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ABSTRACT

This paper empirically explores the transmission dynamics of climate-induced economic shocks
and their subsequent spillovers onto macroeconomic stability parameters—specifically, real GDP
growth trajectories and inflationary pressures—within the Iragi economy over the 20042025
timeframe. The analytical core of this inquiry evaluates the capacity of existing macroeconomic
buffers to neutralize non-linear structural dislocations triggered by climatic vulnerabilities in a
highly concentrated rentier system. To operationalize this assessment, quantitative metrics for
both "Fiscal Policy Space" and "Monetary Policy Space" were rigorously constructed. The
empirical strategy employs an advanced Vector Auto regression (VAR) framework, augmented
by Impulse Response Functions (IRFs) and Forecast Error Variance Decomposition (FEVD).
This is integrated with a structural co-causality diagnostic applied to a quarterly dataset of 88
observations. Furthermore, the study utilizes dynamic simulations to project counterfactual
macroeconomic scenarios for Iraq through 2030. Diagnostic tests for structural stability
corroborate the model's robust specification, evidencing that all inverse roots of the characteristic
AR polynomial are strictly confined within the unit circle. Causality estimations capture a
unidirectional structural transmission channel flowing from climate-economic perturbations
directly toward amplified inflation, stunted output growth, and fiscal space contraction. Insights
from the variance decomposition reveal that climatic anomaly (notably, acute thermal spikes and
severe evaporation rates) account for approximately 32% of output volatility and 29% of
inflation variance over the long-run horizon. Projections spanning the extended 20042025 series
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highlight a profound depletion of the fiscal space—converging toward the zero bound—
exacerbated by compounding debt obligations and relentless oil market volatilities. Conversely,
the monetary policy space retains an accommodative margin of 28% by 2025, contingent upon
holding inflation below the critical stabilization threshold of 7%. The paper concludes by
advocating targeted policy interventions, predominantly the deployment of green financing
mechanisms and ecological credit easing, to foster long-term, sustainable macroeconomic
resilience.

KEYWORDS: - Climate Economy, Monetary Policy Space, Fiscal Space, Vector Auto
regression (VAR) Framework, Structural Granger Causality, Green Credit Financing, Iraqg.

1.0 INTRODUCTION

Environmental anomalies have transcended their conventional framing as mere exogenous
natural occurrences. Instead, they have crystallized within contemporary macroeconomic thought
into an independent, specialized sub-discipline termed the "Climate Economy.” This paradigm
internalizes ecological disasters and environmental disruptions as endogenous variables that
directly impinge upon the operational mechanics of aggregate supply and demand (Tol, 2023). A
defining characteristic of climate-economic shocks is their non-linear dynamic behavior, which
substantially escalates the degrees of policy uncertainty. Furthermore, these shocks induce deep-
seated structural distortions that comprehensively disrupt production paradigms, microeconomic
agent behaviors, and the maintenance-depreciation cycles of both physical and human capital.
Against this theoretical backdrop, the Iragi macroeconomic landscape confronts a compounding
dual vulnerability. On one hand, it is globally categorized among the most fragile economies,
acutely susceptible to climatic permutations, rampant desertification, and surging evaporation
rates. These ecological stressors have collectively triggered a severe deficit in the hydrological
levels of the Tigris and Euphrates rivers, accompanied by widespread soil salinization. On the
other hand, the foundational economic architecture suffers from chronic rigidities and a
pronounced deficit in operational maneuverability. This structural inertia is fundamentally rooted
in a hyper-dependence on crude oil rents, which underwrite over 90% of the public budget and
dictate the trajectory of domestic liquidity (Al-Kawas et al., 2024).This systemic nexus ensures
that climatic perturbations propagate with remarkable velocity into domestic price levels and
aggregate output via inherently distorted macroeconomic transmission channels. Specifically, the
continuous degradation of domestic agricultural productivity necessitates a near-absolute
reliance on imported food commodities, a trend that coincides with a spiraling local demand for
energy and clean fuel consumption. Consequently, there is an urgent imperative to empirically
evaluate the efficacy of the "policy space"—or the prudential macroeconomic buffers—
accessible to Iraq’s monetary and fiscal authorities, in order to neutralize these shocks and
dampen their adverse spillovers.
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1.1 Research Problem

The central problematic of this inquiry is rooted in the intensifying magnitude of climate-
economic shocks and their intricate entanglement with exogenous oil price volatilities in Irag.
This compounding macro-financial vulnerability precipitates the following fundamental research
question: "Does the lraqi economy harbor sufficient fiscal and monetary capacity to internalize
and absorb non-linear climate-induced shocks? Consequently, what is the optimal strategic
framework required to pivot macroeconomic policy instruments toward financing climate
adaptation and expediting a green transition, validated by the extended time-series dynamics
over the 2004-2025 horizon?"

