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Extended Abstract:

Introduction: Sustainable production of oilseeds is a vital priority for Iran’s food security under current economic and
climate change conditions. Sunflower (Helianthus annuus L.) plays a vital role in national cropping systems due to its
high ecological adaptability and drought tolerance. However, Iran remains highly dependent on vegetable oil imports,
highlighting a paradoxical gap between ecological potential and actual production trajectories. Previous domestic
literature mostly evaluated sunflower through isolated, field-scale physiological trials, leaving a profound knowledge gap
regarding the long-term, macroeconomic feedback loops between cultivated area and yield. This study adopts a systems-
thinking approach to dissect the structural dynamics, instability patterns, and future production horizons of both irrigated
and rainfed sunflower production systems using production data for the past 42-year period. By quantifying these
historical trends, this research aims to deliver evidence-based policy insights essential for reducing agricultural
vulnerability and accelerating domestic self-sufficiency.

Materials and Methods: Annual time-series data covering the crop years 1982/83 to 2023/24 were sourced from official
sources. This extensive temporal coverage was deliberately selected to capture the cumulative impacts of
shifting agricultural policies, periodic droughts, and macroeconomic transitions in Iran. Adhering to the principle
of parsimony, area and yield were modeled as proxy variables integrating broader environmental, technological, and
policy shocks. The analysis proceeded through a multi-step empirical framework, beginning with growth component
decomposition and instability analysis quantified via a semi-logarithmic growth model and the Cuddy-Della Valle Index
(CDVI). The CDVI was specifically chosen to accurately measure genuine volatility in sunflower production
by correcting for deterministic time trends. Subsequently, stationarity and integration orders were verified using a
combined approach of ADF, PP, and KPSS tests, complemented by Zivot-Andrews tests to endogenously isolate
structural breaks. ldentifying these structural breaks is critical for avoiding spurious regressions, ensuring that
the model accurately reflects real-world structural shifts over the past four decades. Long-run equilibrium
relationships and cointegration vectors were then determined using the Johansen-Juselius maximum likelihood method,
allowing short-run fluctuations and adjustment speeds to be modeled via a Vector Error Correction Model (VECM).
Finally, Impulse Response Functions (IRF) and Forecast Error Variance Decomposition (FEVD) tracked dynamic
innovation transmissions over a 10-year horizon. By meticulously mapping how unexpected shocks propagate
through the production system over time, this integrated framework culminates in a 5-year system forecast
directly derived from the structural model, providing reliable foresight for strategic land-use planning.
culminating in a 5-year system forecast directly derived from the structural model.
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Results: Growth decomposition revealed an absolute historical dominance of the cultivation-area expansion effect
(105%) over the vertical grain yield/ha (i.e. intensification) effect (-19%), illustrating an unsustainable reliance on
marginal land expansion. The CDVI substantiated severe systemic fragility, with rainfed production exhibiting an
instability index of 73.91%. Unit root tests confirmed that all variables are integrated of order one, 1(1). Zivot-Andrews
tests isolated profound structural breaks in irrigated yield and total production, mapping closely to major macroeconomic
and hydrological shocks. The VECM confirmed a stable cointegration vector. The Error Correction Terms (ECT) for
yield growth were highly significant (P < 0.0001), adjusting at annual speeds of -15.1% (irrigated) and -23.2% (rainfed).
Crucially, the ECTs for cultivated area were statistically non-significant, confirming that area contraction lacks an
endogenous self-correcting mechanism. IRF diagnostics unveiled asymmetric behavioral dynamics: a positive shock to
rainfed yield induces an expansionary area response (opportunistic farming), whereas positive irrigated yield shocks
prompt an area contraction, reflecting a "resource release" strategy due to summer water constraints. Conversely, shocks
expanding area triggered prolonged yield declines, validating the "marginal land effect”. Baseline VECM forecasting
predicts that if current paradigms persist, total nation-wide production will suffer a striking 23.6% contraction by 2028,
dropping to 9,952 tons amidst high systematic risk.

