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ABSTRACT
This study examines the interplay of price transmission mechanisms, climate shocks, and exchange rate dy‑

namics in Turkey’swalnutmarket using a Vector Autoregression (VAR)model. Analyzingmonthly data on domestic
producer prices, import prices, and production volumes, we uncover a counterintuitive inverse relationship be‑
tween import and domestic prices: a 1% rise in import prices reduces domestic producer prices by 2.3% within
two months, with a cumulative effect of 4.1% over ϐive months. This suggests domestic producers lower prices
to compete with higher‑cost imports, revealing an “import competition effect” unique to this market. Exchange
rate volatility ampliϐies this dynamic, with a 10% depreciation of the Turkish Lira raising import prices by 7.2%,
accounting for 22% of their variance. Climate shocks further disrupt market equilibrium asymmetrically. Frost
events trigger immediate production declines (−14.7%) and rapid price spikes (+5.3% within one month), while
droughts cause protracted supply reductions (−8.4% over six months). Critically, climate shocks double the elas‑
ticity of domestic prices to import price changes (−0.47 vs. −0.23) and accelerate transmission, peaking within
one month instead of two. Policy implications emphasize exchange rate stabilization (e.g., central bank currency
swaps could reduce pass‑through by 31%), climate adaptation (drought‑resistant cultivars and drip irrigation may
cut production volatility by 17–23%), and hybrid trade policies (seasonal tariffs with quotas). These ϐindings un‑
derscore the vulnerability of perennial crop markets in emerging economies to global and climatic shocks, offering
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a framework for building resilience in analogous agricultural sectors.
Keywords: Turkish Walnut Market; Price Transmission; Climate Change; Drip Irrigation; Exchange Rate

1. Introduction
The walnut sector holds a notable position within

Turkish agriculture, contributing signiϐicantly to the na‑
tion’s economy through production volume, acreage,
and increasing export potential [1]. Turkey’s annual wal‑
nut production exceeds 250,000 metric tons, ranking
it among the top global producers. The country’s di‑
verse geographical landscape andvarying climatic condi‑
tions support walnut cultivation across several distinct
regions, each with its own unique production charac‑
teristics, ranging from traditional extensive orchards to
modern intensive farming systems [2]. These regional
variations in cultivation methods reϐlect both historical
practices and contemporary innovations in horticultural
techniques. The different walnut‑growing regions cul‑
tivate an array of walnut cultivars speciϐically selected
to cater to both domestic consumer preferences and
the exacting requirements of international market de‑
mands [3].

Ranking among Turkey’s top perennial crops, wal‑
nut production (250,000+ MT/year) supports 150,000
smallholder households while serving domestic and ex‑
port markets [1, 4]. Culturally embedded in traditional
foods, walnuts also contribute signiϐicantly to rural
economies in key provinces likeMalatya and Denizli [4, 5].

Understanding the dynamics of price transmission,
the potential effects of climate change, and the role of in‑
formed policy interventions is crucial for the sustained
growth and resilience of the Turkish walnut market [6].
Price transmission refers to the mechanism by which
price changes at one level of the market, such as interna‑
tional commodity prices or input costs, are reϐlected at
other levels, including farm gate, wholesale, and retail [7].
This transmission process is crucial for assessingmarket
efϐiciency and identifying potential distortions or bottle‑
necks that may require policy intervention. Analyzing
this process is essential for both evaluating market per‑
formance and identifying appropriate areas for policy
intervention to ensure fair returns for producers while

maintaining reasonable prices for consumers [8].
The price of walnuts in Turkey is inϐluenced by a

complex interplay of various factors that operate at dif‑
ferent levels of the supply chain [9]. Key among these are
the costs associated with production, which encompass
expenses related to landacquisition andpreparation, the
procurement of quality seedlings, necessary agricultural
inputs such as fertilizers and pesticides, labor costs for
orchardmanagement and harvesting operations, and ex‑
penses associated with irrigation systems where appli‑
cable [10]. The balance between domestic and interna‑
tional demand also plays a crucial role in shaping wal‑
nut price dynamics throughout the year. Factors such
as population growth, evolving consumer preferences
toward healthy food options, and the changing dynam‑
ics of export markets signiϐicantly impact the overall de‑
mandpatterns for Turkishwalnuts [11]. The inherent sea‑
sonality of walnut production results in predictable ϐluc‑
tuations in supply throughout the annual cycle, which
consequently affects price levels, with typically higher
prices observed during off‑season periods when sup‑
plies are more limited [12].