1.2 Significance and Objectives of the Study

The paramount significance of this research lies in its novel construction of a simultaneous,
quantitative parameterization of lIraq's fiscal and monetary policy spaces spanning the 2004—
2025 timeframe. By empirically mapping the statistical responsiveness of these macro-prudential
buffers under conditions of severe structural climate distress, the study aims to deliver an
evidence-based strategic roadmap for policymakers, projecting structural stabilization pathways
up to the year 2030.

2.0 Section I: The Theoretical Framework and the Propagation Channels of Climate-
Economic Shocks

2.1 Conceptual Underpinnings of the Climate Economy and the Social Cost of Carbon
Theoretical analyses within the climate economy are fundamentally anchored in the
internalization of environmental externalities into macroeconomic modeling frameworks. When
free-market mechanisms systematically fail to price the damages inflicted by emissions, climate
change morphs into a quintessential global market failure, necessitating precisely calibrated and
targeted policy interventions (Gerlagh& Lorang, 2013). Within this paradigm, the concept of the
"Social Cost of Carbon" (SCC) emerges prominently. It is conceptualized as the aggregate
monetary proxy for the cumulative, long-run socioeconomic and ecological damages—including
desertification—sustained by society due to the emission of one incremental marginal ton of
carbon dioxide (Tol, 2023). From a policy formulation standpoint, this metric serves as the
empirical bedrock for designing the optimal "carbon tax,” environmentally engineered to compel
macroeconomic agents toward accelerating their transition to green technologies (Richard,
2023).

2.2 Macroeconomic Propagation Mechanisms of Climate-Economic Shocks Climatic
perturbations (specifically, acute temperature anomalies and severe drought cycles) permeate the
core variables of macroeconomic stability through two primary conduits:
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The Aggregate Supply Channel: The climatic shock acts as a direct exogenous strike on both
natural and productive capital endowments. Record-high thermal shifts and intensified
evaporation rates trigger the degradation of arable lands, plunging agricultural productivity,
and contracting the domestic supply of food and raw materials. This dynamic manifests as a
severe adverse supply shock, structurally dampening the growth rates of the real Gross
Domestic Product (GDP). Contemporary econometric literature corroborates that deploying
Structural Vector Autoregression (SVAR) models facilitates the precise identification of
how weather and thermal shocks traverse through the productive architecture of ecologically
fragile economies (Donadelli et al., 2025).

The Aggregate Demand Channel: The aforementioned supply contractions instigate acute
inflationary pressures fueled by structural scarcities and the escalating costs associated with
energy, water, and fuel generation. This spillover transmits directly to the general price
level, inevitably eroding the real purchasing power of incomes. In rentier economies like
Irag, this disruption translates into an exponential surge in aggregate demand for imported
food commodities to bridge the widening domestic deficit. This phenomenon mirrors a price
shock that destabilizes macroeconomic equilibrium and exerts relentless pressure on foreign
exchange reserves. Indeed, empirical validations demonstrate that resource-exporting
developing nations confront structurally imported inflation, transmitted via food import
conduits, during episodes of severe climate-induced distress (Faccia et al., 2025).

3.0 CRITICAL ASSESSMENT OF THE EMPIRICAL LITERATURE

The interplay between climate-economic dynamics and macroeconomic policy buffers has
garnered escalating traction within contemporary applied econometric literature. This extant
body of research can be systematically categorized into three distinct thematic trajectories:

1. Empirical Inquiries on Climate Shocks, Inflation, and Growth: At the forefront of this

trajectory, Cevik and Jalles (2023) utilized panel data econometric frameworks to
demonstrate that climatic disruptions operate through a non-linear exponential function.
They concluded that the severity of stagflationary spillovers is fundamentally contingent
upon the magnitude of the fiscal space available at the precise onset of the shock. This
empirical finding seamlessly aligns with the theoretical propositions of Tol (2023), who
posited that the cost of policy inaction breeds chronic price distortions, thereby persistently
impairing the marginal productivity of capital.

Contextual Studies in Developing and Regional Frameworks: Focusing on the Arab
region, the Arab Monetary Fund-issued study by Al-Kawas et al. (2024) empirically
validated that rentier economies confront compounded vulnerability premiums due to their
monolithic productive structures. These conclusions parallel the findings of Mauderer
(2020) under the auspices of the Network for Greening the Financial System (NGFS). The
latter articulated that climate anomalies pose a systemic threat to both price and banking
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stability within developing economies, a fragility exacerbated by the underdevelopment and
shallowness of domestic financial markets.

3. Investigations on Adaptation Policies and Green Policy Space: Advancing the modeling
of green policy simulations, Lamperti et al. (2021) proved that active central bank
interventions, specifically engineered via "green credit easing" instruments, are instrumental
in contracting aggregate credit risk. This paradigm is further corroborated by a European
Commission-backed study by Briciu et al. (2023), which elucidated that institutionalizing
climate considerations inherently fosters macroeconomic resilience and systematically
broadens the effective operational horizon of monetary policy over the long run.

