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1. Introduce EROS & Review Objectives in Africa

2. Review of Integration of Remote Sensing and Modelin g to 
Quantify Carbon Fluxes/Stocks (climate & Management ) 

3. Evaluate Land Cover Changes and Implications
· Benin Burkina Faso
· Ghana Guinea
· Senegal Togo

4. Summarize Carbon Biogeochemical Modeling in 

• Senegal
• Ghana

5. Propose Future Actions

Land Cover, Carbon Modeling, & 
Climate Change Presentation:
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EROS: Integration of Remote Sensing and 
Modeling for Land Surface Applications

1. Acquire, Archive, Distribute, and Apply Remote Sensi ng Data and 
Products (Landsat TM, AVHRR, MODIS, ASTER, SRTM 30m, Corona, 
ALOS, +) Future = Land Imaging Program , data are Web-enabled!

2. Support Global R & D, Int. Treaties, Alliances, Global & Int. Science
3. Develop Applications for Monitoring & Nat. Res. Mgt.
4. Develop World Leadership in Land Cover Applications of Remo te 

Sensing    Dynamic Monitoring of Ecosystem Processes (model pi xel 
performance with archive/near-real time input)

5. Support Modeling for Climate Change Adaptation and Mitigation
6. Disseminate & Apply Transforming Technologies , e.g., Implement 

Internet Map Querying and Serving Systems, GeoCafe,  MACGA, 
IABIN-DGF, Modeling of Ecosystem Services, EMIS, EI S-A

7. Achieve and Sustain Capacity Building, SOCSOM, SEMSOC, FEWS, 
MACGA, CAF, 

GLS 2005
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Regional

Centers

Regional Centers, Continental Capacity
Building, Tools & Imagery, Training

1. Remote Sensing At Regional Centers

http://edcintl.cr.usgs.gov/Africa_RS_Review/

2. Rapid Land Cover Mapper

Software and Training Material

3. TerraLook

Image Selection/Mapping/GIS Software

4. Joint Projects and Publications

SOCSOM, SEMSOC – Senegal, Ghana, +

5. Education and Training

SOCSOM

SEMSOC

SRTM 30m
Dynamic Watershed
Products
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SRTM 30m Derived Products Available for Africa;
Dynamic Access to C, Land Cover, Population,+
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Develop a Continental Role for the
Copenhagen Meeting & UNFCC Continuation

1. Be Politically Wise and Adept; Scientifically Cor rect; United

1. Understand, Promote, Propose

2. See UNFCCC activities as an Aid to Development

1. Build local capacity (crediting)

2. REDD, $oil Development, etc.

3. Consider “Life Cycle Analysis” in all carbon cred iting 
arrangements

1. Total C/Energy accounting

2. Quantify by Country

3. Quantify “per capita” 



U.S. Department of the Interior
U.S. Geological Survey

418 kg/ha/yr
41.8 t C/km/yr

8,352,601 t C/Senegal/yr

83,526,014$ Senegal/yr

2,923,410,490$  Senegal/35 yr

Historical C Loss 
in Senegal

So, what does this 
Represent in Value?

SOCSOM
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Potential Future C Levels Simulated for 
Numerous Management Options
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2000 mean: 12 t C ha-1

Changes in soil C over 50 years (0-20 cm), t C ha-1

0.43 t C ha-1 yr-1

Tschakert, Khouma and Sène. 2004. Journal of Arid Environments, 59:511-533
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Quantification of Climate and Human Impacts on Ecosystem Services

Inputs Products Applications

Global Change

• Real Time Monitoring

• Climate Change

• Land Use/Cover

• Hydrologic Cycling

• Carbon Cycling

• Ecosystem Services

• Biocomplexity

Policy Formulation

• Management Impacts 

• Climate Change Mitigation

• Carbon Sequestration

• Greenhouse Gas Emissions

• Integrated Economic Assessment
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1

3
2

Time Series NDVI

Daily Meteorology

Daily Carbon Flux
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Land Use/Cover

