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Table 1 . Results of estimation of climatic response functions of product in the northwest of the country
(East and West Azarbaijan provinces, Ardebil, Zanjan and Kurdistan).

ps P o)
Wheat Barley Potato
w).oo te)leT w).oo te)LaT w)a te)b:i
i Coefficient  Statisticst  Coefficient  Statistics t Coefficient Statistics t
- e 13130*** 8/73 2816.8*** 1.97 1564.6*** 11.30
y-intercept
bk 15.45%+ 3.63 838w -3.89 - -
Autumn precipitation
by ~ *kk _ - - FHK
Winter precipitation 6.54 2.38 6161 2.3
Rk -30.34%* -4.99 -13.83** -2.16 - -
Spring precipitation
Ot -33.09%* 352 -19.54% 5.73 - -
Summer precipitation
Ak o ~ Kk R - - - -
Autumn precipitation squared 0.06 2.94
s 0.03%** 3.26 0.02%** 3.27 -0.27%** -3.19
winter precipitation Squared
el ; ; 20,027 -2.38 0.14%% 2.59
spring precipitation Squared
el fres g
o '."‘fl" o 0.55* 1.58 - - 4.38*** 3.16
summer precipitation Squared
b *kk _ _ _ _
Autumn temperature 153.70 520
S HE R ke
Winter temperature 12356 2.14
o sl -919.02*** -5.40 -126.35*** -2.56 -1434.16*** -6.49
Spring temperature
Oul;.:'.' 1slex ~ I ~ - )
Summer temperature 80.03 2.84 137.83 1.09 12102 75%%* 9.07
mbgaiee yF _ R _ R R R
autumn temperature Squared
gl glaz ps 1 7 s
winter temperature Squared 4062 384
et sler paz g ekk - - - -
Spring temperature Squared 0.83 4.48
ks o - - -4.22% -1.56 309.50%** 10.20

summer temperatures Squared
LR TR R

Autumn temperature in Autumn - - 0.81%** 2.98 - -
precipitation
T T T Y
Winter temperature in winter -0.85* -1.74 -1.73%** -2.99 - -

precipitation
e e e
Spring temperature in spring 2.16%** 5.59 1.43%** 4.79 -1.59** -1.94
precipitation
S o e ) N -

Summer temperature in summer - - - - -7.79%** -2.70
precipitation
N 204.22%** 9.06 101.01%** 5.35 933.16%** 6.29

Trend variable
e 0.79 0.70 0.73

Beiod slbanilisle
Reference: Research findings
a0y Ve mha jo (g ol # 0s 0 B mlaw 10 (5 loline i doy \ maw (o (5 lobie
*** Significantly at the level of 1% ** Significantly at the 5% level * Meaning at 10% level
Abge olo s 4 bogye Ll g2 9 puiS sl Qs slos 9 AL
The season and summer temperatures for wheat and barley are only for July
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Table 2 . Results of estimation of climatic response functions of irrigation crop in the Northwest Zone
(East and West Azarbaijan provinces, Ardebil, Zanjan and Kurdistan).

puss 9= (o)
Wheat Barley Potato
[orpw te)LoT oy te)lnT oy te)LeT
Coefficient  Statisticst  Coefficient  Statisticst  Coefficient  Statistics t
Y e
A 28.49 1.53 -0.12 -0.01 53.69*** 3.10
y-intercept
s ""t'fll". . -0.03 -1.14 -0.001 -0.11 - -
Autumn precipitation
b | st
. I 0.10%** 5.44 - - 0.02 1.18
Winter precipitation
Wi b
e -0.18*** -2.87 0.04 0.83 - -
Spring precipitation
Ol s 0.06 1.08 0.03 1.15 -1.21%%* -3.29
Summer precipitation
el il g2 ol -0.0001 -0.57 - ; - -
Autumn precipitation squared ' '
LTI B P
A -0.0004*** -5.75 -0.00003 -0.52 0.00001 0.19
winter precipitation Squared
. N - - -0.0002* -1.74 -0.0002*** -2.68
spring precipitation Squared
I ERY! PP
o K P E -0.001 -0.79 - - 0.008%** 2.63
summer precipitation Squared
il gled
o -0.90%*** -3.97 - - - -
Autumn temperature
e gat
. 1.55%** 3.90 - - - -
Winter temperature
| M -1.81 -0.74 0.07 0.16 -0.18 -0.86
Spring temperature
e )
Ol isins 0.56%** 2.82 0.48 0.41 2.7 -1.76
Summer temperature
gl gler agn ol } _ _ _ _ -
autumn temperature Squared
b e et
. - - -0.04 -0.49 - -
winter temperature Squared
skl -0.002 -0.03 ; - ; ;
Spring temperature Squared
P P L
ST L - - -0.006 -0.24 0.04 1.40
summer temperatures Squared
whd it 13 gl gled
Autumn temperature in Autumn - - -0.0004 -0.20 - -
precipitation
T = BTN
Winter temperature in winter -0.001 -0.34 -0.001 -0.37 - -
precipitation
e il 2 T clas
Spring temperature in spring 0.01%** 3.01 0.0002 0.08 0.003*** 2.69
precipitation
B R
Summer temperature in summer - - - - 0.04%** 3.38
precipitation
iz i -0.40%** 241 -0.15 -0.88 -0.95%** 5.42
Trend variable
e R 0.60 0.40 0.37
RZ

