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ABSTRACT

Introduction: In Iran, wheat is more than just a crop; it is a strategic commodity with a high national security priority. Despite four decades
of efforts toward self-sufficiency, the country's wheat production system continues to face structural challenges such as water stress, land
fragmentation, and severe productivity fluctuations. A lack of comprehensive understanding regarding the transmission of climate-policy
shocks and the short-term reciprocal interaction between cultivated area and yield has been the Achilles' heel of self-sufficiency programs.
This study aims to fill this gap by investigating whether production growth drivers operate identically across the two farming systems
(irrigated and rainfed) and determining the production outlook for the 2036 (1415 AH) horizon in light of ecological constraints.

Materials and methods: Time series data for area, yield, and production spanning from 1982 to 2023 (42 years) served as the basis for
analysis. The research methodology involved several analytical layers: 1) Univariate analyses including compound growth rates, stability
assessment, and production growth decomposition; 2) Stationarity tests and determination of the order of integration; 3) Selection of optimal
lag length and cointegration testing; 4) Specification of the dynamic model and diagnostic validity assessment; and finally, 5) Impulse
Response Functions (IRF), Forecast Error VVariance Decomposition (FEVD), and variable forecasting.

Results: Analysis of the compound growth rate over the 42-year period indicates a paradigm shift in Iran's wheat production from horizontal
expansion to vertical development strategies. Significant growth in total production (1.79%) and irrigated wheat (1.91%) was primarily
driven by improvements in yield per unit area (growing at 1.72%). Diagnostic results revealed that structural shocks have transitory effects,
and the system exhibits mean-reverting properties. FEVD analysis uncovered a fundamental divergence between the two systems: in the
irrigated system, the cross-share of shocks was less than 0.2%, confirming structural independence and the dominant role of technology.
Conversely, in the rainfed system, cultivated area shocks accounted for 20% of yield fluctuations, proving the phenomenon of ecological
synchronicity (the simultaneous impact of rainfall on both area and yield). Forecasting results indicate that the total cultivated area will
follow a fluctuating downward trend to reach 7.55 million hectares by 2036; however, total production will rise to 23.57 million tons, driven
by a surge in irrigated yield (from 3892 kg/ha in the base year to 5104 kg/ha).

Conclusion: The findings of this research reject the area-centered development paradigm, particularly in rainfed regions. The future of
wheat production security depends on vertical development and concentrating investment on yield enhancement in irrigated lands. Given the
predicted contraction of rainfed area, the optimal strategy for this sector is not area expansion, but rather risk management and shifting
cropping patterns toward resilient varieties.
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Table 1- Annual Compound Growth Rate (CGR) and Instability Index (CDV1) of wheat production, cultivated area,

and yield in Iran
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9.89 0 0.19 ns Total
L .
Period d
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** and * indicate significance at the 1% and 5% probability levels, respectively; ns: non-significant. The symbols +, -, and

0 represent positive growth, negative growth, and stagnation (no change), respectively. The letters L, M, and H denote Low,

Medium, and High risk levels based on the CDVI. Total Period (1982/83-2023/24), First Period (1982/83-2001/02), and
Second Period (2002/03-2023/24)
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Figure 1- Relative contribution of area, yield, and interaction components to production changes (by sub-

periods). Negative values in the chart represent the inhibiting (reducing) effect of that factor on growth;
whereas positive values indicate the driving role of the factor in increasing total output.
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Table 2- Results of unit root and stationarity tests for wheat variables in Iran
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** and * indicate significance at the 1% and 5% probability levels, respectively; ns: non-significant.In ADF and PP tests,
the null hypothesis implies unit root (non-stationarity), whereas in KPSS test, the null hypothesis implies stationarity
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Table 3- Unit root test results allowing for structural break (Logarithmic variables)
and Optimal lag length selection for wheat production systems
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Critical values for Zivot-Andrews test (Model C: break in intercept and trend) at 1%, 5%, and 10%



Py ol 5 w5 slaglls o s sl (SIS0 (53l5T5 Sl (gl b SasslsST Slojon

probability levels are -5.57, -5.08, and -4.82, respectively. ns: non-significant (Null hypothesis of unit root
is not rejected). = indicates the optimal lag length selected by the Minimum Corrected Akaike Information

Criterion (AICC).
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Table 4- Results of Johansen cointegration test for wheat production systems in Iran
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No cointegration
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Critical values are extracted from MacKinnon-Haug-Michelis (1999). The null hypothesis r=0 indicates no

cointegration vector.
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Table 5- Estimation of Vector Autoregression (VAR) model coefficients for short-run dynamics of

wheat systems
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** and * denote statistical significance at the 1% and 5% probability levels, respectively. Model variables are

calculated based on the first difference of logarithmic values (annual growth rates).
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Table 5- Diagnostic test results and robustness check of the VAR model
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in all tests (except stability), the null hypothesis indicates the desired condition.
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Figure 2- Plot of CUSUM (A) and CUSUMSQ (B) tests for structural stability; dashed lines represent 5%
critical bounds, and the black arrow indicates a temporary deviation in the rainfed system.
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Figure 3. Panel graphs of Orthogonalized Impulse Response Functions (OIRF) for wheat harvested area

and vyield variables across different farming systems. The left column shows the response of Yield to a

standard shock in Harvested Area, and the right column shows the response of Harvested Area to a

standard shock in Yield over 6 years. The solid central line indicates the estimated response path, and the
surrounding dashed lines indicate the 95% confidence interval (£ 1.96 standard errors)
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Figure 5- Forecast Error Variance Decomposition (FEVD) results for wheat harvested area and yield
variables in Iran. The left column displays the contribution of shocks to Harvested Area fluctuations, and
the right column displays the contribution of shocks to Yield fluctuations over a 10-year horizon.

