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Values of RS in armed conflicts studies

• Collect information repeatedly over large areas
• Provide evidence in courts of law
• Prepare for soon-to-occur attacks
• Support humanitarian aids
• Post-conflict land use planning



Outline

• Remote sensing monitoring in conflicted areas

 Urban, Settlement, Forest, Agriculture

• Case studies: Armed conflicts and land use change

 Post-Soviet wars in the Caucasus (1991-)

 The Syrian Civil War (2011-)

• Summary & Outlook

• Hands-on: Google Earth Engine practice on cropland abandonment mapping
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Urban damage
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Damage assessment of Mosul, Iraq
(UNITAR, 2017)



Boloorani et al., (2021)

(A)Trends in Small Baseline Subset (SBAS)-
displacement with five selected sites. 

(B) The damaged buildings detected by the 
UNITAR-UNOSAT classified as the 
destroyed buildings (red points). 

(C) SBAS-displacement time series
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Settlement
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Structure detections in Doro refugee settlement, South Sudan (Quinn et al., 2018)



Temporal changes within Kutupalong refugee camp (Bangladesh) identified by VHR SAR color composites (Braun 2019)
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Forest

Credit: Department of Defense



Causing deforestation
Data from Buchner et al., 2020

Credit: Radeloff



Gorsevski et all., 2012

mid-1980s to 2001 2003 to 2010

The impacts of armed conflict on the Eastern Afromontane forest region on 
the South Sudan — Uganda border



Preventing deforestation

Mongabay 2017
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Agriculture



Direct influences of the war on agriculture
• Direct influence

Crop burning Field battles



• Indirect influence

Indirect influences of the war on agriculture

Lack of inputsDamaged infrastructures Economic collapseInfrastructure Agricultural inputs Economy



Agriculture abandonment

Credit: NPR 



Effects of the post-Soviet wars in the Caucasus 
on agricultural land use





Nagorno-Karabakh
1988-’94 & 2021-22
1 million refugees

Chechnya
1994-’96 & ‘99-2002

880,000 refugees

Abkhazia
1992–‘93

250,000 refugees

South Ossetia
1991–’92 & 2008
230,000 refugees

Buchner et al. 2022



• Land use effects of the 1994-’96 & ‘99-2002 
wars in Chechnya

• Comparison of the effects of all four post-
soviet wars



Yin et al. 2018
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CovariatesControl covariatesResponse variates

Yin et al. 2019



Yin et al. 2019

Abandonments are more likely in the areas close to the conflicts



Recultivation are less likely in the areas close to the conflicts

Yin et al. 2019



• Spatial-temporal segmentation supports better cropland mapping

• Spatial and temporal-variations in agricultural land use

• Agricultural land abandonment was related to the Chechen Wars



• Comparison of the land use effects of all four post-soviet wars. We 
predicted that:

-- the Chechen wars affected land use most, and 
-- that multiple conflict events have additive effects



Buchner et al., 2020
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Methods



Matching

Methods

Credit: StatsLab
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Methods
𝑌𝑌𝑖𝑖𝑡𝑡=𝛽𝛽1∗𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡0−5𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+𝛽𝛽2∗𝐼𝐼0−5𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+𝛽𝛽3∗𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡0−5𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡∗ 𝐼𝐼0−5𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+
𝛽𝛽4∗𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡5−10𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+𝛽𝛽5∗𝐼𝐼5−10𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+𝛽𝛽6∗𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡5−10𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡∗ 𝐼𝐼5−10𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+

𝛽𝛽7∗𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡10−20𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+𝛽𝛽8∗𝐼𝐼10−20𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+𝛽𝛽9∗𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡10−20𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡∗ 𝐼𝐼10−20𝑘𝑘𝑚𝑚 it+
𝛽𝛽10∗𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡20−30𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+𝛽𝛽11∗𝐼𝐼20−30𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+

𝛽𝛽12∗𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡20−30𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡∗ 𝐼𝐼20−30𝑘𝑘𝑚𝑚 𝑖𝑖𝑡𝑡+𝛽𝛽13∗𝐶𝐶𝑖𝑖+𝛽𝛽14−23∗𝑋𝑋𝑖𝑖𝑡𝑡+
𝛽𝛽24∗𝐶𝐶𝑖𝑖𝑋𝑋𝑖𝑖𝑡𝑡+𝛽𝛽25∗𝑌𝑌𝑒𝑒𝑎𝑎𝑟𝑟𝑖𝑖𝑡𝑡+𝑒𝑒𝑖𝑖𝑡𝑡

