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OVERVIEW OF VULNERABILITY OVERVIEW OF VULNERABILITY 
ASSESSMENTASSESSMENTASSESSMENTASSESSMENT

• VULNERABILITY AND ADAPTATION ASSESSMENT is an
evaluation of how changes in climate may affect natural
environment, national economy, and human health and
welfare. The assessment involves the following steps.

STEP 1: involves defining the scope of the problem and
assessment process AND includes defining the
terminology, identifying the issues to be addressed, and
selecting the sectors to be studied, together with the
geographic study area and time frame for the
assessment.

STEP 2: involves defining and describing the scenarios
d l hunderlying the assessment.
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OVERVIEW OF VULNERABILITY OVERVIEW OF VULNERABILITY 
ASSESSMENTASSESSMENT

STEP 3: involves determining the biophysical
impacts by examining the effect of the baseline,p y g ,
climate, and environmental scenarios. An evaluation
of adaptation measures, practices and technologiesp , p g
is also conducted

STEP 4: involve the integration of the results of eachSTEP 4: involve the integration of the results of each
impact.

STEP 5 d t ti li i dSTEP 5: adaptation policies and programs are
analyzed.

STEP 6: results are documented and presented.
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OVERVIEW OF VULNERABILITY OVERVIEW OF VULNERABILITY 
ASSESSMENTASSESSMENT

• The following steps can be taken to determine the proper
scope of the assessment

ASSESSMENTASSESSMENT

scope of the assessment.

Identify assessment goals (identifying who will use the
results; determine what information should beresults; determine what information should be
generated, and determining what level of detail is
necessary for the assessment).necessary for the assessment).

Define sectors to be studied (importance of the sector;
indications of sensitivity to climate change; wouldindications of sensitivity to climate change; would
climate change impacts on the sector have a major on
human populations or economic activity)p p y)

Select the study region based on available data, the
goals of the assessment, and sectors chosen for study.g , y
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OVERVIEW OF VULNERABILITY OVERVIEW OF VULNERABILITY 
ASSESSMENTASSESSMENT

The following are candidates for study regions

ASSESSMENTASSESSMENT

The following are candidates for study regions.
• Administrative units (e.g. town, district, province,

state and nation)state and nation).
• Geographic or physiographic units (e.g. river basin,

plain mountain range and lake regions)plain, mountain range, and lake regions).
• Ecological zone (e.g. wetland, forests, moorland

and savannah)and savannah).
• Climatic zone (e.g. desert, monsoon zone, and rain

shadow area)shadow area)
• Sensitive regions (e.g. tree lines, ecotones, coastal

zones ecological niches and marginalzones, ecological niches and marginal
communities).



OVERVIEW OF OVERVIEW OF 

S l t th ti f ( ll 20 100 )

VULNERABILITY ASSESSMENTVULNERABILITY ASSESSMENT
Select the time frame (usually 20-100 years)

Determine data needs to be used in the study.

Develop the context for assessment by identifying
other work (either completed or in progress) thatother work (either completed or in progress) that
might support the assessment, developing a
coordinated and well-managed project andcoordinated and well-managed project, and
determining the extent to which the results will
be integrated with other work once completedbe integrated with other work, once completed.

Develop a schedule.
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VULNERABILITY AND ADAPTATION VULNERABILITY AND ADAPTATION 
ASSESSMENT TOOLS ANDASSESSMENT TOOLS ANDASSESSMENT TOOLS AND ASSESSMENT TOOLS AND 

APPROACHESAPPROACHES
NATCOM TYPE ASSESSMENTNATCOM TYPE ASSESSMENTNATCOM TYPE ASSESSMENTNATCOM TYPE ASSESSMENT
General Circulation and Biophysical Model Simulations General Circulation and Biophysical Model Simulations 
of theof the SectoralSectoral & National Economy& National Economyof the of the SectoralSectoral & National Economy& National Economy
•Institutionalize Process and Structure
•Develop Climate and Socio-economic ScenariosDevelop Climate and Socio economic Scenarios
•Input Scenarios into Biophysical Models
•Determine Impacts
•Determine Adaptation Options
•Conduct Economic Analysis on and Rank Adaptation Options 
taking into consideration capacity building and technology needstaking into consideration capacity building and technology needs
•Develop Project Proposals
•Develop and Implement a Adaptation Strategy through an Action p p p S gy g
Plan



VULNERABILITY AND ADAPTATION VULNERABILITY AND ADAPTATION 
ASSESSMENT TOOLS ANDASSESSMENT TOOLS AND

NAPA TYPE ASSESSMENTNAPA TYPE ASSESSMENT

ASSESSMENT TOOLS AND ASSESSMENT TOOLS AND 
APPROACHESAPPROACHES
NAPA TYPE ASSESSMENTNAPA TYPE ASSESSMENT

Rapid Assessment based on Desk Review and Extensive Stakeholder Rapid Assessment based on Desk Review and Extensive Stakeholder 
ConsultationsConsultations