4. Methodological Benchmarking and Critical Synthesis

Analytical Extant Contemporary | The Present Innovative Research
Dimension Literature (Previous Studies) (Current Study)
Sample Dynamics | Relies on extensive cross-country | Conducts an in-depth, idiosyncratic

& Structural Focus

panel frameworks that
amalgamate structurally
disparate economies, thereby
obscuring  unique  domestic
vulnerabilities.

case study precisely calibrated to
capture the structural rigidities of an
ecologically vulnerable, oil-
dependent rentier economy (lraq).

Parameterization of
Policy Space

Confined to singular or orthodox
macroeconomic proxies, such as

Introduces a synchronized, novel
quantitative integration of effective

aggregate  fiscal deficits or | monetary and fiscal policy spaces,
rudimentary nominal interest | modeled as core structural
rates. determinants  extending  through
2025.
Econometric Dependent on static panel | Deploys an advanced Vector

Framework

estimators (e.g., fixed or random
effects) that inherently omit
unconstrained, time-varying
dynamic interactions.

Autoregression (VAR) architecture
and quarterly Impulse Response
Functions (IRFs), rigorously
complemented by Structural Granger
Causality diagnostics.

Temporal Horizon
& Forecasting

Restricted to  retrospective
historical analyses,
fundamentally neglecting recent
shock dynamics and forward-
looking macroeconomic
projections.

Fuses historical and contemporary
empirical evaluations (2004-2025)
with dynamic predictive simulations,
modeling  three  counterfactual
macroeconomic scenarios up to the
year 2030.
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3.1 Research Gap and Study Contribution

The crux of the research gap emerges from a systematic oversight within contemporary literature
regarding the structural idiosyncrasies of fragile, developing oil-rentier economies. In these
specific macroeconomic contexts, fiscal and monetary spaces are intricately entangled with the
highly volatile cycles of global energy markets. The distinguishing hallmark of the present
inquiry lies in decisively bridging this analytical void. It achieves this by constructing the
premier holistic econometric architecture explicitly tailored for the Iragi economy. This novel
framework executes a rigorous quantitative parameterization of both monetary and fiscal policy
spaces, calibrated precisely against domestic inflation thresholds and dynamic sovereign debt
sustainability paradigms. Furthermore, the model's robustness is distinctly amplified by the
integration of an advanced structural causality diagnostic among the core macroeconomic
variables.

4.0 Section Three: The Conceptual and Quantitative Architecture of Macroeconomic
Policy Space Metrics in Iraq

4.1 Quantitative Parameterization of the Monetary Policy Space

Grounded in contemporary central banking literature (Ferrer & Kireyev, 2022), the Monetary
Space ($MS$) is mathematically conceptualized as the operational margin separating the optimal
inflation threshold from the prevailing policy interest rates. This capacity is structurally
constrained by the deviation coefficient of realized inflation relative to its targeted benchmark,
formally expressed via the following mathematical specification:

MS, = AINF; — B,(1 — E;) * Rate;,

Where:

« MS _{it}: Denotes the effective monetary policy space index for Iraq at time t.

e The Supplementary Effective Inflation Margin: Represents the operational latitude
afforded to the central bank, allowing actual inflation to transiently overshoot the targeted
benchmark without inducing destructive contractions in aggregate macroeconomic growth.

o B_i: Signifies the mean elasticity of inflation relative to the Gross Domestic Product (GDP),
rigorously derived through a bivariate residual autoregressive estimation.

o E_i: A categorical dummy variable assigned the value of (1) to reflect Irag's de facto pegged
exchange rate regime (structurally anchored via the central bank's foreign currency auction
mechanism), and (0) to denote a hypothetical freely floating exchange rate scenario.

4.2 Analytical Deduction:
Given that E_i = 1 under the Iragi monetary framework, the right-hand segment of the theoretical
equation—specifically, B_i(1-E_i) \times Rate {it}—mathematically converges to zero.
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Consequently, this systemic nullification dictates that the actual monetary space within the Iraqi
context is exclusively and directly anchored to the dynamic trajectory of the supplementary
effective inflation margin.

To operationalize this computation empirically, the analysis adopts the threshold-constrained
dynamic inflation gap specification.

AINF® = INFyay — 6¢ — INFeapger

Empirically, the optimal inflation threshold for the Iragi economy was calibrated at 7%. This
specific magnitude denotes the critical inflection point at which the inflation-growth nexus
structurally inverses—pivoting from a pro-cyclical, stimulatory relationship into an adverse,
growth-retarding trajectory, a dynamic that rigorously corroborates the foundational paradigms
established by Khan and Senhadji (2001). Concurrently, the nominal inflation target was
exogenously anchored at a baseline of 3%. Furthermore, the realized deviation coefficient was
systematically captured on a quarterly basis utilizing the subsequent mathematical specification::

infactual ¢

o =—F—
INF target

4.3 Quantitative Analysis of Monetary Space Dynamics
The empirical estimations, encompassing the integrated projections for 2024 and 2025, unveil
severe structural volatilities within the Monetary Policy Space (MS). During historical episodes
characterized by hyperinflationary spikes—maost notably in 2006, when realized inflation surged
to 53.1%—the monetary space contracted precipitously, registering a profound negative
magnitude of -4.62. This severe contraction was catalyzed by the outright depletion of the
prudential buffer and an exponential overshoot of the 7% critical threshold.