Yit is cropland abandonment (1), or not (0), for observation i in time period t, 

𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡it is a dummy variable indicating if conflict location within defined distances (0-5, 5-10, 10-20, and 20-30 km) is nearest (1), or not (0), 

Iit is the intensity measure, i.e., the number of conflict events or number of total fatalities, of observation i in time period t, 

𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡it * Iit is the interaction term between 𝑛𝑛𝑒𝑒𝑎𝑎𝑟𝑟𝑒𝑒𝑠𝑠𝑡𝑡it and Iit, 

Ci is a categorical variable indicating the country, 

Xit is the vector of control variables, 

Ci * Xit is the interaction term between Country and the control variables, 

Yearit is a categorical variable indicating the time step, 

𝛽𝛽1-𝛽𝛽25 are the coefficients to be estimated, 

and eit is the error term 

Buchner et al., 2022



10 km 30 km

All four wars 15.8 27.3

Chechnya 46.5 38.7

Abkhazia 19.0 45.1

South Ossetia 50.0 -7.1

Nagorno-Karabakh -64.4 -39.7

Buchner et al., 2022

Marginal effect
(Percent change in abandonment)

Results – overall effect on abandonment
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Results – overall effect on abandonment
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• Econometric models to investigate the effects of wars

• Wars affected land use differently in the Caucasus

• Processes at different scales result in various effects



• Econometric models to investigate the effects of wars

• Wars affected land use differently in the Caucasus

• Processes at different scales result in various effects



Effects of the Syrian Civil War on cropland in 
the Mediterranean region

The New (Early Career) Investigator 
Program (NIP) in Earth Science
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Syrian Arab Republic
Hezbollah
Iran
Russia (2015–present)
Iraq (2017–2019)

Interim Government
Turkey (2016–present)
Salvation Government

Islamic State (2013–present)

SDF (2012–present)
CJTF–OIR (2014–present)

Forces
Source: Wiki



Data source: UCDP





How the cropland has been changed during the 
Syrian Civil War?



Data analysis

1. Annual cropland mapping 
• 2004-2020
• 30-m resolution

2. Mapping the timing and type of 
cropland change

• Abandonment
• Re-cultivation
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Annual cropland mapping

• Classifier: random forest

Period Sensors Features
2004-2013 Collection 2 Landsat 5, 7 and 8 220 input features
2014-2020 Collection 2 Landsat 5, 7, 8, Sentinel-1, 2 244 input features 

2020 Landsat, Landsat+Sentinel-2, 
Landsat+Sentinel-1, 2

220/244 features



y=1.083x+0.009 y=1.038x+0.005 y=1.054x+0.007

y=1.066x+0.016y=1.021x+0.019y=0.982x+0.014

Yin et al., in prep.
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Annual cropland mapping

Tree crops

Other crops

Woody vegetation

Others



Landsat 7, 8
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Yin et al., in prep.



Landsat + Sentinel-2
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Landsat + Sentinel-1, 2
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Feature importance

0

0.01

0.02

0.03

0.04
Other crops

0

0.02

0.04

0.06
Others

0

0.02

0.04

0.06

0.08
Tree crops

0.00

0.02

0.04

0.06
Woody vegetation

Yin et al., in prep.



Yin et al., in prep.
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Palmyra

• UNESCO World Heritage

• Destroyed May 2015

• Return of the IS in 2017

Temple of Bel



Maps of campaigns in 
northern Aleppo as of 11 
March 2017 (Wikipedia)

Syrian Armed 
Forces and 
allied groups

Islamic State

Free Syrian Army
Syrian Democratic Forces

Lake Assad

Lake Assad



Battle of al-Qusayr (2012)
Al-Qusayr offensive (2013)

Al-Qusayr Al-Qusayr

Damascus

Homs



• Multi-sensor imagery supports better cropland mapping

• Annual land cover mapping enables better change detection 

• Farmers are resilient in Syria!



Summary & Outlook



Effects of armed conflicts on land system

• The effects of armed conflicts are diverse

• The direct effects of armed conflicts are mostly local

• Yet, the indirect effects are far-reaching and long-lasting

• Population movement and policies matter



Outlook

• Future directions of using RS in studying armed conflicts

 Changes in land use management

 Dense time series enables real-time monitoring

 Potential of fusing multi-sensor imagery

• Building a causal inference using RS

 Econometric models and field surveys

 Baseline need to be carefully examined



• NASA Impacts of Regional Conflicts 
on LCLUC - Webinar Series 2021

• Science of Remote Sensing special 
issue: Armed conflicts and land use 
change (tba)



Thank you!

Email: hyin3@kent.edu

@hyinhe

SENS
LAND

Remote Sensing and 
Land Science Lab www.senslandlab.com
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