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I. SUMMARY/ABSTRACT OF PROPOSAL
     Deforestation is a problem in many parts of the world and developing countries are especially vulnerable to its ill-effects. Mulanje Mountain, in the extreme southeastern corner of the African country of Malawi (figure 1), provides a unique setting 

for studying the impact of clear-cutting on a major river 

watershed. The well-defined Chambe Basin, on the west 

side of the massif, suffers from human-induced erosion 

whose effects on the Likhubula River watershed have 

never been researched. By carrying out a relatively short-

term and simple investigation into the stability of the 

watershed, the effects of the basin's clear cutting can be 

assessed, and made available to Malawi's Department of 

Forestry for possible changes in future watershed manage-

ment.

II. BACKGROUND
     The Mulanje Massif is a massive, isolated mountain in the southeast African country of Malawi, covering an area of approximately 650 square kilometers. The base of the mountain lies at roughly 600m above sea level; a plateau at an elevation of 1800m - 2100m is dotted by peaks of up to near 3000m in height. 

     Under what is today southeast Africa, a mass of molten rock rose from the depths of the earth 130 million years ago. This igneous material contained intrusions of granite, quartz-syenite, and syenite which are extremely resistant to erosion relative to the material surrounding it. Erosion through the ages has reduced the less resistant surrounding material into a vast plain, leaving the more resistant pockets behind. The Mulanje Massif is one of such intrusions, having been                                                                                     weathered into an imposing, isolated                                                                                     mountain. Other such examples of these                                                                                     'koppies' can be seen throughout southeast                                                                                     Africa, but none anywhere near the size of                                                                                     Mulanje.

                                                                                        The climate of southeast Malawi is                                                                                      typical of the region, lying in the Inter-                                                                                    Tropical Convergence Zone (ITCZ.) This                                                                                     results in two distinct seasons. In Malawi,                                                                                     the rainy season starts in November and lasts                                                                                     through April, while the dry season,                                                                                     consisting of a cooler period followed by a                                                                                     very hot period, extends from May through                                                                                     October.

                                                                                        The Likhubula River flows off the west                                                                                      side of the massif and is a major river in the                                                                                     region (figure 2.) The upper watershed on                                                                                      the mountain itself covers an area of approximately 33 square kilometers, containing mostly syenite, quartz-syenite, bauxite, and kaolinitic deposits.  

     The Chambe Basin area is a circular, relatively flat area surrounded by peaks on the north side of the watershed (figure 3.) The basin comprises about 11 square kilometers, about a third of the Likhubula River watershed. The bottom of the basin is a relatively easily eroded variety of syenite, and it's removal has created the classic basin-shaped depression. The rim of the basin is composed of a more resistant type of syenite and thus has been left behind as peaks by erosional processes. Annual normal rainfall in the Chambe Basin and the rest of the Likhubula watershed is high, between 200 and 270 centimeters per year.

     Originally the basin was home to a vast cedar forest which was cleared from 1951 to 1955 for commercial timber production. In the 1950's the basin was replanted with conifers, and over the past decade or so has been heavily logged, again for commercial purposes. All of the timber production in the basin is done by hand; from the saw pits, workers carry the boards 800m down the side of the basin to the 'bottom station' where the wood is then transported out by truck. The Chambe Basin is notable as the only area on Mulanje Mountain to have been consistently logged over the past century. Hence, it is the only portion of the upper Likhubula watershed to be suffering from clear-cutting.

III. PROBLEM STATEMENT
     Observation of the basin from the ground, surrounding peaks, and by remote sensing confirms a large portion of it to be completely deforested (figure 3.) Comparison of aerial photography and landsat images over past few decades reveals the rate at which conifers in the basin are being felled. 

