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Biomass Stock and Yields by 

Landcover Class

Landcover Type

Stock

(

tons/ha)

Yield

(

tons/ha)

Yield %

Standard

deviation

Coeficient

Variation %

Afro-alpine; Erica / 

Hypericum

0.90

0.0090

1.0%

0.40

44.44

Afro-alpine; Grassland / Moorland

1.20

0.0120

1.0%

0.50

41.67

Cultivated Land; 

Rainfed; Cereal Land Cover System; 

unstocked (woody 

pl)

1.78

0.1068

6.0%

6.66

374.16

Cultivated Land; 

Rainfed; Cereal Land Cover System; lightly stocked

2.14

0.1284

6.0%

6.87

321.03

Cultivated Land; 

Rainfed; Cereal Land Cover System; moderately stocked

2.47

0.1482

6.0%

7.24

293.12

Cultivated Land; Perennial crops; 

Enset/Root LC System; lightly stocked

7.00

0.3500

5.0%

14.00

200.00

Cultivated Land; Perennial crops; 

Enset/Root LC System; moderately stock

11.00

0.5500

5.0%

24.00

218.18

Cultivated Land; 

Shifting cultivation; lightly stocked

6.41

0.3205

5.0%

5.22

81.44

Cultivated Land; 

Shifting cultivation; moderately stocked

25.53

1.2765

5.0%

34.39

134.70

Cultivated Land; Irrigated

1.64

0.0984

6.0%

3.23

196.95

Cultivated Land; Other

1.77

0.0354

2.0%

4.54

256.50

Grassland; 

unstocked (woody plant)

1.27

0.0508

4.0%

5.18

407.87

Grassland; lightly stocked

2.67

0.1068

4.0%

6.37

238.58

Grassland; moderately stocked

7.11

0.2844

4.0%

11.51

161.88

Shrubland; Open (20-50% woody cover)

7.74

0.2709

3.5%

9.52

123.00

Shrubland; Dense (>50% woody cover)

10.11

0.3539

3.5%

14.62

144.61

Woodland; Open (20-50% tree cover)

7.48

0.1870

2.5%

11.98

160.16

Woodland; Dense (>50% tree cover)

17.90

0.4475

2.5%

18.26

102.01

Forest; 

Montane broadleaf; Open (20-50% crown cover)

65.48

2.9466

4.5%

60.32

92.12

Forest; 

Montane broadleaf; Dense (50-80% crown cover)

82.00

3.6900

4.5%

70.00

85.37

Forest; 

Montane broadleaf; Closed (>80% crown cover)

120.00

5.4000

4.5%

75.00

62.50

Forest; 

Montane mixed

; Open (20-50% crown cover)

40.00

1.8000

4.5%

55.00

137.50

Forest; 

Montane mixed; Dense (50-80% crown cover)

75.00

3.3750

4.5%

65.00

86.67

Forest; 

Montane mixed; Closed (>80% crown cover)

91.92

4.1364

4.5%

43.26

47.06

Forest; 

Montane coniferous; Open (20-50% crown cover)

65.00

2.9250

4.5%

70.00

107.69

Forest; 

Montane coniferous; Dense (50-80% crown cover)

95.00

4.2750

4.5%

70.00

73.68

Forest; 

Montane coniferous; Closed (>80% crown cover)

140.00

6.3000

4.5%

65.00

46.43

Forest; Dry 

Juniperus "Woodland"; Open (20-50% crown cover)

45.00

0.6750

1.5%

45.00

100.00

Forest; Dry 

Juniperus "Woodland"; Dense (50-80% crown cover)

67.00

1.0050

1.5%

60.00

89.55

Forest; Dry 

Juniperus "Woodland"; Closed (>80% crown cover)

95.00

1.4250

1.5%

65.00

68.42

Forest; Lowland semi-evergreen; Open (20-50% crown cover)

45.00

2.0250

4.5%

55.00

122.22

Forest; Lowland semi-evergreen; Dense (50-80% crown cover)

73.00

3.2850

4.5%

65.00

89.04

Forest; Lowland semi-evergreen; Closed (>80% crown cover)

120.00

5.4000

4.5%

65.00

54.17

Forest; Riparian; Open (20-50% crown cover)

30.00

1.9500

6.5%

15.00

50.00

Forest; Riparian; Dense (50-80% crown cover)

70.00

4.5500

6.5%

65.00

92.86

Forest; Riparian; Closed (>80% crown cover)

90.00

5.8500

6.5%

60.00

66.67

Forest; Bamboo; Highland Bamboo; Open (20-50% crown cover)

40.00

2.0000

5.0%

22.00

55.00

Forest; Bamboo; Highland Bamboo; Dense (50-80% crown cover)

45.00

2.2500

5.0%

22.00

48.89

Forest; Bamboo; Highland Bamboo; Closed (>80% crown cover)

55.00

2.7500

5.0%

22.00

40.00

Forest; Bamboo; Lowland Bamboo; Open (20-50% crown cover)

12.00

0.6000

5.0%

7.00

58.33

Forest; Bamboo; Lowland Bamboo; Dense (50-80% crown cover)

15.00

0.7500

5.0%

8.00

53.33

Forest; Bamboo; Lowland Bamboo; Closed (>80% crown cover)

20.00

1.0000

5.0%

9.00

45.00

Forest; Plantation forest; Open (20-50% crown cover)

70.00

4.9000

7.0%

65.00

92.86

Forest; Plantation forest; Dense (50-80% crown cover)

101.00

7.0700

7.0%

65.00

64.36

Forest; Plantation forest; Closed (>80% crown cover)

151.00

10.5700

7.0%

65.00

43.05

Wetland; Open water

0.00

0.0000

0.0%

0.00

0.00

Wetland; Perennial Swamp / Marsh

3.94

0.1182

3.0%

8.06

204.57

Wetland; Seasonal Swamp / Marsh

2.89

0.0867

3.0%

6.49

224.57

Bareland; Exposed sand / soil

1.84

0.0368

2.0%

3.73

202.72

Bareland; Exposed rock

1.09

0.0109

1.0%

2.56

234.86

Bareland; Salt flats

0.50

0.0075

1.5%

0.90

180.00

Urban

1.20

0.0720

6.0%

1.01

84.17
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1.
INTRODUCTION

.

1.1 Project Rationale


The government’s economic policy recognises that a reversal of the deterioration of the natural resource base, and in particular the degradation of vegetation cover must be effected if the country is to support its current (2004) estimated population of 71 million. This is expected to increase to 117 million in the course of the next 20 years. The area of natural forest in Ethiopia, which at one time might have occupied as much as 35 percent of the country has now been reduced to about 2.3 percent.  Although reduced in extent and in spite of the inadequate data as to its size, the forestry and woody biomass sector is one of considerable importance in Ethiopia. In terms of economic importance the agricultural sector accounted for about 45 percent of total GDP, of which forestry accounted for around 5.5 percent of the agricultural sector, and about 2.5 percent of total GDP
. This figure includes gathering fuelwood, production of timber (mainly round wood and poles for use in industry and construction), production of charcoal, natural gum, incense and medicinal herbs, operation of tree nurseries and planting, replanting, and conservation of forests by households, enterprises and state forest agencies.


These bare economic facts do not however reveal the true importance of the sector. Woody biomass (fuelwood and charcoal) comprise 78% of Ethiopia’s current energy consumption, while dung, crop residues and bagasse, comprise a further 16.4%.  Within Ethiopian households, these traditional fuels (fuelwood, dung and residues) contribute a massive 99.6% of the total household energy consumed. The importance of woody biomass energy in the rural sector is unlikely to diminish in the foreseeable future in view of the fact that it will be extremely difficult, to provide supplies of modern energy  (electricity, coal, and liquid petroleum gas) to most of the rural areas.

In 1984 a joint UNDP/World Bank energy study concluded as follows:

“The lack of hard data on existing forest and tree resources is a serious deficiency, making the provision of a comprehensive wood resource inventory a matter of the highest priority.”

In this context, in May 1986 the International Development Association (IDA) approved a credit to Ethiopia of US$62 million equivalent (Cr.1704-ET) to help finance an energy project known as Energy I. The Project included support for several energy subsectors - electric power, petroleum and the traditional energy subsector. The Woody Biomass Inventory and Strategic Planning Project was a component of this sub-sector.


Phase I of the Woody Biomass Inventory and Strategic Planning Project commenced activities in August 1990
During the Ist Phase the Project completed some 350,000 sq.km. of land cover and vegetation mapping, and the woody biomass inventory of over 300,000 sq.km., encompassing southeastern, southern and southwestern Ethiopia, just over a quarter of the country’s land area. The Government recognized the need to cover the remaining three-quarters of the country. In addition, there was a need to adopt a Regional approach to the planning that had not been adopted in the Phase 1. 


1.2 Project Objectives

The overall objective of the Project was to strengthen strategic planning and woody biomass inventory capabilities to identify and manage the country’s woody biomass resources and to define a strategy for meeting the biofuel needs of the future and counter the negative impacts of deforestation. The activities of the first phase were to be extended, Region by Region on a phased basis to provide each region with basic woody biomass and other natural resource data, essential to activities to improve the supply of wood biomass to the rural population.


Specifically, the objectives of the project were:

· To establish a woody biomass management information system, as an integral part of forestry and land use strategic planning, linking dynamic resource assessment with day-to-day and long term policy formulation, planning and decision making;

· To carry out an inventory and assessment of above-ground woody biomass stock resources such as in elected high priority zones, including natural and man-made forests, especially dispersed tree cover in agricultural ecosystems under pressure of human and livestock expansion, tree and shrub stands in woodland and shrubland areas; and to determine the sustainable yield;

· To survey and gain an understanding of the consumption and use pattern of woody biomass and other biofuel substances, including an understanding of the agricultural production systems and rural economy which influences both the supply and consumption pattern;

· To identify the problems and issues with respect to the sustainable development and consumption of woody biomass resources and hence identify and develop appropriate strategies and tactics for the conservation, development, management and rational utilization of the forests, dispersed trees and scrub cover and, in general, the woody biomass of Ethiopia;

· To specify and conduct training programmes for Ethiopian staff in the field of resource identification, management planning and analytical and administrative skills related to the fulfillment of the aforementioned objectives;

· To establish a monitoring component within the identification of policies, plans and management strategies, including required skilled personnel of forest resources development and management in the Country, including fuelwood plantations and the foundation of household cooking fuel supply strategies;

· To provide an accurate data base and management information system on the present state and kinds of tree cover and stands of woody biomass for all purposes, including household cooking;

· To carry out a grazing land survey;

· To strengthen a strategic planning capability of the Project in order to identify and manage the country’s biomass resources so that future biofuel needs can be met and to counter the negative environmental impact of deforestation, the study will be undertaken region by region on a phased basis with the intention of executing the Woody Biomass Inventory, National Grazing Land Survey, Regional Strategic Planning for Sustainable Development and Conservation of Woody Biomass  resources, Technical Assistance and Training, Monitoring, natural Resources and Related Socio-economic Data Base.

1.3 Components

The Project comprised seven technical components as follows:

· Component 1 Technical Assistance and Training

· Component 2 Woody Biomass Inventory and Monitoring

· Component 3 Socio-economic Inventory

· Component 4 Remote Sensing and Geographical Information System

· Component 5 Natural Resources and related Socio-economic Database

· Component 6 National Grazing Lands Survey

· Component 7 Regional Strategic Planning for Sustainable Development and Conservation of Woody Biomass resources

These are considered in detail in the following report component by component.

1.4 Summary of Project Activities


Phase 2 of the Woody Biomass Inventory and Strategic Planning Project became effective in January 1998. The contract for technical services was put out to international tender in which Tecsult International was successful. A formal contract was signed in March 1999 and the first international staff arrived shortly after. During the second Phase of the Project the land cover of the remaining three-quarters of the country has been successfully completed. Ten Regional Strategic Plans and supporting documents have been produced.  In addition, ten Regional Reports covering the natural grazing lands and livestock feed resources have been completed to support the activities of the National Livestock Development Project externally funded by the Africa Development Bank.  A comprehensive natural resources and socio-economic geographic information system and database have been established.  Some 2000 copies of A Manual of Forest Inventory Methodology were produced and distributed.

2. TRAINING

2.1
In-Service Training

In-service training has been undertaken in three major subject areas:

· GIS and Remote Sensing

· Forest Inventory

· Socio-economic Surveys

In the case of GIS/Remote Sensing day-to-day in-service training has been provided by the GIS/Remote Sensing Specialist in the operation of PAMAP and PCI software in remote sensing and GIS applications. Specific fields include:

· Georectification

· Digital image classification

· GIS spatial data analysis

· Map layout and cartographic design

· Data integration

· Database management

· Digital mosaicing of Landsat satellite images


The Natural Resources Specialist produced a Woody Biomass Inventory Manual that sets out in detail the sampling and mensuration methodologies used in the woody biomass inventory and yield study. Some 2000 copies of the Manual were printed with funding assistance from Canadian CIDA. Copies of the Manual have been distributed to Federal and Regional Bureaus of Agriculture, Energy and Planing and Economic Development, as well as to national and international organizations and Universities. The Natural Resources Specialist has also undertaken in-service training in the field with all forest inventory staff in techniques in forest inventory and yield studies, and in the office in aspects of woody biomass yield studies (ring counting, “Mariaux” window analysis).  He has provided training to senior inventory staff in the operation of the “BIOMASS” software programme that calculates to stock and yield estimates from the survey data.  

In the context of the CIDA/Tecsult Training Project, Mr. Frederic Giroux spent four weeks in November/December 1999 training senior Forest Inventory and GIS staff on the following topics:

· Management of the woody biomass compilation programme (including description of the database structure, rules for encoding new species, calculation of the required number of sample plots for forest inventory, definition of landcover strata, development of regression models for weight and growth estimates, data exchange)

· Importation of basic data to Access, Excel and Lotus123 following data processing. 


In the field of forest inventory the Project inventory crews had assigned to them one or more staff of the local wereda or zonal Bureaus of Agriculture. This enable the project to pass onto Regional staff techniques in transect location using GPS
 instruments, plot demarcation, tree/shrub species identification, and tree mensuration. 


The Natural Resource Economist has been involved with in-service training of the Socio-economic staff with particular reference to data quality control procedures and data compilation. She has also been involved in the training of the Data Entry and Coding Staff in data entry and data quality control procedures


Similarly, the Socio-economic survey teams also had assigned to them local Agricultural Bureau staff. This has allowed them to impart to Regional staff techniques in questionnaire application and focussed group discussions.

2.2
Specialized Training

The Company developed three options and budgets for the training programme which was implemented by Tecsult International in collaboration with the Ministry of Agriculture. This was submitted to the Government in May, 1999.  The three training options with budgets were: Option A - training performed entirely in Canada, Option B - training performed entirely in Ethiopia, and Option C - forestry training in Ethiopia, and GIS, Remote Sensing and Database Management training in Canada. The Government has selected Option B. Detailed proposals were then prepared and approved by the Government. An Ethiopian National Training Coordinator was recruited to oversee the administration and logistics of the Programme.

On March 20th, 2000 the training course on Remote Sensing applications commenced at the Project Headquarters with five participants. A Remote Sensing Expert led the course from Canada. The Training Course in GIS applications was attended by four persons and was conducted by a local GIS training company.  A course in database management conducted by a Database Management Expert from Canada was held between April and June 2000 and was attended by 6 people.  Finally a course in Forest Inventory was held at the Menegesha-Suba Forest Training Centre and conducted by a Forest Inventory Specialist from Canada and was attended by 20 people mainly from Regional Bureaus of Agriculture.

