Lesson 1. Physical and Agricultural Geography of Kenya

1. Open Google Earth on your computer.

2. From the Google Earth tool bar: File  Open and navigate to C:\MSU_CLIP and double-click on CLIP_Lesson 1.kmz.
3. In the Layers list on the left side of the Google Earth desktop, expand the Borders layer and turn on International Borders and Country Names.
[image: image17.png]Temperature (celsius) ~Rainfall (mm)

© JanFeb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

I

= average daily temperature (max)
= average daily temperature (min)




4. In the Places list on the left side of the Google Earth desktop, turn on the Michigan Outline map. Set the Transparency Slider Bar at the bottom of the Places screen to about 60% opaque (about 2/3rds from the left end). Read Section 1.1 on the following pages and then explore the east African region in Google Earth.
When you have finished exploring, turn off the Michigan Outline map and read section 1.2, below. Then, follow the instructions given in step 5.

1.1 Introduction

Kenya is located in East Africa and borders the Indian Ocean, and the countries of Somalia, Ethiopia, Sudan, Uganda and Tanzania (Fig. 1). The equator passes right through the middle of the country (Fig. 2). Kenya has an area of 582,646 square kilometers, nearly 4 times the size of Michigan. 

Figure 1.
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Figure 2.
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1.2 The February 2007 census reported the Kenyan population as 31,138,735 people. Most of the people live in the one-fifth of the country that receives enough rain to support crop production. People work as farmers and herders in rural areas, while the towns have vibrant economies with markets, manufacturing enterprises, banks and other services, as well as government offices. 

5. Where is the one-fifth of Kenya that supports most of its population? To find out, return to the Places list on the left side of the Google Earth desktop, and turn on the Kenya_Pop99: image. Again use the Transparency Slider Bar at the bottom of the Places screen to “uncover” and “cover” the background imagery displayed by Google Earth. Zoom in to the populous area of Kenya (shown in the various greens on the population map). The large magenta patch in the south-central part of the country represents the capital city of Nairobi. By changing the transparency of the population map, compare the spatial distribution of the highly populated areas with the “greenness” of the landscape as shown on the underlying satellite imagery.
6. Read section 2.1, below. 

2.1 Geology

The African continent represents the interior of the world's original continental landmass, Pangaea, from which the other continents began to break away about 200 million years ago (Fig. 3). This process, known as Plate Tectonics, continues today splitting portions of Africa into smaller segments. 
Kenya is part of a large portion of northeast Africa that is slowly breaking away from the rest of the continent and moving towards India. This break is marked on the earth’s surface by the Great Rift Valley, which is bounded on both sides by a series of faults (Fig. 4). The Great Rift Valley extends 8000 km from Central Asia through almost the length of Africa, including 3500 km from the Red Sea to Mozambique (Fig. 5).   Eventually the Rift Valley will deepen and lengthen and once it connects to the ocean it will flood, forming an ocean feature similar to the Red Sea. Volcanic activity and earthquakes occur as part of this break up. Rocks of volcanic origin are common in Kenya, covering about one-third of the country's surface

Figure 3. The supercontinent, Pangaea, at 200 million years ago.
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	Af - - Africa
Ar - - Arabia
Au - - Australia
Bk - - Baikal Block
Br - - Brooks Range
Co - - Cordilleran Accreted Terranes. Shown    schematically west of North America. Exact configuration and location unknown.
Ea - - East Antarctica
Eu - - Eurasia
Gon - - Gondwana
Gr - - Greenland
In - - India
Ir - - Iran
It - - Italy, including numerous small plates that now make up the Balkans.
Ko - - Kolyma Block, present northeastern Siberia
	Ma - - Madagascar
Na - - North America
Nc - - North China
Nt - - Northern Terranes. Shown schematically. Accrete to Eurasia.
Nz - - New Zealand
Sa - - South America
Sb - - Spitzbergen
Sc - - Scotland
Sc - - South China
Se - - Southeast Asia
Sp - - Spain
St - - Southern Terranes. Shown schematically. Accrete to Eurasia.
Tu - - Turkey
Wa - - West Antarctica
Xi - - Xinjiang


