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Abstract:

Conflict zones routinely suffer from severe statistical blackouts, compromising the capacity of
international organizations to evaluate economic destruction and plan post-conflict reconstruction. This
study addresses this challenge by developing a generalized, Python-based Predictive Decision Support
System (PDSS) deployed via an interactive Streamlit framework. The platform architecture integrates
a dual-engine predictive pipeline: an empirical spatial Nowcasting Engine fueled by satellite Nighttime
Lights (NTL) radiance grids (DMSP/VIIRS), and a retrospective Counterfactual Prediction Engine
(backcasting). To ensure cross-country econometric consistency, the simulation establishes a
standardized baseline parameter anchoring the target annual GDP growth rate in a peace scenario
strictly at 4.00%. The framework is empirically validated using two highly volatile regional conflict
theaters: Libya and the Syrian Arab Republic across the 2011-2021 timeline. Computational results
reveal stark variations in macroeconomic scarring. Following the 2011 structural shock, Libya’s actual
economic trajectory diverged sharply from its potential, yielding a terminal Cumulative Growth Gap
(CGG) of 18.62%. Conversely, Syria exhibited a continuous, non-linear collapse, sacrificing over three-
fifths of its economic capacity to record a devastating terminal CGG of 64.28%. The remote sensing
verification model establishes an extreme statistical convergence (R2 = 0.84) between orbital radiance
dimming—driven by localized infrastructure de-electrification—and ground-level aggregate output

86 | North African Journal of Scientific Publishing (NAJSP)


https://najsp.com/index.php/home/index

contraction. By executing vectorized array programming, the system operates efficiently in offline
deployment, delivering data-independent, manipulation-resistant analytical assets. This study
demonstrates that shifting the analytical paradigm toward space-borne predictive intelligence offers a
robust, scalable methodology for objective damage assessment and structural fiscal realignment in
fractured states.

Keywords: Macroeconomics of Conflict, Invisible Economic Gaps, Satellite Nighttime Lights (NTL),
Economic Nowcasting, Predictive Decision Support Systems (PDSS).
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Introduction and Background:
The Macroeconomics of Conflict and Invisible Scars:

Violent conflicts and civil unrest inflict severe, multi-dimensional shocks on national economies.
While the immediate destruction of physical capital and the tragic loss of human life are readily
observable, the long-term, indirect macroeconomic consequences are far more insidious (Collier &
Hoeffler, 2004). Conflict alters the entire structural fabric of an economy: it triggers massive capital
flight, erodes institutional capacity, disrupts domestic trade networks, and severely destabilizes fiscal
balances (Blattman & Miguel, 2010).

Economists refer to these enduring, deep-seated damages as 'macroeconomic scars'—invisible
economic contractions that persist long after the active fighting ceases (Abadie & Gardeazabal, 2003).
Quantifying these hidden costs is a primary prerequisite for post-conflict recovery, as financial planning
and international developmental aid rely heavily on accurate baselines of economic damage.

The "Statistical Blackout" Conundrum:

However, evaluating macroeconomic performance in active conflict zones introduces a profound
paradox: precisely when accurate data is most critically needed to guide humanitarian and economic
intervention, the capacity to collect it completely disintegrates. This phenomenon is defined as a
'statistical blackout." In nations undergoing prolonged unrest—such as Syria, Yemen, and Libya
national statistical bureaus often collapse, field surveys become life-threatening, and official data
collection streams face total disruption (Beyer et al., 2018).
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Furthermore, whatever fragmented macroeconomic indicators do emerge from official channels
during wartime are frequently delayed, incomplete, or highly politicized, leaving international
organizations like the World Bank and the IMF with severe data discontinuities (World Bank, 2018).
This data vacuum. hampers the objective evaluation of economic warfare and leaves policymakers blind
to the true fiscal trajectory of the state
Remote Sensing as an Objective Economic Proxy:

To bypass the constraints of grounded statistical failures, contemporary development economics
has increasingly turned toward space-borne technologies. Satellite remote sensing data, particularly
Nighttime Lights (NTL) intensity, offers an innovative, non-traditional alternative for economic
monitoring (Donaldson & Storeygard, 2016). Grounded in the foundational principles of spatial
econometrics, NTL data serves as an objective, real-time, and manipulation-resistant proxy for human
economic activity (Henderson et al., 2012).

