Lesson 2. Exploring the biogeography and agricultural geography near Mt. 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 2.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.
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4. From the Layers list on the left side of the Google Earth desktop, turn on the Terrain layer.

5. Read section 1. Introduction, below.
1. Introduction

Mt. Kenya is the second highest peak in Africa and is considered by many Kenyans as their spiritual home. It is located near the center of the country, only a few hours from Nairobi, the capital city. As a case study, Mt. Kenya provides a unique view of the ecology of Kenya and East Africa because it presents altitudinal and land use gradients that encompass glaciers at the peaks, bamboo and montane forests in the next lower zones, farms of tea, coffee and maize below the forests and, ultimately, semi-arid savannah in the lowest elevations. Over a distance of just 100 km, population densities range from more than 700 people/km2 in the higher-elevation agricultural zones just below the montane forests, to fewer than 20 people/km2 in the lowest altitudinal zone.

Adapted from: Olson, J.M., B. Butt, F. Atieno, J. Maitima, T.A. Smucker, E. Muchugu, G. Murimi and H. Xu. 2003. Multi-scale analysis of the root causes of land use and cover change in Embu and Mbeere Districts, Kenya. Land Use Change Impacts and Dynamics (LUCID) Project Working Paper 20. Nairobi, Kenya: International Livestock Research Institute. 51p.
Mt. Kenya is the highest mountain in Kenya and the second-highest peak in all of Africa (Mount Kilimanjaro is the highest). The highest individual peaks of Mt. Kenya are Batian (5,199 m - 17,058 ft), Nelion (5,188 m - 17,022 ft) and Lenana (4,985 m - 16,355 ft). Mt. Kenya is an extinct volcano that formed along the Rift Valley fault zone. The oldest lavas on Mt. Kenya are about 3 million years old. The area around the higher elevations of the mountain is protected within the Mount Kenya National Park, which is a designated UNESCO World Heritage Site. The National Park is about 620 km² in size and is visited by about 15,000 tourists every year.

6. From the main GE tool bar, select Tools  Options. On the Options dialog page that opens, go to the “3D View” tab and set the “Show Lat/Long” to Degrees, Minutes, Seconds and the “Show Elevation” to Meters, Kilometers.
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7. Zoom in on Mt. Kenya on the satellite imagery showing in the Google Earth frame. Move your cursor around the scene and note that the geographic coordinates and the estimated elevation of the pointer are displayed in the lower-left of the view. Move your pointer around the peak area of Mt. Kenya to explore how high a mountain it is.
8. Use the “tilt slider” in navigation tool cluster (upper right corner of the Google Earth desktop) to tilt Mt. Kenya toward a low-oblique view (horizon NOT visible). Now use the “joystick” in navigation tool cluster to fly around Mt. Kenya. Note how dissected the slopes of the mountain are. Most of these deep, U-shaped valleys were carved by alpine glaciers in the recent geologic past.
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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.

9. Move the “tilt slider” in navigation tool cluster all the way to the left to tilt Mt. Kenya back to a vertical view. From the main GE tool bar, select View  Grid. Note that Mt. Kenya is just south of the equator, yet its summit area is devoid of trees and is partially covered by snow and glaciers. Re-select View  Grid to turn off the lat/long graticule.
10. Read section 2. Climate of Mt. Kenya.

2. Climate of Mt. Kenya

Mt. Kenya has two wet seasons, a long wet period from March to June and the short rain season from October to December. The long rains are brought by winds blowing from the southeast off the Indian Ocean, while the short rains are carried by winds blowing from the northeast, across the Arabian Sea, to Kenya.  The amount of rainfall in the area ranges from 900 mm in the summit region and on the slopes to the north and NW, to 2,300 mm on the southeastern slopes. Clouds are more or less persistent between 2,800 m and 3,800 m. Even though Mt. Kenya is virtually on the equator, at elevations above about 4,500 m, most of the annual precipitation falls as snow! On the glaciers, the snow pack can reach depths of one meter or more. 

The annual temperature range in the vicinity of Mt. Kenya is only about 2°C, with the lowest values occurring in March-April and the highest temperatures dominating July-August. In contrast, the diurnal temperature range is large: about 20°C during January-February and about 12°C in July-August.

11. Click the + box next to the CLIP_Lesson 2.kmz folder in the “Places” list on the left side of the Google Earth desktop in order to “open” the folder. We do NOT want to check the on-off box next to this folder, as that would turn on all of the included files.
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 next to the Kenya_rainfall_distribution: image in order to set a new oblique view of Mt. Kenya from the SSE. After the automatic zooming finishes, check the box next to this file to turn it on. Using the Transparency Slider Bar at the bottom of the Places list, compare the spatial distribution of the high rainfall areas with the elevation and aspect (N, NE, E, SE, etc.) of the slopes on Mt. Kenya. What physical factors explain this rainfall distribution? For help read: http://en.wikipedia.org/wiki/Orographic_precipitation#Orographic_effects.
13. Turn off the Kenya_rainfall_distribution: image. Move the “tilt slider” in navigation tool cluster all the way to the left to tilt Mt. Kenya back to a vertical view. Turn off the Terrain file in the “Layers – Primary Database” list  Now, read section 3. Life Zones.
3. Life Zones
When you climb a high mountain, you quickly become aware of the impact of cooling temperature and higher precipitation on local vegetation types. In 1889, C. Hart Merriam studied the relationship between mean annual temperature and the distribution of flora and fauna in the western United States. He recognized that similar zones or belts of vegetation occurred with both increasing latitude and increasing elevation. He called these belts Life Zones. 