Figure 4. Block faulting associated with rift valleys.
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Figure 5. Map of East Africa showing some of the historically active volcanoes (red triangles) and the Afar Triangle (shaded, center) -- a triple junction where three plates are pulling away from one another: the Arabian Plate, and the two parts of the African Plate (the Nubian and the Somalian) splitting along the East African Rift Zone. The Great Rift Valley in eastern Africa extends 3500 km from the Red Sea to Mozambique (http://pubs.usgs.gov/publications/text/East_Africa.html).
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The Afar region (Fig. 6) is one of two areas in east Africa that have provided the best fossil evidence of the very early hominid, Australopithecus afarensis. Two extraordinary finds from Hadar, Ethiopia include "Lucy" and the "First Family." Lucy is a 40% complete skeleton of a diminutive female hominid and the First Family refers to the skeletal remains of 13 hominid individuals, possibly from one social group, who died in a flash flood. Recent dating of Lucy has placed A. afarensis at 3.16 million years ago.
Figure 6. The Afar region (light brown) is bounded by topographic and structural highlands (darker brown). Volcanoes are shown in gray. Erta Ale, one of the world's most active volcanoes, is at the apex of the Afar triangle. (http://volcano.und.edu/vwdocs/volc_images/img_afar_region.html)
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7. Turn off the Kenya_Pop99:image and zoom so that all of Kenya is in view. In the Layers list on the left side of the Google Earth desktop, expand the Geographic Features layer and turn on Volcanoes. Note the sinuous line of volcanoes that snakes across western Kenya from Suswa in the SW corner of the country, to North Island in Lake Turkana in NW Kenya. You can left-click on the symbols for these volcanoes to see their picture and read more about them.

Zoom out until you can view all of the “horn” of Africa. Now you can see that numerous volcanoes trace out the East African Rift system from northern Tanzania, across Kenya and Ethiopia and into Djibouti and Eritrea, where it forks to form the Afar Triangle.
8. Turn off the Volcanoes under Geographic Features layer. Let’s take a virtual fieldtrip by flying along the Kenyan section of the Great Rift Valley. First, however, we need to adjust some settings in Google Earth. From the main GE tool bar, select Tools  Options. On the Options dialog page that opens, select the “3D View” tab. Set the “Terrain Quality” slider bar to “Higher” (moved to the far right end of its travel) and enter “3” in the “Vertical Exaggeration” dialog box. Click “Apply Settings” and “OK.”
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9. From the Layers list on the left side of the Google Earth desktop, turn on the Terrain layer. From the Places list, turn on Start your Rift Valley flight, Flying the Rift Valley and Suswa. To begin, double-click on the name Start your Rift Valley flight. Once the automatic zoom finishes, use the “joystick” in navigation tool cluster (upper right corner of the Google Earth desktop) to fly along the yellow path that is provided. 
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1. Use the tilt slider to tilt the terrain toward a horizon view. Move the slider to the left for a top-down view or to the right for a horizon view. Double click the icons at the end of the slider to reset the tilt all the way to a top-down view or to a horizon view. 
2. Use the joystick to move the center point of the view down, up, right or left. Click the center, hold the mouse button, and move in any direction. 
3. Click the direction arrows to move the view in the direction you wish. 
4. Click the north up button to reset the view so that north is at the top of the screen. 
5. Use the zoom slider to zoom in or out (+ to zoom in, - to zoom out). Double click the icons at the end of the slider to reset the zoom all the in or out.
6. Click and drag the navigation ring to rotate the view.

As you fly along the route, take note of

· Volcanoes (some are tall mountain peaks, others are small cinder cones)

· Fault scarps (linear, steep slopes that form along some fault lines).

When you encounter the Suswa volcano, stop your flight so that the mountain is centered on your computer screen. Use the “Navigation Ring” to fly around this spectacular “volcano in a volcano” (see following airphoto and diagram).
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Ficure 1. Aerial photograph of Mount Suswa caldera and ring graben taken from the southwest; from original photographs by
T. A. Tomalin, supplied by P. E. Glover, Nairobi.




From: Johnson, R. W. 1969. Volcanic Geology of Mount Suswa, Kenya. Philosophical Transactions of the Royal Society of London. Series A, Mathematical and Physical Sciences. 265: 383-412. 

Your flight ends at North Island in Lake Turkana, the northernmost and smallest of three volcanic islands in the lake.
10. From the Layers list, turn off the Terrain layer. From the Places list, turn off Start your Rift Valley flight, Flying the Rift Valley and Suswa. Using the navigation tool cluster, move the tilt slider all the way to the left to return to a vertical view. Use the zoom slider to zoom out so that all of Kenya is in view.
Read section 2.2, below.
2.2 Climate

Kenya is hot and humid along the coast, temperate in the interior highlands and very hot and dry in the northern and northeastern parts of the country. Kenyans wear summer clothes throughout the year. However, it is usually cool at night and early in the morning. 
Kenya experiences two rainy seasons, the "long rains" from March to June and the "short rains" from October to December. The rainfall pattern of most of the country is associated with the monsoons of the Indian Ocean. The long rains are brought by winds blowing from the southeast off the Indian Ocean, while the short rains are carried by winds that blow from the northeast across the Arabian Sea to Kenya. Western Kenya, which receives rain almost year-round, is also influenced by winds that blow across the Congo Basin to the west, bringing rain in July and August. The amount of rainfall varies considerably from place to place within Kenya (Fig. 7). This means that people in different parts of the country have developed different economies and ways of life (coping strategies), but nearly every Kenyan is vulnerable to the effects of droughts, which occur with depressing regularity.