Three Senior Officials from the Ministry of Agriculture (and the project Management WBISPP) took part in the “International Exchange and Professional Development Programme in Montreal, Canada. This programme was held under the auspices of the training assistance support to the WBISPP funded by the Canadian International Development Agency (CIDA) and was similar to that provided to the Woody Biomass Project during Phase I.  The Programme comprised several days of intensive seminars concerning the planning and management of both development and projects. Apart from the seminars the Programme included a number of institutional and project visits to observe real-life Canadian working methods. This also included projects involved with integrated natural resource management, environmental impact studies and social forestry. 

3.
WOODY BIOMASS INVENTORY AND MONITORING

3.1
Objectives


The objective of the woody biomass inventory was to provide the Project with a clear summary of the quantity of wood biomass present, and the quality and distribution of the resource in Ethiopia. The area to be covered in the Phase II was  Amhara, Tigray, Afar, Somali, Beneshangul-Gumuz, Harari, and Gambela Regions and Dire Dawa Administrative Council.


The inventory methodology was to follow that developed during the Phase I with a number of improvements and as before was complemented by the weight and growth studies. 

3.3
Methodology


As indicated a comprehensive manual on woody biomass inventory and woody biomass yield estimation has been produced, printed and distributed, and forms an important output of the Project. In this section only a summary is presented. 

A substantial and comprehensive software programme “BIOMASS” (developed in Clipper programming language) that undertakes the biomass stock and yield calculations has been developed by the Project that is loosely coupled with the Geographic Information System. A comprehensive User Manual has been prepared for this software and with the Inventory Manual forms an important adjunct to this Report.

Woody Biomass Inventory:

The country was divided into major agro-ecological units based on climate (temperature, rainfall and length of growing period), soils and landforms. These formed the first stage sampling strata for the woody biomass inventory.  The land cover types within each agro-ecological zone form the second stage woody biomass sampling units. There are 52 possible landcover types. Each agro-ecological zone is processed as an independent inventory. Some 50 Agro-ecological Zones were initially identified, but subsequently reduced to 36 through the amalgamation of some zones that have very similar characteristics. 

Transects approximately 2 kilometers long were randomly located within each land cover type within each Agro-ecological Zone. Rectangular plots 20meters by 100meters were positioned every 100 meters. A sub-plot 20 meters by 20 meters was located within the main plot.  Within the main plot all woody plants with a diameters greater than 10 cms were identified and diameters measured. Within the subplot all woody plants were so identified and measured. 

The number of sample plots per Agro-ecological Zone was determined by the standard deviation of the weighted mean of the stock in the each land cover stratum within the Zone.  During Phase II the Project has surveyed 23,058 plots and sub-plots. The data is then processed to produce stand tables by species by Land Cover type and Agro-ecological Zone detailing number of stems per hectare by diameter class.

Woody Biomass Weight Study:

A sub-sample of 5,318 trees shrubs (of 161 species) have been felled and all woody biomass weighed.  Discs were cut and a green weight measured. The disks were subsequently oven dried to obtain the oven dry conversion factor. This enabled the project to develop regression equations relating stem diameter to total over dry weight of the trees by species.  These data were combined with the stand tables to determine the woody biomass stock per hectare by land cover class by Agro-ecological Zone. Oven dry weights were subsequently converted to air dry weights (standardized at 12 percent) to enable comparisons to be made with wood fuel consumption patterns, which were determined at air dry weight. 

Woody Biomass Yield Estimation:

Two methods to determine woody biomass yield have been used by the project. Ring counting of the discs and the annual measurement of trunk diameter over a period of seven years of 1,944 trees (29 species). In parts of Ethiopia a bi-modal rainfall patterns occurs. In order to determine whether rings were annual or related to each rainy season “Mariaux” windows were cut into the cambium of selected trees. Two years later these felled and discs cut to determine the relationship.  

3.3      Results of the Woody Biomass Stock Inventory

With 36 Compilation Units (Agro-ecological Zones) and 52 possible (single) landcover types there are 19,872 possible stock and yield estimations
.  Each Regional Report on the Woody Biomass Inventory for that Region contains the stock and yield estimates for all Compilation Units and Landcover types (and combinations) found in that Region. 

Two modes of presentation are used in this report: Firstly, a table (table 3.1) is presented containing the 52 (single) landcover types with the weighted average of the estimated stock and yield rates (in tons per hectare) from all Compilation Units. The standard deviations and coefficients of variation are also presented. In a number cases these are high given these are weighted averages of 36 Compilation Units.  Within a Compilation Unit the variability will be much less because agro-ecological conditions are much more uniform.
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The second mode of presentation is a table (table 3.2) for each Region with the total stock and annual yield (in tons air dry wood) and the average Regional stock and yield rates (averaged across the whole region). Included in the table is an estimate of the amount of dead wood and wood that is derived from clearing for agriculture that is used for fuelwood. An annual mortality rate of 2 percent per annum is assumed (based on an average maximum age of trees/shrubs of 50 years). Dead wood only enters the fuel chain if the entire annual woody biomass yield is consumed. Wood derived from the clearing of forest for agriculture was only calculated for Oromiya and SNNP Regions as it is only in these two Regions that the remaining large areas of forest with land suitable for cropping are located. 

The data is available down to a specific area occupied by a farming system at the wereda level. The data at this level is presented in each of the Regional Strategic Plans.

Table 3.2
Regional stocks and annual sustainable yields of woody biomass and available crop residues and dung (tons)

	REGION
	Woody biomass Stocks

(tons)
	Woody biomass annual yield

(tons)
	Annual supply of BLT

(tons)
	Dead wood used as fuel 

(tons)
	Wood from clearing for agriculture

(tons)
	On-farm trees: sustainable yield

(tons)
	Total Supply to Fuelwood

(tons)

	TIGRAY
	30,508,605
	847,248
	       177,088 
	258,004
	0
	75,823
	1,358,163

	AMHARA
	110,834,003
	5,841,645
	    1,984,355 
	678,586
	0
	4,080,127
	12,584,714

	OROMIYA
	365,410,998
	18,980,942
	    4,056,350 
	3,122,413
	1,617,789
	1,300,808
	29,078,303

	SNNPR
	218,972,988
	8,870,646
	    2,071,857 
	1,266,821
	347,880
	1,488,637
	14,045,841

	AFAR
	15,639,132
	909,141
	       181,828 
	28,070
	0
	0
	1,119,039

	BENESHANGUL-GUMUZ
	76,613,747
	3,529,604
	       705,921 
	160,856
	0
	0
	4,396,381

	GAMBELA
	69,150,099
	3,319,333
	       664,317 
	                       -   
	                   -   
	           2,251 
	3,985,901

	SOMALI
	261,209,167
	7,949,670
	    1,589,934 
	           109,944 
	0
	0
	9,649,549

	DIRE DAWA 
	567,707
	34,561
	           7,265 
	28,385
	0
	1,763
	71,975

	HARARI
	86,259
	5,711
	           1,776 
	4,313
	0
	3,169
	14,968

	ADDIS ABABA
	
	
	
	
	
	
	0

	
	
	
	
	
	
	
	

	ETHIOPIA
	1,148,992,706
	50,288,502
	11,440,690
	5,657,393
	1,965,669
	6,952,578
	76,304,833


4.
SOCIO-ECONOMIC SURVEY

4.1
Objectives and Approach

The general objective of the socio-economic survey were to provide the sociological and economic baseline information required for developing strategic options for sustainable utilisation and management of natural resources, with an emphasis on woody biomass. This information would assist decision makers and planners in understanding not only the socio-economic implications of policies related to woody biomass resources, but also the key parameters that should orient policies and programs at the national and regional levels.

The specific objectives of the socio-economic survey were to:

(1) Establish comprehensive economic and socio-cultural guidelines within the overall biomass inventory and strategic planning;

(2) Assess the current uses, constraints and potential uses and supply of woody biomass and other environmental resources to traditional energy consumption; 

(3) Assess the condition of rangeland for both grazing and browsing animals by rating the relative availability of the forage resources, the degree of current utilization of these resources and the apparent impact of such usage on the herbaceous and shrub vegetation, and on the soil substrate; and

(4) Look at opportunities for intensifying cropping and increasing yield that might contribute to alleviate the pressure on cultivated land demand.

The survey focused on the main factors influencing the social and economic activities such as the land tenure system, socio-economic context, agronomic production and management, livestock production and management, tree uses and management as well as traditional and modern energy utilization.  The questionnaires were designed to collect both secondary and primary types of information on the above mentioned factors with a special emphasis on woody biomass production, management and utilization:

A. Zonal questionnaire to collect secondary information at zonal level;

B. Wereda questionnaire to collect secondary information at wereda level;

C. FA questionnaire to collect primary and secondary information at FA level;

D. Individual household questionnaire to collect primary information at household level; and

E. Community questionnaire to collect primary information using an open structured and RRA based method.

4.2
Methodology

4.2.1 
Sampling Procedures

The following random sampling approach was used to determine the sample size in each of the Regional States.

First, the study area was divided in strata. In all the mainly highland Regions the strata were based on farming systems defined in terms of major crops, altitude range and agro-ecological zones. In Beneshangul-Gumuz Regional State the second farming system, Moist Upper and Lower Kolla, was then stratified again to take into account important ethnic differences that might influence rural household livelihood and energy use. Table 4.1 provides the farming system stratification.

Table4.1. 
Farming System Stratification in the Highland Regional States

	Farming Systems
	Major Crops
	Altitude Range
	Agro-ecological Zone
	Main Ethnic Group

	AMHARA REGIONAL STATE

	1
	Sorghum/Teff
	Less than 1700masl
	Low land (Kolla)
	

	2 West
	Teff /Maize/Sorghum
	1700 to 2700masl: Single rain season
	Plateau (W.Dega) West
	

	2 East
	Teff/Wheat/Sorghum
	1700 to 2700masl: Double rain season
	Plateau (W.Dega) East
	

	3
	Barely and Wheat
	Greater than 2700masl
	High land (Dega/lower Wurch)
	

	TIGRAY REGIONAL STATE

	1 (East)
	Teff-maize-sorghum
	Less than 1700masl
	Low land (Kolla)
	

	1 (West)
	Sorghum-finger millet-teff
	Less than 1700masl
	Low land (Kolla)
	

	2
	Teff-barley-wheat
	1700 to 2700masl
	Plateau (W.Dega)
	

	3
	Barley-wheat-teff
	Greater than 2700masl
	High land (Dega/lower Wurch)
	

	BENESHANGUL-GUMUZ REGIONAL STATE

	1
	Teff/Sorghum/

Maize/Pulses
	1700 to 2700 masl
	Plateau W. Dega
	Amhara, Oromo and Agew

	2
	Sorghum/Pulses
	Less than 1700 masl
	Low land (Kolla)
	Gumuz

	3
	Sorghum/Pulses
	Less than 1700 masl
	Low land (Kolla)
	Jebelawi, Koma and Mao

	4
	Sorghum/Pulses
	Less than 1700 masl
	Low land (Kolla)
	Settlers in Metekel resettlement schemes


Using a Geographic Information System, the farming systems were overlain by the boundaries of the administrative zones and weredas. Thus the proportion of land included in each farming system within a specific zone and wereda was obtained.  To determine the number of people living in each stratum and sub stratum, the CSA’s 1994 census was consulted. 

The surveyed households in the Afar Regional State were divided ex-post into four farming systems according to households’ agricultural and pastoral activities. The four farming systems were defined as follows: 

Farming System 1:
Sedentary rainfed agriculture, growing maize and sorghum. Livestock holdings are comparatively very small (10 or less cattle and less than 20 small ruminants). Herd splitting does not generally occur. There is little or no movement of livestock.

Farming System 2:
Rainfed agro-pastoral agriculture based on rainfed agriculture cultivating maize and sorghum. Livestock holdings are large (11 or more cattle and/or 20 or more small ruminants.).  Herd splitting occurs. Livestock movements can occur over long distances in search of grazing and browse. Camels travel the furthest because of their ability to go for long periods without water. The “dry” cattle herds can travel long distances but must be within a maximum of three days to water. Goats and sheep generally stay within one day’s travel of the settlement, although goats have a wider feeding range than sheep because of their ability to consume a greater proportion of browse. Calves and milking cows generally stay close to the settlement.

Farming System 3:
Pastoralism involving no crop cultivation and large livestock holdings, generally larger than agro-pastoral families. Herd splitting occurs. Movement of livestock for grazing and browse are the same as for the agro-pastoralists.

Farming System 4: 
Irrigated agro-pastoral agriculture based on irrigated agriculture in the Awash delta area. Maize, sorghum and sesame are grown. Livestock holdings are very large. Herd splitting occurs. Movements of dry cattle and camels in the wet season are as far as Chifre wereda. Sheep graze over relatively short distances along the Awash floodplain, whilst movements of goats and camels occur over much larger distances.


The Land Use Systems were not spatially distinct. It is possible for one or more systems to exist within one wereda.  Generally Land Use Systems 1 and 2 are found away from the Awash River and Land Use System 4 found along the Awash River in  Aysaita and Afambo weredas of Administrative Zone 1.


A similar system of stratification was used in the Somali Region. Again Land Use Systems were not spatial distinct.
The three farming systems were defined as follows: 

Farming System 1:
Herders of large (>30) flocks of sheep and/or goats, most of whom were growing maize and sorghum, although a small but significant proportion (14 percent) had no cropland. Livestock holdings are large. The key distinguishing factor was the large holdings of sheep and/or goats with 30 or more sheep and/or goats. Cattle holdings ranged between zero and 40 but with a mean of less than 9, and camel holdings ranging between 1 and 70, but with a mean of 4. Herd splitting occurs. Livestock movements can occur over long distances in search of grazing and browse. Camels travel the furthest because of their ability to go for long periods without water. The “dry” cattle herds can travel long distances but must be within a maximum of three days to water. Goats and sheep generally stay within one day’s travel of the settlement, although goats have a wider feeding range than sheep because of their ability to consume a greater proportion of browse. Calves and milking cows generally stay close to the settlement.

Farming System 2:
Agro-pastoralists undertaking rainfed agriculture cultivating maize and sorghum, with only 4 percent of households having no cropland.  Livestock holdings are relatively large with cattle holdings greater than 5 animals with a mean of 10.3.  Shoat
 holdings vary between zero and 28 with a mean of 6.5, and camel holdings varied between 1 and 15 with a mean of 3. As with the previous system, herd splitting occurs, and movements are also the same. 

Farming System 3:
Rainfed cultivation and maize and sorghum provide the main source of subsistence. Cattle holdings vary between zero and 5 with a mean of 1.7. Shoat holdings vary between zero and 25 with a mean of 4.6, but with more than 75 percent of households having shoat holdings of less than 6. Camel holdings varying 1 and 10 with a mean of 2.4, but with just over 80 percent of households having no camels.

The sampling approach followed intended to provide a representative sample and a satisfactory level of confidence while taking into account practical considerations such as time and budget available. The sample size depends on three factors:

· the level of variation in the variables being measured; 

· the desired level of precision which is function of the acceptable margin of error and the confidence level; 

· the sample design to be used.

The formula used to estimate the sample size (n) was as follows
:

n  =  [(zc)/x]2 

where z = Z score, c = coefficient of variation and x = margin of error

To estimate the variability (coefficient of variation) of key parameters, the Project referred to the results obtained during the first phase. The coefficient of variation of selected key parameters (e.g. land holding) was equivalent to 60%. The confidence limit was set at 95%, which gave a Z score of 1.96 and the margin of error at 5%.  Under these assumptions, the total sample size was established to 559.

A total of 1,816 households
 were randomly selected for interview.  The selected households were allocated proportionally according to the total population in each farming system in each Regional State.

Two guidelines were established to facilitate the selection of the targeted Weredas and FAs :

(1) no less than 3 households would be interviewed in each selected FA; and 

(2) no less than 3 FAs  would be covered in a target Wereda.