Altitudinal zonation of vegetation is obvious on high peaks around the world. Mountain climates vary in critical ways from regional climate types. Consider the differences in annual and diurnal patterns of day length, angle of incoming solar radiation, intensity of direct radiation, and precipitation on a towering mountain peak near the equator, for example, and on the Arctic coast of Alaska. Various altitudinal zonation classification schemes have been developed to reflect site-specific conditions of climate and vegetation in mountain areas around the world. 

Vegetation zonation on mountains in the tropics does not replicate the latitudinal belts of vegetation of the middle and higher latitudes, even though mountain peaks may extend well above snowline. In part this is due to the fact that the seasonal cool and cold temperatures of the middle and high latitudes are not experienced in the tropics. Instead, it is diurnal temperature patterns that are important [in mountain biogeography]. At high elevations, nocturnal frosts may occur nearly every day throughout the year; while daytime temperatures are quite warm. 
(http://www.runet.edu/~swoodwar/CLASSES/GEOG235/lifezone/lifezone.html)
14. Double-click the folder icon next to the Mt. Kenya Life-zone cross section theme in the “Places” list. After the automatic zooming finishes, check the box next to this file to turn it on. Note the various life zones that occur on Mt. Kenya, especially on across its SE slope. Turn off the Mt. Kenya Life-zone cross section theme. Turn on and double-click on the Mt. Kenya Lifezones theme in the “Places” list. Use the Transparency Slider Bar at the bottom of the Places list to compare this generalized map of lifezones on Mt. Kenya with the satellite image. Now read the following article:

http://en.wikipedia.org/wiki/Mt._Kenya#Ecology_of_Mount_Kenya.

Stop reading at the next section, “Walking Routes up Mount Kenya.” 
Turn off the Mt. Kenya Lifezones theme.
15. Now that we know something about the natural life zones on Mt. Kenya, let’s take of virtual fieldtrip from above tree line to the top of the agricultural zone. Click the + box next to the Virtual Fieldtrip folder in the “Places” list in order to “open” it. We do NOT want to check the on-off box next to this folder, because that would turn on all of the included files.
16. Check “on” the Giant heather theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Giant heather in the “Places” list to open an image + text display. When you are finished reading about the ericaceous zone, dismiss this pop-up box by clicking the “X” in its upper-right corner.

17. Check “on” the Upper montane forest theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Upper montane forest in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

18. Check “on” the Mt. Kenya Bamboo forest theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Mt. Kenya Bamboo forest in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

19. Check “on” the Lower montane forest theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Lower montane forest in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

20. To get a bird’s-eye view of this life zone, check “on” the Aerial View of Lower Montane Forest theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Aerial View of Lower Montane Forest in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

21. Imagine you are flying over this forest in small airplane. The view you might see looking out your window can be simulated by checking “on” the 1. Lower Montane Forest theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name 1. Lower Montane Forest in the “Places” list to open a text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

22. As you fly downhill in your imaginary airplane, the view you might see just before the forest ends can be simulated by checking “on” the 2. Lower Montane Forest theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name 2. Lower Montane Forest in the “Places” list to open a text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

Read section 4. Moisture Availability 
4. Moisture Availability 
In most of the tropical regions of the world, 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 the vicinity of Mt. Kenya, moisture availability ranges from more than 80% in the humid zone at the higher elevations to less than 15% in the arid zone at the lowest elevations (Table A). From the perspective of sustaining farming livelihoods, note the right-hand column in Table A. Moisture availability zones I – III (green colors on the map) all have less than a 10% risk of crop failure (for adapted maize), making these zones 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%. But, Zones V – VI represent areas of currently unsustainable cropland agriculture. Irrigated cultivation would be required in these zones to achieve adequate crop yields.
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23. Turn “off” the Virtual Fieldtrip folder in the “Places” list. Double-click the folder icon next to the Mt. Kenya Moisture Availability theme in the “Places” list. After the automatic zooming finishes, check the box next to this file to turn it on. 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.