The lowland areas of Kenya are dry, except for a narrow strip of land that borders the Indian Ocean where winds blowing off the ocean bring a lot of rain. The desert areas of northern and eastern Kenya receive very little rain, while the semi-arid plains in the south and the Rift Valley do not get enough rain to support rain-fed agriculture. These areas are the home of peoples, including the Maasai, who raise livestock for a living. They drink the milk from their animals and they sell animals to buy grains, like maize (i.e., corn). These herder people live a nomadic life especially during the dry season. They move, with their animals, from place to place looking for grass and water for their livestock. 
The mountainous areas of the center and southwest of Kenya receive a lot more rain than the rest of the country. These are the major agricultural areas of Kenya. Maize and beans are the principal food crops, while coffee and tea are grown as cash crops.
Figure 7. The monthly average rainfall, maximum daily temperature and minimum daily   temperature for three cities in Kenya – Nairobi, Mombasa and Kisumu.
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Station: Nairobi, Kenya
(central highlands)
Station: Mombasa, Kenya
(coastal)


Station: Kisumu, Kenya


(western)
11. From the Places list, turn on the Kenya_rainfall_distribution: image. Using the Transparency Slider Bar at the bottom of the Places screen, compare the spatial distribution of the high rainfall areas with the “greenness” of the landscape as shown on the underlying satellite imagery.
12. Leave the Kenya_rainfall_distribution: image fully opaque (i.e., the Transparency Slider Bar all the way to the right). Now, turn on the Kenya_Pop99: image from the Places list. Make the Kenya_rainfall_distribution: image “active” by left-clicking its name (the name will be surrounded by a gray box). Use the Transparency Slider Bar at the bottom of the Places screen to compare the spatial distribution of the high rainfall areas with the populous areas of the country.

Read section 2.3, below.

2.3 Moisture Availability 

Evapotranspiration is the water lost to the atmosphere by evaporation from the ground surface, from the capillary fringe of the groundwater table, and from the transpiration of soil moisture by plants. The transpiration aspect of evapotranspiration is essentially evaporation of water from plant leaves. 

Just as you exhale water vapor when you breathe, plants do, too – although the term "transpire" is more appropriate than "breathe." Plants put down roots into the soil to draw water and nutrients up into the stems and leaves. Some of this water is returned to the air by transpiration. Studies have revealed that transpiration by plants accounts for about 10 percent of the moisture in the atmosphere, while the oceans, lakes and streams provide nearly 90 percent of the atmosphere’s water vapor. Amazingly, an acre of corn can transpire about 3,000-4,000 gallons (11,400-15,100 liters) of water each day during the summer!

In most of the tropical and equatorial regions of the world, and across large areas outside the tropics, the yield of agricultural crops is limited more by the amount of water received by and stored in the soil, than by air temperature. Too little rain can seriously restrict crop growth during the growing season if evapotranspiration exceeds rainfall. One simple measure of potential crop productivity and sustainability is moisture availability, an index of the balance between precipitation and evaporation. Moisture availability is calculated using the following equation: 

moisture availability (%) = (mean annual rainfall / potential evaporation) * 100
The term potential evaporation indicates the amount of evaporation that could occur if moisture were unlimited. Actual evaporation is usually less than this amount, since there may be dry periods in which there is simply no moisture available to evaporate.

In Kenya, moisture availability ranges from more than 80% in the humid zones to less than 15% in the arid zones (Table A). From the perspective of sustaining cropland agricultural livelihoods, note the right-hand column in Table A. Moisture availability zones I – III (green colors) all have less than a 10% risk of crop failure (for adapted maize), making these the areas of sustainable cropland agriculture. Zone IV is a landscape of moderately sustainable cropland agriculture because the risk of crop failure is 10 – 25%. Zones V – VII represent areas of currently unsustainable cropland agriculture. Some sort of irrigated cultivation would be required in these zones to achieve adequate crop yields.
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13. From the Places list, turn on the Moisture availability map. Using the Transparency Slider Bar, compare the spatial distribution of moisture availability zones I - IV with the “greenness” of the landscape as shown on the underlying satellite imagery.
Leave the Moisture availability map fully opaque (i.e., the Transparency Slider Bar all the way to the right). Turn on the Kenya_Pop99: image. Make the Moisture availability map “active” by left-clicking its name (the name will be surrounded by a gray box). Now, use the Transparency Slider Bar to compare the spatial distribution of moisture availability zones I - IV with the populous areas of the country.