Because electricity consumption and outdoor illumination are intrinsically linked to industrial output,
commercial activities, and household consumption, changes in city luminosity observed from orbit can
directly map economic vitality (Chen & Nordhaus, 2011). During conflicts, a sudden or prolonged
dimming of a region's nighttime lights provides a direct, unalterable visual record of power grid
infrastructure failures, population displacement, and industrial paralysis, offering a continuous time-
series indicator independent of local government interference (Li & Li, 2014).

Theoretical Pillars of the Generalized Remote Sensing Framework
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Figure (1): Theoretical Pillars of the generalized Remote Sensing Framework

As illustrated in Figure 1 the theoretical architecture of this study stands on two integrated conceptual
pillars. Panel | visualizes the econometric counterfactual framework pioneered by Abadie &
Gardeazabal (2003), demonstrating how the hidden economic costs (the growth gap) are calculated by
tracking the divergence between the actual conflict path and a simulated peaceful baseline.
Concurrently, Panel Il demonstrates the orbital econometrics core established by Henderson et al.
(2012) and Chen & Nordhaus (2011), mapping the tight empirical correlation between ground-level
macroeconomic indicators (Real GDP) and the space borne observations (Satellite Nighttime Lights
intensity) during institutional blackouts which indicated in this study
The Proposed Framework and Scope of the Study:

Bridging the gap between space-borne observations and interactive policymaking, this paper
introduces a generalized, scalable Predictive Decision Support System (PDSS). Built on an
interactive digital architecture, the system is designed to ingest multi-country conflict data, allowing
users to dynamically model economic trajectories. The core engine integrates an econometric
counterfactual simulation framework that contrasts the actual war-torn GDP with a hypothetical
peaceful baseline to measure the hidden growth gap.

While the computational architecture is built to adapt universally to any global conflict theater, this
study deploys Libya as its primary empirical case study. By evaluating Libya's economic timeline
from 2010 to 2021, this framework demonstrates how dynamic orbital data can successfully quantify a
nation's hidden scars, expose structural shifts like resource diversion to military spending, and provide

88 | North African Journal of Scientific Publishing (NAJSP)



a resilient, offline-capable tool for data-independent reconstruction planning. Figure 2 presents orbital
data, shown through the distribution of nighttime lighting captured by satellites, for the geographical
region of Libya.

Latitude (*N)

Longitude ("E}

Figure (2): nighttime lighting captured by satellites, for the geographical region of Libya.

Literature Review:

The academic legitimacy of tracking macroeconomic indicators from orbit relies on an
interdisciplinary intersection between spatial econometrics, satellite remote sensing, and conflict
economics. This section reviews the foundational literature, textbook monographs, and institutional
experiments that resemble this study, while isolating the specific gaps they left unresolved.
Theoretical Grounding of Spatial and Orbital Econometrics:

The mathematical integration of geography and space into economic modeling finds its roots in the
foundational textbook by Anselin (1988), “Spatial Econometrics: Methods and Models”, which
established the rigorous matrix formulations required to handle spatial dependencies. This matrix
architecture was later modernized by LeSage and Pace (2009) in “Introduction to Spatial
Econometrics”, providing the estimation techniques necessary to treat space-borne data as dependent
economic variables.

Building upon these spatial foundations, the specific paradigm of "Orbital Econometrics" was
pioneered empirically by Henderson, Storeygard, and Weil (2012). In their seminal study, they proved
that satellite-observed Nighttime Lights (NTL) function as a highly resilient proxy for Gross Domestic
Product (GDP) growth. This was further validated by Chen and Nordhaus (2011), who concluded that
luminosity data adds massive analytical value in regions suffering from severe institutional data deficits
or data manipulation.

Applied Remote Sensing and Conflict Monitors:

The practical deployment of satellite infrastructure to evaluate humanitarian and economic crises
during active warfare has been validated by both independent researchers and international
organizations. Li and Li (2014) monitored the temporal variations of NTL sensors over Syria, capturing
a staggering 74% to 80% reduction in nocturnal luminosity across major cities, which they
successfully mapped to power grid destruction and mass population displacement. Similarly, Witmer
and O’Loughlin (2011) implemented satellite imaging to detect the invisible physical scars of war in
post-Yugoslav territories.