Conversely, the 2010-2023 horizon witnessed a structural migration of the monetary space into a
stabilized positive domain, precipitated by the progressive dissipation of aggregate inflationary
pressures. Specifically, the index recorded a positive margin of 0.26 in 2023. Owing to the
contractionary and regulatory measures systematically deployed by the Central Bank of Iraq
(CBI) to compress the divergence between the official and parallel exchange rates, realized
inflation stabilized around 4.1% in 2024 and 4.5% in 2025. Consequently, the MS index
sustained its equilibrium within the positive bandwidth, recording 0.22 and 0.28 for 2024 and
2025, respectively. This occurred in tandem with an anchored policy interest rate securely
maintained at 7.5%.
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Analytically, this robust outcome signifies that the Iragi monetary authority continues to preserve
adequate prudential maneuvering buffers. Such latitude structurally empowers the central bank to
spearhead green financing frameworks and climate adaptation initiatives without precipitating
the systemic risk of breaching the growth-retarding critical inflation threshold.

Second: The Quantitative Assessment of Fiscal Space

The quantitative estimation of Iraq's Fiscal Space (FS) reveals its profound vulnerability to
external oil cycle shocks and a stark lack of structural flexibility. Throughout 2024 and 2025, the
fiscal space experienced a continuous and alarming contraction. The aggressive expansion of
recurrent operational expenditures—specifically public sector salaries and wages—embedded
within the triennial budget, compounded by the volatility of global oil prices and OPEC+
production constraints, precipitated an actual fiscal deficit. Consequently, the effective fiscal
space index plummeted to near zero, recording a mere 0.04 in 2024 and dropping further to 0.02
in 2025. , These empirical findings indicate that Iraq's fiscal policy has entered a zone of critical
exposure, rendering it structurally incapacitated to generate the necessary fiscal buffers required
to finance adaptation strategies. This aligns with recent international literature emphasizing that
resource-rich economies confront acute dynamic pressures and a constrained fiscal space. This
constriction is primarily driven by the convergence of climate transition risks and the inherent
volatility of conventional energy markets, ultimately curtailing their capacity for autonomous
fiscal interventions (Gbohoui& Medas, 2024).

di —di—y = (t; — g)de—1 — gDt

Where:

e d_t: The gross sovereign public debt-to-GDP ratio.

e pb_t: The non-oil primary budget balance-to-GDP ratio (Non-oil public revenues minus
public expenditures, excluding debt service costs).

e g_t: The real Gross Domestic Product (GDP) growth rate.

e r_t: The nominal interest rate on sovereign debt.

e (r_t-g.t)d {t-1}: Represents the growth-adjusted interest payments, which serves as the
definitive indicator for the depletion or expansion of the fiscal space.

Building upon the mathematical approach developed by Moody's Analytics (2011), the effective
Fiscal Space (FS) index is formulated as the standard statistical differential between the
theoretical upper bound of sustainable debt and the actual government debt in Iraq.
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4.4 Quantitative Analysis of Fiscal Space Outcomes (2004-2025)

The quantitative estimation of Iraqg's Fiscal Space (FS) underscores its absolute subordination to
external oil cycle shocks and a pervasive lack of structural flexibility. During periods of energy
market resurgence (such as 2015), the fiscal space registered a positive surge, peaking at 3.78,
driven by a primary budget surplus. Conversely, it contracted sharply into negative territory,
plummeting to -2.02 in 2016 following the collapse of global oil prices. This severe contraction
forced the government into a vicious cycle of debt financing. Moving to the 20242025 period,
the Fiscal Space (FS) experienced continuous and alarming erosion. The aggressive expansion of
recurrent operational expenditures—specifically public sector wages and salaries—embedded
within the triennial budget, coupled with global oil price volatility and OPEC+ production
constraints, culminated in an actual fiscal deficit. Consequently, the effective fiscal space index
plummeted to near zero, registering a mere 0.04 in 2024 and declining further to 0.02 in
2025.,These empirical figures unequivocally indicate that Iraq's fiscal policy has entered a zone
of critical exposure. It has become structurally incapacitated to generate the vital fiscal buffers
necessary for financing adaptation strategies against climate-economic shocks without directly
compromising public debt sustainability.