Source: The results of the research *** significant at level 1% ** significant at 5% level * significant at 10% level
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Table3. Yield elestisity of major irrigation crops in the Northwest ecological region.

gresh) puss P ()
Variable Wheat Barley Potato
el 0.11 0.034 .
Autumn precipitation
e T -0.04 0.031 0.04
Winter precipitation
et 0.09 0.12 0.02
Spring precipitation
O Ak -0.05 -0.05 -0.02
Summer precipitation
=l sl 04 02 -
Autumn temperature
Oy e -0.03 0.05 -
Winter temperature
et -3.08 0.11 -0.98
Spring temperature
Sl sled -0.55 -0.54 1.4
Summer temperature

Reference: Research findings
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Table 4. Risk ratio of major crop products to climate change in the Northwest ecological region.

greN) puss > (SR ) S
Variable Wheat barley Potato
b 0.11 0.034 -

Autumn precipitation
_ Ol L_ﬂ_)‘e _ -4.03 -0.41 -
Winter precipitation
et 177 -0.99 2.39
Spring precipitation
oAk 1.42 0.52 1.18
Summer precipitation
sl sled 0.31 0.24 16.27
Autumn temperature
Ol e -8.13 -0.27 -
Winter temperature
esle 3.30 -0.86 -
Spring temperature
Ol slod -7.13 1.52 3.9

Summer temperature

Reference: Research findings
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Introduction: Climate change is not only an important determinant of crop average yield and agricultural
production potential in a region, but also is an important source of agricultural production risk, which leads to
unexpected changes in yield and production levels. This, in turn, it is affects key parameters of the market, supply
and demand, and, consequently products prices. Although, the analysis of climate change effects is an important
issue in relation to agricultural production from policy making points of view and adaptation strategies (Kundouri
et al, 2005), but, little quantitative studies have been conducted in this regard so far. On the other hand, in most
researches, the impacts of climate changes on average crops yield is estimated, and less attention has been paid to
the effects of this phenomenon on the production risk.

Material and methods: In this study, using the random production function introduced by Just and Pop (1979,
1976), the effect of changes in climatic parameters on the average crops yield and yield variance was estimated
for three crops including wheat, barley and potatoes in the northwestern ecological zone of Iran for the period of
1999 to 2015 years. The basis of this approach is on the fact that the production function can be separated into two
basic components. The first component is related to the average yield of the product, while the second component
is related to variance and production-level fluctuations (Sarker et al, 2012). Climatic parameters simulations and
hence the change in the average and the variance of crops yield carried out by using the results of two general
circulation models of ECHAM3 and EGCM3T63 and two climatic scenarios, GA and B1.

Results and discussion: The results of climate change simulation of two scenarios B1 and Ga showed that, up
to two future decades (2040), the annual rainfall in the northwestern ecological zone was increased and until the
year 2070 will decrease compared to the base historical period. Under the scenario B1 in the model EGeM3T63
the amount of annual precipitation is predicted incremental over both time intervals. The results of predictions
for the temperature parameter also indicate that it tends to increase under both general circulation models and
scenarios. The intensity of warming in the Eccm3Teé3 model is more predicted than the other model. The results
of the crops yield simulation to the predicted climatic variations under different scenarios indicate a significant
reduction in the yield of these products.

The yield reduction for wheat is estimated to be higher than barley and potato. Comparison of cultivars in the
percentage of yield reduction in the scenarios also shows that in the range of predicted changes for climate
parameters, increasing temperature is a more effective factor in explaining the reduction of yield performance
relative to precipitation. The variance response of crops in relation to climate change for potato production under
different scenarios and for wheat under scenario 2040-GA has been estimated incremental.

Conclusion: Regarding the reduction of yield of products under different scenarios of climate change, it is
recommended to develop agronomic plans in order to shift the crop pattern towards varieties or products that have
the least yield loss due to climate change. Further development and research in this field and the introduction of
drought and heat resistant varieties can be one of the most effective ways in this regard.

Keywords: Climate change, Risk of yield, Agriculture, Northwest ecology zone.
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