Institutionalize Process and StructureInstitutionalize Process and Structure
Conduct Desk Study on status of previous related activities
List other plans and programs, and other national sectoral policies relevant to 

adaptationadaptation
Assemble and synthesize  available information on adverse effects of CC
Participatory assessment of vulnerability to current climate variability
Identification of key climate change adaptation measuresIdentification of key climate change adaptation measures
Identification and agreement on country driven criteria for selecting priority 

adaptation activities
Development of proposals for priority activitiesDevelopment of proposals for priority activities
Draft the NAPA and conduct a Public review of the document
Final review of the NAPA document by government and key stakeholders;
Endorsement at the highest level of the national governmentEndorsement at the highest level of the national government,
Public dissemination (including translation as necessary) and submission to Dornors



VULNERABILITY AND ADAPTATION VULNERABILITY AND ADAPTATION 
ASSESSMENT TOOLS AND APPROACHESASSESSMENT TOOLS AND APPROACHESASSESSMENT TOOLS AND APPROACHESASSESSMENT TOOLS AND APPROACHES

Scenario Development Scenario Development –– GRADS and GRADS and 
MAGGIC/SCENGENMAGGIC/SCENGEN

• The climate community uses two types of
scenarios for the study of climate variabilityscenarios for the study of climate variability
and change.

B li i (Cli P l iBaseline scenarios (Climate, Population,
Income, Environmental, Land Use,
D ifi i E I i i l)Desertification, Ecosystem, Institutional)
estimate how the world would change

i iwithout climate change.

National Stakeholder Workshop on Development of National Adaptation Strategy and Plan of Action, National Stakeholder Workshop on Development of National Adaptation Strategy and Plan of Action, 
Abuja, 22 & 23 March 2010Abuja, 22 & 23 March 2010



VULNERABILITY AND ADAPTATION VULNERABILITY AND ADAPTATION 
ASSESSMENT TOOLS AND APPROACHESASSESSMENT TOOLS AND APPROACHES

Scenario Development Scenario Development –– GRADS and GRADS and 
MAGGIC/SCENGENMAGGIC/SCENGEN

Climate change scenarios (GCMGCM--based,based,
Transient,Transient, AnalogueAnalogue andand Incremental)Incremental) on the
other hand, estimate likely changes in the
climate system that are caused by a certain
f i t h i iforcing agent such as increase in
concentration of carbon-dioxide (CO2) in the
t hatmosphere.
The Tools available are:
• Grid Analysis and Display System (GrADS) from 

USA
• MAGGIC AND SENGEM from UK Met Office
• IMAGE2 from Germany



VULNERABILITY AND ADAPTATION VULNERABILITY AND ADAPTATION 
ASSESSMENT TOOLS AND APPROACHESASSESSMENT TOOLS AND APPROACHESASSESSMENT TOOLS AND APPROACHESASSESSMENT TOOLS AND APPROACHES

SectoralSectoral Approach Approach -- Crop ProductionCrop Production

Primary Approach consists of:
Preliminary screening technique andPreliminary screening technique and
Simulation techniques.

P li i S i T h iPreliminary Screening Technique.
An assessment of vulnerability to climate change.
Based on expert judgement obtained by consulting
in-country agricultural specialist.y g p
The assessment can provide a qualitative (or
simple quantitative) analysis of potential impactssimple quantitative) analysis of potential impacts
and adaptation.
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DSSAT DSSAT -- Decision Support System for Decision Support System for 
AgrotechnologyAgrotechnology TransferTransfer

Crop Models
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Weather
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Soil, Crop and 
M t I t Climate ChangeManagement Inputs

Observed Climate
Climate Change 

Scenarios

CROP MODEL

Predicted Base
Yi ld I i ti

Predicted Change
i Yi ld I i ti

Cereals: Cereals: Corn, wheat, Corn, wheat, 
rice, barley, sorghum, rice, barley, sorghum, 
milletmilletYield, Irrigation

Evapotranspiration
Season Length…

in Yield, Irrigation
Evapotranspiration

Season Length…

milletmillet
Grain legumes: Grain legumes: Soybean, Soybean, 

peanut, dry bean, chickpeapeanut, dry bean, chickpea
Root crops:Root crops: PotatoPotato

Calibrate/Validate
Model Using Farmer 

Root crops: Root crops: Potato, Potato, 
cassavacassava

Other crops: Other crops: Tomato, Tomato, 
sunflower, sugar cane,sunflower, sugar cane,Model Using

Experimental Data Adaptations
sunflower, sugar cane, sunflower, sugar cane, 
PasturePasture

13
Economic

Consequences
Tasks in Assessing Impacts of Climate 

Change on Crop Production



FOR POLICY DECISIONFOR POLICY DECISIONFOR POLICY DECISIONFOR POLICY DECISION
Economic AnalysesEconomic AnalysesEconomic AnalysesEconomic Analyses
A complete assessment of the economic consequences A complete assessment of the economic consequences 
requires three types of information:requires three types of information:requires three types of information:requires three types of information:

The differential changes that climate causes in The differential changes that climate causes in 
production and consumption patterns (e.g., cropproduction and consumption patterns (e.g., cropproduction and consumption patterns (e.g., crop production and consumption patterns (e.g., crop 
yields);yields);
The responses of input and output market prices to The responses of input and output market prices to p p p pp p p p
these changes; andthese changes; and
The input and output changes that affected The input and output changes that affected 
individuals make to minimize losses or maximize individuals make to minimize losses or maximize 
gains from changes in production and consumption gains from changes in production and consumption 
opportunities and in the prices of these opportunitiesopportunities and in the prices of these opportunitiesopportunities and in the prices of these opportunities.opportunities and in the prices of these opportunities.
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PRODUCTION BASED PRODUCTION BASED 

ThisThis informationinformation fallsfalls intointo threethree generalgeneral categoriescategories::
POLICY DECISIONPOLICY DECISION

ThisThis informationinformation fallsfalls intointo threethree generalgeneral categoriescategories::
production,production, consumptionconsumption andand policypolicy..