5.0 Section Four: Econometric Estimation and Dynamic Analysis of Climate Economy
Shocks Following Sample Extension

First: Model Specifications and Quarterly Data

To ensure rigorous statistical testing and to validate the robustness of the estimated parameters
for international publication standards, derived quarterly data for the Iraqi economy were
employed, spanning the period from 2004 to 2025. This yields a total of 88 observations
(incorporating the extended data for the years 2024 and 2025), thereby substantially enhancing
the model's overall degrees of freedom.

Within the Vector Auto regression (VAR) framework, the variables were ordered according to
their degree of $Exogeneity$ utilizing the Cholesky \ Decomposition approach, as outlined
below:

Y_t = [Temp_t,TO_t,FS_t, MS_t,GDP\_G_t,Inf_t]

The fundamental model is formulated using matrix representation in the following manner

4
Yo =C +ZAth—1 + &
=1

Where c denotes the vector of constants, A_i represents the matrices of estimated parameters
corresponding to the time lag length (lag = 4 quarters, representing the annual criterion
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consistent with quarterly data), and varepsilon_t stands for the vector of structural white noise
shocks.

Second: Diagnostic Tests and Model Stability

Prior to interpreting the shock dynamics, the estimated VAR model was subjected to rigorous

statistical diagnostic tests to verify the efficiency and robustness of the estimation:

e Unit Root Test: The findings from the Augmented Dickey-Fuller (ADF) and Phillips-
Perron (PP) tests indicated that the series (Inf, GDP_G, Temp) are stationary at level 1(0)
using quarterly frequency. Conversely, the variables (FS, MS, TO) achieved stationarity
only after taking the first differences 1(1). This evidence of mixed orders of integration was
appropriately handled by estimating the model in levels, applying optimal lag lengths to
accurately capture the unconstrained long-run equilibrium dynamics.

e Inverse Roots of AR Characteristic Polynomial: This test represents the definitive
mathematical prerequisite for validating the outputs of both the climate-economic shocks
and the impulse response functions. For the VAR model to be structurally stable, it strictly
requires all inverse roots to be situated inside the unit circle; equivalently, their absolute
values must be strictly less than one.

o Updated Econometric Finding: Following the incorporation of the 2024 and 2025
data, the econometric output generated EViews 13 confirmed that all estimated inverse
roots of the model reside entirely within the unit circle's boundary, with zero values
breaching this critical threshold.

o Governing Economic Interpretation: Statistically, this outcome substantiates that
the structural climate-economic shocks (Temp) striking the Iragi economy are
fundamentally dissipative and convergent over time. Consequently, the detrimental or
inflationary impacts triggered by severe droughts or anomalous temperature spikes
reach their zenith over the medium term. Subsequently, these effects progressively
decay, driven by macroeconomic automatic stabilization mechanisms, guiding the
economy back to its long-run steady-state equilibrium. Such stability provides robust
justification for utilizing this model in forward-looking policy formulation and
scenario simulation.

e Autocorrelation Test: The analysis validated the acceptance of the null hypothesis (H_0),
which postulates the absence of serial correlation in the error terms across all lag intervals.
The corresponding probability values consistently exceeded the 5% significance level (p-
value > 0.05).

o Heteroskedasticity Test: The results confirmed the homoskedasticity (constant variance) of
the residual terms and their statistical independence from time, further reinforcing the
efficiency and reliability of the estimated parameters.
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Third: Structural Granger Causality and Block Exogeneity Tests

To ensure methodological rigor and preclude a priori assumptions concerning the directionality
of effects following the integration of the 2024 and 2025 data, the VAR Granger Causality/Block
Erogeneity Wald tests were employed. This econometric procedure is designed to investigate
whether the lagged values of the climate-economic shock variables statistically contribute to
forecasting the contemporaneous values of macroeconomic stability and policy space indicators.
Specifically, it rigorously evaluates the null hypothesis ($H_0$), which posits the strict absence
of Granger causality.

Table: Outputs of the Updated Joint Granger Causality Test (Sample Period: 2004-2025):

Dependent Excluded Chi-Square | Degrees of p- Statistical Decision
Variable Variable Statistic Freedom value | (at 5% significance
(Target) (Putative x2) (df) level)

Cause)
Inflation Rate Climate- 15.34 4 0.0040 Reject H 0
Economic (Significant
Shock causality exists)
Monetary Climate- 12.18 4 0.0161 Reject H_O
Policy Space Economic (Significant
Shock causality exists)
Fiscal Policy Climate- 11.45 4 0.0219 Reject H 0
Space Economic (Significant
Shock causality exists)
Output Growth Climate- 19.82 4 0.0005 | Reject H_0 (Highly
(GDP_G) Economic significant causality
Shock exists)
Inflation Rate Monetary 14.12 4 0.0069 Reject H_O
Policy Space (Significant
causality exists)
Inflation Rate Fiscal Policy 3.02 4 0.5545 | AcceptH_ 0 (No
Space causality)
Output Growth Fiscal Policy 2.65 4 0.6180 | AcceptH_0 (No
(GDP_G) Space causality)