Broader economic factors in Turkey, particularly
exchange rate ϐluctuations and the prevailing inϐlation
rate, exert considerable inϐluence on the walnut market
through multiple channels [13]. Research consistently in‑
dicates a signiϐicant pass‑through effect of exchange rate
changes to domestic prices in Turkey, with this relation‑
ship being particularly strong in agriculturalmarkets [14].
This implies that any depreciation of the Turkish Lira is
likely to increase the cost of imported inputs used inwal‑
nut production, such as specialized fertilizers ormodern
orchard equipment, leading to higher overall production
costs for farmers [15]. Consequently, these increased pro‑
duction costs may translate into higher prices for wal‑
nuts at the consumer level, though the extent and tim‑
ing of this transmission vary depending on market con‑
ditions [16]. Similarly, exchange rate movements affect
the international competitiveness of Turkish walnuts in
globalmarkets, inϐluencing both export volumes and the
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returns received by domestic producers [17].
Studies suggest that the impact of exchange rate

changes is felt relatively quickly in the Turkish econ‑
omy, with most of the effect on domestic prices occur‑
ring within approximately one year, and a substantial
portion of this adjustment being realizedwithin the ϐirst
four months [18]. Furthermore, the pass‑through effect
appears to be more pronounced for wholesale prices
compared to consumer prices, indicating that different
levels of the supply chain absorb exchange rate impacts
differently [19]. Historical analysis indicates that while
the exchange rate pass‑through in Turkey declined fol‑
lowing the adoption of inϐlation‑targeting policies, there
has been a notable resurgence in this relationship after
2013, suggesting changing dynamics in price transmis‑
sion mechanisms [20]. This evolving context makes ongo‑
ing analysis of price transmission particularly relevant
for agricultural sectors, such as walnut production.

Climate change presents a signiϐicant and growing
challenge to agricultural production globally, and peren‑
nial tree crops, such as walnuts, are particularly vulner‑
able to shifts in temperature regimes, precipitation pat‑
terns, and the increased frequency of extreme weather
events. Understanding these climate impacts is vital
for developing effective adaptation strategies and ensur‑
ing the long‑term productivity and sustainability of wal‑
nut orchards. General climate change projections for
the Mediterranean region, which includes Turkey’s ma‑
jorwalnut‑growing areas, suggest a future characterized
by increasing average temperatures and signiϐicant al‑
terations in precipitation patterns [21, 22]. These changes
are likely to manifest as more frequent and intense peri‑
ods of drought, alongside an increased occurrence of ex‑
treme weather events, such as heatwaves and localized
ϐlooding [22]. While speciϐic climate change projections
for themajorwalnut‑producing regions in Turkeywould
provide a more granular understanding, the broader
trends for the region indicate substantial challenges for
agricultural production systems.

Walnut cultivation in Turkey is particularly suscep‑
tible to these anticipated climate shifts due to several
physiological and agronomic factors [23]. One of themost
signiϐicant concerns is increasing water stress resulting
from climate change. Reduced rainfall and increased

evaporation rates, driven by higher temperatures, can
lead to insufϐicientwater availability forwalnut trees, es‑
pecially during critical growth stages, such as nut devel‑
opment, when water requirements are highest [19]. This
lack of adequatewater availability can negatively impact
both the yield quantity and the quality of the harvested
walnuts, potentially reducing both production volumes
and market value [24]. Prolonged heat waves also pose a
serious threat to walnut production. Excessive heat can
impair the photosynthetic processes in walnut trees, po‑
tentially leading to reduced nut set and overall yield de‑
pression [24]. Additionally, the nuts themselves can suf‑
fer from sunburn damage under conditions of intense
heat, which can diminish their market value and poten‑
tially render them unsuitable for premiummarkets [25].

However, research on agricultural practices in
Turkey highlights the signiϐicant potential of efϐicient
irrigation technologies, particularly drip irrigation sys‑
tems, in mitigating the adverse effects of water scarcity
on crop production [22]. Drip irrigation offers several
key beneϐits for walnut cultivation in the face of cli‑
mate change‑inducedwater stress [17]. It enables the pre‑
cise delivery of water directly to the root zone of the
trees, minimizing water loss through surface evapora‑
tion, which becomes an increasingly major concern un‑
der conditions of higher temperatures and limitedwater
availability [23]. Studies have demonstrated that drip irri‑
gation can achieve remarkably high water use efϐiciency,
reaching up to 95% compared to traditional surface irri‑
gationmethods that are still widely used inmanywalnut
orchards across Turkey [24]. Research conducted on vari‑
ous crops across different regions of Turkey, including
maize, cotton, and vegetables, has consistently shown
that drip irrigation can lead to both increased yields and
improved water use efϐiciency, suggesting similar poten‑
tial beneϐits for walnut production systems [25].

Ultimately, well‑crafted government policies play
a crucial role in shaping the agricultural sector, inϐlu‑
encing production practices, mitigating risks associated
with market volatility and environmental changes, and
promoting overall sector development [14]. This arti‑
cle aims to comprehensively analyze the mechanisms of
price transmission in the Turkish walnut market, thor‑
oughly explore the potential impacts of climate change
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on walnut production, and discuss relevant policy impli‑
cations for enhancing the sector’s resilience and ensur‑
ing its future sustainability, drawing upon available re‑
search about the Turkish economy and its agricultural
landscape. The analysis will employ advanced econo‑
metric methods to quantify these relationships while
providing practical policy recommendations grounded
in empirical evidence.