     The striking aspect of the current clear cutting is that few of the cleared areas have yet been replanted. Moreover, the areas most recently cleared are those in the lower portion of the basin (the shortest walking distance to the bottom station) and thus are very susceptible to erosion. Another element of the lower basin's high susceptibility to erosion is the fact that it contains but one drainage outlet, near the confluence of the Malembe and Chapaluka streams. Evidence of erosion at the exit of the basin can be seen by the existence of a small but deep pool, formed by a once-large waterfall that has since eroded away.

     It is probably that the increasing erosion of the Chambe Basin is having adverse effects on the Likhubula River. These effects in the upper portion of the watershed likely are affecting the stability of the river below, possibly affecting hundreds of thousands of people. For example, the frequent flooding of the Likhubula River over the Phalombe road bridge, often severing transport between Mulanje and Phalombe for days during the rainy season, could very well be exacerbated by watershed instability caused by timber practices in the basin.

IV. OBJECTIVES OF THE STUDY
          The study, if undertaken, will seek to:

1. Compare the stability of the first, second and third order streams in the deforested 
    areas of the basin to those in other parts of the watershed.

2. Determine the effects of the basin's deforestation on the upper Likhubula watershed as 
    a whole.

3. Assess the overall stability of the upper Likhubula River watershed.

4. Make the conclusions of the study available to the Malawi Department of Forestry to 
    determine whether changes in watershed management are needed.

V. USEFULNESS OF THE STUDY? WHY MULANJE?
     Human influence on erosional processes can have ill effects upon people who live downstream of a major watershed. Malawians live under conditions of severe poverty, and human induced instability in a watershed that is depended upon by so large a population potentially has a impact on the lives of thousands. Scientific studies of Mulanje Mountain have in the past been surprisingly infrequent, and to the author's knowledge a watershed study in the Likhubula area has never been done.  Effective management of timber producing areas in watersheds must be a priority in government policies, especially in developing countries, and can only be properly implemented after systematic scientific study.

     The Likhubula area is an ideal setting for such a study. It is part of an isolated mountain rising 8,000 ft above the surrounding plain, providing an excellent opportunity for studying watershed dynamics in a tropical climate. The well-defined basin comprises a large portion of the Likhubula watershed and is well-suited geographically and geologically for scientific research. The river itself is depended upon by hundreds of thousands of Malawians who live at or below the poverty line.

     The Mulanje District has become much more accessible over the past several years. Blantyre, the commercial hub of Malawi, possesses an international airport and it only 64 km away by road. The towns of Chitakale and Mulanje, at the western base of the massif, are well stocked with provisions and amenities. A paved highway to the Mozambique border has been completed this year, and the Phalombe road between Mulanje and Phalombe is easily passable during the dry season.

VI. METHODOLOGY
     Since only a general assessment of the watershed is needed to determine it's stability, the procedures for the study will not involve detailed analysis of silting and mass wasting processes. Rather, the study will follow the watershed management procedures of the U.S. Department of Agriculture (USDA)'s Forest Service. This agency has set guidelines for stream reach inventory and channel stability evaluation that are directly applicable to this study.

     The USDA's procedure involves the use of cards in the field to be filled out by team members on foot. Data collected by this procedure assesses:

- the magnitude of the hydraulic forces at work in the watershed

- the resistance of the stream channels

- the capacity of the stream to adjust to changes in conditions

     The specific observations to be collected on the cards is as follows:


Landform slope 



Mass wasting potential

Debris jam potential



Vegetative bank protection

Channel capacity



Bank rock content

Obstructions/deflectors/traps


Cutting

Deposition




Rock angularity

Brightness




Consolidation/packing

Bottom size distribution


Scouring/deposition

Clinging aquatic vegetation
     It should be noted that these factors will have to be altered somewhat to the specific geological attributes of Mulanje Mountain. For example, the 'rock angularity' category  must be altered, as most of the rock in the Likhubula watershed (and the entire massif itself) is rounded from extensive weathering. The U.S. Forest Service procedures are only guidelines - part of the project will involve formulation and printing of cards specific to this study.

     Observations will be taken at various points on the Likhubula River itself (within the upper watershed) as well as third, second, and first order streams, and within the Chambe Basin itself. Including all orders of streams in the upper watershed, there are 198 channels to be observed.