TheThe ProductionProduction informationinformation includesincludes::
((11)) thethe numbernumber ofof alternativealternative cropscrops;;
((22)) thethe numbernumber ofof productionproduction techniquestechniques (e(e..gg.. irrigation)irrigation);;
((33)) thethe naturenature andand extentextent ofof resourcesresources useuse inin agricultureagriculture(( )) gg
productionproduction;; andand
((44)) thethe costcost ofof productionproduction informationinformation..

TheThe firstfirst 33 categoriescategories ofof productionproduction informationinformation willwill helphelpTheThe firstfirst 33 categoriescategories ofof productionproduction informationinformation willwill helphelp
decisiondecision makers,makers, includingincluding farmersfarmers toto arrivearrive atat policiespolicies relatedrelated
toto substitutionsubstitution possibilitiespossibilities inin thethe cropcrop productionproduction subsub--sectorsector;;

SpecificallySpecifically thethe greatergreater thethe numbernumber ofof cropcrop alternativesalternatives andandSpecificallySpecifically thethe greatergreater thethe numbernumber ofof cropcrop alternativesalternatives andand
productionproduction techniquestechniques inin aa country,country, thethe greatergreater thethe likelihoodlikelihood ofof
adaptationadaptation possibilitiespossibilities;;
C lC l ff t it i ithith ff dd ffConversely,Conversely, forfor countriescountries withwith fewerfewer cropscrops andand fewerfewer

productionproduction techniquestechniques thethe greatergreater thethe potentialpotential vulnerabilityvulnerability
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CONSUMPTION BASED CONSUMPTION BASED 

Information dealing with the consumption (demand) includes:
POLICY DECISIONPOLICY DECISION

Information dealing with the consumption (demand) includes:
the role of each crop in the country’s overall food consumption;
the percent of crops consumed domestically versus that, which is

t d dexported; and
the price movements of commodities.

The extent to which a crop contributes to domestic consumption has two
potentially important effects.

A crop produced primarily for domestic consumption (i.e. a staple) is A crop produced primarily for domestic consumption (i.e. a staple) is 
likely to be important to the welllikely to be important to the well--being of both producers (in terms of being of both producers (in terms of 
th i ti ) d R d ti i th l fth i ti ) d R d ti i th l ftheir own consumption) and consumers.  Reduction in the supply of their own consumption) and consumers.  Reduction in the supply of 
such crops implies some increased vulnerability in terms of diet.such crops implies some increased vulnerability in terms of diet.

A crop produced largely for export is typically a major source of A crop produced largely for export is typically a major source of 
f i h i f th t R d ti i tf i h i f th t R d ti i tforeign exchange earnings for the country.  Reduction in exports can foreign exchange earnings for the country.  Reduction in exports can 
reduce the economic wellreduce the economic well--being of both producers and others in the being of both producers and others in the 
economy who depend on those export earnings (e.g. beneficiaries of economy who depend on those export earnings (e.g. beneficiaries of 
government programs funded by the export earnings)government programs funded by the export earnings)government programs funded by the export earnings).government programs funded by the export earnings).

CountriesCountries withwith moremore cropcrop alternativesalternatives inin termsterms ofof bothboth domesticdomestic andand
exportexport useuse areare lessless likelylikely toto bebe vulnerablevulnerable toto climateclimate changechange..



GOVERNMENT INTERVENTION GOVERNMENT INTERVENTION 

InformationInformation onon governmentgovernment policiespolicies towardtoward thethe agriculturalagricultural
POLICY DECISIONPOLICY DECISION

InformationInformation onon governmentgovernment policiespolicies towardtoward thethe agriculturalagricultural
sectorsector cancan indicateindicate thethe extentextent toto whichwhich economiceconomic adaptationsadaptations
areare encouragedencouraged..

Specifically,Specifically, governmentgovernment interventionintervention inin agricultureagriculture (or(or
otherother economiceconomic sectors)sectors) typicallytypically distortsdistorts economiceconomic processes,processes,
resultingresulting inin lessless efficientefficient resourceresource allocationallocation decisionsdecisions thanthanresultingresulting inin lessless efficientefficient resourceresource allocationallocation decisionsdecisions thanthan
wouldwould bebe achievedachieved inin thethe ‘’free‘’free market’’market’’ situationsituation..

RemovalRemoval ofof somesome governmentgovernment policiespolicies isis thusthus expectedexpected toto
f ilit tf ilit t idid dj t tdj t t tt i t li t l hhfacilitatefacilitate moremore rapidrapid adjustmentadjustment toto environmentalenvironmental changechange..

Conversely, increased government intervention implies less Conversely, increased government intervention implies less 
flexibility and perhaps greater vulnerability to climatic stress.flexibility and perhaps greater vulnerability to climatic stress.flexibility and perhaps greater vulnerability to climatic stress.flexibility and perhaps greater vulnerability to climatic stress.