At the institutional level, the World Bank Group (2017) published a comprehensive monograph,
“The Toll of War: The Economic and Social Consequences of the Conflict in Syria”. This landmark book
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documented how international financial institutions must rely on automated remote sensing algorithms

and space-borne observations to run baseline damage assessments when grounded field surveys

become life-threatening.

Sensor Physics and Earth Observation for Economic Valuation:

To understand why orbital dimming maps accurately to macroeconomic contractions, the literature
relies on the physics of sensor calibration and infrastructure economics. Elvidge (2021), the pioneer of
nocturnal satellite tracking, details in his volume “Discovering Earth at Night: Perspectives on Nighttime
Light Remote Sensing” how modern satellite constellations (such as VIIRS-DNB) isolate human-
induced artificial light from natural noise, ensuring that the data processed by computational engines is
highly accurate.

The macroeconomic translation of this light radiance is explored by Zhang (2018) in the World Bank
volume, “In the Dark: How Much Do Power Sector Distortions Cost South Asia?”, which empirically
proves that electricity infrastructure degradation and power sector failures leave immediate, quantifiable
scars on aggregate industrial and commercial output. Furthermore, Nativi and Raj (2021) in “Earth
Observation for Economic Applications” provide a modern framework for data scientists to convert raw
multi-dimensional satellite tensors into actionable indicators for public policy and regional planning.
Counterfactual Simulations of Macroeconomic Scars:

To translate satellite-observed damage into precise fiscal growth gaps, researchers utilize
comparative statistical baselines. Abadie and Gardeazabal (2003) pioneered the use of
counterfactual simulation frameworks to measure the economic costs of conflict, famously
constructing a hypothetical "peaceful baseline" to simulate how an economy would have expanded had
the conflict never occurred.

While Blattman and Miguel (2010) expanded this concept by cataloging the structural distortions
and macroeconomic scars left by civil wars (such as hyperinflation and capital flight), their models
remained deeply dependent on traditional, grounded census data, which frequently collapses during
prolonged civil unrest and institutional disruptions.

Synthesis and Identification of the Research Gap:

Despite the analytical depth of these prior works, a critical research gap remains evident across the
literature:

1. Static and Post-Hoc Analysis: Prior literature (e.g., World Bank, 2017; Li & Li, 2014) consists of
static, retrospective reports published as fixed documents. They require specialized GIS software
and manual econometric data wrangling.

2. Lack of Model Generalizability: Most existing models are rigidly hardcoded to a single historical
crisis, making them non-scalable to other contemporary conflict zones.

3. Absence of Interactive Systems: None of the prior experiments integrated these spatial
econometric equations into a live, user-controlled digital architecture.

The Contribution of This Framework: This paper bridges these critical gaps. The generalized,
scalable framework developed It takes the spatial econometrics of Anselin and Henderson, the crisis-
monitoring principles of the World Bank, and the counterfactual logic of Abadie, and synthesizes them
into a unified, interactive digital pipeline implemented via Streamlit. This system allows users to
dynamically shift growth parameters, operates seamlessly in offline environments to combat local
connectivity disruptions, and generalizes the code architecture so it can be deployed instantly to map
the hidden macroeconomic scars of any global conflict theater, using Libya as its primary validated case
study.

Methodology:

This section delineates the structural and mathematical architecture of the generalized Predictive
Decision Support System (PDSS). The methodology bridges interactive full-stack data engineering with
spatial econometrics to break through data scarcity in conflict zones.
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Methodological Data Pipeline & Architecture of the Generalized PDSS Framework

1. DATA INGESTION LAYER 2. CORE COMPUTATIONAL LAY 3. INTERACTIVE APPS LAYER

Econometric Counterfactual Engine

Yo=Y, % (1+g)t

Computes Target Peace Path &

Annual Hidden Cost Gap (HCG:) \
: ficatior

Spatial Econometrics Proxy Engine

Ye=Bo + B1(NTL;) + &

Calibrates Orbital Dimming with
Ground Macro-Shocks (Validation)

Figure (3): Data Pipeline Chart

As illustrated in Figure 3 the analytical framework operates through a synchronized three tier
pipeline: an Ingestion Layer handling parallel ground and space data matrices, a Core Computational
Layer executing the simulation models, and an Interactive Application Layer giving the policymaker
dynamic parameter control.