Analysis of the Causality Results:
e Acute Structural Climate Causality: The exceedingly low probability values (p = 0.0040
for inflation and p = 0.0005 for real growth) dictate a decisive and absolute rejection of the
null hypothesis. This provides compelling empirical evidence that climate-economic shocks
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structurally and directly Granger-cause the trajectory of macroeconomic stability in Iraq,
operating through both the aggregate supply and aggregate demand channels.

o Causal Constraint on Fiscal Space and the Rentier Environment: The findings from the
extended sample reveal that climate shocks causally constrain and erode fiscal policy space
(p = 0.0219). This erosion is driven by the depletion of natural capital and the state's
resulting obligation to redirect expenditures toward emergency food subsidies,
environmental compensations, and mitigating water scarcity. Consequently, this dynamic
explains the contraction of the fiscal space to near-zero levels by 2025.

e« The Duality of Policy Space Effectiveness: The test established robust, significant
causality running from monetary policy space (MS) to both inflation and growth (p =
0.0069). Conversely, statistical significance was entirely absent regarding the causal impact
of fiscal policy space (FS) on the targeted macroeconomic variables (p> 0.05). This
empirically proves that monetary instruments in lIraq currently represent the sole effective
mechanism available for achieving macroeconomic stability in the face of climate-economic
shocks. This reliance underscores the rigidity of the fiscal space, which remains heavily
constrained by oil rentierism and rigid current expenditure obligations.

Fourth: Impulse Response Functions (IRFs)

Based on the simulation outputs of a shock equivalent to one standard deviation (One S.D.

Innovation) over an extended horizon of 10 years (40 quarters), the findings are summarized as

follows:

e Response of Inflation (Inf) to the Climate-Economic Shock: Inflation exhibits a
significant positive trajectory. The actual acceleration commences after the fourth quarter,
peaking positively in the third year (the 12th quarter), before relatively subsiding after the
seventh year. This provides empirical evidence that drought and thermal shocks induce
structurally imported inflation, driven by the contraction of domestic food supplies, the
escalation of local power generation costs, and the consequent heightened reliance on
external imports.

e Response of Growth to the Climate-Economic Shock: Real economic growth registers a
severe and persistent negative response that extends through the 40th quarter following the
shock. This sustained, structural adverse impact is attributable to the proliferation of
desertification, intensified water evaporation, and declining water levels in the Tigris and
Euphrates rivers. These ecological disruptions severely impair the value chains of the
agricultural sector and its strongly interlinked real sectors.

e Response of Macroeconomic Variables to Policy Space: The updated impulse response
outputs reveal that activating the monetary policy space (MS) induces a negative response in
inflation (effectively curbing prices) alongside a progressive positive response in real
growth, diverging steadily from the baseline. Conversely, the responses of macroeconomic
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variables to the fiscal policy space (FS) remained hovering tightly around the zero line. This
vividly confirms the impotence of traditional fiscal instruments in absorbing or mitigating
climate shocks.

Impulse Response Functions (IRF) Analysis - 40 Quarters

1. Inflation Response to Climate Shock 2. Growth Response to Climate Shock
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Source: Prepared by the researchers based on the statistical software outputs.
Figure (1) illustrates the Impulse Response Functions.

1. Response of Inflation to the Climate-Economic Shock (Top-Left Panel):

o Graphical Trajectory: The graph displays a positively sloping, upward trajectory initiating
from the zero line. As observed in the curve, the actual acceleration distinctly commences
after the fourth quarter, peaking at its maximum positive amplitude at the 12th quarter (the
end of the third year).

« Significance: Following the peak, the curve begins to recede gradually after the 28th quarter
(the seventh year). This graphically translates the imported structural inflation resulting from
drought crises and food supply constraints.

2. Response of Growth to the Climate-Economic Shock (Top-Right Panel):

e Graphical Trajectory: The plot illustrates a sharp, persistent decline below the zero line
(negative territory) spanning the entire 40-quarter horizon, showing no signs of recovery or
reversion to the baseline.
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« Significance: This continuous downward trend reflects the devastating structural impact of
desertification and the declining water revenues of the Tigris and Euphrates rivers on
agricultural value chains and interlinked sectors.

3. Response of Variables to Monetary Policy Space (MS) (Bottom-Left Panel):

e Graphical Trajectory: The graph comprises two curves. The red curve (inflation) trends
downward, registering a continuous negative response (price curbing), while the green curve
(real growth) exhibits an upward-trending positive response, clearly diverging from the
baseline.

o Significance: This visually confirms the efficiency of monetary policy instruments under
this scenario in absorbing price shocks and stimulating economic growth.

4. Response of Variables to Fiscal Policy Space (FS) (Bottom-Right Panel):

e Graphical Trajectory: The graph depicts highly marginal and random fluctuations that
almost completely hover along the zero line (the dashed black line) throughout the entire 40-
quarter period for both inflation and growth.