Turn off the Kenya_Pop99: image.  Read section 2.4, below.
2.4 Arid and Semi-arid Lands
On the basis of moisture availability for plant growth, about 88% of Kenya is classified as arid to semi-arid land (ASAL). The ASALs of Kenya, however, represent a very important socio-economic region with a potential value of about Ksh 180 billion ($2.69 billion [USD]) annually. Kenya’s ASALs are home to about 39% of her people (1999 census); they sustain about 50% of the livestock population of the country; and, most importantly, they are key contributors to the tourism industry which generates about Ksh 50 billion ($746.8 million [USD]) each year. Most of the Kenya’s 59 national parks and game reserves are located in the ASALs. Special factors that make Kenya’s ASALs a major tourist attraction are the interactions between wildlife and pastoralism, preserved cultural richness and the low environmental impact of traditionally practiced agro-pastoral activities.
The wildlife population in Kenya is substantial largely because Kenyans did not hunt them for fun, but deliberately preserved them. The Maasai, for example, believe that their god made them custodians of all animals, wild and domestic. Today a large proportion of the country has been set-aside as national parks and national reserves, within which the wildlife are protected and in which dry-season grazing and water is found. Among these national parks are Lake Nakuru, known for its millions of flamingos, Amboseli, famous for its elephants, and Maasai Mara, where the spectacular annual migration of the wildebeest takes place (Fig. 8). Kenya’s wildlife includes elephant, rhinoceros, water buffalo, lion, leopard, zebra, giraffe, numerous antelope species and thousands of different birds. 

Figure 8. Migrating wildebeest in Maasai Mara National Park, Kenya (D.J. Campbell).

[image: image12.emf]
14. From the Places list, turn on the National Parks map. Using the Transparency Slider Bar, compare the location of the national parks (especially Tsavo, Amboseli, Masai Mara and Meru NPs) with moisture availability zones IV – VI.
Turn off the National Parks map.  Read section 2.5, below.
2.5 Agriculture
Agriculture remains the most important economic activity in Kenya, even though less than 8% of the Kenyan landscape is used for crop and feed production. Less than 20% of the land in Kenya is suitable for cultivation, of which only 12% is classified as high potential (adequate rainfall) agricultural land and about 8% is medium potential land. The rest of the country is arid or semiarid. About 80% of the work force engages in agriculture or food processing. Farming in Kenya is typically carried out by small producers who usually cultivate no more than two hectares (about five acres) using limited technology. These small farms, operated by about three million farming families, account for 75% of the total agricultural production of the country. Although there are still important foreign-owned coffee, tea, and sisal plantations in Kenya, a large and increasing number of poor farmers grow cash crops.
Kenya is Africa's leading tea producer and was fourth in the world in 1999, behind India, China, and Sri Lanka. Black tea is Kenya's leading agricultural foreign exchange earner. Tea exports were valued at $404.1 million [USD] in 2001, or nearly 18% of total exports. The tea industry is divided between small farms and large estates. The small-scale sector, with more than 260,000 farmers, is controlled by the parastatal Kenya Tea Development Authority. The estates, consisting of 60–75 private companies, operate on their own.
Coffee is Kenya's third leading foreign exchange earner, after tourism and tea. In 2001, coffee earnings totaled $91.8 million. Similar to the tea sector, coffee is produced on many small farms and a few large estates. All coffee is marketed through the parastatal Coffee Board of Kenya. 
Kenyan horticulture has become prominent in recent years, and is now the third leading agricultural export, following tea and coffee. Fresh produce accounted for about 30% of horticultural exports, and included green beans, onions, cabbages, snow peas, avocados, mangoes, and passion fruit. Flowers exported include roses, carnations, statice, astromeria, and lilies.
Kenya is the world's largest producer and exporter of pyrethrum (Pyrethrum cinerariaefolium), a flower that contains a substance used in pesticides (Fig. 9). Pyrethrin, the natural pesticide extract, is derived from the petals of the pyrethrum flower. Kenya also produces for export sisal, tobacco, and annatto (Bixa orellana, from which a natural food coloring agent is extracted). Other important crops include sugarcane, maize, wheat, rice and cotton. Smallholders grow most of the maize and also produce significant quantities of potatoes, beans, peas, sorghum, sweet potatoes, cassava, bananas, and oilseeds.