Interactive Digital Infrastructure & System Architecture:

The framework is engineered as an offline-capable, highly scalable digital pipeline implemented in
Python and deployed via the Streamlit ecosystem. The infrastructure is bifurcated into two core
processing layers:

- The Ingestion & Analytical Engine: Utilizing Pandas and NumPYy, this layer handles multi-country
macroeconomic time-series matrices, automatically isolating pre-conflict structural baselines from
active wartime variations.

- The Dynamic Visualization Interface: Built on top of the Plotly graphics engine, this layer
translates complex statistical multi-dimensional tensors into reactive dashboards, allowing policy-
makers to dynamically adjust simulation parameters via a responsive sidebar interface.

Econometric Counterfactual Simulation Framework:

To isolate and measure the invisible macroeconomic damage, the computational core evaluates the
divergence between the observed war-torn trajectory of a nation and a simulated non-conflict baseline,
known as the Target Peace Path.

Let T denote the formalized year of conflict onset (e.g., To = 2011 for the Libyan empirical model),
and let T represent the terminal evaluation year of the timeline. The actual observed macroeconomic
output (Real GDP) at any given year T is denoted as Y;

The hypothetical counterfactual output representing the economy's trajectory had peace been
sustained is denoted as hat Y; and is modeled exponentially based on an adjustable preconflict target
growth rate:

Y=Y, x(1+g9)"™ V t>t

Where g represents the annualized growth rate policy baseline selected dynamically via the system's
control interface. Consequently, the Hidden Economic Cost Gap (HCG:y) for any specific fiscal year is
computed as the direct subtraction:

T-I}-_
CGG = (E“fﬂ(; ; Y‘)) x 100%
i Y
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This percentage formalizes the total proportion of wealth and developmental potential lost due to
institutional destabilization and economic warfare.

Remote Sensing Engine and Space-Borne Proxy Calibration:

To validate these econometric simulations during periods of total statistical blackout, the platform
integrates an orbital verification pipeline. The system calibrates ground-level GDP observations against
satellite-derived Nighttime Lights (NTL) intensity data extracted from sensor constellations (such as
DMSP-OLS and VIIRS-DNB).

The operational premise dictates that aggregate human economic activity directly correlates with
outdoor artificial luminosity. The framework models the raw satellite luminosity output as an un-
biased proxy function:

Yi ~ f(NTL) = B + 5 (NTL) + &

Where NTL: is the sum of lights index extracted over the sovereign geographic boundaries of the
state, 1 beta is the elasticity coefficient mapping light radiance to economic output, and varepsilon &t
represents the stochastic error term.

During warfare, sudden infrastructure destruction (such as power plant bombings) and supply chain
collapses manifest as a severe drop in the satellite-observed luminosity index (NTL:t -
0). By cross-referencing this orbital dimming with the calculated HCG: the system empirically verifies
the physical reality of the economic contraction without relying on potentially manipulated or missing
government reports.

World Bank Database Integration and Preprocessing Pipeline:

To guarantee empirical reproducibility, the platform ingests structural macroeconomic indices
sourced from the World Bank Open Data Architecture (World Development Indicators - WDI). To
mitigate the risk of local connectivity disruptions within the target region, the data pipeline is engineered
to run in a resilient Offline Mode, utilizing highly optimized serialized flat files (Excel/CSV matrices).
The system maps and extracts a specific vector of macroeconomic tensors, structured chronologically
from 2010 to 2021, as detailed in Table 1.

Indicator Name WDI Core Code Data Type Algorithmic Purpose
GDP at market prices Float64 The baseline actual economic output (Y;) used to
(constant 2015 US$) NY.GDP.MKTP. KD (Time-Series) compute the counterfactual divergence.
— - 5 - - -
Military expenditure (% of MS.MIL XPND.GD ZS Float64 Evaluate§ flscgl structurafl distortions ar\d resource
GDP) (Percentage) diversion to wartime consumption.
Inflation, GDP deflator NY.GDP.DEFL.KD. ZG Float64 Capturgs macro—monetary msta@hty and.
(annual %) (Percentage) hyperinflationary shocks during active conflict.

Algorithmic Translation: From Raw Matrices to Executable Code:

The abstract mathematical models outlined in Section 2.2 are translated into executable code
utilizing vectorized array programming in Python. Rather than executing inefficient iterative loops, the
framework utilizes Pandas and NumPYy libraries to perform instantaneous mathematical transformations
across whole data structures.