Soils
Climate

DEM

Time Integrated Vegetation Index

Carbon Sequestration Dynamics

Carbon Sources and Sinks 
Various spatial/temporal scales

Simulation 

Modeling
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Selected ongoing Projects: Net Ecosystem Exchange
(NEE, GPP) & Carbon Fluxes (annual in 8-day periods)
Selected ongoing Projects: Net Ecosystem Exchange
(NEE, GPP) & Carbon Fluxes (annual in 8-day periods)

Major Objectives C & Water Fluxes across the Great Plains
1.1. Partition tower fluxes into Partition tower fluxes into 

NEE, GPP, and ReNEE, GPP, and Re
2.2. Quantify major driving Quantify major driving 

variables at towersvariables at towers
3.3. Model tower fluxes and Model tower fluxes and 

drivers across time and drivers across time and 
space space 

4.4. Understand ecological, Understand ecological, 
biological, biological, envenv controlscontrols

5.5. Use Remote Sensing and Use Remote Sensing and 
spatial data to model Great spatial data to model Great 
Plains at highest resolutionPlains at highest resolution

6.6. Simulate fluxes and integrate Simulate fluxes and integrate 
across the Great Plains by across the Great Plains by 
land cover typeland cover type

7.7. Complete NACP synthesis Complete NACP synthesis 
for for midwestmidwest grass & cropsgrass & crops

8.8. Develop capabilities for Develop capabilities for 
future scenariosfuture scenarios

������C Flux 
Piecewise 

Regression

500m and 8-day
GPP/NEE Maps

NEE = GPP - Re

Site Models to Simulate 
Regional Scales
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Net Ecosystem Exchange (NEE, GPP) and 
Carbon Flux

Net Ecosystem Exchange (NEE, GPP) and 
Carbon Flux

1. NEE varies around “0” for 7 years 

2. Source sink is related to drought

3. NEE shows distinct regional 
relationships
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Mapping Modeled Carbon Fluxes at High ResolutionMapping Modeled Carbon Fluxes at High Resolution

Carbon Stock and Fluxes

Net Ecosystem Exchange  in  NGP (gC/m 2/Ye ar)

-4

-2

0

2

4

6

2000 2001 2002 2003 2004 2005 2006

Ye ar

Modeled Carbon NEE 2000-2006

Modeled and mapped at 8-days 
500-meter with accuracies:
GPP r = 0.94,
NEE r = 0.84,
Respiration r = 0.88

Note: 
1. Sources in drought years, 

Carbon sinks, and 
geographic variation

2. NEE varies around “0”
3. Distinct gradients
4. Distinct spatial patterns
5. Clear relationship to 

management

NEE 2000-2006 for the Northern Great Plains
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Net Ecosystem Exchange (NEE, GPP) and Carbon Flux Net Ecosystem Exchange (NEE, GPP) and Carbon Flux 

Importance of input variables for predicting GPP, N EE, 
and Re 

Rank of the importance of variables in the model
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Carbon Status and Trends: Carbon Stocks
Comprehensive national assessment of terrestrial ca rbon dynamics
using land cover change data, biogeochemical modeli ng,  and data
assimilation

Carbon Status and Trends: Carbon Stocks
Comprehensive national assessment of terrestrial ca rbon dynamics
using land cover change data, biogeochemical modeli ng,  and data
assimilation
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Northwestern
Great Plains

Piedmont

Northern
Piedmont

Blue Ridge

Ridge and Valley

Southeastern Plains

Madrean
Archipelago
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Unit: Mg C ha -1 y-1

� 1973-1980
� 1981-1990
� 1991-2000

Major Objectives Ecoregion Understanding      National Synthesis

1.1. What are What are quantitative quantitative 
dynamicsdynamics of spatial of spatial -- temporal temporal 
C C sources and sinks, sources and sinks, 

2.2. What are the What are the major major driving driving 
forcesforces dictating US terrestrial dictating US terrestrial 
C storage and NEE with the C storage and NEE with the 
atmosphere? atmosphere? 

