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Reviewing of Integrated Assessment of the Impacts of Climate Change
and Sea-Level Rise on Agricultural Sector
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ABSTRACT

The aim of this paper is to review integrated assessment studies conducted to address the impacts of climate
change - sea-level rise on agricultural sector and to derive suggestions for improving the integrated assessment
process to assist decision-makers in establishing climate change adaptation policy. We collect integrated assessment
studies which are based on the impact-pathway analysis, compare their step-by-step procedures and identify main
factors addressed in each step. The assessment process is typically carried out in the sequence of scenario
development, determination of assessment scope, physical impact assessment, economic analysis and synthesis of
the outcomes from each step. We identify two types of integrated assessment. The first one examines the impacts
of changes in temperature and/or precipitation on the crop-cultivation patterns and/or agricultural productivity and
resulting economic effects on agricultural sector. The other investigates the impacts of sea-level rise on land use/
coverage and resulting economic damages in terms of land-value loss where the effects on agriculture is treated
as one sector among others. To enhance integrated assessment, we suggest that 1) scenarios need to incorporate
the effects of climate change and sea-level rise simultaneously, 2) scope of the assessment needs to be extended
to include ecosystem services as well as crop production, 3) social and cultural aspects need to be considered in
addition to economic analysis, and 4) synthesis of the outcomes from each step should be able to combine quantitative
as well as qualitative information.
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Integrated Assessment | |

Climate C hange Agriculture | |

Sea-level rise-{ Agriculture) |

Step 1 - Set up policy goals - Climate change scenarios - Climate change scenarios
Scenario - Design scenarios or - Avg. temperature/precipitati on - Sealevel rise scenarios
Developrment altematives - Extreme events - Extreme events
Step 2 - Review onimpads - CropsAruits - Inundation/salinization
Scoping - Temporal/spatial scope - Local/national/regional - Hational/regional/global
- Review data/methods
Step 3 - Physical impact - Cropland areas/patterns - Inundation map {land use)
Physica assessment - Crop yields simulation - Salinization assesament
Assessment - Agricultural productivity {areas and concentration)
Step 4 - Monetary valuation - Revenues in agricultural sector - Damagecosts
Economic - Cost/benefit anaysis - Regional economic analysis - Cost/benefit anaysis
Analysis - Sectoralfull-scae
Steph - Synthesis of results - Heview on uncertainties - Review on uncertainties
Integration - Uncertainties/Sensitivity - Sensitivity analysis - Sensitivity analysis
Synthesis - Qualitative information - Policy alternatives - Policy altermatives

Fig. 1. Framework of integrated impact assessment for climate change and sea-level rise.
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Table 1. List of studies to address the impacts of climate change on agricultural sector

No. Lead author Ye?r (.)f Study area Contents”
publication SLR SAL CC  AGR ECON ADAP

1 Chung UR 2006 160 cities/districts of Korea - - @) - -
2 Kwon OS 2008 7 provinces of Korea - - 0 O - -
3 Kim CG 2009 80 rural districts(crop yield) - - @) ) ¢) -
4 Shim KM 2010 8 provinces of Korea - - ©) ) - -
5 Park KW 2011 8 provinces of Korea - - @) ) -
6 Kwon OS 2012 8 provinces of Korea - - @) ) -
7 Kim CG 2012 8 provinces of Korea - - @) ) - -
8 Kwon OS 2012 23 industry classification of Korea - - O O O -
9 Nam YS 2012 8 provinces of Korea - - 0 O - -
10 Kwon OS 2013 15 global regions - - 0 O -
11 Park KW 2014 9 provinces of Korea - - @) ) -
12 Lee SH 2014 156 cities/districts of Korea - - @) O - -
13 Chae YR 2014 228 districts of Korea - - @) ) ) -
14 Chang YJ 2015 8 provinces of Korea - - @) ) - -
15  Mendelsohn R 1994 3,000 counties of USA - - @) @) @) -
16 CABI 1994 11 countries of Asia - - o O - -
17  Adams R 1995 10 rural communities of USA - - o 0 O -
18  Darwin R 1995 8 global regions and countries - - @) ) ¢) @)
19  Fankhauser S 1997 9 global regions and countries - - O - O -
20  Zilberman D 2003 - - - 0 O O -
21  McCarl B 2006 US total acreage of crop - - @) ) ) o
22 Yang X 2007 Northeast China - - @) ) - @)
23 CSIRO 2008 Australia o ¢] o} O ¢}
24 Newbold SC 2009 - - - 0 - -
25  Stoorvogel J 2009 Netherlands rural area ©) O ©) ) - @)
26 Iglesias A 2009 9 regions of Europe - - @) ) - @)
27  AEA 2010 27 European countries @) 0] @) ) - @]
28  OECD 2010 26 global regions and countries - - @) ) - o
29  Chang CC 2012 Taiwan cental/south-west region @) - @) ) ¢) ¢)
30 CAI 2012 British Columbia, Canada o ¢] 0 O - ¢}
31 DEFRA 2012 UK(sectoral production area) o o 0 o}
32 EU-IRC 2013 23 European countries - - @) ) -
33  OECD 2014 21 global regions and countries - - O 0 - ¢}
34 Wiebe KD 2015 13 global regions and countries - - O O O -