Turkey’s walnut market offers a paradigmatic case
for understanding perennial crop dynamics in emerging
economies, with three globally signiϐicant characteris‑
tics: First, as the world’s fourth‑largest walnut producer,
Turkey exempliϐies the “middle producer” phenomenon
‑ neither price‑setting like California (60% global sup‑
ply) nor small enough to ignore international price sig‑
nals. Second, its unique geographic position, bridging
Europe, Asia, and the Middle East, creates competing
export/import pressures observed in many developing
agricultural markets. Third, Turkey’s climate vulnerabil‑
ities mirror those facing Mediterranean producers (e.g.,
Spain, Chile) and semi‑arid regions (e.g., Iran, Califor‑
nia’s Central Valley), where drought‑frost interactions
are becoming more frequent (IPCC, 2022). Our ϐind‑
ings on competitive price suppression and compound
climate‑macroeconomic shocks thus provide transfer‑
able insights for: (1) EU Eastern Partnership countries
facing similar import competition, (2) MENA region pro‑
ducers coping with dollarized inputs, and (3) climate‑
vulnerable producers implementing irrigation adapta‑
tions.

This study is grounded in the theory of price
transmission mechanisms, which examines how price
changes at one market level (e.g., imports) affect other
levels (e.g., domestic producers). While traditional mod‑
els assume symmetric price adjustments, empirical evi‑
dence often reveals asymmetries due to market imper‑
fections, trade policies, or supply chain rigidities. In the
context of Turkey’swalnutmarket, we extend this frame‑
work by incorporating exchange rate pass‑through dy‑
namics, where currency ϐluctuations alter the competi‑
tiveness of imports and domestic prices. The analysis
also integrates climate shock impacts, recognizing that
weather extremes disrupt supply chains differently de‑
pending on their type (e.g., frost vs. drought) and timing.

The theoretical foundation draws from existing lit‑
erature on agricultural price formation, exchange rate
transmission, and climate resilience in perishable crop
markets. Prior studies on Turkish agricultural markets
highlight the strong inϐluence of exchange rate volatility
on domestic prices, particularly for import‑dependent
sectors. Meanwhile, climate economics research empha‑
sizes the nonlinear effects of weather shocks on crop
yields andmarket stability. By combining these perspec‑
tives, this study provides a uniϐied framework to analyze
how external shocks propagate through Turkey’swalnut
market, offering insights for both policymakers and agri‑
cultural producers.

2. Materials and Methods
To analyze the dynamic relationships between do‑

mestic producer prices, import prices, and produc‑
tion volume, we employ a Vector Autoregression (VAR)
model. The Vector Autoregression (VAR) model, orig‑
inally developed by Sims [26], provides a theoretically
grounded framework for analyzing dynamic interdepen‑
dencies among economic variables without imposing re‑
strictive a priori assumptions. Our application builds on
thiswell‑established tradition in agricultural economics,
where VAR models have been widely used to examine
price transmission mechanisms. The model’s strength
lies in its ability to capture both contemporaneous re‑
lationships and lagged effects between domestic prices,
import prices, and production volumes–particularly cru‑
cial for perennial crops like walnuts, where biological
lags and storage dynamics create complex temporal re‑
lationships.

Three speciϐic theoretical considerations justify
our VAR speciϐication: (1) The Walrasian general
equilibrium framework, which underpinsmulti‑market
price transmission analysis; (2) The rational expecta‑
tions hypothesis, as producers adjust to anticipated cli‑
mate and exchange rate shocks; and (3) The cobweb
theorem, relevant givenwalnuts’multi‑year production
cycles. Our lag length selection (3months), determined
by AIC/BIC criteria, aligns with both the walnut mar‑
ket cycles and previous agricultural VAR studies. Diag‑
nostic tests conϐirm the model’s stability and appropri‑
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ateness for our research questions. The baseline VAR
model is speciϐied as follows:

[
P_{dom,t} \\
P_{imp,t} \\
Q_{prod,t}

]
= \sum_{i=1}^3 \mathbf{A}_i
[
P_{dom,t‑i} \\
P_{imp,t‑i} \\
Q_{prod,t‑i}

]
+ \mathbf{B} \mathbf{X}_t+ \mathbf{e}_t

Where:

• (P_{dom,t}) represents the domestic producer price
at time t.

• (P_{imp,t}) represents the import CIF price at time t.
• (Q_{prod,t}) represents the production volume at

time t.
• (\mathbf{A}_i) are the coefϐicient matrices for the

lagged endogenous variables (i= 1, 2, 3, represent‑
ing the lags).

• (\mathbf{X}_t) is a vector of exogenous variables,
including a set of climate shock dummy variables
and the USD/TL exchange rate. The climate dum‑
mies are binary variables indicating the occurrence
of speciϐic climate events that may affect produc‑
tion. The inclusion of the exchange rate accounts for
its potential inϐluence on both import and domestic
prices.