3.3. What are majorWhat are major uncertainties uncertainties 
and knowledgeand knowledge gaps?gaps?

4.4. What are What are future projectionsfuture projections
based on management/use based on management/use 
and climate scenariosand climate scenarios

5.5. How can this How can this aid US carbon aid US carbon 
regulations,regulations, ‘cap and trade’?‘cap and trade’?

6.6. How do we How do we add a “Life Cycle add a “Life Cycle 
Analysis”Analysis” to account for total to account for total 
carbon balances?carbon balances?
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Carbon Status and Trends: Carbon Fluxes (NEE)Carbon Status and Trends: Carbon Fluxes (NEE)
Northwestern Great Plains Ecoregion
Changes in SOC - 1972 – 2000 Spatial Maps

1. Large variation in SOC

2. Cropland SOC decreased   
0.5%

3. Forestland SOC increased  
1.8%

4. Grassland SOC increased 
10.5%

5. Low soil C areas showed 
greater increases in C

6. High soil C areas showed 
greater decreases in C

7. Changes in C were mainly 
in the slow and passive 
pools

8. Provides guidance for land 
C management

Major Conclusions

A B

C D
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West Africa Land Use/Land Cover Change Maps
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West Africa Land Use/Land Cover Change Maps

1. Provide West African LULC monitoring framework with  
AGRHYMET, the Sahel Institute, and 14 countries

2. Produce LULC change maps for 1972, 1985, 2000, (2005)

3. Inform CILSS, ECOWAS, and Nations about:
• Food security and natural resource management progr ams
• Evaluate drivers of LULC
• Evaluate sustainability of land use
• Provide a monitoring framework for carbon, biodiver sity, and protected 

forests
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Rapid Land Cover Mapper: tool for land cover change
Landsat Decadal Collections for RLCM

GLS 2005

TM (1987 -1997)

GLS 2000

MSS 1-3 (1972 – 1983)

Corona (‘60s)

Imagery now 
available



Land Cover Change in SahelLand Cover Change in Sahel

� Completed LULC mapping the 
majority of West Africa for 2000;  
continuing 1975

� LULC fact sheets for Senegal, 
Burkina, Ghana, Benin, & Togo

� NYT front page article on land 
management successes in Niger

� Conducted four LULC workshops in 
Burkina, Ghana, Benin and Togo

� Completed development of Rapid 
Land Cover Mapper

� Workshop at CEOS Conference in 
Cape Town, South Africa

Workshop in Nairobi?



L’Occupation du Sol de la Guinée en 1975 

21,352 km²Zones de Culture

185,788 km²Savanes



L’Occupation du Sol de la Guinée en 2000

27,604 km²Zones de Culture

181,236 km²Savanes



Tableau des Tendances Nationales (Guinée)

Superficie cartographiée  244,892 km² 
Classes d'Occupation du Sol Superficie LULC (km²) Pourcentage de changement

c.1975 %S c.'75 c.2000 %S c.'00 pour la classe superficie totale
Forêt 5,828 2.4% 4,084 1.7% -29.9% -0.7%
Forêt galerie - formation ripicole 6,548 2.7% 5,880 2.4% -10.2% -0.3%
Forêt totale 12,376 5.1% 9,964 4.1% -19.5% -1.0%
Prairie marécageuse - Vallée inondable 2,508 1.0% 2,688 1.1% 7.2% 0.1%
Plans d'eau 1,176 0.5% 1,640 0.7% 39.5% 0.2%
Mangrove 2,476 1.0% 2,472 1.0% -0.2% 0.0%
Zone de Culture 21,236 8.7% 27,488 11.2% 29.4% 2.6%
Zone de Culture Irriguée 116 0.0% 116 0.0% 0.0% 0.0%
Zone de Culture totale 21,352 8.7% 27,604 11.3% 29.3% 2.6 %
Surfaces Sableuses 40 0.0% 40 0.0% 0.0% 0.0%
Sols Dénudés 40 0.0% 72 0.0% 80.0% 0.0%
Habitation 408 0.2% 548 0.2% 34.3% 0.1%
Savanes 185,788 75.9% 181,236 74.0% -2.5% -1.9%
Bowé 18,328 7.5% 18,228 7.4% -0.5% 0.0%
Superficie totale (km²) 244,892 100.0% 244,892 100.0% 0.0%



L'Occupation du Sol du Niger en 1975



L'Occupation du Sol du Niger en 2000



Tableau des Tendances (Niger)