Conclusion: Sunflower production in Iran has entered a highly degenerative, contractionary phase governed by horizontal
instability rather than technological gains. Without immediate action, this continuous contraction in harvested area
threatens to further widen the national supply-demand deficit. Since land exit is structurally irreversible through
automatic market mechanisms, forceful exogenous interventions are mandatory. Reversing the projected decline requires
a paradigm shift toward vertical intensification. Policy instruments must prioritize scaling climate-resilient hybrid
cultivars, optimizing water-use efficiency, and instituting institutional frameworks like contract farming to buffer
systematic environmental risks. Ultimately, synchronizing these specific technological and institutional
adaptations is the only viable pathway to safeguard rural livelihoods and ensure long-term oilseed security.
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Table 1. Compound annual growth rate and instability index of production, harvested area, and yield of sunflower in Iran.

Risk Status CbhVi Growth Status CAGR (%) Time Period Farming System Variable

High 48.6 - -5.22" Entire period

Medium 19.6 + 6.72" First period Irrigated
High 38.6 - -11.8" Second period
High 58.4 - -5.42™* Entire period
High 52.1 o] 2.84ms First period Rainfed Harvested Area
High 57.7 - -6.95" Second period
High 48.9 - -5.25™ Entire period
High 30.7 + 5.12™ First period Total
High 41.8 - -9.61" Second period

Medium 14.0 + 0.65™ Entire period
Low 7.8 + 1.39™ First period Irrigated

Medium 16.2 o] 0.25" Second period
High 326 o 0.49m Entire period
High 22.7 o] 0.86" First period Rainfed Yield
High 31.2 - -2.39" Second period

Medium 18.1 + 0.67™ Entire period
High 11.0 + 2.04™ First period Total

Medium 16.6 - -1.32% Second period
High 54.6 - -4.60™ Entire period

Medium 18.8 + 8.20™ First period Irrigated
High 45.2 - -11.6™ Second period
High 73.9 - -4.95 Entire period
High 69.6 0] 3.72m First period Rainfed Production
High 66.1 - -9.17 Second period
High 54.5 - -4.62" Entire period
High 28.3 + 7.26™ First period Total
High 43.9 - -10.8™ Second period
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** and * indicate significance at the 1% and 5% probability levels, respectively, and ns indicates non-significance. The symbols +,
-, and O indicate positive growth, negative growth, and stagnation (no change), respectively. Statistically, in time-series analysis,
the significance of the growth rate index proves the existence of a deterministic and structural trend (upward or downward), whereas
its non-significance (ns) implies stationarity, stagnation, and merely random fluctuations of the variable around a constant mean
during that period. Entire period (1982 to 2023), First period (1982 to 2002), and Second period (2003 to 2023).
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Figure 1. Relative contributions of harvested area, yield, and their interaction effect to changes in sunflower production
across the studied periods. Negative values denote an inhibitory effect of the respective factor on production growth, whereas

positive values indicate an enhancing contribution to production increase.
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Table 2. Results of unit root and stationarity tests for sunflower variables in Iran.

Result  KPSS Test PP Test ADF Test Form Variable Farming System

1(1) 037" -0.90 ™ -0.39 ™ Level

- . . . Harvested Area
1(1) 0.25"™ -7.60 -3.72 First Difference .

. - Irrigated

1(1) 0.45 -5.68 -2.31m Level .

- " . . Yield
1(1) 0.19"™ -11.1 -6.57 First Difference
1(1) 0.42 " -1.40 " -0.82"m Level

- . . . Harvested Area
1(2) 0.19m -6.74 -3.60 First Difference .

- Rainfed
1(1) 0.18 " -4.62 -2.63m™ Level .

- - . . Yield
1(1) 011" -9.67 -5.44 First Difference
1(1) 0.39 " -0.91 " -0.45"™ Level

- . ) ) Harvested Area
1(2) 0.25 " -6.78 -3.51 First Difference

" Total
1(1) 0.28 -4.11 -1.84 " Level .