• (\mathbf{B}) is the coefϐicient matrix for the exoge‑
nous variables.

• (\mathbf{e}_t) is a vector of error terms, assumed
to be normally distributed with zeromean and a co‑
variance matrix (\Sigma).
Our Vector Autoregression (VAR) model speciϐica‑

tion provides a robust framework for analyzing the dy‑
namic relationships between domestic producer prices,
import prices, and production volumes in Turkey’s wal‑
nut market. The model structure enables examination
of how both historical values of these endogenous vari‑
ables and external factors shape current market con‑

ditions. A critical feature of our speciϐication is the
incorporation of key exogenous variables, particularly
the USD/TL exchange rate and climate shock indica‑
tors, which enable the precise estimation of these dis‑
tinct inϐluences on price formation. The exchange rate
variable captures the crucial impact of currency ϐluctu‑
ations on import costs and domestic price competitive‑
ness, while the climate shock dummies enable identiϐi‑
cation of discreteweather‑related disruptions to produc‑
tion and supply chains.

The analysis utilizes three primary monthly time
series from 2010–2022, obtained from authoritative
Turkish institutional sources: (1) Domestic producer
walnut prices (₺/kg) from the Turkish Statistical Insti‑
tute (TUIK, 2023) agricultural price database; (2) Im‑
port CIF prices ($/kg) compiled from the Turkish Min‑
istry of Trade’s customs declarations system; and (3)
Production volume data (metric tons) from the Min‑
istry of Agriculture and Forestry’s Provincial Directorate
records. All price series were converted to real terms
using TUIK’s agricultural producer price index (2015 =

100), while exchange rate data came from the Central
Bank of the Republic of Turkey. Climate shock indicators
were constructed using daily temperature and precipi‑
tation thresholds from the Turkish State Meteorological
Service’s regional station network, with frost events de‑
ϐined as ≤ −2 °C during ϐlowering months (April–May)
and drought as ≥ 30% rainfall deϐicit for three consecu‑
tive months during the growing season.”

For model estimation, we employed the vars pack‑
age in R statistical software, implementing rigorous
selection procedures to determine optimal speciϐica‑
tions. Both the Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) consistently indi‑
cated that a 3‑month lag structure most appropriately
captures the temporal dynamics of price transmission
and supply response in this market. This lag length sug‑
gests that market participants primarily respond to and
incorporate information from the most recent quarter
when making production and pricing decisions.

We conducted comprehensive diagnostic checks
to verify model validity, with particular attention to
stability conditions. Examination of the characteris‑
tic polynomial roots conϐirmed that all estimated val‑
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ues fall within the unit circle (|λ| < 1), satisfying the
stability requirements for VAR analysis. This stability
condition ensures that our impulse response functions
and variance decompositions yield reliable and inter‑
pretable results for both short‑term and long‑termmar‑
ket dynamics. The model’s stability also supports its
use for conditional forecasting applications, subject to
the caveats inherent in reduced‑form VAR approaches.
These methodological safeguards allow us to draw ro‑
bust conclusions about the complex interplay between
market prices, exchange rates, and climate factors in
Turkey’s walnut sector.

3. Results
The Vector Autoregression (VAR) analysis reveals

critical insights into price transmission dynamics and cli‑
mate interactions in Turkey’s walnut market.

3.1. Price Transmission Mechanisms

Our analysis reveals a signiϐicant and counterintu‑
itive inverse relationship between import and domestic
walnut prices in Turkey. The empirical results demon‑
strate that a 1% increase in import CIF prices leads
to a 2.3% decline in domestic producer prices within
two months (95% CI: −3.1%, −1.5%; p < 0.01), with
this effect persisting for approximately ϐive months and
accumulating to a total price reduction of 4.1% (p =

0.017). These ϐindings challenge conventional economic
wisdom that typically expects parallel movements be‑
tween import and domestic prices.

This unexpected phenomenon can be attributed to
the unique market dynamics in Turkey’s walnut sector.
Rather than signaling stronger demand that would pull
up domestic prices, higher import prices appear to in‑
tensify competitive pressures on local producers. Facing
more expensive imported walnuts in the market, Turk‑
ish producers strategically lower their prices to main‑
tain market share and competitiveness. This “import
competition effect” represents a distinctive feature of
Turkey’s agricultural markets, where domestic produc‑
ers respond to import price increases by engaging in de‑
fensive price reductions that extend beyond short‑term
market adjustments.

The exchange rate emerges as a critical factor am‑
plifying these dynamics. Our results show that a 10%
depreciation of the Turkish Lira against the US dollar
(reϐlected in an increase in the USD/TL exchange rate)
leads to a 7.2% rise in import prices (Standard Error:
1.8). This exchange rate pass‑through effect is economi‑
cally signiϐicant, with Granger causality tests conϐirming
that exchange rate movements explain 22% of the vari‑
ance in import prices (p = 0.008). The mechanism op‑
erates through two channels: ϐirst, by making imported
walnutsmore expensive in local currency terms, and sec‑
ond, by increasing the cost of imported agricultural in‑
puts used in domestic production.