Superficie cartographiée  244,892 km² 
Classes d'Occupation du Sol Superficie LULC (km²) Pourcentage de changement

c.1975 %S c.'75 c.2000 %S c.'00 pour la classe superficie totale
Forêt galerie - formation ripicole 388 0.1% 268 0.1% -30.9% 0.0%
Prairie marécageuse - Vallée inondable 7140 1.8% 6164 1.5% -13.7% -0.2%
Plans d'eau 2812 0.7% 3068 0.8% 9.1% 0.1%
Zone de Culture 65056 16.2% 92856 23.1% 42.7% 6.9%
Zone de Culture Irriguée 1128 0.3% 1436 0.4% 27.3% 0.1%
Zone de Culture totale 66184 16.5% 94292 23.4% 42.5% 7.0%
Surfaces Sableuses 1276 0.3% 2188 0.5% 71.5% 0.2%
Terrains Rocheux 13216 3.3% 13256 3.3% 0.3% 0.0%
Sols Dénudés 3412 0.8% 5284 1.3% 54.9% 0.5%
Habitation 788 0.2% 1000 0.2% 26.9% 0.1%
Savanes 155576 38.7% 130400 32.4% -16.2% -6.3%
Steppe 151424 37.6% 146296 36.4% -3.4% -1.3%
Superficie totale (km²) 402216 100.0% 402216 100.0% 0.0%



L'Occupation du Sol du Sénégal  en 1975



L'Occupation du Sol du Sénégal  en 2000



Tableau des Tendances Nationales
(Senegal)

Superficie cartographiée  195,696 km²
Classes d'Occupation du Sol Superficie LULC (km²) Pourcentage de changement

c.1975 %S c.'75 c.2000 %S c.'00 pour la classe superficie totale
Forêt 264 0.1% 104 0.1% -60.6% -0.1%
Forêt galerie - formation ripicole 2224 1.1% 2188 1.1% -1.6% 0.0%
Forêt totale 2488 1.3% 2292 1.2% -7.9% -0.1%
Prairie marécageuse - Vallée inondable 3340 1.7% 3684 1.9% 10.3% 0.2%
Plans d'eau 2856 1.5% 3084 1.6% 8.0% 0.1%
Steppe 9808 5.0% 10284 5.3% 4.9% 0.2%
Plantation 116 0.1% 128 0.1% 10.3% 0.0%
Mangrove 1488 0.8% 1428 0.7% -4.0% 0.0%
Zone de Culture 32448 16.6% 32584 16.7% 0.4% 0.1%
Zone de Culture Irriguée 328 0.2% 664 0.3% 102.4% 0.2%
Zone de Culture totale 32776 16.7% 33248 17.0% 1.4% 0.2%
Surfaces Sableuses 220 0.1% 64 0.0% -70.9% -0.1%
Sols Dénudés 52 0.0% 52 0.0% 0.0% 0.0%
Terrains Rocheux 1196 0.6% 1436 0.7% 20.1% 0.1%
Habitation 508 0.3% 732 0.4% 44.1% 0.1%
Savanes 138648 70.8% 137064 70.0% -1.1% -0.8%
Bowé 2200 1.1% 2200 1.1% 0.0% 0.0%
Superficie totale (km²) 195696 100.0% 195696 100.0% 0.0%