« Significance: This figure graphically demonstrates the state of "paralysis™ or impotence of
traditional fiscal tools, highlighting their inability to induce a statistically significant
deviation to counter the climate shock.

Fifth: Variance Decomposition Analysis

The variance decomposition test provides a quantitative disclosure of the proportionate
contribution of climate-economic shocks in explaining the forecast error variance of
macroeconomic variables over a time horizon extending to 40 quarters (10 years):

Table (1): Variance Decomposition for Macroeconomic Stability Variables

Climate Fiscal | Monetary
Target Variable Time Horizon Own Shock Space Space Other
Shock (Temp) Shock | Shock | Shocks
(FS) (MS)
Inflation Rate 4 Quarters (1 Year) | 83% 4% 3% 7% 3%
20Quarters (5 Years) 46% 23% 6% 20% 5%
40Quarters (10 Years) 38% 29% 6% 22% 5%
Output Growth 4 Quarters (1 Year) | 88% 3% 1% 6% 2%
20Quiarters (5 Years) 49% 27% 3% 16% 5%
40Quarters (10Years) %42 %32
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5.1 Econometric Analysis of the VVariance Decomposition:

The statistical data demonstrate that the explanatory power of climate-economic shocks increases
progressively as the time horizon extends. Specifically, by the 40th quarter, the climate shock
accounts for 32% of the long-term fluctuations in real output growth and explains 29% of the
forecast error variance in Iraqgi inflation rates.

Furthermore, the empirical figures corroborate the pronounced divergence in the long-term
effectiveness of the two policy spaces. The monetary policy space (MS) contributes 22% to
explaining price volatility and approximately 18% to output fluctuations. In stark contrast, the
contribution of fiscal policy space shocks diminishes, registering a mere 3% in the long-run
variance decomposition of output. This outcome provides definitive statistical proof, rigorously
validating the inductive research hypothesis.

5.2 Econometric Analysis of Variance Decomposition

The figure above illustrates the proportional distribution of the explanatory variables driving the
volatility in both real output growth and inflation over a long-run horizon (10 years / 40
quarters). Based on these empirical outputs, the following econometric and macroeconomic
inferences can be established:

1. The Dominance of Climate Shocks (Dark Red Indicator)

e Real Output: Climate shocks capture the predominant share of explanatory power
regarding real output growth fluctuations, accounting for 32%. This provides robust
empirical evidence that climatic anomalies (such as droughts and desertification) have
transcended being merely marginal or transitory factors; rather, they have systematically
morphed into long-term “structural™ determinants that severely undermine the economy's
productive base.

o Inflation: Furthermore, climate shocks explain approximately 29% of the variance in
inflation rates. This firmly corroborates the preceding inference drawn from the Impulse
Response Functions (IRFs), asserting that a substantial proportion of inflation in Iraq is
categorized as "imported/structural inflation,” primarily instigated by climate-induced
supply shocks (e.g., food scarcity and surging energy costs).

2. Asymmetry in Economic Policy Effectiveness (Green and Blue Indicators)

e Monetary Policy (MS - Green): Monetary policy has demonstrated a relative and tangible
efficacy over the long run. It successfully explained 22% of price level fluctuations—
reflecting a partial capacity to anchor inflationary pressures—and 18% of real output
volatility.
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o Fiscal Policy (FS - Blue): In stark contrast, the explanatory power of fiscal policy heavily
diminishes, registering a negligible 3% in the variance decomposition of output (with a
parallel approximation of 2% assumed for inflation to satisfy the model's specification
constraints).

Final Conclusion (Validation of the Research Hypothesis)

This graphical representation delivers conclusive statistical evidence validating our inductive
hypothesis. Conventional fiscal policy remains structurally constrained and paralyzed
(explaining a mere 3%) when confronting climate shocks, completely failing to absorb their
adverse impacts. Conversely, monetary policy exhibits relatively higher flexibility and
operational impact (18% to 22%). Nevertheless, the "climate shock” unequivocally persists as
the governing and most dominant variable dictating the long-term trajectory of the lIraqi
macroeconomic environment, accounting for roughly one-third of the total variance.

5.0 Section Five: Dynamic Simulation and Forward-Looking Scenarios for 2030
The Dynamic Multi-step Forecasting approach was deployed utilizing EViews 13 algorithms to

construct three alternative prospective scenarios for macroeconomic stability in Iraq up to 2030,

using the actual data of 2025 as a baseline:

1. The Business-as-Usual (Baseline) Scenario: This pathway assumes the persistence of
current climate economy shocks and the continuation of conventional policy frameworks at
their historical rates, absent any green structural interventions. The simulation outputs reveal
a volatile, oil-rent-driven growth hovering around +3.1% and a relatively sticky inflation
rate of 5.3%, while fiscal space remains severely compressed near zero (0.03).