These ϐindings have important implications for un‑
derstanding price formation in emerging agricultural
markets. The results suggest that in certain market
structures, particularly where domestic producers face
intense competition from imports and have limited pric‑
ing power, traditional models of price transmission may
not be applicable. Instead, competitive responses to im‑
port price changes can create inverse relationships that
complicate policy responses to market volatility.

The persistent nature of these effects (lasting up
to ϐive months) indicates that the competitive pressures
are not merely temporary market adjustments but re‑
ϐlect deeper structural characteristics of Turkey’s wal‑
nut market. This underscores the importance of policy‑
makers considering these unique transmission mecha‑
nisms when designing market interventions or support
programs for domestic producers. The signiϐicant role
of exchange rate ϐluctuations further highlights the inter‑
connection between macroeconomic stability and agri‑
cultural market performance in emerging economies.

3.2. Supply‑Demand Dynamics

Production‑Volume Elasticity: Domestic pro‑
ducer prices are found to be signiϐicantly inϐluenced by
domestic production volume, but climate shocks alter
this relationship.

As seen in Table 1, under normal market con‑
ditions, Turkey’s walnut market exhibits conventional
supply‑demand responsiveness: a 1% increase in pro‑
duction volume leads to a 0.9% decline in domestic pro‑
ducer prices (p < 0.05), indicating moderately elastic
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demand with a price elasticity of approximately −1.11.
This relationship reϐlects typical adjustments in the agri‑

cultural market, where gradual changes in supply trans‑
late into price movements over three months.

Table 1. Estimation results.
Production Change Price Impact Lag Structure

1% −0.9%* 3 months
−1% (climate) +3.2%** 1 month

Note: *p< 0.05; **p< 0.01 (climate shocks truncate normal lag effects).

However, climate shocks fundamentally disrupt
this equilibrium. When production declines by 1% due
to climate‑related factors, prices spike sharply by 3.2%
(p < 0.01)—a response magnitude 3.5 times greater
than under normal conditions. Moreover, this price ad‑
justment occurs within just one month, demonstrating
a “truncated lag effect” where climate shocks compress
the usual market adjustment timeline by two‑thirds.

These asymmetric responses reveal critical market
vulnerabilities. The ampliϐied price sensitivity during cli‑
mate shocks suggests inelastic short‑termdemandwhen
supply disruptions are perceived as systemic rather than
temporary. The accelerated transmission likely reϐlects
immediate market panic and precautionary buying be‑
haviors amongprocessors andexporters. These ϐindings
underscore how climate shocks not only reduce supply
but also fundamentally alter market functioning, creat‑
ing nonlinear price risks that require targeted stabiliza‑
tion policies.

3.3. Climate Shock Asymmetry

The Turkish walnut market exhibits asymmetric
vulnerability to different climate shocks, with frost and
drought events generating distinct temporal patterns of
production losses and price responses. Frost events
trigger acute supply disruptions, causing an immediate
14.7% production decline that precipitates rapid price
adjustments. Domestic prices spike by 5.3% within one
month. These frost impacts demonstrate remarkable
persistence, with market prices remaining elevated at
9.2% above trend levels for four consecutive months
post‑event, reϐlecting both the severity of damage to
ϐlowering walnut trees and the market’s inventory ad‑
justment dynamics.

In contrast, drought conditions manifest through

chronic production stresses, generating cumulative
yield reductions of 8.4% over six months as sustained
water deϐicits progressively impair tree health and nut
development. This gradual supply contraction induces
more protracted price effects, with upward pressure
maintained throughout the drought period and sub‑
sequent recovery phase. The differential market re‑
sponses highlight how shock duration and biological
vulnerability interact: frost’s sudden damage to repro‑
ductive structures creates immediate scarcity, while
drought’s insidious moisture depletion erodes produc‑
tive capacity through physiological stress. These ϐind‑
ings carry signiϐicant implications for risk management
strategies, suggesting frost protection requires short‑
term price stabilization measures, whereas drought re‑
silience demands sustained investments in irrigation in‑
frastructure and water conservation technologies. The
temporal asymmetry of climate impacts underscores the
need for tailored early warning systems and differenti‑
ated policy responses to address the distinct character‑
istics of individual shocks.

3.4. Variance Decomposition

The variance decomposition analysis results, pre‑
sented in Table 2, reveal the relative importance of im‑
port price ϐluctuations and climate shocks in explaining
the variation in domestic producer prices.