Hence, some understanding of the present and future Hence, some understanding of the present and future 
government involvement in the agricultural sector can be government involvement in the agricultural sector can be 
useful in forecasting potential vulnerabilities.useful in forecasting potential vulnerabilities.
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POTENTIAL ADAPTATION POTENTIAL ADAPTATION 
OPTIONSOPTIONS

ManyMany possiblepossible adaptationadaptation optionsoptions atat thethe farmfarm levellevel areare
appropriateappropriate forfor respondingresponding toto climateclimate changechange..
TheseThese adaptationadaptation optionsoptions includeinclude::TheseThese adaptationadaptation optionsoptions includeinclude::

AlteredAltered plantingplanting datesdates;;
ChangeChange toto aa cropcrop moremore adaptableadaptable toto thethe newnew climateclimate;;ChangeChange toto aa cropcrop moremore adaptableadaptable toto thethe newnew climateclimate;;
ChangeChange toto aa cropcrop moremore suitablesuitable toto thethe newnew climateclimate;;
ChangeChange inin thethe cropcrop rotationrotation patternpattern;;ChangeChange inin thethe cropcrop rotationrotation patternpattern;;
ApplicationApplication ofof fertilizerfertilizer;;
ApplicationApplication ofof additionaladditional irrigationirrigation water,water, ifif ananpppp gg ,,
irrigationirrigation systemsystem isis inin placeplace;; andand
InstallationInstallation ofof anan irrigationirrigation system,system, ifif oneone isis notnot inin
placeplaceplaceplace..
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SCREENING ADAPTATION SCREENING ADAPTATION 

AA ll li tli t ff d t tid t ti hh bb t dt d
OPTIONSOPTIONS

AA longlong listlist ofof adaptationadaptation measuresmeasures hashas beenbeen presentedpresented
inin precedingpreceding slideslide;;
ToTo bebe effectivelyeffectively consideredconsidered inin aa carefulcareful andand detaileddetailedToTo bebe effectivelyeffectively consideredconsidered inin aa carefulcareful andand detaileddetailed
analysisanalysis ofof adaptationadaptation measuresmeasures thethe listlist shouldshould bebe
screenedscreened toto identifyidentify thethe twotwo toto fivefive potentiallypotentially mostmostyy p yp y
effectiveeffective adaptationadaptation measuresmeasures..
TheThe screeningscreening processprocess shouldshould useuse expertexpert judgmentjudgment toto
developdevelop answersanswers toto thethe screeningscreening questionsquestions
ThoseThose measuresmeasures withwith thethe mostmost “yes”“yes” answersanswers shouldshould bebe
thth th tth t l dl d f thf ththethe onesones thatthat areare analyzedanalyzed furtherfurther..
ItIt isis criticalcritical toto shareshare thesethese resultsresults withwith decisiondecision makersmakers
andand keykey stakeholdersstakeholders toto ensureensure theythey agreeagree withwith thetheandand keykey stakeholdersstakeholders toto ensureensure theythey agreeagree withwith thethe
selectionselection ofof adaptationadaptation measuresmeasures..



SCREEN ADAPTATION SCREEN ADAPTATION 
MEASURESMEASURES

Agricultural Sector
Example: Screening Adaptation Options

Adaptation
Option

High
Priority

Target of
Opportunity Effectiveness Other

Benefits
Low
Costs

Low
Barriers

Expand
Irrigation Yes Yes Yes Yes No No

New Cultivar No Yes Yes Yes No No
Remove
Subsidies No Yes Yes Yes Yes No

ExtensionExtension
Program No No Yes Yes Yes Yes

Displacement
Program No No No Yes No NoProgram
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MULTICRITERIA ANALYSIS (MCA), MULTICRITERIA ANALYSIS (MCA), 
COSTCOST--BENEFIT ANALYSIS (CBA)BENEFIT ANALYSIS (CBA)

M lti l C it i A l i (MCA) d C t B fit A l i (CBA)Multiple Criteria Analysis (MCA) and Cost Benefit Analysis (CBA) are 
quantitative and semi-quantitative methods that depend on set criteria for 
ranking a long list of adaptation options;
Adequate information on costs and benefits for proposed activities is 
required. 
Broad Criteria for the ranking could be established through stakeholder g g
consultations and may include:
1. Loss of life and livelihood1. Loss of life and livelihood
2. Human health2. Human health
3. Food security and Agriculture3. Food security and Agriculture
4. Water availability, quality and accessibility4. Water availability, quality and accessibility
5. Essential Infrastructure5. Essential Infrastructure5. sse t a ast uctu e5. sse t a ast uctu e
6. Cultural heritage6. Cultural heritage
7. Biological Diversity7. Biological Diversity
8. Land8. Land--use management and forestryuse management and forestry8. Land8. Land use management and forestryuse management and forestry
9. Costal zones and associated loss of land9. Costal zones and associated loss of land
10. Other environmental amenities10. Other environmental amenities



EQUITY 3EQUITY 3 A CBA TOOLA CBA TOOLEQUITY 3 EQUITY 3 –– A CBA TOOLA CBA TOOL
•A decision analysis tool designed to address difficult problems of 
allocating scarce resources in a way that can maximise the 
b fitbenefits. 
•It allows Managers to prepare a number of discrete workable 
plans, which have defined costs and benefits.plans, which have defined costs and benefits. 
•Equity3 can be used to address a variety of problem areas 
including: 