The core computational logic of the simulation engine is implemented according to the following
vectorized pipeline layout Through this architecture, the Streamlit reactive wrapper links the graphic
user interface directly to the engine. When a policymaker adjusts the slider for the target growth rate (
g ), Streamlit triggers an instant recall of this vectorized function, rebuilding the entire Plotly graphical
output in real-time, matching the operational design of an advanced Predictive Decision Support System
(PDSS).

Digital Representation and Modeling of Nighttime Lights (NTL):

The integration of satellite remote sensing data requires converting raw geo-referenced

electromagnetic raster grids into standardized time-series arrays. The system utilizes spatial imagery
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captured by two distinct historical satellite sensor constellations: the Defense Meteorological Satellite
Program (DMSP-OLS) and the Visible Infrared Imaging Radiometer Suite (VIIRS-DNB).

To represent this orbital data mathematically within the data pipeline, the framework applies a geo
processing technique known as Zonal Statistics. Let Q represent the boundary vector polygon defining
the sovereign territory of the country (e.g., Libya's national shape file). The continuous spatial grid of
the satellite image is discrete; it is made of pixels where each pixel (i) holds a digital illumination value
(DN).

The digital representation of the annual orbital proxy, defined as the Sum of Lights (SOL; ), is
modeled by aggregating the luminosity within the spatial mask:

SOL =Y _ DN

10

Because DMSP-OLS sensors record values on an arbitrary 6-bit digital scale (0 < DN < 63) and
suffer from sensor saturation, while modern VIIRS-DNB platforms measure true radiance units ((nW.
CM 2 sr-Y direct time series splicing is mathematically invalid. To resolve this sensor discontinuity, the
framework applies an inter calibration mapping function:

NTL, = ®(SOL,)

Where ¢represents an automated normalization function that scales the absolute radiance and
digital numbers into a standardized relative index bounding from 0%(complete localized orbital
blackout/grid failure) to 100%peak pre-conflict economic electrification baseline). This normalized
vector (NTL?) is then passed directly to the econometric engine to serve as an objective, space-borne
validator for the ground-level GDP shocks.

Empirical Results and Analysis:

This section presents the comprehensive empirical validation of the generalized Predictive Decision
Support System (PDSS), deploying the computational framework to simulate and analyze the
macroeconomic trajectories of two distinct regional conflict theaters: Libya and Syria.

To ensure econometric consistency and evaluate the model's cross-country generalizability under a
unified standard, the simulation core anchors the Target Annual GDP Growth Rate in Peace Scenario
(g) strictly at 4.00% for both case studies. This policy benchmark is configured directly via the platform's
interactive Streamlit control panel (as illustrated in the user interface component below)

Deploy

Framework Settings

4% Universal Predictive Decision Support
Libya ~ . .
System for Conflict Economies
Target Annual GDP Growth Rate in Peace
Scenario (%) Developed by researcher Rehab Ramadan Sudani. This platform introduces a generalized framework to estimate the
2.00 - s hidden economic costs of conflict using Libya as a primary case study. The system integrates macroeconomic indicators

with Nighttime Lights satellite data (Proxy Data), making it adaptable to analyze any conflict-affected natian.

-~ GDP Growth & Hidden Costs @ Composite Conflict Indicators % Remote Sensing Lab (Nighttime Lights)

Presentation Note: Analysis of Actual vs. Counterfactual Economic Path: Libya

The framewaork is currently

displaying Libya. You can switch Libya's Annual GDP Growth Rate (%)
countries to demonstrate how the

system dynamically streams and

processes data for any conflict ) x
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Counterfactual Prediction Analysis The 2011 Structural Shock:

The primary graphical output of the platform visualizes the real-time execution of the Counterfactual
Prediction Engine. When the conflict onset year is locked at to = 2011, the system anchors the baseline
Real GDP and projects the Target Peace Path (Yy across the timeline (2011-2021).

Table (2): Empirical Macroeconomic Scarring Output (Libya Case Study)

Fiscal Year (t) Observed Real GDP | Predicted Peace GDP | Annual Hidden Cumulative Growth
(Yt, Billions USD) (Y~t, Billions USD) Cost Gap (HCGt) Gap (CGG)
2010 (Baseline) 75.38 75.38 0.00 (Anchor Point) 0.00%
2011 (Shock) 29.12 78.40 49.28 62.85%
2016 (Mid-Conflict) 34.50 95.12 60.62 41.33%
2021 (Terminal) 42.10 115.42 73.32 18.62% (Aggregated
Score)

Libya's Annual GDP Growth Rate (%)

GDP_Growth

2010 2012 2014 2016 2018 2020
time
Figure (4): Streamlit PDSS User Interface - Libya’s Real GDP Counterfactual Projection vs. Observed
Trajectory (2010-2021) showcasing the 2011 structural shock.

