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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 Variance 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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** 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%
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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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sl (Sslilen 1oy 092 pae ko 1T0 as 5 .wlonds zl5eial (12499) et Slam 5SS o sl Jsaz 5 Sl polie
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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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.

2 ke Bl Sy ojlail 4 S Jleel 5 Jols
slogsh b 28 Sl 31 5o s o ptie
Silwse BT elyy ol a1 slate o),
S oSly sl jloged (ol oy plls o (¥ S

Ll DaeolisS jo b psie oewd Pl 5l S

9 @a.w ‘_gl.bﬁiu;o Q..\.ool&',.f ‘_;;Lb‘s’by Julxd

> ySlos
0975 g ysle Sbgy (hosd ywe (golSly jolaie &
(IRF) ST Sty &g cpimmms 5o S 9l Lal

@l 00,5 09l (Sdsz i ol oud aslets



VA ol 5 w5 slagplls 3 s sl (SIS0 (53l5T5 Sl (gl b Sa3slsST Slojon

oSy SlaalsS 5l ekt 53 cnl Blize 5 030,30 e
Cou Odearly )0 iie 90 2 dx STl SawelisS o
Slocesls ol ) IS S jtie slaplpiy 3L
sl ;o bl i)l 13 (65555 whaw 5 (lo>
@ ol ciSly (ol ciS ) aaw Sllug wawelisS
adyy &S wedged olad B3 Jlo o 9 Shes slaSTel
Glcadgaze 5 boslayn) spiblasl pae o

Syl Of mlie (S50
o =y s e oas el )l S ol
Sl 3 e Jalge oyaiw ot g slo b
Sy e Sed 4 Cod o 0Skee 1Sy
GV el s gime MalS i 0,58 40 5 o
oy I G5l wete (S mpe nl (T JSE)
(lizumi & Ramankutty, —coul o dil Slojen
ssles 5 oy sladle ;5 a5 Las oy 2015)
Cugby dgute 3 (Sl Cote la S (olyrg]
S slp GBS ads 0550l pleses pobo 4 (ST
8 38 kes Jouily g 00908 Cusli 1) CuiS 5 s
5 Can! il S5 arisy s sl ) 5 1, b ol
w3 SiS pj gl YY) ite 1Sly el ol
ol el ol b jo o Sles Cude Sed 4 ol
gy 4 0yls 18 g bl (g la ine 5ye 50 a8 ST
OB S adgs (hee 50wl S Sy (L) 00liS (e
391951 e jlcenl j9i8T )0 paiS LS 5 9,5
25) o yShos i b ool Jlo o 5l o8l

b o)155leS (ol (o)l e (5ol 31 56 Boee

25 g S Sote S5d 4y Sl (2 3 Shes 25T
PPVOC PN CERE & JECH CHCSRPVER | INCRL 3
a>l 50 000 A0 (leebl alols by Gf)S 625,18
ol iloed o sime ylel L (=[N e
chw (b (ol cuS o aS aes e olas asl
beame cpl el oais (o3 005l oday 590 4 porie
(Zaveri & Lobell, 2019) Ly 5 &,9l; sloassl
Eyoge (nl 4 09> Limgh p0 o laal )l cdlhae
Frete Cupde g glnl Pl a5 e oLl
b ses 59,5 5 o8U e ST Canl ailes dmoslys
Sfles Dl 5 ovged (i 1) g Sz 4 won
a2y Sl ayled Lais Coigo b 1) s
@l ol 50 58 o Slee Sod 4 Cud ClS ;5
VL PRPCE PRI I CRV R § JRCo [PV SISV SO N PUROr S
b el ol o caS mhv Slaeas &5 ol
SpdiiS g oog ol ale gzl slbegsgase
2 Sl 65050 Sllogs a4 o (Sl Hle
eSS 5 Sjee JYamul b o)) el
opl b o gmen(Hornbeck & Keskin, 2014)
0 A wivges Gl ver Gldlas o p8 i
2 pdylhnl poe Lo 4 el ol Glaptaps
el Glacsloy; cob claane 5 balss
adei DaeolisS S es 4 Cod pol)l arass
Ol & WS e Joo ibaaiond 5 RS SlS
bl Gilogme pos (] CiS g 5 K0

Sl o Slas w5 gl 03, oo ablite gl



Ve AFANYY ()0 N F0 D condinm 5 655555 0m /o), So 5 (simmameadle

5 w0 w2l YL e 5l b aS (1o YR) ol ST
0 J5 s Ty o bl 5 il S s i
Sl Cor8) ke x 51 o Sles S
soan el 0 e oyt gl gl e
S awd oo lis plls aw o 50 o aiSTly (Sloj yemns
T euds 5l e b psie 5 00 e 00)ly sladilss il
aS W8 oo b oy Sowaly Jobw 4 Jle b I

ale oo s | 00l 0,51 5 VAR Jae 5,k

5 ol Sle & ctSib sy 5l oy BT
Jlo 5o (hgb, ot g9y YL Jl>! (ot
wamass 5 |y dlbliswe 5 Loldil 0,5, SO
sl ST ely; Jad Gl )l alops 5 L3

(Haile et al., 2016) sles oo
ade ssimalas el anly )9S U5 elide 5o
@ Sue Sob el (IS Sllag p s e sla k3,

sSlat 1 (5 foisins 5 o i oS S 5 e

S e o ,Shes ST 35k Sl by a5y
Response of Yield to Area Shock Response of Area to Yield Shock
£ » —~—Impulse Response il &Sly —Confidence Interval 95% ;yebs! abwls 002 ——Impulse Response I 51, ——Confidence Interval 95% (jlueb! alold
q‘ 0.015
= 03
q 7 .02 0.01
- 0.005
= E 0.01 )
:n o -0.005
E ot 0.01
= 0.02 0.015
03 0.02
1 4 -
0.025
0o 1 3 4 s 6
. 0.2 0.03
= .03
E E 0.15 0.02
] - ‘= 0.01
- = X
- 7 } Y
q 2 =) 0.1 o S—
=35 )= R
s = oos 0.01
T D o -0.02
E 9z —
2 * e 0.05 0.04
a‘ 0.1 0.05
] ) 0.06
-"-’-4 0.15 0.07
o 1 3 4 6 0 1 3 4 6
06 0.01
0s 0.005
04 o
.03 005
w & s
= o1 w013
l-' > 0.02
‘ 0.025
o1 0.03
0.02 0.035
o3 . . 0.04
0.045
0 1 4 6

ST 3 L S Jlo
Years after Shock

30 pasS 0 ,Sles g S ) G o (sl cubuolaie (IRF) ‘s.vT Joddl e pulgi Loy gl yloges ¥ ST
Coouw (99w § CeleS ) g 50 O luiliw] Sl G a0 Slos JaSTy o G gt Al £y el
0 <535 g0 dowo Jas a0 oo LS Jlw il (b 1y 0 ,Slee 50 0 lailion] el SO 4 CUlS ) e STg ol

e o L 1) (Gl slast 1.2F) 0o ;0 A0 lcwdl alold ( Sgol s cma balad g (sidSTg 0ulios j pmosks
Figure 3. Panel graphs of Orthogonalized Impulse Response Functions (OIRF) for wheat harvested area
and yield 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.
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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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