•Research & Development Investment 
•Marketing Portfolio Management 
•Project Prioritisation•Project Prioritisation
•Resource Allocation 
•Capital and Revenue BudgetingCapital and Revenue Budgeting 

Technical support at (http://www.catalyze.co.uk/products/Equity/)



RANKING RESULTS IN A CAPE RANKING RESULTS IN A CAPE 
VERDE STUDYVERDE STUDY
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Eligibility Criteria for Domestic Eligibility Criteria for Domestic g yg y
and Donor Fundingand Donor Funding

Th NASPA Ad i O i h ld f di if hTh NASPA Ad i O i h ld f di if hThe NASPA Adaptation Options should attract funding if they:The NASPA Adaptation Options should attract funding if they:
a.a. Reduce vulnerability of most vulnerable communities as a Reduce vulnerability of most vulnerable communities as a 

priority enhance adaptive capacity increase coping rangepriority enhance adaptive capacity increase coping rangepriority, enhance adaptive capacity, increase coping range, priority, enhance adaptive capacity, increase coping range, 
reduce threats due to climate change;reduce threats due to climate change;

b.b. Contribute to National Development EffortsContribute to National Development Effortspp
c.c. Complementary to onComplementary to on--going or planned initiatives such as going or planned initiatives such as 

UNDAFs;UNDAFs;
dd A ti iti th t t i f i t l i l dA ti iti th t t i f i t l i l dd.d. Activities that remove triggers of environmental, social and Activities that remove triggers of environmental, social and 

economic deterioration and degradation;economic deterioration and degradation;
ee Activities that are beneficial or significantly facilitateActivities that are beneficial or significantly facilitatee.e. Activities that are beneficial or significantly facilitate Activities that are beneficial or significantly facilitate 

effective implementation of other adaptation activities; andeffective implementation of other adaptation activities; and
f.f. Enhancement of system properties (such as coping ability) Enhancement of system properties (such as coping ability) y g yy g y

to improve resilience.to improve resilience.
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VANDA ON COASTAL VANDA ON COASTAL 
RESOURCESRESOURCES
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AUTONOMOUS
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OTHER
CLIMATIC AND
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NATURAL
VULNERABILITY

PLANNED
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NATURAL SYSTEM
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TOOLS FOR VANDA ON TOOLS FOR VANDA ON 
COASTAL RESOURCESCOASTAL RESOURCES

TheThe IPCCIPCC 19921992 CommonCommon MMethodologyethodology identifiesidentifies land,land, peoplepeople andand
resourcesresources atat riskrisk andand definesdefines vulnerabilityvulnerability asas aa nation'snation's abilityability toto
copecope withwith thethe consequencesconsequences ofof anan accelerationacceleration inin seasea levellevel riserise andandcopecope withwith thethe consequencesconsequences ofof anan accelerationacceleration inin seasea levellevel riserise andand
otherother coastalcoastal impactsimpacts ofof globalglobal climateclimate changechange..
TheThe AerialAerial VideotapeVideotape--assistedassisted VulnerabilityVulnerability AnalysisAnalysis (AVVA)(AVVA)

t h it h i idid dd ll tt t h it h i hi hhi h i li l ththtechniquetechnique aa rapidrapid andand lowlow--costcost technique,technique, whichwhich involvesinvolves thethe
combinationcombination ofof::

obliquelyobliquely videotapingvideotaping thethe coastlinecoastline atat lowlow altitudealtitude fromfrom aa smallsmall
i li l ddairplane,airplane, andand

archivalarchival researchresearch (Leatherman(Leatherman etet alal 19951995))..
CombiningCombining thethe videovideo recordrecord andand thethe historicalhistorical data,data, itit isis possiblepossible toto

assess,assess, bothboth qualitativelyqualitatively andand quantitatively,quantitatively, somesome ofof thethe potentialpotential
impactsimpacts ofof 11 metremetre seasea levellevel riserise..

ConductConduct EconomicEconomic AnalysisAnalysis andand developdevelop somesome policiespoliciesyy pp pp



TOOLS ON VANDA FOR TOOLS ON VANDA FOR 
FISHERIES SECTORFISHERIES SECTOR

The Temperature The Temperature -- Productivity is calculated from the relation:Productivity is calculated from the relation:
K (kg/km of river) = B * W * (k1*k2*k3)K (kg/km of river) = B * W * (k1*k2*k3)

ValuesValues ofof BB cancan rangerange fromfrom 11--33 forfor waterswaters withwith littlelittle food,food, 44--66gg ,,
forfor averageaverage waters,waters, andand 77--1010 forfor waterwater richrich inin fishfish foodfood..

