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Goals

–Model water quantity and sedimentation 
within the Luangwa River Landscape with 
current landcover conditions

– To simulate landuse and/or climate change 
within the modeling framework and 
quantify its impact on water quantity and 
sedimentation



Study Location

Luangwa Valley



Input Databases

Data Spatial 
Resolution

Temporal
Resolution

Time
Step

Source

Temperature and 
Precipitation

0.5° x 0.5° 1960-2009 Monthly Climate Research Unit (CRU) Time-Series 
(TS) Dataset 3.1; The University of East 
Anglia

Leaf Area Index 1km x 1km 2000-2006 Monthly Zhao et al.,2005; Numerical Terradynamic
Simulation Group (NTSG) at the University of 
Montana Missoula

MODIS Imagery, MOD15(FPAR/LAI),

Landcover 300m x 300m 2009 static Globcover, European Space Agency (ESA), 
MERIS instrument

DEM 30m x 30m Static ASTER







2009



Environmental Issues

• Excessive clear cutting of 
forest

– Make charcoal

– Grow crops

• Over farming land

– Stripping land of all 
nutrients

– Erosion



Result Scenario: Water Quantity

• Scenarios (4)

– Baseline

• 2009 landcover

• Monthly precipitation and temperature from 1960-
2009

– Converting 20% of forest to cropland

– 1o C temperature increase

– 1o C temperature increase + 10% reduction in 
precipitation
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Have not yet tested for statistical significance of the trends







Model Output



P > 0.10

Luangwa Valley



Validation











Scenarios









Result Scenario: Sedimentation

• Scenarios (2)

– Baseline

• 2009 landcover

• Monthly precipitation and temperature from 1960-
2009

– Deforestation

• Simulate converting  one forest landcover class to crop
– Closed (> 40%) broadleaved deciduous forest (> 5m)



Universal Soil Loss Equation

A = R * K * LS * C * P 

A: Average annual soil loss (Tons/ha*yr)
R : Rainfall and runoff erositivity
K: Soil erodibility
LS: Slope length-gradient factor
C: Crop and management Factor
P: Support practice factor







Cover and Management Factor(C) and Practice Factor (P) 

•Georgia Soil Water and Conservation Commission, 2000, Manuel for Erosion and Sediment Control  in Georgia
•USLE Fact Sheet, Ontario Ministry of Agriculture Food and Rural Affairs

lucode LULC_desc usle_c usle_p

14 Rainfed croplands 0.07 0.5

20 Mosaic cropland (50-70%) / vegetation (grassland/shrubland/forest) (20-50%) 0.07 0.5

30 Mosaic vegetation (grassland/shrubland/forest) (50-70%) / cropland (20-50%) 0.1 1

40 Closed to open (>15%) broadleaved evergreen or semi-deciduous forest (>5m) 0.001 1

50 Closed (>40%) broadleaved deciduous forest (>5m) 0.001 1

60 Open (15-40%) broadleaved deciduous forest/woodland (>5m) 0.001 1

70 Closed (>40%) needleleaved evergreen forest (>5m) 0.001 1

90 Open (15-40%) needleleaved deciduous or evergreen forest (>5m) 0.001 1

100 Closed to open (>15%) mixed broadleaved and needleleaved forest (>5m) 0.001 1

110 Mosaic forest or shrubland (50-70%) / grassland (20-50%) 0.1 1

120 Mosaic grassland (50-70%) / forest or shrubland (20-50%) 0.1 1

130

Closed to open (>15%) (broadleaved or needleleaved, evergreen or deciduous) shrubland 

(<5m) 0.001 1

140 Closed to open (>15%) herbaceous vegetation (grassland, savannas or lichens/mosses) 0.1 1

150 Sparse (<15%) vegetation 0 1

160

Closed to open (>15%) broadleaved forest regularly flooded (semi-permanently or 

temporarily) - Fresh or brackish water 0 1

170 Closed (>40%) broadleaved forest or shrubland permanently flooded - Saline or brackish water 0 1

180

Closed to open (>15%) grassland or woody vegetation on regularly flooded or waterlogged soil 

- Fresh, brackish or saline water 0 1

190 Artificial surfaces and associated areas (Urban areas >50%) 0 1

200 Bare areas 0 1

210 Water bodies 0 1

















Deforestation 
Scenario

Baseline Deforestation

Percent 

Difference

Watershed Id 149 149

Mean Sediment Export 

(Tons/ha) 10.5 16.1 53%

Mean Potential Soil 

Loss (Tons/ha) 129 250 94%

Mean Slope (%) 7.7 7.7

Mean Slope Length (m) 7 7

Mean Soil Erodibility 

(MJ*mm)/ (ha*h*yr) 0.068 0.068

Mean Rainfall Erosivity 

(T* ha*h) / 

(ha*MJ*mm) 19771 19771

C Factor (deciduous 

forest) 0.001 0.07

P Factor (deciduous 

forest) 1 0.5



Summary of Results

• Increases in air temperature and decreases in 
Precipitation will decrease stream flow

• Conversion of forest to crop land will have 
minimal impact on stream flow given current 
know of leaf area change

• Deforestation greatly increases both soil 
erosion and sedimentation

• There was no statistically significant 
relationship between time and flow 



Recommendations 
(good for a grad student dissertation or thesis)

• Confirm differences in leaf area due to forest 
conversion

– Will impact both water yield and erosion

• Compare predicted trends in historic run-off 
with measured values where they exist. 

• Use validated model to examine potential 
extremes (and reoccurrence) of low flow given 
alternative scenarios