     For a watershed the size of Likhubula's, it is no easy task to complete such systematic observations. Therefore, the study will enlist the help of 20 local secondary school students. There are 2 secondary schools in the area; interviews will be conducted with graduating seniors (with good English skills) and those selected for participation will undergo a four day of training workshop on the mountain. Students will be paid a salary for each day's work which will meet or slightly exceed the local average work wage. The estimated time to complete the surveys will be one month, and will take place roughly during the month of October, the first full month of holiday for the students and the month before the rainy season starts. This will ensure ease of travel and footpaths clear of vegetation. The author will travel to Malawi for a period of approximately two months to oversee and conduct the project.

     Additionally, the study will be carried out as a joint effort between the Oregon State University Department of Geosciences and Bunda College of Agriculture in the capital city of Lilongwe. We will employ two research assistants to help oversee field work. They will also serve as language and cultural interpreters (the author also has extensive experience with the Malawian culture and language.)

     Field workers and their leaders will be split into two groups; one group will live at Chambe Hut for the month, the other will stay below in the forestry cottage/resthouse. The former will be responsible for observations in the Chambe Basin, while the latter will observe the remaining parts of the watershed.

VII. TIMELINE
2000
Jul - Aug: Solidify Malawian contacts, prepare for departure to Malawi.

Sept 15: Depart for Malawi.

Sept 16: Arrive in Lilongwe.

Sept 17 - 21: Acquaintance with colleagues at Bunda College of Agriculture.

Sept 22: Travel to Mulanje.

Sept 23 - Sept 30: Interviews at local secondary schools.

Oct 1 - 4: Training workshop.

Oct 6 - Nov 7: Field work.

Nov 9: Return to Lilongwe with Bunda colleagues.

Nov 12: Return to United States.

2001
Feb 1: Present results of study.

VIII. BUDGET
A. SALARIES AND WAGES

1. Senior personnel:

    a. Principal Investigator

 
0.1 FTE, 8 months (OPE .38)





3,000

2. Other personnel:

    a. Graduate Research Assistant

1.00 FTE, 8 months (No OPE)




8,500

    a. Bunda College Research Assistants (2)

1.00 FTE, 1.83 months (No OPE)




3,416

    b. Malawian secondary school students (20)

38 days @ $2/day (No OPE)





1,520

    c. Cooks (2) 

38 days @ $2/day (No OPE)





   152

    d. Porters (4)

34 days @ $2/day (No OPE)





   304

    TOTAL SALARIES AND WAGES



          16,892

B. FRINGE BENEFITS







6,062


    TOTAL SALARIES, WAGES, and FRINGE BENEFITS

          22,954



C. EXPENDABLE MATERIALS AND SUPPLIES

1. Maps (5 @ $2.00)







     10

2. Stationary supplies & photocopying




   100

3. Rental car (57 days @ $31/day)





1,767

    a. Gasoline ($1/L)



                    


   120

4. Food and Lodging

    a. Lilongwe and Mulanje

 
36 days @$15/day






   540

    b. Field team on mountain

29 people, 37 days @ $.54/day




   584

D. TRAVEL

1. R/T airfare to Malawi






1,970

E. PUBLICATION COSTS (page costs and reprints)

      

   500

F. TOTAL DIRECT COSTS





                      28,465

G. INDIRECT COSTS (41.5%)





          11,813

H. TOTAL AMOUNT REQUESTED




         $40,358

IX. POSSIBLE FUNDING SOURCES
1. Wallace Global Fund (Deadline: ongoing)
2. World Habitat Awards - Building and Social Housing Foundation (Deadline: July 1, 2000)
3. Unsolicited Research Program - Water Environment Research Federation 

(Deadline: Jan, 7, 2000)
In addition, there are on-campus programs which sponsor internships overseas. Two of these at Oregon State University are:

- Global Graduates Program

- International Education Program

