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Rapid changesRapid changes

1.1. IncreasedIncreased population population 
pressure:pressure:
•• naturalnatural demographicdemographic

growthgrowth
•• migration to the migration to the 

upland areasupland areas

2.2. GovernmentGovernment policiespolicies::
•• resettlementresettlement andand land land 

conservationconservation



Rapid changesRapid changes

3.3. market forcesmarket forces

•• marketmarket demanddemand

•• market accessmarket access

•• needs of farmersneeds of farmers



OnOn--sitesite impactsimpacts

•• VegetationVegetation

•• BiodiversityBiodiversity

•• WaterWater regimesregimes

•• SoilsSoils



OffOff--site impacts site impacts 
Improved watershed servicesImproved watershed services

•• Water yield Water yield 

•• StreamflowStreamflow distributiondistribution

•• Water qualityWater quality

•• Sediment in streamsSediment in streams



differentdifferent strategiesstrategies environmentenvironment & & livelihoodslivelihoods



Which management strategiesWhich management strategies??

•• Conserving forestsConserving forests •• CenterCenter for for 
International International 
Forestry ResearchForestry Research

•• FoodFood andand
Agriculture Agriculture 
Organisation Organisation ofof
thethe UnitedUnited
NationsNations

•• ICRAFICRAF

•• NonNon--wood forest wood forest 
products (products (NWFPsNWFPs))

•• AgroforestryAgroforestry systemssystems



Which management strategiesWhich management strategies??

•• Construction of terraces Construction of terraces •• International International 
RiceRice ResearchResearch
InstituteInstitute

•• French French 
Agricultural Agricultural 
Research Centre Research Centre 
for International for International 
DevelopmentDevelopment

•• The The 
International International 
CenterCenter for for 
Tropical Tropical 
AgricultureAgriculture

•• Direct Direct sowingsowing, , mulchmulch--basedbased
conservation agricultureconservation agriculture

•• Improved tropical foragesImproved tropical forages



Field plot studiesField plot studies

•• OnOn--sitesite

•• OffOff--sitesite??



A A realreal linklink betweenbetween uplandupland
agriculture agriculture andand offoff--sitesite impacts?impacts?

•• Other processes : Other processes : 
deposition, landslides, bank deposition, landslides, bank 
erosionerosion

•• Other sources: roads, Other sources: roads, ……

•• Little impact of Little impact of 
deforestation on large scale deforestation on large scale 
floodingflooding



A downward spiral?A downward spiral?

Land Degradation

Low/Declining 
Productivity

Increasing Poverty/
Food Insecurity

Short-term 
objective 
of the poor

Decreased soil 
fertility

reduced stock of 
natural capital

After John Pender, 2001. IFPR and others

Time dynamicsTime dynamics
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ThreeThree crucial crucial questions for questions for 
environmentalenvironmental policiespolicies

1.1. Agricultural Agricultural activitiesactivities offoff--sitesite impacts?impacts?

2.2. Conservation Conservation strategiesstrategies catchmentcatchment
services?services?

3.3. Better access to market Better access to market conservation conservation 
technologies?technologies?



Long Long termterm catchmentcatchment studiesstudies

•• Different spatial and temporal scalesDifferent spatial and temporal scales

•• Effects of management strategies Effects of management strategies 

•• Rare climatic eventsRare climatic events

ResearchResearch needsneeds



Management Management ofof SoilSoil ErosionErosion ConsortiumConsortium

Indonesia, Laos, Philippines, Thailand, Vietnam,Indonesia, Laos, Philippines, Thailand, Vietnam,

ADBADB--IBSRAMIBSRAM--IWMIIWMI--IRDIRD



ObjectiveObjective

•• Main results from 27 catchments on the Main results from 27 catchments on the 
impact of the rapid land use changes and impact of the rapid land use changes and 
selected alternative strategies onselected alternative strategies on
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SurveySurvey
•• TopographyTopography
•• SoilsSoils

•• Land useLand use
•• CropCrop yieldsyields
•• FarmersFarmers incomeincome
•• ClimaticClimatic datadata
•• HydrologicHydrologic datadata
•• BedBed loadload
•• SuspendedSuspended loadload