As captured in the main interaction chart of the dashboard, a massive divergence occurs
immediately in 2011. The actual economic output (Yt arops vertically from $75.38 Billion to $29.12 Billion
due to the total halt in oil production and institutional fracturing.

The Prediction Core mathematically computes that had Libya sustained its peaceful baseline
growth rate (g), the economy would have reached $115.42 Billion by 2021. The vertical area between
these two curves represents the Hidden Economic Cost Gap (HCG;) By aggregating these annual
data tensors, the platform delivers its final predictive metric: Libya suffered a Cumulative Growth Gap
(CGQG) of 18.62% relative to its total developmental potential
Now casting Verification via Orbital Dimming:

To verify that this predicted growth gap reflects physical reality rather than statistical artifact, the
second layer of the results dashboard displays the Satellite Nighttime Lights (NTL) Validation Index.

During the 2011 shock and the subsequent sub-conflicts (e.g., 2014-2015), the platform’s remote
sensing engine processes a synchronized drop in the Sum of Lights (SOL:) across Libya's major
economic hubs (Tripoli, Benghazi, Misrata, and the Oil Crescent). The empirical models register a linear
correlation (R? = 0.84) between orbital radiance dimming and ground GDP contraction. This high
statistical convergence proves that the platform's Now casting Engine can accurately predict economic
collapse in real-time based purely on space-borne assets, successfully by passing the statistical
blackout caused by the civil unrest.
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Estimated Nighttime Light Intensity Index for Libya (Baseline = 100)
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time
Figure (5): Satellite-derived Nighttime Lights (NTL) Radiance Index Over Sovereign Libyan Territory
demonstrating spatial de-electrification during peak conflict periods

Internal Scarring: Military Expenditure and Inflationary Cascades:

The secondary analytical charts on the platform’s interface isolate the structural distortions that
fueled this macroeconomic decay. The simulation tracks two predatory macroeconomic
mechanisms:

1. Resource Diversion (Military Spikes): As visualized in the platform's expenditure breakdown,
Libya's military expenditure as a percentage of GDP witnessed aggressive upward anomalies,
diverting critical fiscal capital away from public infrastructure and developmental investment into
immediate wartime consumption.

2. Monetary Instability (Inflationary Shocks): The GDP deflator index curve on the dashboard
demonstrates hyperinflationary spikes during active blockades. This monetary scarring
compounded the HCG; by eroding purchasing power and freezing private sector micro-investments.

Annual Inflation Rates % (Purchasing Power Erosion) Military Expenditure as a % of GDP (Resource Diversion)
30
20
25
15
20 o
©
| = =
(=] wv
S
% 19 210
=
10
I I |
5
, I HE I m B ;
2010 2015 2020 2010 2015 2020
time time

Figure (6): Dashboard Panel Displaying Endogenous Economic Scarring Indices: Aggressive Military
Expenditure Anomalies and Hyperinflationary Deflator Cascades

Cross-Country Generalizability: The Syrian Conflict Theater:

To demonstrate the scalable architecture and cross-country generalizability of the developed
Predictive Decision Support System (PDSS), the computational pipeline was redeployed to ingest the
macroeconomic and satellite tensors of the Syrian Arab Republic. By dynamically shifting the system's
anchor constraints via the Streamlit interface, the conflict onset year was locked at T = 2011 to= 2020
with a terminal evaluation at T = 2021.
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Table (3): Empirical Macroeconomic Scarring Output (Syria Validation)

Fiscal Year (t)

Observed Real GDP

Predicted Peace GDP

Annual Hidden

Cumulative Growth

(Yt, Billions USD) (Yt, Billions USD) Cost Gap (HCGt) Gap (CGG)
2010 (Baseline) 60.12 60.12 0.00 (Anchor Point) 0.00%
2011 (Shock Onset) 57.45 62.82 5.37 8.54%
2015 (Peak Conflict) 18.20 74.96 56.76 75.72%
2021 (Terminal) 12.05 98.44 86.39 64.28% (Aggregated
Score)

The execution of the Counterfactual Prediction Engine exposes an unprecedented, catastrophic
structural collapse in the Syrian economic fabric. Unlike the volatile, oil-dependent fluctuations observed
in the Libyan model, Syria's actual economic output (Yt) suffered a continuous, non-linear downward

trajectory, shrinking from $60.12 Billion in 2010 to a critical low of $12.05 Billion by 2021.

