See il p g%
sidls Syl bl 38T 5 (Jgl Sloj 0y9d B 5y (VFOF-VYYY) ped (Slojoy90 )0 g )loj cusdS L (Ewert et al., 2005)
()l (1) ol Ml (Jod)l o 5 3bolie 1 (S0 lad g bl Jlo b dusliie )3 puiS 5o il 4y poxie elge
duwlio > aals Ol (VFYA-VFA0) pow Sloj 090 53 a3 )Slae (5alS SSP245 545 3bus 53 lhed gz )S )5 o
adbate )3 (ite fl oyt (e (nl )3 &5 2l (U pAS 3 Slas il g ke Pl 558 3L pled > 4l Jlo L
Sopbaw  Juodyl ddlaio > aie Pl piieS g b S & Cod 2,80as 00> OV (EalS' L SSP585 (g4s 5l yd jlgal
Sble 3 ¢ ylhen () bo; bl Jud)) 5l s (0 JS5) A5 osalie 4l Jl 4 Cuns 3,Sles (cho > Cutin ialS L SSP245
¥ g cad, o al Jlo b awlds (0 0)Slas 6000y Y3 9 YA DA OY ialS b SSP245 455l 53 5,8 10
3Skac 25 0> BF) sl 5 olosS il JLo & o Sk 2015 03 D) ey blis o0 oo J izily
Sl beos SSPEBS (s )l )3 (aly Jlo 4 s 3o (ialS 203 BY) Zowly 5 o8 ledol (aly Jlo 4 s
(0 Jsea) ol s 1y 5 Shos falS gyt Jolgs (il

@5 Jijp 2 6sld Sy g walll s Lyl cod osiy] o s SV gazme 3,8kes giloand ooy addlae
ol o sty 5 @b 3,Skas a5 I3 o o Bl et oy Ly Lges 0,8kas a5 ol s lalS wsy (o jluodgns
sl 5 Su)L Lials @ o Sles jo jials pl il o (il 0oy W g duoyd YA i ias YoYO-Y ¥+ o V- )0-Y- )1
o i 4 L 3,Shas ialiol b Yioinl 6y5ld o piy 48 3l Lt (g)5ls Bgy 3yslp iz 3,3 bl oal 3 YL
S & zls s gl (Hampf et al., 2020) LS o oylp 1y ouldl ok o Sl 3l o pd PA B a4y 9 &)d 3 Shas 5 duoyd
olio 3 o5ty el s (gito Sl ol Jomly 153 5 Jgl (o (Slaogd 1> (2,5 S 5 63918 iy Asisn
b &S Gygoyd il oad aly Jlo b dwoliie )5 paiS 5 Sloe (al3dl 4 joxte Jol (Sloj 0)93 3 (> g 4Ldl> )9Sy
LS e (32508163 9 (6y9l Custe SIST 2 903y Iy S wulBl 5 iie SIS pg (Slojoyed 3 g (loj B IS
A dalgs Szsgp S 3bli )3 Logasis puiS 5 ,Shes 2alS & joxa

S5 4o ¥
s ito Sl B (6390 b Wil o 03] )3 s yglid bty sy po i 4y g 290 dinlsS olBl s Lite ST L ),
Sl jd 0oy paldl puss ale Sl Lo CuddS L &S Cunl 1l 305 )48 da g5 0550 wwl &S (1SS ST L |y o)
4 oo yol cpl &S cusly daless 1y w8l yoms aie SIS s Jewily ((6)glid drwgl Cuto <l Sl g oad Wauis SSP585
e (gy9ld o DIl @Bl oss tie Sl Sl pows 9 pgd Jloj (slaoyed 10,0 wledy i Jalgd paS 5 Sles  ialS
aalgs cpl ol oan] 45 paS 3o ialS S el plply (i dales puS 5 Slae Lials 4 e coles jd g ol



1Fed o )3/ 6 losis it g ol 6590 oyl p/ )y j HlOLS pgle dlzo rA

oz 5l (IS pgboa b GBI gyt Copu b adIS @ o ot 3 (g slagsygls 3l edlitel g dawgs &S g,
LinlS cas 5 ladlate o el oM (6)i5 ks & oo odis] > puS 3 Slae ialS b dblie nge slod S,
@lje 3 pde s ygld dmwg g ookl elll usd (Jaecinn) slagy s yuwe j3 C8 o g SIS (lajl L]
9 Sme)S Bblio d0fagr Lo)S g (Suis ) polie pB)l 5l ooliul (pimen g waldl oot Ll d & a2y Cu oo i