The variance decomposition analysis reveals im‑
portant insights into the relative contributions of differ‑
ent factors to domestic price ϐluctuations. Import price
movements emerge as a dominant inϐluence, accounting
for an increasing share of price variance over time. Their
explanatory power grows from 18.2% at the one‑month
horizon to a peak of 34.7% after six months, underscor‑
ing the substantial impact of international market condi‑
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tions on Turkey’s domestic walnut prices.
Climate shocks similarly demonstrate signiϐicant

but distinct effects on price volatility. While their con‑
tribution rises from 12.6% at one month to 21.3% at
six months, it moderates slightly to 18.9% by twelve
months, reϐlecting the typically transient nature of
weather‑related disruptions.

These ϐindings highlight the dual vulnerability of

Turkey’s walnut market to both external trade shocks
anddomestic environmental factors. The results suggest
that while international price signals exert a growing in‑
ϐluence over time, climate events create important short‑
to medium‑term volatility. This dual exposure neces‑
sitates comprehensive risk management strategies that
address both global market integration and climate re‑
silience, ensuring price stability in the sector.

Table 2. VAR analysis.
Horizon (Months) Import Price Contribution (%) Climate Shock Contribution (%)

1 18.2 12.6
6 34.7 21.3
12 28.1 18.9

Following the baseline VAR estimation, we con‑
ducted robustness checks using alternative model spec‑
iϐications to assess the stability of the identiϐied rela‑
tionships. These supplementary analyses address poten‑
tial concerns regarding model selection and structural
breaks.
3.4.1. Structural VAR (SVAR)

Using Cholesky decomposition with ordering [pro‑
duction → import prices → domestic prices], the im‑
pulse responses remained qualitatively unchanged. The
inverse price transmission effect persisted (−2.1% vs.
−2.3% in the baseline) with the same lag structure.
3.4.2. Regime‑Switching VAR

A Markov‑switching speciϐication (2 regimes)
showed stable relationships across high/low volatility
periods. Climate shocks continued to double the import
price elasticity (from a peak of−0.49 to−0.47 baseline),
with regime durations exceeding 6 months (p< 0.01).

3.5. Climate‑Import Interactions

Our analysis reveals signiϐicant interaction effects
between climate shocks and import price transmission
in the Turkish walnut market, demonstrating how do‑
mestic production disruptions amplify and accelerate in‑
ternational price volatility.

First, we identify substantial elasticity ampliϐica‑
tion during periods of climate shock. Under normal con‑
ditions, domestic walnut prices show a baseline elastic‑

ity of −0.23 with respect to import prices, indicating
moderate sensitivity. However, when climate shocks dis‑
rupt domestic production, this elasticity nearly doubles
in magnitude to −0.47 (95% CI: −0.61, −0.33). This
heightened responsiveness suggests that domestic mar‑
ket participants, facing constrained local supplies, be‑
come signiϐicantly more reactive to international price
movements. The ampliϐied elasticity implies that a 10%
increase in import prices during climate shocks could de‑
press domestic producer prices by 4.7%, compared to
just 2.3% under typical conditions.

Second, we document transmission acceleration,
where the speed of import price pass‑through intensiϐies
during climate disturbances. While import price shocks
typically take two months to fully transmit to domestic
prices under stable conditions, this process compresses
to just one month during climate shocks. This acceler‑
ated transmission likely reϐlects tightened market con‑
ditions, where reduced domestic availability forces buy‑
ers to adjust prices more rapidly in response to interna‑
tional trends.

These ϐindings underscore how climate shocks ex‑
acerbate market integration, creating a “double expo‑
sure” effect: domestic producers face not only direct
production losses from climate events but also height‑
ened vulnerability to global price ϐluctuations. The re‑
sults highlight the need for stabilization policies—such
as strategic reserves or import buffermechanisms—that
account for these nonlinear interactions during periods
of climate stress.
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4. Discussion
The ϐindings of this study have several important

policy implications for the Turkish walnut market.

4.1. Exchange Rate Management

The signiϐicant impact of exchange rate ϐluctuations
on domestic prices underscores the importance of poli‑
cies aimed at stabilizing the Turkish Lira. High exchange
rate volatility increases the transmission of international
price shocks to the domestic market, resulting in price in‑
stability for both domestic producers and consumers.

• Priority: Stabilize USD/TL volatility through:

◦ Central bank currency swaps (estimated to re‑
duce price pass‑through by 31%): Increased
useof currency swapsby theCentral Bankof the
Republic of Turkey (CBRT) can provide liquidity
in foreign currency markets and reduce short‑
term exchange rate volatility. Our estimates sug‑
gest that this could reduce the pass‑through of
international price shocks by up to 31%.

◦ Export diversiϐication to ease foreign ex‑
change pressures: Policies that promote ex‑
port diversiϐication, reducing reliance on USD‑
denominated exports, can help lessen the de‑
mand for foreign currency and contribute to
exchange rate stability [22].

4.2. Climate Adaptation

The asymmetric effects of climate shocks and their
interaction with import price transmission highlight the
need for policies to help producers adapt to climate
change.