This implied that at least 9 households would be interviewed per Wereda. The Weredas were selected using a linear systematic sampling approach. This approach involved using a random number approach from which the selection started and then the selection continued at regular interval. For example: if 4 Weredas needed to be selected and there were 37 Weredas in the sampling frame, the first Wereda was selected by choosing a random number between 1 and 37 (called “r”) and the following three Weredas were selected by identifying the Wereda in position  “r+k”, “r+2k” and etc, where k= 37/4=9 households.

It should be noticed that some Weredas, FAs and households that were selected through this sampling process were finally excluded as they were not accessible. In such case, they were replaced applying the same sampling approach. It must also be underlined that additional households were identified in some FAs to compensate for households that refused to collaborate, or were unavailable during the survey period.

In addition to the households that were selected for individual interviews, the Project obtained primary data through farmers associations representatives (n=474), and FAs’ group discussions involving different people (e.g. older men, poor farmers, leaders, women and youngsters) (n= 612). Secondary information was obtained at the Zonal and Wereda levels (n=162), regarding past and current socio-economic conditions in the target Zones and Weredas.

The final number of farmers associations selected in each target Wereda and the final number of households interviewed in each FA were determined having regard to the large territory to cover and the difficulty to reach certain areas. Table 2 presents the sample distribution.

Table 2. Number of Weredas, Farmers Associations and Households

 
Surveyed per Regional State

	REGION
	weredas
	FA's
	HH
	Groups
	Women groups

	Afar
	26
	75
	223
	71
	19

	Amhara
	64
	193
	559
	345
	

	Beneshangul-Gumuz
	11
	33
	165
	33
	16

	Somali
	18
	45
	411
	71
	19

	Tigray
	31
	92
	276
	92
	28

	Oromiya (1)
	12
	36
	182
	-
	-

	TOTAL
	162
	474
	1,816
	612
	82


Note (1). Survey undertaken during Phase 2.

5. REMOTE SENSING  AND GEOGRAPHICAL INFORMATION SYSTEMS 

5.1 Remote Sensing and Land Cover Mapping

5.1.1
Objectives


The objective of this component was to create and publish all basic and thematic maps required for the project.  As a Remote Sensing and GIS Centre had been created during the Phase I activities were to focus on strengthening the standard work techniques, increase the quality of the control system and develop a structure to document the digital information available.


The landcover maps would be produced from the interpretation of satellite images (remote sensing) and finalized with the Geographic Information System (GIS).

5.2
Methodology

5.2.1
 Land use and land cover types

There is a lack of up-to-date land use / land cover maps at a reconnaissance scale covering the whole country. A large number of map sheets are required to cover the whole country at a scale of 1:250,000 (84 sheets). Remote sensing data with its synoptic view, frequency of coverage, and low cost per unit area, while maintaining acceptable standards accuracy, have been identified as very appropriate and powerful tool to assess woody biomass resources type, distribution, and extent.

Woody Biomass Types

“Woody biomass” refers to the total useable above-ground part of a tree or a shrub. The project identified two basic woody biomass types: (i) tree, and (ii) shrub. The following are the definitions of what constitutes a “shrub” and a “tree”.

Shrub: A ligneous species, constituted by many short stems rising from the ground, or by main short stem (less than 30 cms) which becomes subdivided into many branches.  Whole specimens can reach upto 7 meters from the ground.

Tree: 
A ligneous perennial species, with a single (and occasionally double) stem, trunk or bole, and which branches more than 30cms from the ground.

Land Cover Types

A land cover type may be defined as a land surface area in which a tree or shrub shows a relative degree of “homogeneity” in terms of type, distribution characteristics, and relations to human practices and other environmental parameters. The homogeneity of a cover type is only accurate relative to a working scale. For different working scales the smallest mapping unit or the resolution of a map accordingly differs, for the project working scale i.e., at 1:250,000 scale the theoretical smallest mapping unit is 25ha. That is to say, a community forest or patches of woodland or shrubland less than 25 ha in agricultural area are considered as a cultivated land. At WBISPP working scale, even though, the land cover types delineated on satellite images look homogeneous, on the ground they are a mosaic of landcover types.

The land cover types, for the purpose of the WBISPP study, are classified in to nine major classes: forest, woodland, shrubland, grassland, cultivated land, Afro-alpine, wetland, bareland and built up areas. These major divisions in turn are subdivided in to fifty-six sub-classes (Table 5.1).

Table 5.1. WBISPP land cover and land use classification

	Land cover / land use type
	  Code

	Afro-alpine
	

	  Erica / Hypericum
	 AE

	  Grassland / Moorland
	 AG

	
	

	Cultivated land
	

	  Rainfed
	

	    Cereal Land Cover System
	

	      - with few stocks of woody biomass
	 CRCB

	      - with light stock of woody biomass
	 CRCL

	      - with moderate stock of woody biomass
	 CRCM

	  Perennial crops
	

	    Enset/Root Land Cover System
	

	      - with light stock of woody biomass
	 CPEL

	      - with moderate stock of woody biomass
	 CPEM

	 Shifting cultivation
	

	      - with light stock of woody biomass
	 CSL

	      - with moderate stock of woody biomass
	 CSM

	  Irrigated
	 CI

	  Other
	 CX

	
	

	Grassland
	

	      - with few stocks of woody biomass
	 GB

	      - with light stock of woody biomass
	 GL

	      - with moderate stock of woody biomass
	 GM

	      - water-logged with few stocks of woody biomass
	 GW

	
	

	Shrubland
	

	  Open (20-50% woody plant crown cover)
	 SHO

	  Dense (>50% woody plant crown cover)
	 SHD

	
	

	Woodland
	

	  Open (20-50% tree crown cover)
	 WO

	  Dense (>50% tree crown cover)
	 WD

	
	

	Forest
	

	 Montane broadleaf
	

	  Open (20-50% crown cover)
	 FBO

	  Dense (50-80% crown cover)
	 FBD

	  Closed (>80% crown cover)
	 FBC


	 Montane mixed
	

	  Open (20-50% crown cover)
	 FMO

	  Dense (50-80% crown cover)
	 FMD

	  Closed (>80% crown cover)
	 FMC

	 Montane coniferous
	

	  Open (20-50% crown cover)
	 FCO

	  Dense (50-80% crown cover)
	 FCD

	  Closed (>80% crown cover)
	 FCC

	 Dry Juniperus "Woodland"
	

	  Open (20-50% crown cover)
	 FJO

	  Dense (50-80% crown cover)
	 FJD

	  Closed (>80% crown cover)
	 FJC

	 Lowland semi-evergreen
	

	  Open (20-50% crown cover)
	 FLO

	  Dense (50-80% crown cover)
	 FLD

	  Closed (>80% crown cover)
	 FLC

	 Riparian
	

	  Open (20-50% crown cover)
	 FRO

	  Dense (50-80% crown cover)
	 FRD

	  Closed (>80% crown cover)
	 FRC

	 Bamboo
	

	  Highland bamboo
	

	    Open (20-50% crown cover)
	 FBHO

	    Dense (50-80% crown cover)
	 FBHD

	    Closed (>80% crown cover)
	 FBHC

	  Lowland bamboo
	

	    Open (20-50% crown cover)
	 FBLO

	    Dense (50-80% crown cover)
	 FBLD

	    Closed (>80% crown cover)
	 FBLC

	 Plantation 
	

	  Open (20-50% crown cover)
	 F P O

	  Dense (50-80% crown cover)
	 F P D

	  Closed (>80% crown cover)
	 F P C

	
	

	Wetland
	

	  Open water
	 HH

	  Perennial Swamp / Marsh
	 HSP

	  Seasonal Swamp / Marsh
	 HSS

	
	

	Bareland
	

	  Exposed sand / soil
	 TS

	  Exposed rock
	 TR

	  Salt flats
	 TA

	
	

	Urban
	 U


5.2.2  Material and Methods

(i)
WBISPP Image Analysis System (IAS).

The WBISPP uses PCI Geomatica software for digital analysis and production of hardcopy satellite images. PCI software offers a wide range of digital image analysis programs grouped into modules. Additional modules are also available for data input, output and exchanges.

There is one operational image analysis system. This system consists of:

1.  a CCT-tape drive

2. Exabyte tape drives

3. Large format plotter and printer

4. An Altek 31 digitizing tablet

5. A PC with 450 MHz and Pentium III processor

6. EASI/PACE-PCI Ver 8.2 software

(ii)
Data source and classification

The Landsat-TM/ETM image with 7 spectral bands, a nominal ground resolution (pixel size) of 30 x 30 metres and a nominal scene size of 185 x 185 Km is an ideal source of data for a reconnaissance scale survey like WBISPP. 

Landsat-TM/ETM was used to define the different classes of land cover types. Both visual and digital classification techniques were used to identify the nine major classes and fifty-six sub-classes.

 A two-step hybrid classification system was used before the final land cover map was prepared. The first step involves visual classification of relatively larger visually homogeneous polygons, while the second step involves digital classification of the above large polygons in to different subclasses.

(iii)
TM hardcopy image interpretation

A false colour composite of bands 4-7-1 (Fig. 5.1) was used as opposed to the conventional false colour composite of 4-3-2. As the project land cover type classification is aimed at capturing the two-biomass types in different land cover classes, the bands, which can enhance and help to distinguish the vegetation classes outlined in table 5.1 were selected.

The delineation of vegetation patterns on the TM hardcopy images was carried out using standard visual classification techniques. These involve:

1 Delineation of assumed vegetation type boundaries from the Landsat TM hardcopy on the transparent sheet. 

2 Identification of vegetation patterns with changes in colour tones and texture. 
(iv)
Digital image classification


The digital classification of images has been carried out on 59 images covering the Phase II project area. 
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Fig.5.1. False colour composite of Landsat TM: 4-7-1 (Lake Ashangi, South Wello, Amahra Regional State and escarpment leading down to the Afar Lowlands).

Bands selection

 A Landsat‑ETM image has 3 visible, 3 infrared, 1 panchromatic and 1 thermal bands. Not all the eight bands were used. In order to reduce computer time and to treat only the most pertinent data, band correlation tests were conducted. In addition to the correlation tests, each band was graphically compared with the others. Tests revealed that there is a high level of correlation between the TM1 and TM2 and between the TM5 and TM7. High band correlation indicates that one of the two correlated bands can be excluded, as its inclusion will not contribute much in terms of adding more information when the other is already considered.

Considering the sensitivity of the TM1 band to atmospheric effects, the TM2 band was selected. According to the band characteristics of the Enhanced Thematic Mapper, TM5 is more appropriate than the TM7 for vegetation applications. 

As band 6 is a thermal band, it is not used for land cover mapping. It is only used to map a surface temperature. The panchromatic band is used alone or fused with 3 false colour composite band for visual interpretation.

Finally, four bands, namely, band 2 (green), band 3 (red), band 4 (near infrared) and band 5 (mid infrared), were selected for the digital classification.

Using digital data

Suppliers calibrate the Digital Numbers (DN) in order to allow their immediate use. The DNs were transferred from the entire images and were used as they are.

None of the images have deterioration such as bad lines, which result from defects of the detectors. Most of images are free of cloud cover. 

Image geo-referencing

Within the framework of the WBISPP, all thematic information is stored in a GIS system and is related to topographic maps of Ethiopia at 1:250 000 scale. Because thematic information from digital images is stored in the GIS, and because some digital information was imported from the GIS during the land cover map preparation, the images must be geo-referenced. 

All the four bands selected were geo-referenced in relation to the UTM projection (Universal Transverse Mercator). Transparent topographic maps at the 1:250 000 scale were used as a reference to correct the images. The regression model used to fit the image to the maps was a third order polynomial, which allows rotation, scaling and translation. The nearest neighbour resampling method was used in order to avoid changing the original input pixel values.

The geo-referencing technique applied in the WBISPP has some particularities. Due to the age of the maps, features observed on the images are not always present on the maps. Also, some areas showed a reduced number of features, which could be used as control points during the geo-reference process. To overcome these problems, the reference maps, in this case, the topographic maps were used conjointly with the enhanced hard copy images at the 1:250 000 scale. A regression model was created based on the selected control points and was applied to the four bands. 

In most cases, between 20 and 30 control points are necessary for developing the regression model. When x and y residual errors are less than one pixel the collection of control points are stopped. 

Digital image classification

The land cover variability of Ethiopia and the lack of available ground knowledge are such that the definition of pure training sites necessary for a supervised classification is extremely difficult. The project instead used an unsupervised classification, which does not require prior knowledge of the existence or the type of the land cover classes.

5.2.3
Classification principles

Unsupervised classification uses clustering algorithms that examine a large number of unknown pixels and divides them into a number of classes, spectral classes, based on a natural grouping present in the image values. Within the clustering approach, an image was segmented into an earlier determined number of classes. The premise behind clustering is that features with spectral similarities should be close in the spectral space whereas features from different classes should be well separated. Thus, pixels belonging to a particular cluster are more or less spectrally uniform. 

For an unsupervised classification, one of the most common approaches to determine the natural grouping of a data set is the migrating means algorithm.

The migrating means algorithm approach

The migrating means, also called the k‑means algorithm, involves many steps. The information that must be provided for its execution is the number of clusters. For the other parameters, the default value can be used. The k‑means procedure of EASI/PACE was tested using different number of clusters: typically 10, 16, 20 and 24 clusters. The outputs, the classified maps, were visually compared with an enhanced image of the same area. Results showed that the classification map using 20 clusters was the closest to the enhanced image and was thus selected. From these 20 clusters, 16 were mostly retained for the final map prior to field verifications, the remaining four classes representing very small proportion of the image were merged with the cluster closest to it in spectral space. Even using 16 classes appeared excessive and merging some the classes is always expected and considered as a better solution than redoing the clustering. 

The k‑means algorithm steps are as follows:

1. Due to the amount of data involved, image data sampling was done in multi spectral space to determine candidate clusters centres. 

2. The location of each pixel in the multi spectral space was examined and the pixel was assigned to the nearest candidate clusters. The assignment was done on the basis of Euclidian distance.

3. The new sets of means that result from the grouping produced in step (2) were computed.

4.
The procedure continues until there is no significant change in the location of class mean vector between successive iterations. In the EASI/PACE software, the default number of iterations was set to 20 and the minimal Euclidian distance corresponds to .01%. The means vector calculation will then stop when one of these two conditions is met.

5.
The result of the k‑means clustering approach is a thematic map where a unique number represents each cluster. Cluster statistics were also produced indicating the mean DN values for each band selected for the classification process. 

Making a Pseudocolour Table

Once the unsupervised classification is done, the next step is to print the classification output for ground verification. The major problem in this case is the choice of colours for clusters found in the classification. In most cases people use arbitrary colours which is difficult to compare it with the false colour composite map and to locate features on the ground while doing a ground truthing.  

To resolve this problem WBISPP used a module in PCI-Geomatica, PCT-MAKE, which Generates a pseudocolour table (PCT) from clusters of unsupervised classification, and a false colour composite image, so that the unsupervised classification is coloured to `match’ the RGB image (false colour composite image) (Fig. 5.2). 
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Fig. 5.2. Clusters (spectral classes) of unsupervised classification.

Field verification

The purpose of field verification is to determine the relationship between the actual land cover types on the ground and the clusters and visually delineated polygons. During field survey, information was taken to evaluate the consistency and the variability of the classification results of a given area. Field surveys are undertaken not only to provide information about land cover types, but also to provide all complementary information needed to improve the final classification.  