Dy )8 a0 stk Cllllae )3 535 o)Ll S Suis

\Iye. mSSP245

Y¥OO-YFYA
W SSP585

A — _ _ _
NER
e

Jye

Nl —
Olie —
I ———|
)b“‘}llllllllll

Jed) —

—
toy)) —
o —

e ——

]

—
2 —

‘ [ ]
SO
RS =

[

—
Gl —

90ll  —

[

EEE—
o
et ——

[

— ]
S ]
0L —

i
O5F  —

——

S }_
Ol —
]

X i % 2
: 3 % -
é’: 2 \2\

V- YFY .- FOF

Mve _

(YA 3 F [] - [ . ] - -

A

s
NN

v

I N _37;;

M.Jr ]

Vs VFo0-1FY4

yIy.
- -
.;% .§

R
ol
3l s

o8

gy“°)‘Vlllllllllllllllllll
[ ]
EEEE——
[ ]
EEEEEE—
sl — '
L o —
JYSPa === '
P ] '
EEEEE——
oLl p s —
[
5
Gl —
S g====
55 R —
]
EEEEEEE——
—
S ]
ol m——————
il —
]
]
Tl —

409
Olese!

%:
a

F@umSmemmddkaﬂdWMemmm&CozmdmdmmwmmmewmaMoanMymMUMHdMHmt
climate scenarios and time periods.

PR
(V) 3
0

A
s,
NN

y.

¥

o) .

e ——
[
——
]
—
S ——
[ ]
[ ]
Ll p > \—:'
. [ =
R ——
[ :
—
59,85 \_EI
oS | =
—————————— 1
]
]
oS \_'
]
———
Tl ———

_}i"é

p)
SR

409
Ol

w.gf

ol



re Ot 19 5198 vy g oeild] i’ Ly s o ok [ 50 S 3 Klas (6 jlvdnids

&be .0

Abbasi Ali Kemer, R., Nasiri Mahalati, M., & Kochaki, A. (2019). Investigating the trend of temperature changes
and its effects on the length of the grain filling period and the yield potential of wheat (Triticum aestivum L.)
in different regions of Iran during a 20-year period (1371-91). Journal of Agricultural Ecology, 12(2), 319-
343. (In Persian).

Abraham, S., & Dollison, M. (2019). Climate change, agriculture, and adaptations: Policy recommendations for
conservation agriculture. Climate and Society, 1(1), 1-16.

Ahmadi, M., Lashkari, H., Keykhosravi, G., & Azadi, M. (2015). Analysis of temperature extreme indicators. In
detecting climate change in large Khorasan. Journal of Geography, 13(45), 53-75. (In Persian).

Aiyong, Q.l., Xing, L.I., Lingzhi, S.H.l., Daqun, L.l.U., & Zaifeng, L.l. (2015). Identification of a leaf rust
resistance gene in the Chinese wheat line LB0288. Czech Journal of Genetics and Plant Breeding, 51(2), 43-
49,

Amthor, J.S. (2001). Effects of atmospheric CO- concentration on wheat yield: Review of results from experiments
using various approaches to control CO; concentration. Field Crops Research, 73, 1-34.

Bannayan, M., Mohamadian, A., & Alizadeh, A. (2010). On climate variability in North-East of Iran. Journal of
Water and Soil, 24(1), 118-131.

Bannayan, M., Kobayashi, K., Kim, H.Y., Liffering, M., Okada, M., & Miura, S. (2005). Modelling the interactive
effects of COz and N on rice production performance. Field Crops Research, 14, 237-251.

Bannayan, M., Mansoori, H., & Eyshi Rezaei, E. (2014). Estimating climate change, CO, and technology
development effects on wheat yield in Northeast Iran. International Journal of Biometeorology, 58, 395-405.

Benlloch-Gonzalez, M., Bochicchio, R., & Berger, J. (2014). High temperature reduces the positive effect of
elevated CO; on wheat root system growth. Field Crops Research, 165, 71-79.

Burchfield, E., Matthews-Pennanen, N., Schoof, J., & Lant, Ch. (2020). Changing yields in the Central United
States under climate and technological change. Climatic Change, 159, 329-346.

Chartzoulakis, K., & Psarras, G. (2005). Global change effects on crop photosynthesis and production in
Mediterranean: the case of Crete, Greece. Agriculture, Ecosystems & Environment, 106, 147-157.

De Costa, W., Weerakoon, W., Herath, H., Amaratunga, K., & Abeywardena, R. (2006). Physiology of yield
determination of rice under elevated carbon dioxide at high temperatures in a subhumid tropical climate. Field
Crops Researchs, 96, 336-347.