Senegal LULC Assessment for c. 
1975 & c. 2000



Senegal Change from c. 1975 to c. 
2000



Senegal / The Gambia Ag. Lands



Senegal / The Gambia Ag. Lands



Senegal / The Gambia Ag. Lands



Land Cover in Ghana, 
1975 2000



Ghana Assessment for c. 1975 and c. 
2000



Ghana Change from c. 1975 to c. 
2000



c.1975 %A c.'75 c.2000 %A c. '00 By Class Total Area
NoData 0 0.0% 16 0.0% 0.0% 0.0%
Forest 16596 7.7% 13612 6.3% -18.0% -1.4%
Gallery Forest 4688 2.2% 4176 1.9% -10.9% -0.2%
Total Forest 21284 9.9% 17788 8.2% -16.4% -1.6%
Degraded Forest 33188 15.4% 24380 11.3% -26.5% -4.1%
Wetland - Floodplain 3964 1.8% 4132 1.9% 4.2% 0.1%
Water Bodies 3144 1.5% 2864 1.3% -8.9% -0.1%
Steppe 0 0.0% 0 0.0% 0.0% 0.0%
Oasis 0 0.0% 0 0.0% 0.0% 0.0%
Plantation 48 0.0% 68 0.0% 41.7% 0.0%
Mangrove 20 0.0% 20 0.0% 0.0% 0.0%
Agriculture 31436 14.6% 61612 28.5% 96.0% 14.0%
Irrigated Agriculture 32 0.0% 136 0.1% 325.0% 0.0%
Total Agriculture 31468 14.6% 61748 28.6% 96.2% 14.0%
Sandy Area 16 0.0% 16 0.0% 0.0% 0.0%
Rocky Land 40 0.0% 56 0.0% 40.0% 0.0%
Bare Soil 84 0.0% 172 0.1% 104.8% 0.0%
Settlements 1440 0.7% 2144 1.0% 48.9% 0.3%
Shrub and tree savannas 0 0.0% 0 0.0% 0.0% 0.0%
Wooded savannas 33240 15.4% 27120 12.6% -18.4% -2.8%
Wooded savannas and woodlands 88068 40.8% 75124 34.8% -14.7% -6.0%
Total Savanna 121308 56.2% 102244 47.3% -15.7% -8.8%
Open Mine 0 0.0% 112 0.1% 0.0% 0.1%
Cloud Shadow 0 0.0% 16 0.0% 0.0% 0.0%
Cloud 0 0.0% 228 0.1% 0.0% 0.1%
Total Area (sq km) 216004 100.0% 216004 100.0% 0.0%

Total  Area
LULC Area Percent Change

Ghana National Trends



Land Cover Changes  in 6 Countries

Ghana Senegal Guinee Niger Benin Togo
NoData
Forest -18.0% -60.6% -29.9% -27.1% -34.0%
Gallery Forest -10.9% -1.6% -10.2% -30.9% -8.8% -5.1%
Total Forest -16.4% -7.9% 19.5% -30.9% -12.0% -20.8%
Degraded Forest -26.5% -4.1% 0.0% 11.8%
Wetland - Floodplain 4.2% 10.3% 7.2% -13.7% 6.3% 7.9%
Water Bodies -8.9% 8.0% 39.5% 9.1% 5.7% 17.6%
Steppe 0.0% 4.9% 0.0% -3.4% 0.0% 0.0%
Oasis 0.0% 0.0% 0.0% 0.0% 0.0%
Plantation 41.7% 10.3% 0.0% 0.0% 125.0% 650.0%
Mangrove 0.0% -4.0% -0.2% 0.0% 0.0% 0.0%
Agriculture 96.0% 0.4% 29.4% 42.7% 77.7% 80.1%
Irrigated Agriculture 325.0% 102.4% 0.0% 27.3% 9.1% 233.3%
Total Agriculture 96.2% 1.4% 29.3% 42.5% 77.1% 80.9%
Sandy Area 0.0% -70.9% 0.0% 71.5% -100.0% 0.0%
Rocky Land 40.0% 20.1% 0.0% 3.0% 14.3% 0.0%
Bare Soil 104.8% 0.0% 80.0% 54.9% 53.3% 333.3%
Settlements 48.9% 44.1% 34.3% 26.9% 45.2% 70.0%
Shrub and tree savannas 0.0% -15.1% -100.0%
Wooded savannas -18.4% 0.0% 0.0%
Wooded savannas and woodlands-14.7% -4.4% -11.5%
Total Savanna -15.7% -1.1% -2.5% -16.2% -13.0% -12.8%
Open Mine 0.0% 0.1% 0.1% 0.0% 0.1% 0.0%
Cloud Shadow 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Cloud 0.0% 0.0% 0.1% 0.0% 0.0% 0.0%
Total Area (sq km) 0.0% 0.0% 0.0% 0.0% 0.0%

Percent Change



Ghana, Agriculture Classes

13.231,552Total

0.0%32Irrigated
Ag.

13.2%31,520 km 2Agriculture

26.061,988Total

0.1136Irrigated
Ag.