LT i 2igy 9 # Jgoz 0 oyl nl (o8 mls
35 ayge ladidl, IS oy sl o0 8 7 IS 4o
w8l Gl eaS paiS adg el (g Sl
J 50 el jemmed Shos dnwgi 6551 4 j9onemlan
5 oablets Lol iy, b JS CiS ) b &S
Jlo 0 LS ake VIOO 4 bl 4 g, Slug
S¥g) o3k e ;0 yeiS JS adgi wayoe 1FNO

5 chw Ol @l S1y (ol 05 walss 28 1) gogn0

G 50 g jliledr g Olpedi W9y (S

gl
o]l alagdly glleinr ey jshie
GRS B 0 Ly peaS 0 pasS (o)) sla e
S 0 (S5 o) ple (Spd slacgsgame
slp ol slapiie g «SIRSS slan,
5 OF)e) Sasslee

5(\f A) A_’Molajs ‘siLA 6&@3‘

i plonil gladlge s sien 3,505, b (0 F10) Soenil



VF- ol 5 w5 slaglls o s sl (SIS0 (53l5T5 Sl (gl b SasslsST Slojon

é»w‘j 9 03l L':’c‘)) r:Ua.: 90 QL».Q QJSJ.Q.C Ol Good

3o Gl ol (2l )88 e adss
pae g Pl slaglrn 92y 4 g b ales o
adgi sl (o glaS el 5l JG6 glecalad
Olaebl Jolsd ulul  VFAO &8I jo 555 IS puS
08 )5 o0 Oy 503l ds LB 0 oF Jguz) oy A0
VY Jobae adgs (b o1S) alimdy sooylew o
2l G b)) Joizs b aibs (s5,L )0 o5 (5elee
5) Slngiss st 2 5 05 oalas TYIOV L
S 53 fhy Splls po S (ot Crl
L Soeads 381 j0 o puS ody cwl Lo adg
0 Ll (o Oysekes VIOY) o azlge S3m otals
30 o O VP Y )_..ia.o G, b u;'] ‘a..\.;f
ol s a5 cel S5 GLls apw, wmlym VRO L
Jelos 3 glaasdly b (LS psee (i
paS Heboles sl (FEVDy VAR 3 5,5
oslly prew bl o Ses wd s LS 5
50 oy 50 05T 5 09 gl 4 Cod 65V
U 51 Gads wansT 1o 0y s 45 59 oo ounliv

A sl g o Sles o,

slpls o (b Goese Wl I L6 g
iS5 e it FESS 6oy o ol 8l
sanlie BB mo 5 ol slopls o L, S0
Y0 W ‘Sx.gls a5 0 CulS p) C.Ia,» !
2,8 Gaadee FIAY I Jg5 gaig, b el (Jaimo
Jrs Y0 B8l o LSe ekee FITe 4 4l Lo
2l zor @ Ul ) che LA Gl b
g Jdo 4 adg sz gl ealleS 5 lanil>
(bl o ol cans b oL g lubl 5 ol (golazdl
eeadignae 5 @il od b @l S n glaw
il Saasch s uSa edee YNE a4 YIVA
w2 gl Rl Ol 31l Kl o7 23l walys
el yralas (g lal Jawiliy b (p2l)l 2 55 505 24
(Sslans 0wy Lol gt (ol); b
o sbosly g wales LSe jo o Sl s
i M5 e b o oS 5 Shae 5 wims e ol
PS5 okS YARY Sl bl 23lol 5 (53919355 S9i 51 (AL
VRISl 55 pShS B1-F a8, & il Jlu s
S¥g) 4251 w0 0 Sdee K00 (o )0 ) Galy>
Y5 4 bl (Suly Jods a Lol w)ls g3500
PSS IV 4 g 00,8 e | Juis gads; «gs>

A e Wy 8 Sl o VYO L o



VFY

G iy 9 (oo 0bgS Sloj S@ESI jo pusS 5 ySlos g udgi ceulS Thaw polio (S gy —F Jou

Table 6- Prediction of cultivated area, production and yield of wheat in short, medium, and long

term duration
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Figure 6 - Fan charts illustrating the model forecasts. Rows from top to bottom represent
Cultivated Area, Yield, and Production of wheat in Irrigated, Rainfed, and Total systems up to
the year 2036 (1415). Solid circles denote actual observed data, solid blue lines represent the
baseline forecast, and shaded areas indicate 95% confidence intervals (lower and upper bounds)
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