Ewert, F., Rounsevell, M.D.A., Reginster, I., Metzger, M.J., & Leemans, R. (2005). Future scenarios of European
agricultural land use 1. Estimating changes in crop productivity. Agriculture, Ecosystems & Environment, 107,
101-116.

Eyring, V., Bony, S., Meehl, G.A., Senior, C.A,, Stevens, B., Stouffer, R.J., & Taylor, K.E. (2016). Overview of
the Coupled Model Intercomparison Project Phase 6 (CMIP6) experimental design and organization.
Geoscientific Model Development, 9(LLNL-JRNL-736881).

Gregory, P.J., Ingram, J.S.l., & Brklacich, M. (2005). Climate change and food security. Philosophical
Transactions of the Royal Society, 360, 2139-2148.

Guntukula, R., Goyari, P. (2020). Climate change effects on the crop yield and its variability in Telangana, India.
Studies in Microeconomics, 8(1), 119-148.

Guo, S., Erjing, G., Zhentao, Z., Meiqi, D., Xi, W., Zhenzhen, F., Kaixin, G., Wenmeng, Z., Wenjing, Z., Jin,
Z., Zhijuan, L., Chuang, Z., & Xiaoguang, Y. (2022). Impacts of mean climate and extreme climate indices
on soybean yield and yield components in Northeast China. Science of the Total Environment, 838(3), 156284.

Hampf, A.C., Stella, T., Berg-Mohnicke, M., Kawohl, T., Kawohl, T., Kilian, M., & Nendel, C. (2020). Future
yields of double-cropping systems in the Southern Amazon, Brazil, under climate change and technological
development. Agricultural Systems, 177, 102707.

Hoogenboom, G., Porter, C.H., Shelia, V., Boote, K.J., Singh, U., White, J.W., Hunt, L.A., Ogoshi, R., Lizaso,
J.I., Koo, J., Asseng, S., Singels, A., Moreno, L.P., & Jones, JW. (2017). Decision Support System for
Agrotechnology Transfer (DSSAT) Version 4.7 (https://DSSAT.net). DSSAT Foundation, Gainesville,
Florida, USA.

Huang, Y., Yu, Y., Zhang, W., Sun, W., Liu, S., Jiang, J., Wu, J., Yu, W., & Yang, Z. (2009). Agro-C: A
biogeophysical model for simulating the carbon budget of agroecosystems. Agricultural and Forest
Meteorology, 149, 106-129.

Huopo, C., Jianqi, S., Wenqing, L., & Huiwen, X. (2020). Comparison of CMIP6 and CMIP5 models in simulating
climate extremes. Science Bulletin, 65(17-15), 1415-1418.

IPCC, 2023: Climate Change (2023). Synthesis Report. Contribution of Working Groups I, Il and 11 to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and J.
Romero (eds.)]. IPCC, Geneva, Switzerland, 184 pp. DOI: 10.59327/IPCC/AR6-9789291691647.


http://linkinghub.elsevier.com/retrieve/pii/S0378429004002606
http://linkinghub.elsevier.com/retrieve/pii/S0378429004002606
https://pubmed.ncbi.nlm.nih.gov/?term=Guo+S&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Guo+E&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+Z&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Dong+M&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+X&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Fu+Z&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Guan+K&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+W&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+W&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+J&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+J&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+Z&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+C&cauthor_id=35636539
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+X&cauthor_id=35636539
https://www.sciencedirect.com/science/article/pii/S0048969722033812
https://www.sciencedirect.com/science/article/pii/S0048969722033812
https://www.sciencedirect.com/journal/science-bulletin/vol/65/issue/17

1o (ol &yloct ot 5 olexiy 5,93 51t o1y SOLS ople Ao .

Jagermeyr, J., Muller, C., Ruane, A.C., Elliott, J., Balkovic, J., & Castillo, O. (2021). Climate impacts on global
agriculture emerge earlier in new generation of climate and crop models. Nature Food, 2(11), 873-885.

Koocheki, A., Nassiri Mahallati , M., Mansouri, H., & Moradi., R. (2017). Effect of climate and management
factors on potential and gap of wheat yield in Iran with using WOFOST model. Iranian Journal of Field Crops
Research, 15(2), 244-256. (In Persian).

Koocheki, A., Nassiri Mahallati, M., Soltani, A., Sharifi, H.R., Kamali, G., & Rezvani Moghaddam, P. (2003).
Simulating Iran's climate changes under conditions of doubling CO, by general circulation models. Desert,
8(2), 178-191.