- " o Yield
1(2) 0.16 " -9.97 -5.82 First Difference

PP }ADF LSLAQ)A)T BEl RS Qéﬁ )l.}dl:uﬂ.é Ji.:l:.a ns 5 Aoy 0 9 \ JL&S}‘ C)lzm DL LS)‘JL;'.JLA a.l.'\.b)()u_; u:jjjm Y 9 ek

el ] Sl i 5 3KPSS 0031 55 68 Jle 3 et (ollb) dly aiu) 592 Sl io 5 2
** and * indicate significance at the 1% and 5% probability levels, respectively, and ns indicates non-significance. In the ADF
and PP tests, the null hypothesis assumes the presence of a unit root (non-stationarity), whereas in the KPSS test, the null

hypothesis assumes stationarity.
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Table 3. Results of the Zivot-Andrews unit root test with structural breaks and optimal lag selection for sunflower
production systems in Iran.

Optimal lag selection Zivot-Andrews unit root test

AlCC Sysct)em Lag Result  t-Statistic Break Year Variable Farming System
rder
-3.69 0 ns -3.69 1996 Harvested Area
-5.294# 1 *x -6.19 2009 Yield
-5.13 2 ns -4.15 1996 Production Irrigated
-4.86 3 - - - -
-4.71 4 - - - -
-2.33 0 ns -4.1 1990 Harvested Area
-3.544# 1 * -4.97 2011 Yield
-3.3 2 ns -4.79 1990 Production Rainfed
-3.03 3 - - - -
-2.77 4 - - - -
-3.37 0 ns -4.16 1990 Harvested Area
-5.11# 1 *x -5.38 2009 Yield
-4.93 2 ns -4.32 1990 Production Total
-4.69 3 - - - -
-4.7 4 - - - -
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Critical values for the Zivot-Andrews test (Model C: break in intercept and trend) at the 1%, 5%, and 10% probability levels are -

5.57, -5.08, and -4.82, respectively .and * indicate significance at the 1% and 5% probability levels, respectively, and ns indicates
non-significance (acceptance of the unit root null hypothesis). # denotes the optimal lag selected based on the lowest value of the
Corrected Akaike Information Criterion (AICC).
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Table 4. Johansen cointegration test results for sunflower production systems in Iran.

Farming System Null Hypothesis Trace Statistic Critical Value (5%0) p-value
Irrigated r =0 (None) 29.2 155 0.0003
r<1 (Atmost 1) 0.92 3.84 0.3371

Rainfed r =0 (None) 21.6 155 0.0052
r<1 (Atmost 1) 231 3.84 0.1282

Total r=0 (None) 16.5 155 0.0343

r<1 (Atmost1) 0.88 3.84 0.3489

sl wb\v.a slajls o slaas Jfgl?. r.owl olis L;Laa‘..zw?w s lr/0 Cb"‘ B MLJV.A asles Y sasolis il Q_,.aﬂ

Trace test indicates 1 cointegrating equation(s) at the 0.05 level for all farming systems. r represents the number of

cointegrating vectors.
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Table 5. Estimation of adjustment speed coefficients (Alpha) in the Vector Error Correction Model (VECM) for sunflower
production systems.

Significance value t-Statistic Standard Error Correction Dependent Farming
Status P Error Term (ECT) Variable System
ns 0.24 -1.2 0.06 -0.07 Harvested Area ]
) Irrigated
*x <0.0001 -6.38 0.02 -0.15 Yield
ns 0.53 0.63 0.07 0.05 Harvested Area ]
) Rainfed
*x <0.0001 -4.8 0.05 -0.23 Yield
ns 0.65 -0.45 0.06 -0.03 Harvested Area Tofal
ota
el <0.0001 -4.36 0.03 -0.12 Yield
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** indicates statistical significance at the 1% probability level, and ns indicates a non-significant coefficient. Given the optimal lag
order of the model (P=1), short-run dynamics are omitted, and the model is estimated solely based on the long-run adjustment speed
(Alpha). It should be noted that, according to the mathematical structure of the VECM, the dependent variables in this model are
estimated in first differences (equivalent to the growth rate of logarithmic variables).
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Table 6. Results of diagnostic tests and robustness check of the VECM.