MonitoringMonitoring





Main Main catchmentcatchment attributesattributes

Country      Site Catch.  Years Mean 
Slope 

(%)

Rainfall (mm)

Indonesia Kalisidi 3 3 30-46 1,208-3,840
Laos Huay Pano 8 5 18-61 1,305-1,414
Philippines Mapawa 5 3 18-26 347-548
Thailand Huay Yai 5 5 8-15 1,028-1,493
Vietnam Dong Cao 5 5 28-38 1,048-2,368

104 catchment-years



RunoffRunoff coefficientcoefficient

RcRc = 4.87 = 4.87 –– 0.320.32 Cp + 0.24 Cp + 0.24 MzMz + 0.01 + 0.01 ΔΔz + z + 
0.38 Sa 0.38 Sa –– 0.51 0.51 EuEu

n=95 Rn=95 R²²=0.59=0.59

Cp: conservation practices (%), Cp: conservation practices (%), 
MzMz: total area cultivated in maize (%): total area cultivated in maize (%)
ΔΔzz: range of elevation (m). : range of elevation (m). 
Sa: topsoil sand content (%). Sa: topsoil sand content (%). 
EuEu: Eucalyptus (%): Eucalyptus (%)
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BedBed loadload

BLD = 0.181 + 0.596MzBLD = 0.181 + 0.596Mz22 + 0.114 + 0.114 MzMz11 + 0.104 Ca+ 0.104 Ca

n=104 Rn=104 R²²=0.79=0.79

MzMz22: maize, two cycles per year (%). : maize, two cycles per year (%). 
MzMz11 : maize, one cycle per year (%). : maize, one cycle per year (%). 
Ca: cassava (%).Ca: cassava (%).



0

10

20

30

40

50

60

0 20 40 60 80 100
Surface (%)

B
ed

lo
ad

 
(t 

ha
-1

 y
r-

1)
Maize, 2 cycles

Maize, 1 cycle

Cassava



SuspendedSuspended loadload

SUL = 1.842 + 0.208 Ca + 0.038 SUL = 1.842 + 0.208 Ca + 0.038 MzMz –– 0.03 Cp 0.03 Cp 
n=79 n=79 RR²²=0.25=0.25

SedimentSediment yieldyield
TSY = 3.265 + 0.109 Mz 
n=79 R²=0.22



A A farmerfarmer in in northernnorthern LaosLaos

•• Weed infestationWeed infestation
•• Decline in the land Decline in the land 

productivityproductivity ((cropcrop
yieldsyields))

•• A greater labour input A greater labour input 
per hectare and per per hectare and per 
workerworker

•• DecreasedDecreased labour labour 
productivityproductivity
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PhilippinesPhilippines
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ThailandThailand
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Concentrations 35 g l-1
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ConclusionsConclusions

A network of long term catchments A network of long term catchments 

•• Capture land use change under real world Capture land use change under real world 
conditionsconditions

•• Test adoption and impacts of new technologiesTest adoption and impacts of new technologies

•• Need for more in depth analyses and modellingNeed for more in depth analyses and modelling



ThreeThree crucial crucial questions for questions for 
environmentalenvironmental policiespolicies

1.1. Agricultural Agricultural activitiesactivities offoff--sitesite impactsimpacts

AnswerAnswer : YES: YES

•• Maize and cassava much more detrimental Maize and cassava much more detrimental 
than upland ricethan upland rice



ThreeThree crucial crucial questions for questions for 
environmentalenvironmental policiespolicies

2.2. Conservation Conservation strategiesstrategies watershedwatershed
services?services?

AnswerAnswer : YES: YES

•• they reduce runoff  and suspended load at the they reduce runoff  and suspended load at the 
catchmentcatchment scalescale



ThreeThree crucial crucial questions for questions for 
environmentalenvironmental policiespolicies

3.3. Better access to market Better access to market conservation conservation 
technologies?technologies?

Comparison suggests: NOComparison suggests: NO

•• No trend of reduction of soil erosion with No trend of reduction of soil erosion with 
increasing incomeincreasing income

•• Pay watershed services to upland Pay watershed services to upland 
communitiescommunities
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