25.9%61,852 km 2Agriculture



Ghana, Forest Classes

22.954,596Total

14.033,292Degraded 
Forest

2.04,688Gallery

Forest

7.0%16,616 km 2Forest

17.842,340Total

10.324,524Degraded 
Forest

1.84,176Gallery
Forest

5.7%13,640 km 2Forest



Ghana, Savanna Classes

51.3%122,212Total

37.3%88,924Wooded 
Savanna and
Woodlands

14.0%33,288 km 2Wooded 
Savanna

43.4103,492Total

32.0%76,284Wooded 
Savanna and
Woodlands

11.4%27,208 km 2Wooded 
Savanna



Ghana LULC Percent Change from c. 1975 – c. 2000
Total Pct. Change 18.1%
93.3% country analyzed
6.6% cloud mask



Eastern Sudan Savanna

Moist Forest-Savanna 
Transition

Tropical Moist 
Deciduous Forest

Locations and typical landscapes of three 
study areas 



Climate Change Scenarios for 21 st Century
(Bawku as an example)

(scenarios based on Ghana EPA, 2000 and Hulme, 2001-IPCC 3AR)
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� N04: average N application of 4 kg N ha-1yr-
1 from 1970 to 2000 continues until 2100,

� N30: N application increases to 30 kg N ha-
1yr-1, and

� N60: N application increases to 60 kg N ha-
1yr-1.

� Sustainability is highly dependent on:
� Nutrient Management
� Residue Management
� Crop Rotation

Nitrogen fertilization Scenarios for 21st century



Bawku Study Area LULC from c. 1975 – c. 2000

-344-2034016
Change 
(km2)

-27.0%-55.6%40.7%26.7%
Pct 
Change

Wooded 
Savannas 
(17)

Gallery 
Forest (15)

Agriculture 
(8)

Wetlands 
(3)Bawku



Ejura Study Area LULC from c. 1975 – c. 2000

32220-26012
Change 
(km2)

-61.5%-22.8%158.5%-7.5%Pct Change
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Forest (21)

Wooded 
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Assin Study Area LULC from c. 1975 – c. 2000

-2608392-140
Change 
(km2)

-22.7%40.0%53.3%-22.0%
Pct 
Change
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Forest (21)
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Agriculture 
(8)Forest (1)Assin



Bawku:
Dynamics of ecosystem C and SOC in the 20 th century
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Bawku District:
Ecosystem C and SOC trends with progressive 

warming-drying stresses over the 21 century

A: Ecosystem C stock
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B: Soil C stock
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Bawku District:
Responses of soil C and N stocks in croplands

to N fertilization levels in Bawku

A: SOC
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B: SON
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Ejura:
Simulated responses of SOC stock in cropping system s

to N fertilization rate and climate change scenario s
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Simulated Impact of Climate Change on SOC Stocks in
Major Land Use Types (2000-2100)

2100 Diffb 2100 Diffb 2100 Diffb

Open forest 33.2 28.3 -4.9 23.9 -4.4 22.6 -5.7 22.0 -6.3
Open savanna 31.8 22.9 -9.0 20.3 -2.5 19.0 -3.8 18.4 -4.5
Grass/herb 31.9 18.3 -13.6 15.0 -3.3 13.9 -4.4 13.4 -4.9

Croplandc 33.4 19.4 -13.9 21.1 1.7 19.8 0.4 19.4 0.0
Open forest 40.6 30.2 -10.4 30.9 0.7 29.2 -1.1 28.5 -1.8
Open savanna 22.7 20.9 -1.8 21.2 0.3 20.1 -0.8 19.5 -1.4
Grass/herb 22.7 16.2 -6.5 14.6 -1.6 13.5 -2.8 12.8 -3.4

Croplandc 31.0 21.4 -9.6 20.6 -0.9 17.6 -3.8 16.5 -4.9
Closedd forest 52.9 53.5 0.5 53.3 -0.1 52.2 -1.3 51.4 -2.1

Open forest 55.0 44.9 -10.1 43.4 -1.5 42.6 -2.4 42.1 -2.8
Croplandc

59.6 40.0 -19.6 31.4 -8.6 29.0 -11.0 28.6 -11.4
NCC, no climate change; LCC, low climate change; HCC, high climate change.
a   Difference between 2000 and 1900
b  Difference between 2100 and 2000
c  With average nitrogen fertilization rate of 4 kg N ha-1yr -1.