Black wattle (Acacia mearnsii) is a fast growing tree species with a high tannin content in its bark that is processed into tanning extracts (used in leather production). Black wattle is an ideal agroforestry species because it can be easily incorporated into farming systems, it is nitrogen-fixing, it produces wood-based products for the household (fuelwood, charcoal, building poles and materials for cattle enclosures), it is easily grown and it can generate income from the sale of its bark.

Figure 9. Pyrethrum (Pyrethrum cinerariaefolium). http://www.biomatnet.org/secure/Crops/S616.htm
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15. From the Places list, turn on the Major Cash Crops map. Using the Transparency Slider Bar, compare the location of the two intensive cultivation areas with moisture availability zones I – III.
Leave the Major Cash Crops map fully opaque (i.e., the Transparency Slider Bar all the way to the right) and turn off the Moisture availability map. Turn on the Kenya_Pop99: image, but make the Major Cash Crops map “active” by left-clicking its name. Use the Transparency Slider Bar to compare the location of the two areas of intensive cultivation with the populous areas of the country.

Turn off the Kenya_Pop99: image. Read section 2.6, below.
2.6 Crop Yield Simulations
The Climate Land Interaction Project (CLIP) at Michigan State University is conducting research to understand the nature and magnitude of the interactions of climate and land use/cover change across East Africa. Researchers are employing a variety of tools to understand these important linkages, including the use of regional climate models and crop production simulations. CLIP is focused on Kenya, Uganda and Tanzania, but the analysis area also includes portions of Ethiopia, Somalia, Sudan, Rwanda, Burundi, Zaire, Zambia, Malawi and Mozambique. Funding for the project was provided by the National Science Foundation (Biocomplexity of Coupled Human and Natural Systems Program) and the Michigan State University Foundation.

The crop yield simulations use the FAO digital soils map of the world. All soil types in the CLIP domain (study area) were categorized according to their agricultural suitability for maize production into three classes: unsuitable, moderately suitable or highly suitable. Only the moderately or highly suitable soils were used for the simulation. Representative soil profiles from the World Inventory of Soil Emission Potentials data base (International Soils Reference and Information Center) for each of the soils in the simulation were selected. Water holding capacities were extracted from the soil data base or estimated if not available.

Planting dates for maize (a maize variety typically grown in the region was selected) were estimated using a simple water balance model. The simulation assumed 3.7 plants per m2 and that 10 kg/ha of mineral Nitrogen fertilizer was applied at the time of planting. Both of these assumptions represent common practices of small-plot farmers in the region.
The yield model received daily weather data (maximum and minimum temperature, solar radiation, and precipitation) that were simulated by the regional climate model. Maize yields were simulated for two decades: 2000-2009 and 2050-2059.

16. From the Places list, turn on the 2000 Maize Yields map. Use the Transparency Slider Bar to compare the location of the two areas of intensive cultivation in Kenya with the zones that are capable of producing 3000 kg/ha or more of maize (the various green colors on the yield map).
17. Turn off the Major Cash Crops map. Turn on the Moisture availability map, but make the 2000 Maize Yields map “active” by left-clicking its name. Using the Transparency Slider Bar, compare the location of the areas that are capable of producing 3000 kg/ha or more of maize with moisture availability zones I – III. Note that some areas with adequate moisture availability (zones I – III) are underlain by only moderately suitable soils, lessening the simulated yields.

18. Turn off the 2000 Maize Yields map and turn on both the Major Cash Crops and 2050 Maize Yields maps. Make the 2050 Maize Yields map “active.” Use the Transparency Slider Bar to compare the location of the two areas of current intensive cultivation in Kenya with the zones that are predicted to be capable of producing 3000 kg/ha or more of maize by the year 2050 (the various green colors on the yield map).

19. Turn off the 2050 Maize Yields map and turn on the 2000 – 2050 Maize Yield Differences map (it should be the “active” map). Use the Transparency Slider Bar to compare the location of the two regions of current (i.e., 2000) intensive cultivation in Kenya with the areas that are predicted to have maize yields that increase by 200 kg/ha or more by the year 2050. Note that predicted shifts in precipitation will allow some cultivated agriculture in areas that previously were too dry (especially north-central and SE Kenya). These predicted changes in rainfall will also reduce some existing maize yields by 200 – 500 kg/ha, notably in the vicinity of Lake Victoria.
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Funding for the project: 
An Integrated Analysis of Regional Land-Climate Interactions, provided by the National Science Foundation Biocomplexity of Coupled Human and Natural Systems Program and the Michigan State University Foundation. 
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