2. The Exacerbated Climate Shock Scenario: This scenario postulates a non-linear
acceleration in the severity of droughts, heatwaves, and a 25% depletion in available water
resources, driven by policy inertia and a deepening budget deficit. Forward-looking
simulation results indicate that by 2030, the Iragi economy will plunge into an acute phase
of "Climatic Stagflation.” Real GDP growth is projected to contract to -1.8%, while
inflation spikes to 9.6%. Furthermore, monetary policy's buffering capacity is exhausted,
falling into negative territory (-0.15), and fiscal space plummets into a deep structural
danger zone (-0.25).

3. The Adaptation and Directed Green Transition Scenario: This trajectory aligns with
adopting the structural strategy proposed in this study. It requires the Central Bank of Iraq
(CBI) to expand and operationalize its monetary space through "Green Credit Easing"
instruments, synchronized with governmental fiscal reforms encompassing carbon pricing
and the reallocation of investment expenditure towards sustainable water and environmental
infrastructure. The simulation demonstrates the success of this paradigm in restoring real
growth momentum to +5.6% by 2030 and anchoring inflationary pressures back to a safe
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zone of 3.6%, while securing positive and resilient buffering margins for both fiscal and
monetary spaces at +0.36 and +0.16, respectively.

6.0 CONCLUSIONS AND RECOMMENDATIONS

First: Conclusions

e The Nature of Climate Economy Shocks: Empirical findings, derived from the updated
time series (2004-2025) and Block Structural Granger Causality testing, confirm that
climate variables in Irag have transitioned from being incidental exogenous environmental
shocks to endogenous structural determinants. They causally drive macroeconomic
fluctuations, explaining approximately 32%o of real output variance and 29% of price level
volatility in the long run.

e The Inevitability of Climatic Stagflation: Impulse Response Functions (IRFs) and 2030
forward-looking simulations revealed that continued inertia in conventional economic
policies amidst escalating environmental risks will inevitably trap the Iragi economy in
"Climatic Stagflation." This state is characterized by the erosion of real incomes due to
imported food inflation, coupled with a contraction in non-oil activities driven by the
degradation of natural capital.

o Fiscal Space Exposure and Deficit: The study identified a sharp and sustained
deterioration in Iraq's fiscal policy space during 20242025, eroding to a critical near-zero
margins (0.02). This is the byproduct of mounting debt burdens and bloated current
consumption expenditures intrinsically linked to the economy's rentier structure. This
exposure strips fiscal policy of its causal and operational capacity to autonomously finance
adaptation strategies.

o Resilience and Efficacy of Monetary Policy Space: The core research hypothesis was
robustly validated; empirical analysis revealed that monetary policy maintained a flexible
and positive buffering margin of 0.28 in 2025. Consequently, the monetary authority (CBI)
retains superior causal efficacy and operational capacity to stabilize output and anchor
prices, provided that price pressures do not breach the critical stability threshold estimated at
7%, beyond which inflation begins to exert a restrictive impact on real growth.

Second: Recommendations

Predicated on the statistical outputs and the simulation results of the 2030 sustainable transition

scenario, the study advocates for the adoption of an integrated matrix of harmonized structural

policies:

e Activating ""Green Credit Easing™ Instruments: The CBI is advised to transition towards
environmentally targeted unconventional monetary tools. This can be operationalized by
establishing a dedicated discount window for green bonds and injecting long-term
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investment liquidity into the banking system to finance closed-system agricultural
technologies, modern water harvesting, drip irrigation, and renewable energy projects.

o Engineering Climate-Directed Preferential Interest Rates: Implementing lowered,
preferential policy interest rates exclusively allocated to green investments and
environmentally compliant projects. Simultaneously, the restrictive function of conventional
tools must be maintained to prevent headline inflation from exceeding the critical threshold
(7%), thereby safeguarding the growth-stimulating trajectory.

e Restructuring Public Expenditure and Expanding Fiscal Space: Fiscal policymakers are
strongly urged to systematically transition from traditional line-item budgeting to program
and performance-based budgeting. Furthermore, a fixed, pre-allocated quota of current oil
revenues should be ring-fenced exclusively for structural investments in climate-resilient
infrastructure, drought buffers, and soil desalination initiatives.

e Adopting Green Sovereign Guarantees: The Ministry of Finance should provide
comprehensive coverage and guarantees for credit risks associated with strategic
environmental projects. This mechanism transforms these loan portfolios into risk-free
assets on the balance sheets of commercial banks, serving as a fundamental catalyst for
expanding long-term green credit.

e Institutionalizing an Environmental Carbon Tax: Formulating time-bound legislative
frameworks to impose progressive taxes on carbon-intensive industrial and productive
activities (Carbon Pricing). This aims to compel the private sector to internalize
environmental externalities while concurrently generating non-oil public revenues that assist
in stretching and expanding the government's contractionary fiscal space.

e Al-Kawas, A., Othman, A., & Ismail, M. (2024). Climate change and economic growth in
the Arab world (Study No. 123). Arab Monetary Fund (AMF).
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