WW == widthwidth ofof riverriver
KK11 == WaterWater TemberatureTemberature == 00..99**AirTemperatureAirTemperatureKK11 WaterWater TemberatureTemberature 00..99 AirTemperatureAirTemperature
KK22 == phph oror SalinitySalinity
ValueValue forfor kk33 cancan bebe approximatedapproximated onon thethe basisbasis ofof thethe percentpercent

ofof rheophilicrheophilic (flowing(flowing water)water) andand limnophiliclimnophilic (quiet(quiet water)water)ofof rheophilicrheophilic (flowing(flowing water)water) andand limnophiliclimnophilic (quiet(quiet water)water)
speciesspecies inin thethe fishfish communitycommunity usingusing thethe followingfollowing relationrelation::

K3 = (2L + R)/100K3 = (2L + R)/100
Where L = percentage of the fish community comprised ofWhere L = percentage of the fish community comprised ofWhere L = percentage of the fish community comprised of Where L = percentage of the fish community comprised of 

limnophiliclimnophilic species, and R = the percentage of the fish species, and R = the percentage of the fish 
community comprised of community comprised of rheophilicrheophilic species. species. 
E i A l i ill id li ti t b d t dE i A l i ill id li ti t b d t dEconomic Analysis will provide some policy options to be adopted Economic Analysis will provide some policy options to be adopted 

by Governmentby Government



TOOLS ON VANDA FOR TOOLS ON VANDA FOR 
FISHERIES SECTORFISHERIES SECTOR

Assessing the Effects of Precipitation on CatchAssessing the Effects of Precipitation on Catch
CatchCatch vsvs.. FloodplainFloodplain AreaArea

InIn thethe absenceabsence ofof sufficientsufficient historichistoric catchcatch andand
floodplainfloodplain data,data, eithereither ofof thethe followingfollowing relationshipsrelationships maymay
bb ddbebe usedused::

C = 2.65A C = 2.65A –– 0.980.98 (r(r22 = 0.828)= 0.828)
C = 3 83C = 3 83 (r(r22 = 0 865)= 0 865)C = 3.83C = 3.83 (r(r22 = 0.865)= 0.865)

WhereWhere CC == annualannual catchcatch (metric(metric tons)tons) perper kmkm reachreach
ofof riverriver andand AA == floodplainfloodplain areaarea (km(km22)) perper kmkm reachreach ofofofof riverriver andand AA floodplainfloodplain areaarea (km(km22)) perper kmkm reachreach ofof
riverriver..
HistoricHistoric floodflood andand catchcatch datadata shouldshould bebe utilisedutilised toto

determinedetermine whichwhich equationequation toto useuse..



TOOLS ON VANDA FOR TOOLS ON VANDA FOR 
FISHERIES SECTORFISHERIES SECTOR

CatchCatch vsvs.. RiverRiver DischargeDischarge
FishFish productionproduction isis positivelypositively correlatedcorrelated withwith riverriver

dischargedischarge andand potentialpotential effectseffects ofof precipitationprecipitation changeschangesdischarge,discharge, andand potentialpotential effectseffects ofof precipitationprecipitation changeschanges
cancan bebe evaluatedevaluated usingusing relationshipsrelationships betweenbetween riverriver
dischargedischarge andand catchcatch.. TheThe followingfollowing relationshiprelationship cancan bebegg gg pp
usedused..

Y = 29.338 + 0.075XY = 29.338 + 0.075X (r(r22 = 0.988)= 0.988)
WhereWhere YY == totaltotal catchcatch (metric(metric tons,tons, averageaverage overover 33

years)years) andand XX == meanmean riverriver dischargedischarge (averaged(averaged forfor thethe samesame
33 yearyear period)period)33--yearyear period)period)..

InIn thisthis approach,approach, regressionregression analysesanalyses willwill bebe employedemployed
usingusing historichistoric dischargedischarge andand totaltotal annualannual catchcatch datadata totogg gg
developdevelop predictivepredictive modelsmodels ofof thethe formform describeddescribed aboveabove..



TOOLS ON VANDA FOR TOOLS ON VANDA FOR 

A i h Eff f T Ch Sh i Yi ldA i h Eff f T Ch Sh i Yi ld

FISHERIES SECTORFISHERIES SECTOR
Assessing the Effects of Temperature Change on Shrimp Yield.Assessing the Effects of Temperature Change on Shrimp Yield.

TheThe basisbasis forfor thisthis approachapproach isis developmentdevelopment ofof regressionregression
equationequation ofof thethe formformequationequation ofof thethe formform

LogLogee kkii = a = a –– b(1/Tb(1/TII))
WhereWhere kk == raterate constant,constant, TT == absoluteabsolute temperaturetemperature ((OOK),K),pp (( ))

andand aa (y(y--intercept)intercept) andand bb (slope)(slope) areare coefficientscoefficients estimatedestimated byby
regressionregression analysesanalyses..
U i i i l d t f lU i i i l d t f l R iR i t l (1990)t l (1990)Using empirical data from several sources, Using empirical data from several sources, RegierRegier et al. (1990) et al. (1990) 
developed the following model for developed the following model for penaeidpenaeid shrimp yield:shrimp yield:

Loge SCSY = 52 0Loge SCSY = 52 0 –– 14312(1/T)14312(1/T)Loge SCSY  52.0 Loge SCSY  52.0 14312(1/T)14312(1/T)
WhereWhere SCSYSCSY == stabilizedstabilized commercialcommercial shrimpshrimp yieldyield (kg/ha(kg/ha ofof
intertidalintertidal vegetation)vegetation) andand TT == meanmean annualannual airair temperaturetemperaturegg
((OOK)K)..



TOOLS ON VANDA FOR TOOLS ON VANDA FOR 

Th Si l i T h i f l i h i l

FORESTRY SECTORFORESTRY SECTOR
The Simulation Techniques for evaluating the potential
impacts of climate change on forest ecosystems uses two
simulation models:simulation models:

the Holdridge Life Zone Classification model and
the Forest Gap model (WINGAP)the Forest Gap model (WINGAP).