cs(:ﬁzii![iitg/n Heteroskedasticity Test Normality Test Autocorrelation Test F;;ST;;?
Stable Homoscedastic (P > 0.05) Non-normaéIY(ergi )/ Normal No autocorrelation (P > 0.05) Irrigated
Stable Homaoscedastic (P > 0.05) Normal (P > 0.05) No autocorrelation (P > 0.05) Rainfed
Stable Homoscedastic (P > 0.05) Non-normal (Area) / Normal No autocorrelation (P > 0.05) Total

(Yield)
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In the diagnostic tests, the null hypothesis (HO) postulates model adequacy (i.e., absence of serial correlation, normally distributed
residuals, and homoscedasticity). The non-normality observed in the harvested area residuals is attributed to structural land
fluctuations; however, given the confirmed stability of the model and the absence of autocorrelation, this does not invalidate the
estimation results. Model stability was verified as all roots of the characteristic polynomial (except for the explicitly imposed

cointegrating unit root) strictly fall inside the unit circle.
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Figure 2. Structural stability plots of the model. (A) CUSUM test for parameter stability; (B) CUSUMSQ test for variance
stability. The dashed lines represent the 5% critical bounds.
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Response of Yield to Area Shock

Response of Area to Yield Shock
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Figure 3. Panel plots of Impulse Response Functions (IRFs) for sunflower harvested area and yield under different farming
systems over a six-year horizon. The subplots illustrate specific dynamic interactions: (A) response of yield to an area shock,
and (B) response of harvested area to a yield shock in the irrigated system; (C) response of yield to an area shock, and (D)
response of harvested area to a yield shock in the rainfed system; (E) response of yield to an area shock, and (F) response of
harvested area to a yield shock for the total production system. The central solid line illustrates the estimated response path,
while the dashed lines represent the 95% confidence bands (+ 1.96 standard errors).
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Figure 4. Forecast Error Variance Decomposition (FEVD) results for sunflower harvested area and yield under different
farming systems. The subplots detail the specific variance contributions: (A) contribution of shocks to harvested area
variance, and (B) contribution of shocks to yield variance in the irrigated system; (C) contribution of shocks to harvested
area variance, and (D) contribution of shocks to yield variance in the rainfed system; (E) contribution of shocks to harvested
area variance, and (F) contribution of shocks to yield variance for the total production system.
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Table 7. Actual values (2023) and five-year forecasts (2028) of sunflower harvested area, yield, and production in Iran

under the business-as-usual scenario.

Forecast Value

Actual Value

(2028) Estimate Level (2023) Farming System Variable
876 Lower bound 6070
5004 Baseline forecast 6070 Irrigated
28597 Upper bound 6070
534 Lower bound 5224
4710 Baseline forecast 5224 Rainfed Harvested Area (ha)
41528 Upper bound 5224
1410 Lower bound 11294
9715 Baseline forecast 11294 Total
70125 Upper bound 11294
1037 Lower bound 1424
1412 Baseline forecast 1424 Irrigated
1921 Upper bound 1424
326 Lower bound 839
613 Baseline forecast 839 Rainfed Yield (kg/ha)
1152 Upper bound 839
768 Lower bound 1154
1024 Baseline forecast 1154 Total
1466 Upper bound 1154
908 Lower bound 8646
7065 Baseline forecast 8646 Irrigated
54946 Upper bound 8646
174 Lower bound 4384
2887 Baseline forecast 4384 Rainfed Production (tonnes)
47826 Upper bound 4384
1083 Lower bound 13030
9952 Baseline forecast 13030 Total
102772 Upper bound 13030

s b oo i A5 40 Oliedl dhols snasglis WU 5 ol 550>

The lower and upper bounds represent the 95% confidence interval of the forecasts.
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