D SLR (Sea-level rise), SAL (Salinization: ground-water, soil, etc), CC (Climate change: temperature, precipitation change), AGR
(Agriculture-sectoral impact), ECON (Economic analysis), ADAP (Adaptation policy).
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Table 2. List of studies to address the impacts of sea-level rise on agricultural sector
No. Lead author Ye.ar (.)f Target area Contents”
publication SLR SAL CC AGR ECON ADAP

1 Lee SY 2011 Haeundae Gu, Busan @) - - - 0 -
2 Jeong HR 2011  Sacheon bay, Gyeongnam ©) - - @) @) -
3  Hwang JH 2011  Jeonnam/Gyeonggi/Ulsan/Busan ©) - - - @) -
4 Cho KW 2012 8 provinces 79 districts, Korea @) - - - ©) ¢)
5 Shin YS 2013 Incheon islands area o - - - @) -
6 Min DK 2014 5 provinces of the east-southern coast, Korea @) - - - @) o)
7 Eo G 2015  Masan and Changwon city, Gyungnam, Korea @) - - - o -
8 Fankhauser S 1994 22 global regions and countries @) - - - @) @]
9 Chen X 1999  Yangtze delta area, Shanghai o - - O - -
10 Tol RSJ 2002 15 global regions and countries ©) - - - @)

11 Wassmann R 2004  Mekong delta region, Vietnam ©) - - ) - -
12 Sarwar GM 2005  Bangladesh coastal area o O - O - o}
13 Anthoff D 2006 15 global regions and countries @) - - - o
14 Nicholls R 2006 16 global regions and countries 0 - - - -
15 Al-Jeneid S 2008  Kingdom of Bahrain’s 36 islands 0 - - 0 - o}
16 CSIRO 2008  Australia 0 0 O O O O
17 Saidy AR 2009  South Kalimantan, Indonesia @) - - ) - 0
18 Stoorvogel J 2009  Netherlands rural area @) @) ) ) - @)
19 Yoskowitz DW 2009  Galveston bay, Mexico ©) - - - @) -
20 Nair KS 2010  Vembanad-Kol coastal wetland, India 0 @) - 0 - 0
21 AEA 2010 27 European countries @) ) ) ) - o)
22 Hossain M 2010  Bay of Bengal, Bangladesh o o] - O - -
23 Anthoff D 2010 15 global regions and countries o - - - o} o}
24 Foster H 2011 30 rural areas, Indonesia @) - - @) - @)
25 Brown S 2011 22 European countries ©) ©) - @) @)
26 Bosello F 2012 26 European countries @) - - ) @) o
27 Chang C 2012  Taiwan central/south-west region @) - ) ) @) o
28 CAI 2012 British Columbia, Canada ¢) 0] O 0 - 0
29 Defra 2012 UK(sectoral production area) @) 0] o) ) o o
30 Ackerman F 2012 16 global regions and countries @) - - - 0 -
31 Hinkel J 2012 40 coastal areas, Africa ¢) ) - - 0 0
32 Hinkel J 2014 world’s coastline o - - - O 0
33 Kalther J 2014  Subang coastal area, Indonesia @) - - ¢) @) -
34 Kontogianni A 2014 27 coastal areas, Greece o) - ) ©) ¢)
35 Dahn VT 2014  Mekong delta region, Vietnam @) o) - ) @) -

D SLR (Sea-level rise), SAL (Salinization: ground-water, soil, etc), CC (Climate change: temperature,

(Agriculture-sectoral impact), ECON (Economic analysis), ADAP (Adaptation policy).

precipitation change), AGR
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Fig. 2. Proposed framework of integrated assessment for climate change and sea-level rise
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2= (Glossary)

AR4/5: Fourth/Fifth Assessment Report

ASM: Agricultural Sector Model

CABI: Centre for Agriculture and Biosciences International

CAI Climate Action Initiative

CERES: The Crop Environment Resource Synthesis model

CGE: Computable General Equilibrium

CMIP: Coupled Model Intercomparison Project

CSIRO: The Commonwealth Scientific and Industrial Re-
search Organization

Defra: Department for Environment, Food and Rural Affairs

DEM: Digital Elevation Model

DIVA: Dynamic Interactive Vulnerability Assessment

ENVISAGE: The Environmental Impact and Sustainability
Applied General Equilibrium

EU-JRC: European Union Joint Research Center

EVIS: Environmental Valuation Information System

FARM: Future Agriculture Resource Model

FUND: The Climate Framework for Uncertainty, Negotia-
tion and Distribution

GCM: General Circulation Model

GEM-E3: General Equilibrium Model for Energy-Economy-
Environment interactions

GIS: Geographic Information System

GPS: Global Positioning System

GTAP-EF: refinement of GTAP-E (an Energy-Environmen-
tal oriented version of Global Trade Analysis Project)

IMPACT: International Model for Policy Analysis of Agri-
cultural Commodities and Trade

IPCC: Intergovernmental Panel on Climate Change

LPJmL: Lund-Potsdam-Jena managed Land model

MAGNET: Modular Applied General Equilibrium Tool

MAGgPIE: Model of Agricultural Production and its Impact
on the Environment

NGO: Non-Governmental Organization

PE: Partial Equilibrium Model

PMP: Positive Mathematical Programming

RCP: Representative Concentration Pathway

SPAs: Shared Climate Policy Assumptions

SRES: IPCC Special Report on Emissions Scenarios

SSP: Shared Socio-economic Pathways

TASM: Turkey Agricultural Sector Model

TEV: Total Economic Value

UKCP09: United Kingdom Climate Projections 2009

WTP: Willingness to Pay
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