The following are an outline of field verification activities accomplished:

 Preparation phase

1. Delineation of main rivers and roads from the 1:250 000 topographical map on a transparent sheet.
2. Delineation of assumed vegetation type boundaries from the Landsat TM hardcopy on the transparent sheet. The delineation was carried out in two stratification steps. First, large areas with a more or less similar geomorphology are delineated on the TM hardcopy. 
3. Then, after delineation of these general polygons, the vegetation patterns within each polygon by, among other things, changes in colour, tone and texture was interpreted. In such a way, additional subunit boundaries are created representing areas with an unknown but more or less homogeneous land cover type. A certain generalisation has to be applied in order to avoid too many subunits. Each subunit gets its own unique number. 

4. Delineation of man-made features such as roads, railways, urban areas, large agricultural fields, forest plantations etc. Straight or smooth curved lines and rectangular patterns often refer to human interference. The normal procedure is for accessibility to be defined from existing topographic maps. 

5. Comparison of the subunits with the cluster patterns on the unsupervised classification map. This was done by overlaying the transparent sheet on the classification map. If necessary, additional subunits can be drawn, but because of the need to generalize, this is generally not necessary. Delineation of cluster patterns alone without an interpretation of the TM hardcopy is not advisable since always a fixed number of clusters (mostly 20) are the output of the unsupervised classification method used by WBISPP, irrespective of the actual number of land cover types. Another disadvantage of cluster pattern delineation is that the cluster colors easily mislead the interpreter and do not give any information about important optical characteristics of the TM hardcopy such as texture and tone.

5.
Transferring the subunit boundaries onto the 1:250 000 topographical map on a light-table. This map serves as a field map during the fieldwork phase.

6.
Transferring additional drivable roads from the 1:50 000 topographical map. Since the old 1:250,000 topographical maps do not show all roads, additional information can be extracted from the more detailed 1:50 000 topographical maps. This information can be helpful to plan the routes, which have to be driven during fieldwork.

 Fieldwork phase

Equipment

-Tree species guide books

  (e.g. Useful Trees and Shrubs for Ethiopia, by Azene Bekele-Tesemma)

-Binocular

-Compass

-Scale bar with 1:25 scale

-Four-wheel-drive car (preferably with winch)

-Global Positioning System (GPS) that can be connected to the cars electrical power system, and with an external antenna attached to the roof of the car

-Photo camera

Field crew

The field verification team consists of four people:

-
The field verification specialist (fsp). The fsp has a Remote Sensing background and is experienced with the interpretation of Satellite images (specially with Landsat ETM)

-
A field work assistant who has a basic knowledge of Remote Sensing and can operate the GPS equipment.

-
A driver

· A  local guide. The guide must be familiar with the field verification area, speaks local language and is familiar with the names of the main local tree species. Normally a forester from the local agricultural zone office is preferred. 
The field verification

Using the field map as reference map, observation points are selected near or preferably in the subunits. A location can easily be determined by reading the geographical position from the GPS while driving from one location to the other. Sometimes higher points on or near a road allow remote observations of inaccessible subunits. On each observation point an averaged GPS reading was recorded both in the GPS as waypoints and as hardcopy. Each GPS record was given a unique code and its position was drawn on the field map. The code was determined by day and sequence. For example on the first day the first GPS reading is called A1, the second reading A2 etc. On day 2 B1... etc. 

The fsp tries to verify his position by comparing the local geomorphology with related information on the topographical map. Next, the fsp describes the land cover according to the WBISPP land use/land cover legend taking into account the observation direction (compass bearing), the related terrain characteristics of each land cover type (e.g. at foot of a hill, along a river, etc.) and estimated distance of possible land cover boundaries. 

In addition to land cover type, the dominant tree species and crop types are recorded together with general information on geomorphology (e.g. average slopes), occurrence of erosion and some soil characteristics (e.g. color and texture). The fsp also looks to the unsupervised classification map with the transparent sheet with polygons as overlay, if different clusters (colors) can be related with differences in the field. In most cases there a time difference between the date of ground verification and date of image acquisition. If apparent changes in land cover are observed within a subunit, local peasants can be asked if recent changes have been taken place with regard to land cover. If this is the case, extra GPS readings should be carried out to locate the particular land cover area and the original subunit should be adjusted. 

It is advisable to take photographs of each different land cover type and record its GPS code and compass bearing. Back in the office the photographs can be used to check the land cover codes given to each subunit and they give an impression of the field conditions.

Data analysis phase

The data collected during field verification phase were analyzed back in the office. The visual and unsupervised classifications are carefully compared with information collected during the field phase. The land cover value of each cluster within a polygon identified by visual interpretation was thoroughly examined and a spreadsheet table was produced showing their land cover values. 

The result of the visual classification and the relevant polygons were digitized in the GIS system and the resulting GIS polygon coverage was exported to the Image Analysis System. The two classifications are combined into one with help of the “Model” function in PCI Geomatics (Image Analysis System) (refer to figure 5. 4).

Land cover maps 

The last step consists of producing final land cover maps. At this stage, field observations are used as the basic information from which it is possible to associate land cover types to each cluster defined during the clustering process. 

To produce the final land cover maps for each area, the preliminary classification maps are corrected in order to fit as much as possible with the ground reality observed during the field surveys. The correction of the preliminary classification in order to produce the land cover map demands that the following steps be undertaken: 

1.
The polygons delineated visually and verified during field observation are digitized into the GIS. Later, the vector format is transformed to a raster format and transferred to the IAS.    

2
In the IAS, a modelling procedure is used to produce the final land cover map by comparing the visual interpretation polygon with unsupervised classification based on a spread sheet table prepared after field verification.  

3
The output map generated during the modelling process is the thematic map on which a new set of values are assigned to each land cover type. 
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Fig. 5.3  Land use /land cover classes (information classes)
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Figure 5.4. Steps followed in Landsat TM classification. 

5.2.3
Results of the Land Cover Mapping


The results of the land cover mapping for all the Regions covered in both Phase  I and Phase II of the Project area shown in tables 5.2a and 5.2b.

Table 5.2a
Areas under Main Land Cover Classes (ha)

	REGION
	Culti.
	Forest
	Plant.
	Wood

land
	Shrub

land
	Grass

Land
	Afro-alpine
	Highland Bamboo
	Lowland Bamboo
	Swamp
	Water
	Bare rock, soil, etc
	Urb.
	TOTAL

	Oromiya
	9,671,458
	2,562,591
	62,770
	9,823,163
	7,750,422
	4,293,980
	180,155
	0
	0
	137,353
	260,500
	1,192,286
	644
	35,935,322

	SNNPR
	3,642,268
	865,763
	237,198
	1,387,759
	2,434,779
	1,715,390
	0
	31,003
	0
	0
	152,860
	3,009
	0
	10,470,028

	Gambella
	107,381
	   535,948 
	0
	1,167,192
	148,951
	970,329
	0
	0
	0
	247,556
	0
	27,271
	0
	3,204,628

	Dire Dawa
	17,356
	0
	0
	0
	36,635
	39,336
	0
	0
	0
	0
	0
	32,619
	2,855
	128,802

	Harari
	8,778
	0
	0
	0
	7,497
	14,673
	0
	0
	0
	0
	0
	247
	1,362
	32,557

	Amhara
	5,713,083
	89,832
	199,496
	1,040,064
	4,352,672
	2,696,069
	64,501
	0
	0
	121,316
	310,379
	1,176,383
	949
	15,764,740

	Tigray
	1,434,893
	9,168
	649
	294,455
	1,841,182
	1,158,783
	670
	0
	0
	1,843
	6,212
	335,619
	2,841
	5,086,315

	Beneshangul
	265,097
	80,557
	0
	2,473,064
	1,422,191
	161,605
	0
	0
	494,564
	7,250
	15,216
	114,048
	0
	5,033,592

	Afar
	63,911
	38,993
	0
	163,657
	3,024,697
	1,402,883
	0
	0
	0
	45,252
	82,142
	4,705,034
	0
	9,526,568

	Somali
	374,302
	76
	1,410
	13,199,662
	5,384,022
	2,167,659
	0
	0
	0
	249,644
	968
	7,772,888
	964
	29,151,596

	Addis Ababa
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	62,350
	62,350

	ETHIOPIA
	21,298,529
	4,073,213
	501,522
	29,549,016
	26,403,048
	14,620,707
	245,326
	31,003
	494,564
	810,213
	828,277
	15,359,404
	71,965
	114,286,788


Table 5.2b
Areas under Main Land Cover Classes (% of Country)

	REGION
	Culti.
	Forest
	Plant.
	Wood

land
	Shrub

land
	Grass

Land
	Afro-alpine
	Highland Bamboo
	Lowland Bamboo
	Swamp
	Water
	Bare rock, soil, etc
	Urb.
	TOTAL

	Oromiya
	45%
	 61%
	 13%
	 34%
	 29%
	 29%
	 73%
	 0%
	 0%
	 18%
	 31%
	 8%
	 1%
	 31.5%

	SNNPR
	17%
	 21%
	 47%
	 5%
	 9%
	 12%
	 0%
	 100%
	 0%
	 0%
	 18%
	 0%
	 0%
	 9.2%

	Gambella
	1%
	13%
	0%
	4%
	1%
	7%
	0%
	0%
	0%
	31%
	0%
	0%
	0%
	2.8%

	Dire Dawa
	0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 4%
	 0.1%

	Harari
	0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 2%
	 0.0%

	Amhara
	27%
	 2%
	 40%
	 4%
	 16%
	 18%
	 26%
	 0%
	 0%
	 16%
	 37%
	 8%
	 1%
	 13.8%

	Tigray
	7%
	 0%
	 0%
	 1%
	 7%
	 8%
	 0%
	 0%
	 0%
	 0%
	 1%
	 2%
	 4%
	 4.5%

	Beneshangul
	1%
	 2%
	 0%
	 8%
	 5%
	 1%
	 0%
	 0%
	 100%
	 1%
	 2%
	 1%
	 0%
	 4.4%

	Afar
	0%
	 1%
	 0%
	 1%
	 11%
	 10%
	 0%
	 0%
	 0%
	 6%
	 10%
	 31%
	 0%
	 8.4%

	Somali
	2%
	 0%
	 0%
	 45%
	 20%
	 15%
	 0%
	 0%
	 0%
	 33%
	 0%
	 51%
	 1%
	 25.6%

	Addis Ababa
	0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 0%
	 87%
	 0.1%

	ETHIOPIA
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100.0%


5.3
Geographical Information Systems

5.3.1
Introduction


The project responds to the critical state of fuel wood supply in Ethiopia and related environmental degradation. As such, it acts directly in three key development areas of traditional energy, agriculture and environment.


Given the integrated nature of agriculture in Ethiopia, there is a direct link among the use of woody biomass resources, crop and livestock production, soil loss and environmental protection. With this understanding the project has adapted integrated approach to achieve the ultimate goal, strategic planning in relation to woody biomass. 


For these reasons WBISPP requires a tool, Geographical Information Systems (GIS), which integrates these diverse thematic outputs from multi disciplinary team and their subsequent analysis.

5.3.2
 Geographical Information Systems (GIS) objectives


In process of achieving the main objective of the project i.e. strategic planning in relation to woody biomass, at national and regional scales, GIS has helped in integrating and analyzing multi layer thematic data. GIS played a key role in resource identification (where and how much), establishing the degree of resource utilization (positive and negative balances) and assisting in the selection of planning alternatives (what and where to do). (Fig. 5.5.)

The main objectives are:

· to support the forestry team in designing and constructing the sample frame, selecting sampling cites, planning transects/continuous lines strip and producing maps for field work;

· to support to socio-economic team in design and constructing the sample frame, selecting survey area and producing maps for fieldwork;

· to assist the land use planner in developing various models and sensitivity themes;

-
to assist in developing a strategic planning tool for woody biomass management; and 

-
to develop natural resources database of the country.
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Fig.5.5 
The role of GIS 

5.3.3
 Concepts of Geographic Information Systems


GIS can be defined as an organized collection of computer hardware, software, geographical data, and personnel designed to efficiently capture, store, update, manipulate, analyze, and display all forms of geographically referenced information. (ESK;1990).  The term Geographic Information Systems has three components: Geographical, Information and Systems.


Geographical means objects are described from the real world in terms of their position within a known coordinate system and spatial relationship with one another. 


Information refers to as case of information science or technology where the information is derived from interpretation of data which are symbolic representation of features (Benyon, 1990) in that features and database are linked to their location information.


System describes the hardware, the software, liveware and organizational setup.


The combined effect of the three components describes the overall functions and organizational setup of GIS. The major functions carried out by GIS are data collection/input, Structured storage, manipulation, analysis and presentation.


Data collection refers to the operation of encoding positional data (geographic features) and non-spatial data (associated attributes to the geographic features) with the help of input devices, and validating and editing the features before further analysis.


Structured data storage helps data integration and simplifies high-level analytical operations. Classifying structural data storage as Raster and Vector believed to be too general. The detailed GIS data storage structure is presented by Maguire and Gengermal, 1991.


The manipulation and spatial analysis is what makes GIS different from other information systems, computer-aided design, computer cartography, database management system and statistical analysis system. The manipulation and spatial analysis involves a range of functions from data Query to high level modeling. Some of the common spatial analysis systems are Network analysis (route planning, addressing matching, resource allocation, utilities management, etc), Overlay analysis and Digital Train Modeling.


Presentation of the result of analysis in the form of maps, tables and charts statistical summaries, lists and reports is the final stage of GIS work, and is much less sophisticated than some of functions of GIS.

5.3.4 Materials and Methods

(i)
Hardware

Installation of the computer system started in early March 1993, and completed at the end of the same month. In the initial configuration of the system, 12 PCs were connected by local area network (thin Ethernet network) out of which three work stations were dedicated to GIS uses. After two years, the WBISPP computer system was upgraded to the latest computer configuration in the market increasing the overall network PCs to 20. As a result, all GIS stations were replaced by Pentium computers, which has greatly enhanced the working efficiency of the unit. At the end of 1999, additional computers were procured.  Hence the three GIS stations were replaced by the latest PC systems.

Three Altek-31 36” x 24” digitizing tablets were used until the end of 1999 for data input and replaced by a Cal comp 48” x 36” drawing board.

A Paint jet XL 300 printer was used for A3 and A4 maps and HP 7600-350 plotter was used for larger maps. Then the printing system for printouts larger than A3 was replaced by Designjet 650 plotter. Recently additional large format PostScript driven plotter and printer were introduced in to the system.

(ii)
Software

PAMAP-GIS was used for data input, spatial analysis and printing (only for working maps) and PC ARC/INFO/Arc View was used for regional Atlas production.

The GIS work started with PAMAP-GIS version 3.0 (MS DOS version) and currently upgraded to release 5.2b (Windows version). PAMAP-GIS is composed of at least 18 functional modules (Fig. 2). These are:

Mapper:


for geographic/graphic input, editing and display;

Analyzer Overlays:

for raster data analysis;

Analyzer Conversions:
for conversion from one feature type to the other;

Analyzer Proximity:

to analyze buffer and corridor from features and covers;

Filtering:


to generalize polygonal and surface covers;

Modeller:
to develop models using formulas by combing multiple surface covers;

Project Maintenance:
to produce composite maps;

Data Management:

to copy and delete files and features;

Database Utilities:

to create, import and export database;

Cartographic Utilities:
to transfer data between PAMAP files, etc;

Map Definition Utilities: 
to create or modify maps and map elements;

Data Presentation:

to create map annotations, etc;

Export:
to transfer data to PAMAP-GIS from limited geomatics software;

Import:
to transfer data from limited geomatics software to PAMAP-GIS;

Plotting:


to plot vector and raster data;

Geogateway:


to import or export multi-file format;
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Fig. 5.6  PAMAP-GIS functional units

(iii)
Data Input

Data storage

In its simplest form, a map consists of three geographic components: points, lines and polygons. A point is defined by an X and a Y coordinate. A line consists of at least two points, and possibly more, which are connected to each other. A polygon is a discrete area totally enclosed by lines.