Read section 5. Agriculture
5. Agriculture
Less than 20% of the land in Kenya is suitable for cultivation. Farming in Kenya is typically carried out by small producers who usually cultivate no more than two hectares (about five acres) using limited technology. Most farm families grow enough maize, bananas, beans, potatoes and other vegetables to provide food for them for the whole year. They may also have one or two cows to supply milk, as well as a few chickens. This is known as subsistence farming - producing just enough food to feed their families. But, farmers need an income also, to buy clothes, shoes, tools, and to pay for medicine and school fees. Many farmers sell some produce at local markets, or grow cash crops like coffee or tea. Some farmers are now growing new crops for export, including French beans, chilies, strawberries, mangoes and fresh flowers.
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, accounting for nearly 18% of all exports. 
Floriculture in Kenya is the second leading foreign exchange earner after tea, bringing in more than $250 million [USD] per annum. The floriculture sector employs 50,000-70,000 people directly and more than 1.5 million indirectly. Kenya is currently the leading exporter of flowers to the European Union, contributing 31% of all flower sales. The main European Union markets are Holland, Germany, Switzerland, France, and the United Kingdom. Coffee is Kenya's fourth leading foreign exchange earner, after tourism, tea and floriculture. 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. 
24. Double-click the folder icon next to the Mt. Kenya Land Cover/Use theme in the “Places” list. After the automatic zooming finishes, check the box next to this file to turn it on. Note the order of the land use zones that occur on Mt. Kenya’s SE slope. From highest elevation (just below the Lower Montane Forest) to lowest elevation, these land use zones include: Tea, Coffee, Maize and mixed bush/cultivation. All of these agricultural uses depend on rainfall. Use the Transparency Slider Bar at the bottom of the Places list to compare this generalized map of land cover/use on Mt. Kenya with the satellite image.


Note the large area of irrigated rice in the lower left of the map.


Turn off the Mt. Kenya Land Cover/Use theme.

25. Check “on” the Aerial view of Tea Plantation theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Aerial view of Tea Plantation in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

26. Check “on” the Forest-Tea Zone boundary theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Forest-Tea Zone boundary in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

27. Check “on” the Tea Zone overview theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Tea Zone overview in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

28. Check “on” the Tea harvest theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Tea harvest in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

29. Check “on” the Mature coffee field theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Mature coffee field in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

30. Check “on” the Coffee theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Coffee in the “Places” list to open an image + text display. Note that this display contains several images – scroll down to see them all. When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

31. Check “on” the Aerial view of intensive agriculture theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Aerial view of intensive agriculture in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

32. Check “on” the Intensive Agriculture theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Intensive Agriculture in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

33. Check “on” the Maize and Beans theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Maize and Beans in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

34. Check “on” the Mixed rainfed cropping and bush theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Mixed rainfed cropping and bush in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

35. Check “on” the Semi-arid bushland theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Semi-arid bushland in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.


Read section 5.1 Irrigated Agriculture
5.1 Irrigated Agriculture

The climate and weather patterns in Kenya make irrigated agriculture indispensable since only about 20% of the country has a high or medium potential for agricultural production. The potential for expanding agricultural production through irrigation is severely constrained. The estimated potential area for irrigation in Kenya is about 540,000 hectares.
In 1946, the African Land Development Unit began focusing on irrigation as part of a broad agricultural rehabilitation program. The Unit initiated several irrigation schemes including Mwea, Hola, Perkerra, Ishiara and Yatta. The National Irrigation Board was established in 1966 through an Act of Parliament and took over the running of Mwea, Hola and Perkerra. Later, the Board developed the Ahero, West Kano, Bunyala and Bura irrigation schemes. 
Once a natural swamp, the Mwea Irrigation Scheme (MIS) is now the major rice-production area in Kenya. MIS covers 12,140 hectares (ha), of which nearly half is used for rice growing. The remaining land is used for the 36 villages within the scheme, to support rain-fed subsistence cropping and for public utilities. Irrigated rice production is restricted to the poorly drained, clayey, black cotton soil (middle and background in the photo). The sandy red soils of the area, seen in the foreground of the picture, have very high water infiltration rates making rice cultivation unprofitable. However, these red sandy soils are suitable for subsistence cropping (maize and beans), but are also used for horticultural cash crops, especially tomatoes, onions and string beans. Rice is grown in one season a year during the warmer short rains between July and March. Irrigation water is maintained at a depth of one third the plant height during the growing period. The water is drained from the paddy three weeks before harvesting, which is done manually by the farmers.

MIS directly supports about 30,000 people, with another 30,000 people indirectly benefiting. Each farm family has a 1.6 ha plot for rice production and a small plot (about 0.4 ha of red soil) for subsistence cropping. The Kenya Government owns the water rights and the land at Mwea through the National Irrigation Board (NIB), which issues annually renewable leases to the farmers. The NIB supplies all the inputs for growing rice at MIS, including the water, mechanized cultivation and the fertilizers, herbicides and pesticides. NIB controls all the operations and monitors the progress of the rice crop, while the farmers provide the labor. All the harvested rice is delivered to NIB storage facilities before it is milled and marketed. When NIB sells the rice, the farmers receive payment for their crop after fees for the water, land preparation, seed, fertilizer and other inputs are deducted.
36. Check “on” the Aerial view of irrigated rice farming theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Aerial view of irrigated rice farming in the “Places” list to open an image + text display.  When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner.

37. Check “on” the Irrigated Rice Field theme in the “Places” list and double-click its folder icon. Once the automatic zooming finishes, click on the name Irrigated Rice Field in the “Places” list to open an image + text display. Note that this display contains several images – scroll down to see them all. When you are finished reading, dismiss this pop-up box by clicking the “X” in its upper-right corner. 
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