The Holdridge model relates the current spatial distribution of
vegetation to climatevegetation to climate.
This model is suitable for examining
(1) borad-scale patterns of vegetation as they relate to(1) borad-scale patterns of vegetation as they relate to

climate and
(2) the influence of climate changes on the suitability of a(2) the influence of climate changes on the suitability of a

region to support different vegetation types.



TOOLS ON VANDA FOR TOOLS ON VANDA FOR 
FORESTRY SECTORFORESTRY SECTOR

The Forest Gap model is an individual-based model of 
forest dynamics
The Model simulates the response of basic plant 
process to environmental conditions.p
The model can examine patterns of composition and 
productivity;productivity; 
It is site-specific and requires detailed information on 
the attributes of species and on site specific factorsthe attributes of species and on site-specific factors.

Each of these models addresses a different Each of these models addresses a different 
f t f t ti ttf t f t ti ttfeature of vegetation pattern.feature of vegetation pattern.



TOOLS ON VANDA FOR TOOLS ON VANDA FOR 
FORESTRY SECTORFORESTRY SECTOR

• The Holdridge model provides a regional mapping 
system for interpreting spatial changes in climate y p g p g
patterns throughout the country or region.

• The Forest Gap model evaluates the temporalThe Forest Gap model evaluates the temporal 
dynamics of a given forested site in response to 
climate changesclimate changes.

Together the two models provide an 
integrated approach to evaluating Districtintegrated approach to evaluating District, 
Regional and National impacts



Datebases of Current
Environmental Conditions Global Change ScenariosEnvironmental Conditions g

Holdridge Classification Map
C C i i

Holdridge Classification Map
G C S iunder Current Env. Conditions under Global Change Scenarios

Comparison of Maps to determine Area of Impactsp p p

Identification of Critical Area For Analyses 
U i F t G M d lUsing Forest Gap Models

Forest Gap Model SimulationsForest Gap Model Simulations

Analysis of Impacts
On Forest Sectors

Development of Adaptation Economical AnalysesDevelopment of Adaptation
Measures
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Because of the complexity of ecosystems and the variety ofBecause of the complexity of ecosystems and the variety of
HEALTH SECTORHEALTH SECTOR

Because of the complexity of ecosystems and the variety of Because of the complexity of ecosystems and the variety of 
social interactions involved in social interactions involved in modellingmodelling the effects of climate the effects of climate 
change on human diseases, and because predicted changes in change on human diseases, and because predicted changes in 
climate lie outside the range of recorded experience, traditional climate lie outside the range of recorded experience, traditional 
methods of epidemiology are not likely to predict climatemethods of epidemiology are not likely to predict climate--related related 
changes in human disease accurately, especially vectorchanges in human disease accurately, especially vector--bornebornechanges in human disease accurately, especially vectorchanges in human disease accurately, especially vector borne borne 
diseases.diseases.

Integrated mathematical modeling may be one method of Integrated mathematical modeling may be one method of 
dd i thi bldd i thi bladdressing this problem.addressing this problem.

The TARGETS ( Tool to Assess Regional and Global The TARGETS ( Tool to Assess Regional and Global 
Environmental and health Targets for Sustainability) models,Environmental and health Targets for Sustainability) models,Environmental and health Targets for Sustainability) models, Environmental and health Targets for Sustainability) models, 
developed by RIVM of The Netherlands uses a systems approach developed by RIVM of The Netherlands uses a systems approach 
to interrelate social, economic, and environmental forces in to interrelate social, economic, and environmental forces in 
predicting the behavior of human diseases or other human predicting the behavior of human diseases or other human 
behaviors.behaviors.



BASELINE SURVEY/ASSESSMENTBASELINE SURVEY/ASSESSMENT

MalnutritionMalnutrition
OthOthDamage to Damage to 

Public HealthPublic Health
InfrastructureInfrastructure

Maliaria,Maliaria,
SchistosomiasisSchistosomiasis

OtherOther
VDBVDB

CholeraCholera Heat StressHeat Stress

Mapping of Mapping of 
endemicendemic

borders, critical borders, critical 
areasareas

Creation of GISCreation of GISCreation of GISCreation of GIS
DatabaseDatabase

TARGETS IntegratedTARGETS Integrated
AnalysisAnalysis
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U likU lik thth tt hh d td t i h tli h tl ii
HEALTH SECTORHEALTH SECTOR