Any point, line or polygon element can have attribute data attached to it in the form of a database.

PAMAP GIS represents map information in two distinct ways: cover and vector. A vector representation uses a series of straight lines to create images, while a cover representation is composed of a regular series of equal-size pixels, each of which contains certain information. The former is ideal for representing cartographic information while the later is used primarily for analysis.

PAMAP-GIS map information is stored in the form of levels. There are three types of levels, for each level the range runs from Level 1 to Level 64 (Fig. 3.):

Vector levels

Database (point, vector and polygon) levels

Raster (polygon and surface) cover levels


Each Level can be considered as a chapter in a book, where each chapter consists of 64 pages.
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(b) Database storage

(b) Vector storage

Fig. 5.7  PAMAP-GIS data storage structure

Digitizing

Since April 1993 a large volume of natural resources database has been digitized from primary and secondary sources (table 5.1). The first step in data input is to define the extent of a working area in terms of real world coordinate or the position of the working area in the globe (Fig. 5.7). In doing so the most important part was the choice of the right projection, which depends on size of the project area, the position of the area in question from the center of projection, and the projection of the source data. 
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Fig. 5.7
 Creating a map. 

Most of the secondary data used by the project area are produced by the Ethiopia Mapping Agency (EMA) and this maps use UTM projection for large-scale maps (e.g. 1:50,000 and 1:250,000) and Latitude/Longitude plane coordinate system for small-scale maps. (e.g.  1:1,000000 and 1:2,000,00)

Ethiopia is covered by three zones of UTM projection, namely zones 36, 37 and 38. This had created inherent problem to produce one single map for the project area whenever west-east extent is greater than 6 degrees. Hence a user defined UTM projection of Zone 36 was adopted for all maps digitized by WBISPP.

Once the projection is defined and file is created the next steep is to register a paper map to that of PAMPAP GIS digital map. After registration of the map with permissible standard error, all geographic features (Point, line and polygons) were encoded using digitizing table.

Before converting vectors (the line work) to Raster, the data were checked for any digitizing errors using editing tools and correction were made with the help of input tools (Fig. 5.8). In the mean time associated database tags or labels were digitized for points/lines/polygons features (Fig. 5.9)

[image: image10.jpg]



Fig. 5.8
 Digitizing and editing tools.
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Fig. 5.9
Creating or modifying a database 

5.3.5
 Data Analysis

The data analysis was carried out internally and externally. Internally means within PAMAP-GIS. Externally means analysis carried out by an external database (Dbase/MS Access). Even though, a number of functions were used in internal data analysis, the major ones such as Polygon formation, Overlay Analysis, Digital Train Model and Modeling modules will only be discussed.

Polygon Formation

The first step of analysis for all polygon features digitized from both primary and secondary sources is linking polygons with their associated database with the help of polygons formation module. To do this the program needs two sets of data i.e. a closed vector (polygon) and a database. The program first lays a regular series of equally sized user-defined pixels over the map; second determines which polygon each pixels belongs to; third links all pixels in each polygon to that polygon’s database tag or a database record (Fig. 7) and finally reports on the correctness of the newly created polygon cover. This process should be considered as a springboard for all consecutive raster or vector analysis. Some of the themes which had undergone polygon formation are Administrative divisions, Land use / Land cover, Length of Growing Period and Geomorphology maps.
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Fig. 5.10
 Vector to polygon conversion.
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Fig. 5.11
 An output of a polygon formation.

 Overlay Analysis

Polygon overlay is a spatial operation, which takes two, or more polygon covers, overlay them, and produces a new resultant polygon cover plus an associated database (Fig. 5.11) The spatial location of each set of polygon and their polygon attributes are joined to derive new data relationships. The overlay process involves mainly four steps:

Specifying the input polygon covers;

Specifying the output polygon cover and database;

Selecting the output attributes form input polygon covers; and

Defining new attributes.


Most of the basic databases used for strategic planning were outputs of overlay analysis. These are Farming and Pastoral Systems, Agro-ecology, Livestock carrying capacity, Population Support Capacity, Biomass supply-demand balance etc.
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 Fig. 5.12
 An example of polygons overlay. 

Digital Elevation Model/Digital Terrain Model


Digital Elevation Model (DEM) is surface cover whose Z values represent the elevation (or any other attribute being mapped) of each pixel. The input for the DEM comes from map sheets of 1:250,000 topographic map series produced by EMA with 100 meters contour interval (Fig. 5.13). 

The finite difference algorithm was used to interpolate for those pixels with no contour lines. The finite Difference algorithm is a repeated smoothing technique, using a series of iteration over a surface. It can be visualized by the analogy of taking a pegboard filled with pegs of different heights and stretching a rubber sheet taut over all the peg-tops. The pixel values at known data points (i.e., the peg-tops) are not modified, but the values of all other pixels are. The “ constant “grooming” of the data results in a DEM surface cover with accurate values for all pixels (Fig 11).

Ones the DEM is created altitude, slope, shaded relief and many other maps can be derived (Fig. 5.14).

[image: image15.png]Graphic index
Database pointer
Graphic group
Additional info ptr
Line length

= 1861630 cn; 1
PAMAP GIS VECTOR ELEHEN
101

Nunber of 3D pts
Point coordinates
63387316, 138943937, 500000
63407040] 138340438 500000
63424879] 138322662 500000
63409519] 138365906, 500000
63377679) 138391924 500000
63423476] 138376126 500000
63451390] 139003236, 500000




Fig. 5.13
 Contours and e.g. of their X, Y and Z (in cm) values
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Fig. 5.14
  Creating Digital Elevation Model
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 (a) Altitude map
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 (b) Shaded relief 

Fig 5.15
 Examples of some uses of DTM

The same technique was applied to generate a Digital Rainfall Model (DRM) using map of Mean Annual Rainfall map prepared by Land Use Planning and Regulatory Department, Ministry of Agriculture. The isohyets were at 200 mm interval and 1:2 000,000 scale.

Modeling

A modeling module mainly overlays surface covers according to a simple arithmetic or a user-defined mathematical formulae. The mathematical formula can range from a simple arithmetic to complex database models, which uses a wide range of mathematical functions. There are four alternatives to modeling in PAMAP:

Linear database modeling: analyzes polygon, vector or point databases at a time by combing up to 16 database attributes and exporting the result to another database attribute;

Linear surface modeling: uses a simple algorithm to combine up to 16 surface covers into a single surface cover;

Formula surface modeling: applies a formula to combine up to 16 surface covers in to a single resultant cover model;

Formula database modeling: is used to create a model combining up to 16 database attributes on the basis of a user-defined combination formula, then update another attribute with the new calculated value.

The third alternative was mainly used to model a Potential Soil Erosion Hazard (Fig. 5.16 and 5.17) using a formula:

A = R*K*L*S*C*P; where

A = Total soil loss (t/ha/yr)

R = Rainfall Erosivity factor, is a surface level derived from Digital Rainfall Model

K = Soil Erodibility Factor, a classified soil surface cover according to a pre-defined norms for each soil type.

L = Slope length factor, is a classified raw slope surface level according to a pre-defined norms for different slope classes.

S = Slope gradient, is a classified raw slope surface level according to a pre defines norms for different slope classes

C = Land cover factor, is a surface level converted from a land cover polygon based on each land cover’s erosion factor

P = Management factor = 0.12

Fig. 5.16
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Fig. 5.17
 An example of a surface modelling (Potential Soil Erosion)

5.3.6
 Presentation of the results of analysis.

The results of the GIS unit (internal/external) and Land Use unit (external) analysis were presented in from of tables, graph and maps. The tables and graphs can be seen in different volumes of reports produced by the project. With regard to the maps 33 thematic maps were produced for each region/administration.

As mentioned earlier almost all the analytical works were carried out in PAMAP-GIS. The final results of the analysis were exported to Arc View and the design of the layout of the geographic and cartographic components of maps were done in Arc View (Fig. 5.17 and 5.18).
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Fig. 5.17
 Different themes in Arc View
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 Fig. 5.18
A layout of a map in Arc View

5.4
Results and Outputs

Table 5.3: List of WBISPP GIS primary and secondary database

	THEME
	SCALE
	PROJECTION
	OTHER REAL WORLD

COORDINATE

	Current land cover 1
	1:250,000
	UTM
	Lat/Long

	FAP-LUPRD Land use/cover 2
	1:1,000,000
	
	“

	CESEN Land use Land cover 2
	1:1,000,000
	
	“

	Chaffey Southwest Ethiopia 2
	1:250,000
	UTM
	“

	Contours at 100m interval2
	1:250,000
	“
	“

	Digital Elevation Model3
	1:250,000
	“
	“

	Slope map 3
	1:250,000
	“
	“

	Aspect map 3
	1:250,000
	“
	“

	Isohyets at 200mm interval2
	1:2,000,000
	
	“

	Digital Rainfall Model3
	1:2,000,000
	
	“

	Major soils of Ethiopia 2
	1:2,000,000
	
	“

	Agro ecological map 2
	1:2,000,000
	
	“

	Natural Regions2
	1:2,000,000
	
	“

	Rainfall Patterns2
	1:2,000,000
	
	“

	Seed Zones2
	1:2,000,000
	
	“

	Geological map 2
	1:2,000,000
	
	“

	Hydrological map 2
	1:2,000,000
	
	“

	Rivers network 2
	1:250,000
	UTM
	“

	Farming and Pastoral Systems 3
	1:1,000,000
	
	“

	Soil and geomorphology 2
	1:1,000,000
	
	“

	Temperature zone 3
	1:250,000
	UTM
	“

	Length of Growing Periods 2
	1:2,000,000
	
	“

	National Forest Priority Areas 2
	1:250,000
	UTM
	“

	National Parks 2
	1:250,000
	“
	“

	Lakes 2
	1:250,000
	“
	“

	Administrative division2
	1:1,000,000
	
	“

	Road network 2
	1:2,000,000
	
	“

	Growing stock1
	1:1,000,000
	
	“

	Sustainable yield1
	1:1,000,000
	
	“

	Models
	
	
	“

	- Population support capacity 3
	1:1,000,000
	
	“

	- Livestock carrying capacity 3
	1:1,000,000
	
	“

	- Potential Soil Erosion3
	1:1,000,000
	
	“

	- Potential Dry Matter Production3
	1:1,000,000
	
	“

	- Potential Tsetse Habitat 3
	1:1,000,000
	
	“


1 =
Primary (i.e. Project obtained data)

2 =
Secondary (i.e. Data from previous surveys)

3 =
Processed by WBISSP

6.
NATURAL GRAZING LANDS SURVEY

6.1
Objectives and Purpose


The objective of this component was to gather field data and produce thematic maps related to natural grazing lands as a contribution to the formulation and implementation of the Forage Production Component of National Livestock Development Project. This Project was being funded by the Africa Development Bank (ADB) and implemented by the Federal Ministry of Agriculture and Regional Bureaus of Agriculture.


Following detailed discussions with the Livestock Development Department of the Ministry of Agriculture it was jointly agreed that main outputs to be provided at the wereda level would be as follows:

· Area of natural grazing lands;

· Identification of vegetative cover, topography and waterlogged areas;

· Livestock population (by class)

· Available feed resources (types and yields);

· Productivity of the grazing lands;

· Carrying capacities, current stocking rates and livestock feed balances;

· Current Grazing Land Management Systems.

The Livestock Development Department and Project jointly produced a mutually agreed questionnaire that would be used to provide supplementary data on livestock production and grazing lands management.

6.2
Methodology

6.2.1
Socio-economic Surveys

The results from two socio-economic surveys were utilized: the General Household and FA Farmer Survey and a Special Natural Grazing Lands Survey. The methodology used for the General Household and FA farmer Surveys has been described in detail in chapter 4 (Socio-economic Surveys) and will not be repeated here.

In addition to the General Household and FA Surveys a Special Natural Grazing Lands Survey was also carried out focussing particularly on livestock and forage production. The Special Natural Grazing Lands Survey covered a number of elements:

(i) Which forage and fodder species were found in the sample FA's, including native grass species, “improved” grass species, herbaceous forage legumes, fodder crops, natural shrub and bush species, natural tree species, and cultivated fodder tree and shrub species.

(ii) An assessment of the times in the year there were livestock feed deficits.

(iii) An assessment of the use and management of Communal Grazing Lands, the role of Grazing Associations, the established grazing rules, the problems encountered in applying such rules; and an assessment of the overall problems related to natural grazing resources.

(iv) An assessment of the relative roles of the main feed sources in the wet and dry season: including permanent grazing, bottomlands, crop residues, aftermath grazing, hay and other sources.   

(v) An assessment of the use of crop residues as livestock feed, and the production of hay and silage (from crop residues, grass and weeds).

(vi) An assessment of the feeding of improved forages, including improved grasses, herbaceous legumes, fodder trees and shrubs; the farmer preferred forage species and reasons for their preference, and reasons for non-adoption of improved forages.

(vii) An assessment of farmer access to technical advice concerning improved livestock feed production, including sources and effectiveness of advice and the current status of farmers with respect to adopting improved livestock feed technologies.

(viii) An assessment of livestock water supplies, their sources and seasonal problems encountered in providing these.


The survey was conducted at two levels: the Farmers Association and the Wereda. The FA Survey was conducted from a pre-tested questionnaire with a representative group of farmers from the PA. The Wereda level survey was conducted with the Wereda Bureau of Agriculture staff, and was designed to supplement the data obtained from the FA level. A supplementary questionnaire was administered at the Wereda level to obtain information on weeds, in particular noxious weeds to livestock.


The FA’s and the Weredas were a sub-sample of those FA’s and Weredas surveyed during the Main Socio-economic Survey using the same four farming systems framework. One FA was randomly chosen from each of the sample weredas.

6.2.2
Landcover/Vegetation Mapping


The methodology used in the landcover mapping has been described in detail in chapter 5 (Remote Sensing and Geographic Information Systems) and will not be repeated here.

6.2.3
Natural Grazing Land


Grassland is very often mixed with trees and shrubs, and the area of grassland is dependent to a large degree on the crown cover of trees and shrubs. Shrubs and trees provide some feed in the form of browse, particularly for camels and goats, and to a lesser extent for cattle when grass forage is in short supply. However, the main focus of natural grazing lands for livestock feed is on “grassland”.


To produce maps with estimates of the area of grassland that is present in the natural grazing lands, the proportion of grassland land was calculated for each of the land cover classes. Thus open grassland has 100 percent natural grassland whilst bare earth or closed montane forest has no natural grassland land. The following estimates were used to calculate the size of grassland areas within the WBISPP land cover classes.