2000
HCC

Mg ha-1 Mg ha-1 Mg ha-1

Diffa
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Land cover and 
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1900
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District
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Ecosystem and Soil C Changes Related to Management &
Climate Change Scenarios in 3 Selected Districts of  Ghana

2100 Diff b
2100 Diffb

2100 Diff b

%

Ecosystem 131 36 -95 31 -4.4 30 -6.0 29 -6.6 -73
Soil 32 20 -12 20 0.2 19 -1.1 18 -1.4 -38

Ecosystem 135 77 -58 74 -2.8 73 -4.1 71 -6.1 -43

Soil 27 21 -5 20 -1.2 18 -3.4 17 -4.2 -20
Ecosystem 306 153 -153 146 -7.1 145 -7.7 143 -9.5 -50

Soil 53 44 -9 40 -4.7 38 -6.2 38 -6.8 -17
a 

  Difference between 2000 and 1900
b
  Difference between 2100 and 2000

NCC, LCC, and HCC represent no, low, and high clima te change scenarios, respectively.

Bawku

Ejura

Assin

District

Mg ha
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Carbon stock
Change 

NCC
1900 2000 Diff

a

Mg ha
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LCC HCC

Mg ha
-1

Mg ha
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1. Remote Sensing Data and Tools are 
Available

2. Land Cover and Change Products are 
available in West Africa

3. Current Land Cover could be mapped….
4. Africa needs to be STRATEGIC in 

UNFCCC negotiations
5. Opportunity to link Climate Change and 

Sustainable Agriculture
6. Opportunity to show VERY LOW Life 

Cycle Analysis for Agriculture in Africa

Conclusions



7. Deforestation resulted in a substantial reduction in 
ecosystem C and SOC stocks 

8. Natural ecosystems are more sensitive to climate 
changes than managed savannas. 

9. The adverse impacts of climate changes on cropping 
system can be offset by N fertilization (30 kg N ha-1yr-1)

10.Low N fertilization rate is the major constraint on current 
crop production; 

11.Increased N fertilization is a critical adaptive management 
measure to improve food security and ag sustainability

12.Projected climate changes are not catastrophic in Ghana

13.Prepare a strong and effective strategy for 
Copenhagen

Thank You    Questions?

Conclusions
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Land Cover Applications, Landscape Dynamics 
& Global  Change
Land Cover Applications, Landscape Dynamics 
& Global  Change

Annual
landscape
information

Land cover
Climate

Soils
Terrain

Other factors

Economic &
policy drivers

Demand
module

FORE-SCE

Spatial
allocation
module

Land-use
history

Crop pricesProduction costs

Ecosystem
quality

Soil Org. C
Air quality

Water quality
Habitat

Climate-change
pollutants

Climate change 
scenarios

Ecosystem
sustainability

Energy budget

Estimated greenhouse
gas emissions

Estimated erosion rates

Estimated nutrient input
to surface/groundwater

Wildlife habitat

Estimated biomass

Crop yield

BASINS 
distributed 
hydrologic 

analysis 
system

GEMS

Refined
NLCD

(base landscape)

Refined
land-use 

history data

Climate

Soils
Terrain

Other factors

Ag. profitability

Input data/info Outputs . Env/econ assessment

Biogeochemical
assessments

Environmental
information

Fertil izer
database

Outputs .ModelsModels

Followed Guidance and Integrated a new Bureau-wide Multidisciplinary Task: “Ecosystem 
Services and Biomass for Energy in the Great Plains  and the Prairie 
Pothole Region:  Impacts of Management and Climate Change”

Collaborating Projects (GAM, LRS, BRD, ESD, USDA):
1. Land Cover Applications…. 2. Land Cover Status an d Trends
3. Development of Adaptive Land Management 4. Wildli fe Landscape Research

Models on DOI Lands
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Ejura:
Spatiotemporal trends of Ecosystem C and SOC stocks

under high climate change scenario over the 21 th century
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Assin:
Trends of ecosystem C and SOC 

during the 20 th century
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Assin: Spatiotemporal patterns of SOC budgets under 
Progressive warming-drying stresses during the 21 th century
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