Mansouri, H., Noshad, H., & Hassani, M. (2021). Optimization of nitrogen fertilizer and water consumption in
sugar beet by using response-surface method. Journal of Agroecology, 13(1), 57-72. (In Persian).

Mansouri, H., Raei, Y., & Zaeim, A.N. (2015). Simulating future wheat yield under climate change, carbon dioxide
enrichment and technology improvement in Iran. Case study: Azarbaijan region. Spanish Journal of
Agricultural Research, 13(4), 10.

Meinshausen, M., Nicholls, Z.R., Lewis, J., Gidden, M.J., Vogel, E., Freund, M., Beyerle, U., Gessner, C., Nauels,
A., Bauer, N., & Canadell, J.G., (2020). The shared socio-economic pathway (SSP) greenhouse gas
concentrations and their extensions to 2500. Geoscientific Model Development, 13(8), 3571-3605.

Momeni, S., & Zibaei, M. (2013). The potential impacts of climate change on the agricultural sector of Fars
province. Journal of Agricultural Economics and Development, 27(3), 18. (In Persian).

Momtazi, F., & Emam Y. (2006). The effect of planting date and plant density on yield and yield components of
winter wheat, Shiraz cultivar. Iranian Journal of Agricultural Sciences, 37(1), 1-11. (In Persian).

Nassiri, M., & Koocheki A.R. (2010). Agroecological zoning of wheat in Khorasan provinces: Estimating yield
potential and yield gap. Iranian Journal Field Crops Research, 7, 695-709. (In Persian).

NOAA. (2024). NOAA global monitoring laboratory: Trends in atmospheric carbon dioxide’, NOAA global
monitoring laboratory: Trends in atmospheric carbon
dioxide. ( https://gml.noaa.gov/ccgg/trends/global.html ).

Parry, M.L., Rosenzweig, C., Iglesias, A., Livermore, M., & Fischer, G., (2004). Effects of climate change on
global food production under SRES emissions and socio-economic scenarios. Global Environmental Change,
14, 53-67.

Rahman, M.H., Ahmad, A., Wang, X., Wajid, A., Nasim, W., Hussain, M., Ahmad, B., Ahmad, I., Ali, Z., &
Ishaque, W. (2018). Multi-model projections of future climate and climate change impacts uncertainty
assessment for cotton production in Pakistan. Agricultural and Forest Meteorology, 253-254, 94-113.

Raza, A., Razzag, A., Saher Mahmood, S., Zou, X., Zhang, X., Lv, Y., & Xu, J. (2019). Impact of climate change
on crops adaptation and strategies to tackle its outcome: A review. Plant, 8(34), 1-29.

Rinaldi, M., Losavio, N., & Flagella. Z. (2003). Evaluation of OIL CROP-SUN model for sun flower in Southern
Italy. Agricultural Systems, 78, 17-30.

Ritchie, J.T., Singh, U., Godwin, D., & Bowen, W.T. (1998). Cereal growth, development, and yield. In: G.Y.
Tsuji, G. Hoogenboom, and P.K. Thornton (Eds.), Understanding Options for Agricultural Production. The
Netherlands: Kluwer Academic, Dordrecht, pp. 79-98.

Shayanmehr, S., Rastegari Henneberry, S., Sabouhi Sabouni, M., & Shahnoushi Foroushani, N. (2020) Drought,
climate change, and dryland wheat yield response: An econometric approach. International Journal of
Environmental Research and Public Health, 17(14), 5264.

Smith, W., Grant, B., Desjardins, R., Kroebel, R., Li, C., Qian, B., Worth, D., McConkey, B., & Drury, C. (2013).
Assessing the effects of climate change on crop production and GHG emissions in Canada. Agriculture,
Ecosystems & Environment, 179, 139-150.

Yang, Ch., Ferga, H., Van Leperen, W., Trindade, H., & Santos, J.A. (2019). Effects of climate change and
adaptation options on winter wheat yield under rainfed Mediterranean conditions in southern Portugal.
Climatic Change, 154, 159-178.

Yang, J.C., & Zhang, J.H. (2006). Grain filling of cereals under soil drying. New Phytologist, 169, 223-236.

Yoon, S.T., Hoogenboom, G., & Bannayan, M. (2009). Growth and development of cotton (Gossypium hirsutum
L.) in response to CO; enrichment under two different temperature regimes. Environmental and Experimental
Botany, 67(1), 178-187.


https://gml.noaa.gov/ccgg/trends/global.html