	LAND COVER
	%  GRASSLAND

	Afro-alpine grassland
	100%

	Afro-alpine Erica forest
	30%

	Dominant cultivation
	20%

	Moderate cultivation
	50%

	Sparse cultivation
	75%

	Scattered cultivation
	90%

	Cultivation – rainfed
	20%

	Cultivation – irrigated
	0%

	Closed forest
	0%

	Dense forest
	0%

	Open forest
	5%

	Closed Plantation
	0%

	Dense Plantation
	0%

	Open Plantation
	5%

	Closed Highland bamboo
	0%

	Dense Highland bamboo
	0%

	Open Highland bamboo
	5%

	Closed Lowland bamboo
	0%

	Dense Lowland bamboo
	0%

	Open Lowland bamboo
	5%

	Dense woodland

Dense shrubland
	24%

	Open woodland

Open shrubland
	65%

	Grassland
	100%

	Permanent swamp
	20%

	Seasonal swamp
	75%

	Bare land
	0%



To portray the natural grazing lands in map form the following legend was used:

	KEY
	TYPE

	G
	GRASSLAND DOMINANT (i.e. Grassland covers >49% of area)

	Gc1
	with 30 – 49% Cultivation

	Gc2
	With 15 – 30% Cultivation

	Gc3
	with < 15% Cultivation

	
	

	Gf1
	with 30 – 49% Forest

	Gf2
	with 15 – 30% Forest

	Gf3
	with < 15% Forest

	
	

	Gw1
	with 30 - 49% Woodland

	Gw2
	with 15 – 30% Woodland

	Gw3
	with < 15% Woodland

	
	

	Gb1
	With 30 - 49% Bushland or shrubland

	Gb2
	With 15 - 30% Bushland or shrubland

	Gb3
	With < 15% Bushland or shrubland

	
	

	Gs1
	with 30 - 49% Permanent or seasonal swamp

	Gs2
	with 15 - 30% Permanent or seasonal swamp

	Gs3
	with < 15%  Permanent or seasonal swamp

	
	

	Gr1
	with 30 - 49% Rock or bare soil;

	Gr2
	with 15 - 30% Rock or bare soil;

	Gr3
	with < 15% Rock or bare soil;

	
	

	C
	CULTIVATION DOMINANT (Cultivation covers >49% of the area)

	Cg1
	with 30 - 49% Grassland

	Cg2
	with 15 - 30% Grassland

	Cg3
	with < 15% Grassland

	
	

	F
	FOREST DOMINANT (Forest covers >49% of the area) 

	Fg1
	with 30 – 49% Grassland

	Fg2
	with 15 – 30% Grassland

	Fg3
	with < 15% Grassland

	
	

	W
	WOODLAND DOMINANT (Woodland > covers 49% of the area)

	Wg1
	with 30 – 49% Grassland

	Wg2
	with 15 - 30% Grassland

	Wg3
	with < 15% Grassland

	
	

	B
	SHRUBLAND DOMINANT (Shrubland covers > 49% of the area

	Bg1
	with 30 - 49% Grassland

	Bg2
	with 15 - 30% Grassland

	Bg3
	with < 15% Grassland

	
	

	S
	PERMENANT OR SEASONAL SWAMP DOMINANT (Swamp covers > 49% of the area)

	Sg1
	with 30 – 49% Grassland

	Sg2
	with 15 – 30% Grassland

	Sg3
	with < 15% Grassland

	
	

	R
	ROCK OR BARE SOIL DOMINANT (Rock or bare earth covers  > 49% of the area)

	Rg1
	with 30 – 49% Grassland

	Rg2
	with 15 – 30% grassland

	Rg3
	with < 15% Rosalind

	
	

	SF
	STATE FARM

	
	


6.2.4
Estimation of Forage Production

The Project identified four forage types (although more can be added): (i) natural pastures, (ii) crop residues, (iii) enset leaves, (iv) aftermath grazing on cropland from which the grain and (very often) residues have been removed. The estimation of the annual production of these forage types is described below.

(i)
Natural Pastures

Actual measurements of dry matter production and quality of natural pastures in Ethiopia are extremely few. Most measurements are confined to research station conditions that do not replicate conditions on pastures in communal grazing lands. Additionally, many measurements are for a single date only and do not capture the seasonal changes in quantity and quality of natural pastures. Thirdly, year-on-year changes in quantity and quality have not been measured. The collection of such detailed data within a year and among several years for the many Agro-ecological Zones in Ethiopia would require at least a five-year research programme of considerable resources. It is doubtful whether the enormous costs of such a programme would justify the benefits. 

 To meet this problem much research work has been conducted over the past two decades by International and National Agricultural and Pastoral Research Institutes and Natural Resource Survey Organizations to estimate dry matter production and quality of natural pastures using more readily available data. This research has been based on site specific parameters such as annual rainfall, soil type, available soil moisture, length of growing period, and other parameters such as shading by tree crown cover. Where actual dry matter quantity and quality measurements have been available these have been used to calibrate the estimates. The development of GIS has allows the calculation of dry matter production of natural pastures using these environmental parameters over spatially diverse conditions rapidly and accurately.

The Project has estimated dry matter production from natural pastures by adapting the methodologies developed by FAO (1988) in its “Guidelines for Land Evaluation for Natural Grazing”, ILRI (1986) and the University of Wageningen (Ridder and Breman (1993) in its “Manual on Pastures in Sahelian Countries”). Specific work in Ethiopia that has been used includes the FAO/LUPRD/MOA land use studies in the 1980’s and the detailed work by Harris (1988)
 on natural pasture production in the old awrajas of Menegesha, Haykoch and Butajira and Yerer and Keriyu. Other works consulted includes work by ILRI and the Joint Ethiopian Pastoral Systems Study.
 Daniel Keftessa (1999) estimated additional data from EARO and CADU and parameters for conditions in Ethiopia in a specially commissioned study for the Project.
 

The production of dry matter of natural pastures is determined by estimating the climatic potential dry matter production on freely drained soils with no physical or nutrient constraints. Physiological factors are then introduced to either increase or decrease the climatic potential production. Final adjustments are made for shading by trees and shrubs on grass growth and on its availability and/or access by livestock. 

The basic climatic unit of calculation is the “Length of Growing Period” (LGP) Zone developed by de Pauw (1988). Some 50 LGP types are identified based on the number of days and whether there is a single or double rainy period.

Climatic Factors

The basic data comprises:

· FAO/GOE Agricultural Ecology Report of Growing Period Zones (50) mapped at 1:2 million; 

· the temperature map derived from the Project’s digital terrain models of the 1:250,000 topographic maps, using FAO/GOE calculated temperature/altitude relationships. 

Following the recommendations of Daniel Keftessa (1999) a distinction was not made between pastures comprising mainly annual grasses and those with mainly perennial grasses. Surveys in rangeland areas, in analogous areas in Northern Kenya (Schwartz et al. 1994) and in the Sahel (Ridder and Bremen, 1993) indicate that annual grasses only predominate in areas with less than 200-250mm annual rainfall. 


The steps taken in calculating potential forage production of natural pastures were as follows. The maximum potential climatic pasture production was first calculated. This figure was then reduced according to:

- soil and relief type

- degree of shading by trees and shrubs

- degree of access or availability

Two methods were used to estimate the potential climatic production. In all the Highland Regions and Regions where most areas had annual rainfall above 800mm (Gambela and Beneshangul) the following method was used.

The methodology is based on two counter-acting climatic factors:

(i) a positive factor: the total number of days of growing period and 

(ii) a negative factor, decreasing temperature (with altitude). 

The following daily growth coefficients were adopted (Daniel Keftessa, 1999)

temperature zones 1 – 3
17kgs DM/ha per growing period day

(Kolla)

temperature zones 4 – 6


22kgs DM/ha per growing period day

(Woina Dega/Dega)

temperature zones 7 – 10


12kgs DM/ha per growing period day

(Upper Dega/Wurch)

In the two arid/semi arid Lowland Regions (Afar and Somali) an accurate measure of length of growing period for rainfed crops is difficult and use was made of mean annual rainfall. Potential climatic production was obtained using the following equation
: 

-32 *  (0.00285 * P) tons DM/ha/yr

where P = mean annual rainfall in mm


The potential climatic production estimate was reduced for certain soil and relief types: e.g. shallow soils and/or slopes in excess of 30 percent, and increased for other soil types or landscape units which have a greater water holding capacity, e.g. Vertisols and valley bottoms. The resulting estimate was then reduced for woodland and shrubland to account for the effects of shading. Further reductions were made to account for the lack of accessibility in dense forest, woodland and shrubland, and for cultivation in the moderately and sparsely cultivated land use classes. 

Soil Modifiers


The basic data is the FAO/GOE/LUPRD 1:1 million Soils-Geomorphology map, and the soil suitability ratings as generated using the FAO/LUPRD/MOA procedure
 followed for the estimation of crop suitability assessment. The influence of soils on the climatic potential pasture dry matter production was estimated using the soil suitability ratings of the Soils/Geomorphology Units and applying the following modifiers to the climatic potential production estimate:

Crop Suitability Rating
Soil modifier to climatic production

S1    
1.0 of climatic potential DM production

S2
(Drainage: Vertisols, Gleysols)
1.2 of climatic potential DM production

S2
(Soil depth: 25-50cms)
1.0 of climatic potential DM production

S2 
(Slope:16-30%)
1.0 of climatic potential DM production

NS
(Seasonal swamp)
2.0 of climatic potential DM production

NS
 (Permanent swamp) 
1.0 of climatic potential DM production

NS
(Salinity: SAR >15%
0.7 of climatic potential DM production


  or EC>4mmhoes)

NS
(Depth: <25cms)
0.3 of climatic potential DM production

NS
(Slope: >30%)
0.3 of climatic potential DM production

NS
(Rock) 
0.25 of climatic potential DM production

NS
(Water) 
zero
Where:

SAR = sodium adsorption ratio 

(sodium cations as % of cation exchange capacity)

EC = electrical conductivity (m mhoes per cm.)

Land Cover Modifiers

The final modifiers applied to determine the gross potential forage production are the land cover/vegetation types. These are identified during the Project’s land cover survey. Two reducing modifiers are applied:

(i) the negative influence of shading by trees and shrubs, and

(ii) the availability to livestock (e.g. in land with standing crops) or accessibility to grazing livestock (e.g. in dense woodland or bushland, etc). 

	Land cover type
	Shading coefficient
	Avail./access coefficient
	Total

Coefficient

	Dense cultivation
	1.0
	0.12
	0.12

	Moderate cultivation
	1.0
	0.25
	0.25

	Sparse cultivation
	1.0
	0.50
	0.50

	Scattered cultivation
	1.0
	0.75
	0.75

	Open grassland
	1.0
	1.0
	1.00

	Open shrubland
	1.0
	1.0
	1.00

	Dense shrubland
	0.8
	1.0
	0.80

	Open bushland
	1.0
	0.8
	0.80

	Dense bushland
	0.1
	0.5
	0.05

	Open woodland
	0.9
	0.8
	0.72

	Dense woodland
	0.3
	0.5
	0.15

	Closed forest
	0.0
	0.0
	0.0

	Dense forest
	0.0
	0.0
	0.0

	Open forest
	0.4
	0.3
	0.12


Proper Use Factor

In areas with low livestock density not all pasture is consumed. A “proper use” factor of 0.50 was assumed. This means that only 50% of the total available pasture is used in areas where livestock densities are less than 0.5 TLU per ha.

Summary: Net Dry Matter Production Estimation

Thus, to obtain the net annual potential production the following procedure was applied:

(i)
Calculate climatic potential production.

(ii)
Apply Soil suitability modifiers to climatic potential production estimates.

(iii)
Apply land cover modifiers to production estimates to derive the final estimate of potential forage production.

(iv)
Apply proper use factor.
It is possible to do these calculations by overlaying the LGP, soils and land cover maps on a light table and carrying out the calculations with a pocket calculator. However, for ease and speed these operations were done within the GIS. The resulting map of “net annual herbaceous production” was “overlain” in the GIS with firstly the farming systems map and then the wereda boundary map, and the total net herbaceous dry matter production for each farming system in each wereda was calculated.

(ii)
Browse Production


Estimates of browse production were taken from Le Houérou (1980),which was based on many studies on available browse production in the dry areas of East and West Africa. The estimate was calculated as follows:


1 * p/1000 tonsDM/ha/yr

where p = mean annual rainfall in mm


It was assumed
 that cattle, goats and sheep can reach a maximum height of 2 meters and thus can consume a maximum of 20percent of production, and that camels can reach 4meters or 80percent of production. 

(iii)
Crop Residue Production

For each farming system the average farm cropped area, the crop mix (%) per farm area cropped in each season (where more than one cropping season) and the average grain yields per crop were obtained from the Project’s survey. The total number of farm families was obtained from the CSA’s Agricultural Sample Survey on Land Utilization and the Population Census. These were cross-checked with other farming system and crop studies for the area. The total annual grain production for each cereal crop in each wereda is calculated, and using the grain to residue ratios the total crop residues for the wereda are calculated.

Grain to residue ratios follow Radcliffe at al
 and are listed below:

Crop


Ratio

Use factor %
Wheat


1.5

100%

Barley


1.5

100%

Teff


2.2

100%

Sorghum

3.2

  70% (30% stalk)

Maize


2.0

  70% (30% stalk)

Finger millet 

1.5

  90% (10% stalk)

Pulses

1.4

100%

White potato
0.3

  80% 

Sweet potato

0.5

100%


A stalk ratio of 30% for maize and sorghum, and 10 percent for finger millet were used to “net out” the unpalatable portion dry matter for those farming systems where they form part of the crop mixture.

(iv)
Aftermath Grazing

For each farming system the average farm cropped area was multiplied by a standard factor of 600kgs DM per hectare, and then by the total number of farms to obtain the total potential area and weight of dry matter from aftermath grazing.

(v)
Monthly Feed Availability and Energy Content

The following describes the methodology used to determine the monthly dry matter production and energy content of the four major forage sources. 

Monthly Pasture DM Production

There is a clear relationship between rainfall and monthly forage production. Cossins and Upton (1987) in a study on the Borena area of southern Ethiopia estimated that a minimum of 40mm of monthly rainfall is required to initiate perennial grass growth. Because of moisture storage in the soil profile, the point at which growth stops depends on the prevailing soil moisture content. This is largely a function of the moisture content of the previous month and the balance between the current month’s rainfall and the potential evapotranspiration.

In the present methodology it was assumed that there is a direct  relationship between grass production and the amount of “effective” rainfall (i.e. rainfall minus 0.5 * potential evapotranspiration). To account for the previous month’s rainfall it was assumed that grass growth would be initiated or sustained if the combined total of the previous month’s rainfall plus that of the current month was greater than 60mm, or when the previous month’s rainfall exceeded 80 mm - even if the current month’s rainfall was less than 40 mm. Total annual production (as estimated in paragraph 4.1.5 above) was then apportioned monthly as a fraction of annual rainfall as follows:

If:
M-1 + M <40mm, then proportion of total pasture production
= 0%

M > 40mm, then proportion of total pasture production

= M/T% 

M-1 > 80mm, proportion of total pasture production

= M/T%

M-1 + M > 60mm, proportion of total pasture production 
= M/T%

where M-1 is previous month’s rainfall, M is current month’s rainfall, and T is total annual rainfall.

Where the total percentage production was more or less than 100 percent, the monthly estimates were factored so that the total equaled 100 percent.


Natural pasture produced in any one month that is not consumed is carried over to the next month. However, it assumed that 30 percent of each month’s carry over is lost (because of termites, trampling, etc).

Energy content of natural pastures


The ILRI livestock production model (ILCA, 1985) is driven by the monthly estimates of digestibility of feed. There are four laboratory methods of measuring digestibility (see ILCA, 1990), all of which are time consuming.  In the present survey using any one of these methods on a large scale at monthly intervals over a minimum period of one year is impossible.

Digestibility is largely (but not totally) a function of nitrogen. Closely related to nitrogen content is crude protein, which is calculated by multiplying the nitrogen percentage by 6.25. These measures are often available where digestibility measurements are not. However, as with digestibility, large-scale measurements of nitrogen over a minimum period of a year are also impossible in the present survey.

What is required is an alternative parameter that can proxy for the spatial and temporal changes in either nitrogen, protein content or digestibility. Nitrogen content of grass is closely related to the nitrogen content and its availability in the soil, and the uptake capacity of the plant, which is partially a function of the plant’s stage of development. The key controlling factor in all these relationships is soil moisture. Therefore, there was a need to firstly establish a relationship between monthly effective rainfall and changes in either nitrogen or protein content, or digestibility. Abate et al (1981)
 had found a strong correlation between digestibility and effective rainfall.