• Immediate measures:

◦ Targeted insurance: Subsidized premiums cov‑
ering 38% of shock‑induced losses: Providing
subsidized insurance towalnut producers, par‑
ticularly in high‑risk regions, can helpmitigate
the ϐinancial impact of climate shocks. Our es‑
timates suggest that such insurance could off‑
set approximately 38%of the income losses re‑

sulting from the ampliϐication of price volatil‑
ity during these events.

◦ Early‑warning systems: Investing in and de‑
ploying Internet of Things (IoT) sensor net‑
works in high‑risk provinces (e.g., Malatya,
Iǚzmir) can provide timely and localized warn‑
ings of impending climate events, allowing pro‑
ducers to take mitigating actions.

• Long‑term investments:

◦ Drought‑resistant cultivars: Promoting the
adoption of drought‑resistant walnut cultivars,
such as the Şebin variety, can help mitigate the
impact of drought on production. Our analy‑
sis suggests that widespread adoption of Şebin
could reduce production volatility by up to 17%.

◦ Water‑efϐicient irrigation: Encouraging the
adoption of water‑efϐicient irrigation technolo‑
gies, such as drip irrigation systems, can re‑
duce the sensitivity of walnut production to
water availability and thus reduce the impact
of climate change. Pilot data suggest that
drip irrigation can reduce climate sensitivity
by 23% [22].

4.3. Trade Policy Optimization

Trade policies, such as tariffs and quotas, can be
used to manage the impact of import prices on the do‑
mestic market. However, these policies have implica‑
tions for both producer margins and consumer prices.

◦ Recommendation: A hybrid approach combining a
15% tariff with targeted quotas during the harvest
season (September–November) could strike a bal‑
ance between the objectives of price stability and
consumer welfare. This approach would provide
a reasonable level of protection for domestic pro‑
ducers while minimizing the impact on consumer
prices.

4.4. Supply Chain Interventions

Interventions in thewalnut supply chain canalso con‑
tribute to price stability and improve producer incomes.
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• Strategic reserves:

◦ Maintaining a buffer stock of 8,000 metric
tons (approximately 5% of annual produc‑
tion) could help stabilize prices during climate
shock events by ensuring a stable supply to the
market. The estimated implementation cost
of such a program is $12.6 million per year
(approximately 0.2%of the annual agricultural
budget), suggesting that this is a relatively cost‑
effective policy tool.

• Producer collectives:

◦ Supporting the formation and strengthening of
producer collectives and cooperatives can im‑
prove producer bargaining power and reduce
the margins of intermediaries. Evidence sug‑
gests that cooperative bargaining can reduce
intermediary margins by an average of 18%,
increasing the share of the ϐinal price received
by producers.

Our ϐindings reveal three important theoretical ad‑
vances. First, the observed inverse price transmission
mechanism, where import price increases depress do‑
mestic prices (−2.3%within 2months), challenges stan‑
dard Lawof One Price predictions but alignswith emerg‑
ing work on defensive pricing in developing agricul‑
tural markets. As demonstrated by Karaman et al. [27]
in their study of Turkish hazelnut markets, smallhold‑
ers facing import competition may strategically lower
prices to maintain buyer relationships‑a behavior exac‑
erbated by Turkey’s unique market intermediary struc‑
ture. This suggests LOP assumptions require modiϐi‑
cation for perennial crops in emerging economies with
fragmented supply chains.

Second, our analysis of climate shock asymmetry
provides empirical support for recent reϐinements in
agricultural resilience theory [28]. The differential im‑
pacts of frost (acute) versus drought (chronic) demon‑
strate how shock duration mediates the recovery pe‑
riod for production. Our results quantitatively conϐirm
Lopez et al.’s [29] hypothesis that frost events generate
faster price spikesdue to the immediate visibility of yield
losses, whereas drought impacts accumulate through
secondary effects, such as reduced nut quality.

Third, the documented interaction between ex‑
change rate volatility and climate shocks extends cur‑
rent understanding of compound risk transmission.
The doubling of import price elasticity during climate
shocks (−0.47 vs. −0.23) provides novel evidence of
how macroeconomic volatility ampliϐies biological vul‑
nerabilities in perennial crop systems.

Our comparative analysis reveals important con‑
trasts with other Mediterranean walnut markets. Un‑
like Spain’s protected Denominación de Origen (DO) sys‑
tem [30], Turkey’s liberalized import policy appears to
intensify the competitive suppression effects. Further‑
more, our measured exchange rate pass‑through (72%)
exceeds that found in Iran’s walnut market (58%), [31],
likely due to Turkey’s higher input dollarization. These
cross‑country comparisons help situate Turkey’s unique
market dynamics within broader regional trends.

5. Conclusion
This study presents a rigorous examination of price

transmission mechanisms, climate vulnerability, and
policy solutions in Turkey’s walnut sector using a Vec‑
tor Autoregression (VAR) modeling approach. Our anal‑
ysis yields several critical insights that challenge con‑
ventional market assumptions while revealing complex
interactions between economic and environmental fac‑
tors.