The simulation engine computes that under a sustained peaceful baseline (g), the economic capacity
should have expanded to $98.44 Billion. The systemic divergence yields a devastating Cumulative
Growth Gap (CGG) of 64.28%, signifying that more than three-fifths of Syria’s macroeconomic
potential was entirely erased by the conflict.

Syria's Annual GDP Growth Rate (%)

10

GDP_Growth

15

2010 2012

2014 2016

time

Target Peace Path

2018 2020

Figure (7): System Cross-Country Validation Panel - The Syrian Conflict Theater Simulation
displaying a continuous macroeconomic contraction and the resulting 64.28% Cumulative Growth

Space-Borne Now casting and Infrastructure Demise in Syria:

Gap

When cross-examined by the remote sensing verification engine, the computed HCGt matches the
physical reality captured from orbit. The system processes a catastrophic, widespread dimming across

Syria’s industrial and urban networks, reinforcing the empirical findings of Li and Li (2014)
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Table (4): Orbital Sensor Radiance Discontinuity (Syria)

Region / Pre-Conflict Peak Conflict Nighttime Lights Phvsical / Infrastructure Context
Governorate Baseline Intensity Radiance (NTL) Dimming Rate y
Aleppo (Industrial 100% 18.2% -81.8% Total industrial grid de-ele(.:trlﬂcatlon
Hub) and factory destruction.

Deir ez-Zor 100% 22 4% 77 6% Sabotage of oil fields and processing
(Resource Zone) infrastructure.

De?mascus 100% 34.1% -65.9% Severe rolling bliackouts and localized
(Capital Center) supply line collapses.

Estimated Nighttime Light Intensity Index for Syria (Baseline = 100)

Nightlight_Intensity

2010 2012 2014 2016 2018

Figure (8): Zonal Statistics Ingestion Engine Processing DMSP/VIIRS Discontinuity and Province-

Level Nocturnal Luminosity Collapses Across Major Syrian Economic Hubs

Policy Recommendations and Conclusion:

The empirical insights generated by the generalized Predictive Decision Support System (PDSS)

under a standardized 4.00% growth baseline confirm that conflict causes deep, non-linear structural
scarring. To mitigate these hidden economic costs and accelerate post-conflict reconstruction in
theaters like Libya and Syria, this study proposes the following four strategic policy interventions:

1.

Institutionalization of Space-Borne PDSS Frameworks:

Actionable Policy: International financial organizations (e.g., the World Bank, IMF) and national
ministries of planning must formally institutionalize predictive decision support systems that
integrate satellite remote sensing (NTL) with macroeconomic counterfactual simulations.
Strategic Value: In active conflict zones suffering from statistical blackouts or political data
manipulation, utilizing space-borne now casting allows reconstruction planners to objectively audit
infrastructural damage and allocate developmental funds transparently without relying on
compromised ground-level registries.

Reversing Resource Diversion & Fiscal Realignment:

Actionable Policy: Post-conflict stabilization frameworks must mandate strict limits on military
expenditure as a percentage of GDP, legally enforcing a structural transition toward public capital
investments.

Strategic Value: The platform’s internal scarring analysis demonstrated that aggressive wartime
military expenditure spikes directly starved infrastructure and local industries. Redirecting these
funds into micro-finance networks, structural reconstruction, and empowering local economic
projects is vital to close the computed Cumulative Growth Gap (CGG).
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Target Electrification and Grid Rehabilitation:

Actionable Policy: Rebuilding the national electricity grid and energy infrastructure must be treated
as the primary macroeconomic multiplier, taking precedence over other fiscal expenditures.
Strategic Value: Since the remote sensing engine proved an extreme correlation (R2 = 0.84)
between nocturnal luminosity (NTL) and aggregate economic output, reviving the power grid directly
translates into restoring industrial productivity, commercial security, and local economic resilience
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