Monthly in vitro digestibility (INVD) data from four paddocks at the Holeta Agriculture Research Station were obtained and plotted against monthly rainfall (figure 6.1).
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Figure  6.1  Monthly in vitro digestibility of natural pastures in four paddocks at Holeta Research Station: 1983-1984.

Regressing in vitro digestibility on monthly soil moisture content gave the expression for in vitro digestibility as follows:

y =  0.0215Ln(x) + 0.5072…………………………….eq 1

R2 = 0.5767

Figure 6.2.  
Scatter plot of in vitro digestibility data against monthly soil moisture content.
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Mean monthly rainfall was used to determine monthly digestibility on natural pastures using equation 1. As an example the results for Amhara Region are shown in figure 6.3.
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Figure 6.3.  Estimated monthly natural pasture digestibility using monthly rainfall


The monthly metabolizable energy (ME) content was estimated using the following equation:

MJ ME/ kg DM =  18 * d% * 0.81…………………………..eq (2)

Source:  King (1983)


Concerned has been expressed that there was a lack of data on crude protein (CP) in the early reports.  Using the same data from Holeta Agricultural Research State together with CP data from the same paddocks, the relationship between CP and digestibility was examined.  CP was regressed on digestibility and the results are shown in figure 6.4 and in equation 3.
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Figure 6.4.  Scatter plot of CP and digestibility from four paddocks at Holeta Agricultural Research Station (1983-84)

Crude Protein = 20.84d% -6.09……………………………..eq. 3

R2 = 0.30


The r2 is low indicating that other variables (e.g. soil nitrogen, grass species composition in the sample) are affecting the CP levels as well as rainfall
. There may even be lags in the response to plants in building up CP following an episode of rainfall.  Thus, the estimates shown in figure 6.5 for Amhara Region should be used as a rough guide to seasonal levels of CP in natural pastures.
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Crop residues


Crop residues are low in crude protein and digestibility. Based on data from a number of Ethiopian sources the following estimates were made of crude protein, in vitro digestibility and metabolizable energy.

	Straw/haulm type
	Crude protein (% DM)
	In vitro
Digestibility (%)
	MJ ME/kg

	Teff
	5.4
	49.1
	7.4

	Barley
	4.5
	46.6
	7.2

	Wheat
	4.5
	42.3
	6.7

	Sorghum
	3.1
	
	

	Maize
	4.7
	54.2
	

	Horse bean
	6.6
	
	7.3

	Field pea
	7.2
	
	7.1

	Chickpea
	
	
	7.1



There is a slight reduction in energy content after harvest. Wheat straw declines from 7.2 MJ ME/kg in November to 6.45 MJ ME in January. Teff straw declines from 7.5 to 7.12 ME MJ/kg over the same period. A mean of 7.29 MJ ME/kg was therefore adopted for all residues.
Crop residues available in any one month that are not consumed are carried over to the next month. However, it was assumed that 30 percent of each month’s carry over is lost (because of termites, trampling, etc).

Aftermath grazing


No data could be found for metabolizable energy contents of aftermath grazing. It was therefore assumed that it would be the same as that of the crop residues.

6.2.5
Livestock Energy Requirements


Metabolizable energy (ME) refers to the energy available to maintain the bodily functions of an animal. Approximately 75 percent of the ME requirement is for maintenance. The following estimates were based on Kearl (1982) and Daniel Keftessa (1999) The estimates were obtained as follows:

Maintenance:    0.343*liveweight0.73/km     (MJ ME/day)

Where km = 0.55+ (0.3*0.81d)

Where d = digestibility % (assumed to average 50% over the year)

An additional 8 MJ ME per day per TLU was added for walking and grazing, and an additional 12 MJ ME per day for pregnant and lactating cows. The following table presents the monthly livestock energy requirements per type of animal. No variation in monthly requirements was assumed.

	MONTHLY  GJ ME

REQUIREMENTS
	GJ ME
	TLU

	(i) Cattle
	
	

	calf (<12 mths)
	0.37
	0.25

	1st yr heifer (13-24 mths)
	0.59
	0.45

	1st yr steer )13-24 mths)
	0.62
	0.48

	2nd yr heifer
	0.69
	0.55

	2nd yr steer
	0.85
	0.72

	3rd year heifer
	0.79
	0.65

	3rd yr steer
	1.01
	0.90

	mature cow:dry
	0.91
	0.78

	mature cow: pregnant
	1.33
	0.98

	mature cow:lactating
	1.45
	0.98

	Ox
	1.32
	1.26

	(ii) Sheep
	
	

	lamb (<12 mths)
	0.07
	0.04

	1st  year
	0.12
	0.09

	mature ewe:dry
	0.17
	0.13

	mature ewe:lactating
	0.17
	0.13

	ram/wether
	0.17
	0.13

	(iii) Goats
	
	

	kid
	0.05
	0.03

	1st  year
	0.11
	0.08

	mature dam:dry
	0.13
	0.10

	mature dam:lactating
	0.13
	0.10

	mature ram
	0.13
	0.10

	(iv) Camels
	
	

	< 4yrs
	1.60
	0.80

	Female
	2.00
	1.00

	Male
	2.00
	11.00

	(iv) Donkeys
	
	

	Foals
	0.09
	0.15

	1st year
	0.23
	0.29

	2nd year
	0.29
	0.40

	3rd year
	0.36
	0.49

	Jennies
	0.37
	0.51

	Asses
	0.37
	0.51

	(v)  Mules and Horses
	
	

	Foals
	0.33
	0.50

	1st year
	0.63
	0.81

	2nd year
	0.91
	1.04

	3rd year
	1.11
	1.09

	Mares
	1.16
	1.09

	Stallions
	1.16
	1.09


6.3
Results from Special Grazing Lands Surveys

6.3.1
Times of Livestock Feed Deficits and Grazing Land Problems


The survey obtained information on the times of the year that farmers and pastoralists experienced livestock feed deficits. As an adjunct to this information the project obtained information on the key problems with respect to the productivity and management of natural grazing lands.  

The period of deficits in Amhara, Tigray and Beneshangul-Gumuz Regions generally occurs from March to July, although in the western parts of the Woina Dega zone of Amhara Region these extend into the middle of the wet season when many of the low-lying grazing lands are waterlogged or flooded.   The pattern of deficits in Afar is slightly different with a gradual buildup of deficits from November to March, with the main deficits occurring April to June as in the highland Regions. In Somali region the picture is more complex related to the three main rainfall patterns: in the north a major deficit period from Nay-July, and a lessor one October-December; in the northeast plain one only from October-May; and in the south and east from November – March.

Amhara Region

The results of the survey are shown in figure 6.6. For farming systems 1 (kolla), 2  (Woina Dega) East and 3 (Dega) shortages increase from February-March and peak in April-June and then rapidly decline.  For farming system 2 (Woina Dega) West located mainly in East-West Gojam and North-South Gonder deficits increase from April-May and peak in July-August-September before declining.  The most likely explanation for this is that during the months of July-August much of the extensive bottomland grazing lands are inaccessible because of waterlogging and the high incidence of liver fluke.

Figure 6.6  
percentage of sample FA’s Reporting Livestock Feed  Deficits by Month
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Tigray Region

The results of the survey are shown in figure 6.7. For three of the four farming systems 1 (Kolla) West, 1 (Kola) East, and 2  (Woina Dega) feed deficits increase from February-March and peak in April-June and then rapidly decline.  For farming system 3 deficits increase a month earlier in January, peaking and declining with the other three farming systems. The period of deficit is slightly longer in the drier farming system 1(Kolla) east than in 1 (Kolla) west. Not all F.A.s in farming system 2 (Woina Dega) experience shortages in the peak months of May and June.
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Figure 6.7.   
Percentage of sample FA’s Reporting Livestock Feed  Deficits by Month

Beneshangul-Gumuz Region

The results of the survey are shown in figure 6.8. Land Use System 3 (Kolla) reports no month with livestock feed deficits. Land Use Systems 1 (Woina Dega) and 4 (Kola) Settler occur from February to May.  For Land Use System 2 deficits start in March and last until May

[image: image39.jpg]


Figure 6.8  
percentage of sample FA’s Reporting Livestock Feed  Deficits by Month

Afar Region

The results of the survey are shown in figure 6.9. From July to October feed deficits are at their lowest.  From November to March about half the FA’s experience deficits. From April through to June the number rises to 90 percent.

Figure 6.9.  
Percentage of sample FA’s Reporting Livestock Feed  Deficits by Month
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Somali Region


The results of the survey are shown in figure 6.10. In the bi-modal Rain Pattern Zone of the Northern Plains (very short and variable then long) the major deficit period follows the short rains and occurs between May and July. This followed by a second period of deficit between October to December.


In the bi-modal Rain Pattern Zone of the Northeast Plateau (reliable short then reliable long) there is only one period of deficit – October to May. The period between the two rainy periods does not appear to cause a period of major deficits.


In the bi-modal Rain Pattern Zone of the Southern Hills and Plateaus (long variable followed by short variable) there is only one major deficit period between November and March, with nearly 30 percent of FA’s reporting continuing deficits from April to October (all year round).

Figure 6.10.  
Percentage of sample FA’s Reporting Livestock Feed  Deficits by Month
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6.3.2
Problems Relating to the Use and Productivity Communal Grazing lands

Amhara Region


All sampled FA’s across all farming systems reported problems related to communal grazing lands, although a number of these were closely inter-related. These are listed in table 6.1.  In farming systems 1, 2  (Woina Dega) East and 3, low rainfall and recurrent drought are the most frequent problems cited by the sample FA’s, followed closely by over-stocking. The short rain season clearly influences the shortage of livestock feed during the dry season, which reduces after the main wet season commences. 


Farming system 2 (Woina Dega) West cites land scarcity, waterlogging, liver fluke and shortage of wet season grazing. The problems are clearly brought out in figure 6.6 above. The deficit pattern follows the other farming systems, starts to drop at the onset of the rains with the new grass growth, but then increases as the main grazing lands in the bottomlands become waterlogged.  

 
The FA’s have a number of solutions to these problems. Feeding crop residues and weeds are the most frequent across all the farming systems. In farming system 1 (Kolla) and 2 (Woina Dega) East moving the livestock to another kebelle or wereda was quoted as a solution. In farming systems 2 (Woina Dega) East and 3 (Dega) selling animals was a solution.

Table 6.1. 
Percent of FA’s Reporting Problems Related to Communal Grazing Lands

	FS 1 (Kolla)

n=10
	FS 2 EAST (Woina Dega)

n=7
	FS 2 WEST (Woina Dega)

n=16
	FS3 (Dega)

n=4

	
	%
	
	%
	
	%
	
	%

	Recurrent drought
	100%
	Recurrent drought
	100%
	Land scarcity
	88%
	 Overstocking
	100%

	Low rainfall
	100%
	Overstocking
	100%
	Waterlogging & Liverfluke
	69%
	 Recurrent drought
	100%

	Overstocking
	100%
	Low rainfall
	88%
	Population pressure
	19%
	 Population pressure
	50%

	Shortage: grazing land
	60%
	Shortage grazing land
	13%
	Low rainfall
	13%
	 Land scarcity
	25%

	Land degradation
	20%
	Land degradation
	13%
	
	
	
	

	Population pressure
	10%
	Population pressure
	13%
	
	
	
	

	
	
	Variable quality of pasture
	13%
	
	
	
	


Tigray


All sampled FA’s across all farming systems reported problems related to communal grazing lands, although a number of these were closely inter-related. These are listed in table 6.2.  In all farming systems the most frequent problem cited by the sample FA’s is over grazing followed closely by excessive trampling.  With regard to the productivity of natural pastures the two inter-related problems are shortage of rainfall/frequent drought, and shortage of land/over stocking.

 
The FA’s have three main solutions to the problems related to the Communal Grazing lands. The first is to allocate more land to grazing though given the general shortage of land it is not clear how this may be implemented.  The second is to restrict the length of time the communal lands are grazed, but this infers some alternative source of livestock feed. The third solution is to strengthen the community grazing group’s authority.


The solutions with respect to problems of production of natural pastures are to feed residues, hay, browse or weeds. Moving the animals to a nearby F.A. appears to be a more frequent option in the lowland farming systems than those in the more densely populated highlands.

Table 6.2. 
Percent of FA’s Reporting Specific Problems Related to (a) the Utilization of Communal Grazing Lands  and (b) the Production of Natural Pasture 

	FS 1 (Kolla) West

n= 7
	FS 1 EAST (Kolla) East 

n= 5
	FS 2 (Woina Dega)

n=16
	FS3 (Dega)

n=2

	
	%
	
	%
	
	%
	
	%

	a. Use
	
	
	
	
	
	
	

	Overgrazing
	86%
	Overgrazing
	100%
	Overgrazing
	81%
	Overgrazing
	50%

	Excessive trampling
	71%
	Excessive trampling
	100%
	Excessive trampling
	94%
	Excessive trampling
	50%

	b. Productivity
	
	
	
	
	
	
	

	Shortage rainfall
	86%
	Shortage rainfall
	100%
	Shortage rainfall
	94%
	Shortage rainfall
	100%

	Frequent drought
	71%
	Frequent drought
	100%
	Overstocking
	94%
	Frequent drought
	100%

	Overstocking
	71%
	Overstocking
	100%
	Land scarcity
	88%
	Overstocking
	100%

	Land scarcity
	57%
	Land scarcity
	80%
	Frequent drought
	88%
	Land scarcity
	100%

	Problem to produce hay
	14%
	
	
	Steep/degraded land
	12%
	
	


Beneshangul-Gumuz Region


Some 6 of the 11 sampled FA’s reported the problem related to communal grazing lands. These are listed in table 6.3. The problems can be grouped into four main categories:

(i) Conversion of grazing lands to cropland.

(ii) Declining quality and quantity of forage from grazing lands caused by excessive trampling and over grazing.

(iii) Lack rules to govern the sustainable use of grazing lands.

(iv) Weed and termite infestation.

 
The FA’s have three main solutions to the problems related to the Communal Grazing lands. The first is to institute improved grazing management schemes whilst the second is to enforce rules regarding grazing management. A third solution is to reduce livestock number, whilst introducing improved forages and the application of biocides to weeds and termites are also mentioned.  The solutions with respect to problems of production of natural pastures are to feed residues, hay, browse or weeds. Moving the animals to a nearby F.A. appears to be the most frequent option in the lowland farming systems.

Table 6.3 
Percent of FA’s Reporting Specific Problems Related to (a) the Utilization of Communal Grazing Lands  and the Production of Natural Pasture 

	FS 1 (Woina Dega)

n=3
	FS 2 (Kolla) Gumuz

n=6
	FS 3 (Kolla) Jebelawi/Koma/Mao

n=1
	FS 4 (Kolla) Settler

n=1

	
	No.
	
	No.
	
	No.
	
	No.

	a. Utilization
	
	
	
	
	
	
	

	Deteriorating Pastures
	3
	Deteriorating Pastures
	5
	No problems
	
	Deteriorating Pastures
	1

	Encroachment of Cropland
	2
	Encroachment of Cropland
	3
	
	
	Encroachment of Cropland
	1

	Lack of Rules
	1
	Lack of Rules
	1
	
	
	
	

	
	
	Weeds & termites
	1
	
	
	
	

	b. Productivity
	
	
	
	
	
	
	

	Shortage of land
	3
	Shortage of land
	3
	No problems reported
	
	Shortage of land
	1

	Poor quality pasture
	2
	Overgrazing
	1
	
	
	Lack of improved forage spp.
	1

	Lack of improved forage spp.
	1
	Poor grazing management
	1
	
	
	
	

	Grazing long distance
	1
	New settlement
	1
	
	
	
	

	Termite infestation
	1
	Termite infestation
	1
	
	
	
	

	Weed infestation
	1
	Weed infestation
	
	
	
	
	


Afar Region


Some 11 of the 26 sampled FA’s reported the problem related to communal grazing lands. These are listed in table 6.4. The problems can be grouped into four main categories:

(v) Conversion of grazing lands to cropland.