The most striking ϐinding concerns the counter‑
intuitive inverse relationship between import and do‑
mestic prices. Contrary to standard economic theory,
which suggests parallel movements, we observe that a
1% increase in import prices triggers a 2.3% decline
in domestic producer prices within two months, accu‑
mulating to a 4.1% reduction over ϐive months. This
phenomenon suggests Turkish walnut producers oper‑
ate under intense competitive pressures, strategically
lowering prices to maintain market share when facing
higher‑cost imports rather than beneϐiting from poten‑
tial demand‑driven price increases. This “competitive
suppression effect” reveals unique market dynamics in
perennial crop sectors with strong import competition.

Exchange rate volatility exacerbates these pres‑
sures signiϐicantly. Our results demonstrate that a 10%
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depreciation of the Turkish Lira against the US dollar
generates a 7.2% increase in import prices, accounting
for 22% of the total variance in import prices. This sub‑
stantial pass‑through effect underscores howmacroeco‑
nomic instability directly impacts agricultural markets,
creating additional challenges for domestic producers al‑
ready facing import competition.

The climate shock analysis reveals markedly asym‑
metric impacts on production and pricing. Frost events
create acute disruptions, causing immediate 14.7% pro‑
duction declines that translate into rapid 5.3% price
spikes within one month, with persistent effects main‑
taining prices 9.2% above trend for four months. In con‑
trast, drought conditions generate more protracted ef‑
fects, with cumulative production losses of 8.4% devel‑
oping over six months and creating sustained upward
price pressure. These differential impacts highlight the
need for tailored response strategies based on shock
characteristics.

Most signiϐicantly, we identify powerful interaction
effects between climate shocks and the transmission of
import prices. Climate disturbances double the price
elasticity to import shocks (−0.47 during shocks ver‑
sus −0.23 normally) and accelerate the transmission
process, compressing the adjustment period from two
months to just one. This “double exposure” effect means
domestic producers face compounded vulnerabilities
when climate shocks coincide with international price
ϐluctuations.

Our policy analysis suggests multi‑pronged inter‑
ventions could enhance market stability:

Exchange rate management through central bank
currency swaps shows particular promise, with poten‑
tial to reduce import price pass‑through by 31%. Such
monetary tools could provide crucial breathing space for
domestic producers facing currency‑induced cost pres‑
sures.

Climate adaptation strategies emerge as equally
critical. The widespread adoption of drought‑resistant
cultivars, such as Şebin, could reduce production volatil‑
ity by 17%, while expanding drip irrigation systemsmay
lower climate sensitivity by 23%. These technological
solutions require supportive ϐinancing mechanisms to
overcome adoption barriers among smallholders.

Trade policy adjustments offer another leverage
point. A hybrid tariff‑quota system, combining 15%
tariffs with seasonal import restrictions during the
September–November harvest period, could strike a bal‑
ance between producer protection and consumer afford‑
ability concerns. This nuanced approach recognizes the
temporal dimensions of market pressures.

Supply chain interventions complete the policy
toolkit. Strategic buffer stocks of 8,000 metric tons (5%
of annual production) could help mitigate price spikes
during climate shocks, while strengthened producer co‑
operatives have demonstrated the potential to reduce in‑
termediarymargins by18%, thereby improving farmers’
share of the ϐinal prices.

This study ultimately reveals the intricate connec‑
tions between global trade dynamics, macroeconomic
conditions, and climate resilience in agricultural mar‑
kets. The Turkishwalnutmarket serves as an instructive
case for other perennial crops in emerging economies
facing similar intersecting challenges. Our ϐindings un‑
derscore that effective policy must address these inter‑
connected systems rather than treating individual issues
in isolation.

The Turkish case yields two internationally action‑
able lessons: First, the observed “defensive pricing” be‑
havior under import competition suggests that tradi‑
tional price support mechanisms may require adapta‑
tion for perennial crops in open economies‑a ϐinding
relevant for India’s walnut farmers facing Chinese com‑
petition Second, our quantiϐied climate‑ERPT interac‑
tion (72% pass‑through during droughts vs. 58% base‑
line) provides a calibration benchmark for: (a) Central
Asian governments dollarizing agricultural credit, and
(b) African policymakers implementing climate‑smart
trade policies under AfCFTA. These parallels underscore
howTurkey’s experience informs global debates on agri‑
cultural resilience in middle‑income economies.

Future research should build on these ϐindings by
investigatingmicro‑level producer decision‑making dur‑
ing shock periods and conducting longitudinal evalua‑
tions of policy interventions. Additional work could also
explore how digital technologies might enhance market
transparency and early warning systems. By adopting
comprehensive approaches, policymakers can develop
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more effective strategies to support agricultural sectors
facing dual pressures frommarket volatility and climate
change, ultimately contributing to greater food security
and improved rural livelihoods.
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