UnlikeUnlike otherother sectorssectors whosewhose productsproducts areare inherentlyinherently economiceconomic
inin nature,nature, humanhuman healthhealth isis historicallyhistorically difficultdifficult toto quantifyquantify andand
associateassociate withwith economiceconomic valuevalue..
Nonetheless,Nonetheless, therethere areare techniquestechniques toto trytry toto describedescribe humanhuman
diseasedisease inin termsterms ofof itsits economiceconomic impactimpact..
ChangesChanges inin diseasedisease incidenceincidence forfor differentdifferent diseasesdiseases cancan bebe
comparedcompared byby estimatingestimating lostlost productivityproductivity duedue toto thethe diseasedisease..
ShouldShould thesethese datadata bebe obtainableobtainable anan estimateestimate ofof healthyhealthy yearsyearsShouldShould thesethese datadata bebe obtainable,obtainable, anan estimateestimate ofof healthyhealthy yearsyears
ofof lifelife lostlost cancan bebe mademade..
RegionalRegional differencesdifferences inin wages,wages, employment,employment, andand eveneven gendergendergg g ,g , p y ,p y , gg
rolesroles willwill complicatecomplicate thethe comparisoncomparison ofof diseasedisease ofof diseasedisease
impactsimpacts..
ThTh f hf h l il i ff ff liflif ll ii ii iiTheThe furtherfurther valuationvaluation ofof yearsyears ofof lifelife lostlost inin economiceconomic termsterms isis
quitequite problematicproblematic;; DODO NOTNOT ATTEMPTATTEMPT ITIT..
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Th WINSPUR MODEL i l

LIVESTOCK AND RANGELANDSLIVESTOCK AND RANGELANDS
The WINSPUR MODEL simulates

the cycling of carbon and nitrogen through several 
compartments, including standing green, standing dead, co p e s, c ud g s d g g ee , s d g de d,
live roots, dead roots, seeds, litter, and soil organic matter.
competition between plant species and the impact of 
grazing on vegetationgrazing on vegetation.

The model is driven by daily inputs of precipitation, maximum 
temperatures, solar radiation and wind run.

The Model has four sub-models
1. Cattle Model
2 Forage Model2. Forage Model
3. Steer Model
4. Wildlife Model4. Wildlife Model



TOOLS ON VANDA FOR TOOLS ON VANDA FOR 
LIVESTOCK AND RANGELANDSLIVESTOCK AND RANGELANDS
The methodology is divided into nine steps
1. STEP 1 DETERMINES THE AREAS OF THE COUNTRY
2 STEP 2 DETERMINES THE INITIAL AND MANAGEMENT2. STEP 2 DETERMINES THE INITIAL AND MANAGEMENT 

CONDITIONS needed for plant, soil and livestock models and 
for the simulations. 

3. STEP 3 DEFINES INDICATOR VARIABLES such as Peak 
standing crop, water use efficiency, soil organic matter, weaning 
weights and forage intake.weights and forage intake.

4. STEP 4 IS STIMULATION AND MODEL VALIDATION.  
5. STEP 5: SELECTS REPRESENTATIVE SIMULATION 

SITESSITES.  
6. STEP 6: CONDUCTS THE SIMULATION 
7. STEP 7 COMPARES MODEL RUNS:
8 STEP 8 ECONOMIC ANALYSIS OF ADAPTIVE OPTIONS8. STEP 8 ECONOMIC ANALYSIS OF  ADAPTIVE OPTIONS .
9. STEP 9 DEVELOPS POLICIES



TOOLS ON VANDA FOR WATER TOOLS ON VANDA FOR WATER 
RESOURCES SECTORRESOURCES SECTOR

WATBAL WATBAL -- A monthly spatially lumped, oneA monthly spatially lumped, one--dimensional water dimensional water 
balance model is used to model the hydrobalance model is used to model the hydro--climatic cycle.climatic cycle.
11 Catchment Water Balance Model is given as:Catchment Water Balance Model is given as:

),(),,()(max tzRtPzRtP
dt
dzS gs −−= ),,( tPETzE−

1.1. Catchment Water Balance Model is given as:Catchment Water Balance Model is given as:

dt
dzStPETzEtPtQ max),,()()( −−=

2.2. Runoff Model is given asRunoff Model is given as

dt

dhSti =)(

2.2. Ground water Recharge is determined asGround water Recharge is determined as

dt
Sti y)(

RechargeRecharge depth I = ∫
maxh

dhSRechargeRecharge depth,  I = ∫
minh

y dhS



TOOLS ON VANDA FOR WATER TOOLS ON VANDA FOR WATER 
RESOURCES SECTORRESOURCES SECTOR

ECONOMIC Analysis will determine water ECONOMIC Analysis will determine water 
allocation and redistribution policies based on allocation and redistribution policies based on 
Supply and Demand at the Supply and Demand at the SectoralSectoral and National and National 
levels including:levels including:

1.1. AgricultureAgriculture
2.2. EnergyEnergy
3.3. DomesticDomestic
1.1. Industry (Industry (IWD = (1/19) DWD)IWD = (1/19) DWD)
4.4. TourismTourism
5.5. LivestockLivestock



SUMMARY OF THE VANDA OF SUMMARY OF THE VANDA OF 
NASPA PROCESSNASPA PROCESS

1
• Collect as much data as possible. Word File on Data 

needs per Sector is provided in the packagE

• Use GCM Outputs and available data as input to Biophysical 
Models run the Models and you will receive Impacts on the

2 p p ,

Models, run the Models and you will receive Impacts on the 
Sector

• Determine Adaptation Options, Rank them

• Conduct Economic Analysis on the Adaptation Options. Based 
on the results of the Economic Analysis define appropriate 
Policies

3
Policies

• Define and develop Strategies to operationalise these policies and 
implement the relevant Adaption Options. Develop an 
Implementation Strategy, paying particular attention to choosingImplementation Strategy, paying particular attention to choosing 
Lead Coordinating and Implementing Institution of every activity



THANK YOUTHANK YOUTHANK YOUTHANK YOU