(vi) Declining quality and quantity of forage from grazing lands caused by excessive trampling and over grazing.

(vii) Lack rules to govern the sustainable use of grazing lands.

(viii) Weed and termite infestation.

 
The FA’s have three main solutions to the problems related to the Communal Grazing lands. The first is to institute improved grazing management schemes whilst the second is to enforce rules regarding grazing management. A third solution is to reduce livestock number, whilst introducing improved forages and the application of biocides to weeds and termites are also mentioned. The problems faced by FA’s with respect to the production of natural pastures are the shortage of rainfall and recurrent drought together with the lack of improved forage species are the most frequently experienced problems. To meet these problems 80 percent of FA’s move their animals to other weredas in search of a better feed supply.

Table 6.4 
Percent of FA’s Reporting Specific Problems Related to (a) the Utilization of Communal Grazing Lands and (b) the Production of Natural Pasture 

	Problems
	% FA’s

	a. Problems of Use
	

	Declining quality/quantity of grazing
	73%

	Too many animals from outside/overstocking
	45%

	Competition from cultivation
	45%

	Lack of grazing management rules
	36%

	Overgrazing/Unrestricted grazing
	27%

	b.  Problems of Production
	

	Shortage of rainfall
	77%

	Lack of improved forage species
	50%

	Recurrent drought
	35%

	Pests
	31%

	Shortage of natural pasture
	27%

	Declining quality of pasture
	12%

	Reduction of palatable spp. due to overgrazing
	12%

	Shortage of land
	12%

	Land degradation
	12%


Somali Region


All FA’s have Communal Grazing lands, but none reported having any formal Grazing Associations. None of the sampled FA’s reported any problems related to communal grazing lands.
All FA’s reported problems related to the production of pasture. The problems faced by FA’s with respect to the production of natural pastures are listed in table 6.5. Shortage of rainfall and population pressure together with the lack of improved forage species are the most frequently experienced problems. To meet these problems 74 percent of FA’s move their animals to other weredas in search of a better feed supply.

Table 6.5.   Problems related to Pasture Production.

	Problems
	% FA’s

	Shortage of rainfall
	100%

	Population pressure/land scarcity
	100%

	Lack of Improved Forage Species
	64%

	No Grazing Lands Management
	41%

	Poor road access in wet season
	41%

	Grazing pressure/declining pasture quality
	36%

	Pest, diseases and weeds
	27%


6.3.3
Sources of Livestock Feed

Amhara Region


Weeds are an important source of livestock feed in the wet season. Bottomland grazing is important in farming system 2 (Woina Dega) West in both the dry and wet seasons. Crop residues are the most important source of livestock feed in the dry season across all farming systems. It is still the most important source in the wet season in farming system 2 (Woina Dega) East, which may indicate a severe shortage of grazing during the cropping season.


Crop residues clearly play an important and increasing role in livestock feed resources. All of the sampled FA’s feed crop residues to all types of livestock. One FA (in farming system 3 (Dega)) feed residues to all livestock but sheep, whilst two FA’s (in farming system 1 (Kolla)) only feed residues to oxen. Some 9 of the sampled FA’s only feed residues during the dry season, whilst the remaining FA’s feed residues in both dry and wet seasons. The types of residues reflect the mix of food crops in the farming system. 

Tigray Region


Crop residues are the most important source of feed in the dry season, and continue to play an important role in the wet season. In the wet season natural pasture and weeds are the most important sources of feed.  In the wet season browse plays a small but important role.

Beneshangul-Gumuz Region


Woodlands are the most important source of feed in the dry season, and continue to play an important role in the wet season. In the survey only one FA in Farming System 3 reported using crop residues.

Afar Region

It is important to note that there is much variation among FA’s and among sedentary cultivators, agro-pastoralists and pastoralists. Browse is more important in the dry season when pasture on offer is much less. Residues and aftermath grazing are only utilized in the dry season.


Only 42 percent of FA’s report feeding crop residues to all types of livestock. Residues are only fed during the dry season. Clearly the types of residues reflect the mix of food crops in the farming system with maize and sorghum being the most frequently used crop residues. All residue using FA’s report feeding residues to cattle, 55 percent to all types of animals, 64 percent to ploughing oxen, and 36 percent to sheep and goats.  Of the FA’s that used no residues 80 percent reported that they had no experience in using crop residues, 40 percent that they had enough grazing, and 7 percent (1 FA) that it was not in their culture. 

Somali Region

In the dry season crop residues are an important component and pasture less important in those areas where cropping occurs. Browse is important in both seasons.


Some 74 percent of FA’s report feeding crop residues to all types of livestock. Residues are only fed during the dry season. The types of residues reflect the mix of food crops in the farming system with maize and sorghum being the most frequently used crop residues (74 percent and 63 percents of FA’s respectively). Some 89 percent of FA’s report feeding residues to cattle, 42 percent to all types of animals, 21 percent to camels, 16 percent to sheep and goats, and 11 percent to ploughing oxen. 


Of the FA’s that used no residues 79 percent reported that they had enough grazing, and 21 percent said that they had no experience in using crop residues. 

6.3.4
The of Improved Species of Forage

Amhara

 Use of Improved Grass species


The frequency of use of improved
 grass species is very low with only 12 out 37 FA's reporting their use.  In farming system 2 East no FA’s report the use of improved grasses. Elephant grass (Pennisetum purpureum), Phalaris (Phalaris aquatica), and Rhodes grass (Chloris gayana) are the three species used.

Use of herbaceous Legumes

The use of herbaceous legumes is more widespread than improved grasses with 33 out 37 FA's reporting their use.  The most commonly used species is vetch (Vicia sativa) with 78% of the sampled FA’s reporting it use. Cow pea (Vigna ungulilata) and Lablab (Lablab purpureus) rank second and third with 28% and 18% of all sampled FA’s reporting their use respectively. 

Use of Cultivated Fodder Tree and Shrub Crops


A small range of fodder trees and shrubs are cultivated in all farming systems, and in 32 out the 37 sample FA’s (85 percent). The four species are Sesbania (Sesbania sesban) by 78 percent of FA’s, tree lucern (Charmaecytisus palmonsis) by 35 percent of FA’s, Pigeon pea (Cajanus cajan) by 28 percent of FA’s, and Leucaena (Leucaena leucocephala) by 13 percent of FA’s (table 4.15).

Use of Fodder Crops


The use of food crops as livestock feed is restricted to oats (Avena sativa) with 3 out 37 FA’s reporting its use. 

Tigray

Use of Improved Grass species


The frequency of use of improved grass species is high with 28 out 30 FA's reporting their use. Pennisetum purpureum (Elephant grass) and Chloris guyana (Rhodes grass) are the two most frequently occurring improved grass species. These are followed by Phalaris paradoxa (Phalaris), Cenchrus ciliaris (Buffel) and  “Columbus”.

Use of herbaceous Legumes


The use of herbaceous legumes is slightly less than improved grasses with only 18 F.A.s reporting their use.  The most commonly used species is Lablab purpureus (Lablab) with 36% of the sampled FA’s reporting it use. Medicago sativa (Lucerne) and Cajanus cajan (Pigeon pea) rank second and third with 32% and 11% of all sampled FA’s reporting their use respectively. 

Use of Cultivated Fodder Tree and Shrub Crops


A small range of fodder trees and shrubs are cultivated in all farming systems, and in 32 out the 37 sample FA’s (93 percent). The four species are Sesbania (Sesbania sesban) by 78 percent of FA’s, Leucaena (Leucaena leucocephala) by 79 percent of FA’s, tree lucern (Charmaecytisus palmonsis) by 29 percent of FA’s,  and Acacia saligna  by 4 percent of FA’s.

Use of Fodder Crops


The use of food crops as livestock feed is restricted to Vigna unguiculata (cowpea) and Vicia dasycarpa (vetch) 14 and 8  out 30 FA’s reporting their use respectively. 

Farmers’ Preferences for Improved Forage Species

Farmers were asked for their preferences with respect to improved forage species (as distinct from those species they are currently using), and the reasons for those preferences. The three most favoured species are Leucaena (Leucaena leucocephala), Sesbania (Sesbania sesban) and Medicago sativa (Lucerne). Palatability, adaptability and fast growing are the most frequently occurring reasons across all farming systems.

Beneshangul-Gumuz Region

Use of Improved Grass species

Improved grass species are only adopted in two farming systems – in farming system 1 (Woina Dega) and 2 (Kolla) Gumuz.  Silver leaf desmodium (Desmodium uncinatum)  is used in farming system 1, and in Farming System 2 (Kolla)  Rhodes grass (Chloris gayana) and Elephant grass (Pennisitum purpureum). 

Use of herbaceous Legumes


No F.A.s report using herbaceous legumes.

Use of Cultivated Fodder Tree and Shrub Crops


Two species of fodder trees and shrubs are cultivated in all farming systems except farming system 3 (Kolla) Jebelawi/Koma/Mao, and in 7 out the 11 sample FA’s (64 percent). The two species are Sesbania (Sesbania sesban) by 64 percent of FA’s, and Leucaena (Leucaena leucocephala) by 11 percent of FA’s.

Use of Fodder Crops


The use of food crops as livestock feed is restricted to two farming systems – Farming System 1 (Woina Dega) and 2 (Kolla) Gumuz. Species include Vigna unguiculata (cowpea), Vicia sativa (Vetch) and Avena abyssinica (wild oat) with 5 out of 11 FA’s reporting their use. 

Farmers’ Preferences for Improved Forage Species

The three most favoured species are wild oats, silver desmodium, and Rhodes grass. 

Afar Region

Use of Improved Grass species

The use of improved grasses is relatively low amongst the sampled FA’s.

	Species
	% FA’s

	Chloris gayana
	15%

	Napier grass
	12%

	Buffel
	8%

	Panicum
	4%


Use of herbaceous Legumes

Again the number of FA’s using herbaceous legumes is also small and the range of species also small.

	Species
	% FA’s

	Delicus lablab
	12%

	Vicia sativa
	8%

	Stylosamthes fruticosa
	8%

	Medicago sativa
	4%


Use of Cultivated Fodder Tree and Shrub Crops


Only two species of fodder trees and shrubs are cultivated. The two species are Sesbania (Sesbania sesban) by 8 percent of FA’s, and Leucaena (Leucaena leucocephala) by 12 percent of FA’s.

Use of Fodder Crops


Only Vigna ungulilata (cow pea) are used as livestock feed by just 12 percent of sampled FA’s. 

Farmers’ Preferences for Improved Forage Species


Farmers were asked for their preferences with respect to improved forage species (as distinct from those species they are currently using), and the reasons for those preferences. The most favoured species are Chloris gayana, Leucaena leucocephala, Sesbania sesban, Vicia sativa (vetch), and Vigna ungulilata (cow pea). Palatability, adaptability and fast growing are the most frequently occurring reasons across all farming systems.


The reasons given by those FA’s (85 percent) who have not adopted any type of improved forage type were the lack of seed or planting material, together with lack of awareness and/or no extension. Some 12 FA’s reported that they had received advice on the cultivation of improved species, of which only 2 FA’s reported that they had not benefited from the advice. Of the 12 FA’s 11 of them had received advice from the BOA, with 3 other FA’s reporting receiving advice from NGO’s.  Some 22 FA’s (85 percent) reported that would be willing to receive advice.

Somali Region


No FA’s reported using improved forage species. A soil fertility problem was cited as the sole reason why improved forage species are not grown. No FA reported receiving technical advice on improved forage species. Only one FA considered that it would benefit from such advice.

6.3.5
Production of Hay and Silage

Amhara Region


“Hay” is defined as dried grass, whilst silage can be made from moist green vegetative matter and is “cured”.  Only one FA (in farming system 1 (Kolla) reported making hay, and no FA’s report making silage. The main reason given for not producing hay or silage were that either there was no knowledge of the production method, or that there was “no culture” in making hay. In one FA’s it was considered that the grass was not of the right type to make hay.

Tigray Region

Only 6 FA’s (in farming systems 1 (Kolla) west and 2 Woina Dega) reported making hay, and no FA’s report making silage. The main reason given for not producing hay or silage were that either there was no knowledge of the production method, or that there was “no culture” in making hay. 

Beneshangul-Gumuz Region

Some 7 of the 11 FA’s (in farming systems 1 (Woina Dega), farming system 2 (Kolla) Gumuz, and Farming system 4 (Kolla) Settler).west and 2 Woina Dega) reported making hay, and no FA’s report making silage. 

Afar Region

No FA reported making hay or silage. 

Somali Region

No FA reported making hay or silage. 

6.4
Results of Carrying Capacity Analysis

6.4.1
Livestock Numbers and Herd Structures

There are two main sources of data of livestock numbers: the Central Statistical Office (CSA) and Bureaus of Agriculture at the Zonal and Wereda level. The Project has used both sources. Each is considered in turn.

The CSA has national/regional data from 1980/81 to 2001/02 (although 1992/93 and 1993/94 are missing) (Figure 9). 
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Landcover Class

Landcover Type

Stock

(

tons/ha)

Yield

(

tons/ha)

Yield %

Standard

deviation

Coeficient

Variation %

Afro-alpine; Erica / 

Hypericum

0.90

0.0090

1.0%

0.40

44.44

Afro-alpine; Grassland / Moorland

1.20

0.0120

1.0%

0.50

41.67

Cultivated Land; 

Rainfed; Cereal Land Cover System; 

unstocked (woody 

pl)

1.78

0.1068

6.0%

6.66

374.16

Cultivated Land; 

Rainfed; Cereal Land Cover System; lightly stocked

2.14

0.1284

6.0%

6.87

321.03

Cultivated Land; 

Rainfed; Cereal Land Cover System; moderately stocked

2.47

0.1482

6.0%

7.24

293.12

Cultivated Land; Perennial crops; 

Enset/Root LC System; lightly stocked

7.00

0.3500

5.0%

14.00

200.00

Cultivated Land; Perennial crops; 

Enset/Root LC System; moderately stock

11.00

0.5500

5.0%

24.00

218.18

Cultivated Land; 

Shifting cultivation; lightly stocked

6.41

0.3205

5.0%

5.22

81.44

Cultivated Land; 

Shifting cultivation; moderately stocked

25.53

1.2765

5.0%

34.39

134.70

Cultivated Land; Irrigated

1.64

0.0984

6.0%

3.23

196.95

Cultivated Land; Other

1.77

0.0354

2.0%

4.54

256.50

Grassland; 

unstocked (woody plant)

1.27

0.0508

4.0%

5.18

407.87

Grassland; lightly stocked

2.67

0.1068

4.0%

6.37

238.58

Grassland; moderately stocked

7.11

0.2844

4.0%

11.51

161.88

Shrubland; Open (20-50% woody cover)

7.74

0.2709

3.5%

9.52

123.00

Shrubland; Dense (>50% woody cover)

10.11

0.3539

3.5%

14.62

144.61

Woodland; Open (20-50% tree cover)

7.48

0.1870

2.5%

11.98

160.16

Woodland; Dense (>50% tree cover)

17.90

0.4475

2.5%

18.26

102.01

Forest; 

Montane broadleaf; Open (20-50% crown cover)

65.48

2.9466

4.5%

60.32

92.12

Forest; 

Montane broadleaf; Dense (50-80% crown cover)

82.00

3.6900

4.5%

70.00

85.37

Forest; 

Montane broadleaf; Closed (>80% crown cover)

120.00

5.4000

4.5%

75.00

62.50

Forest; 

Montane mixed

; Open (20-50% crown cover)

40.00

1.8000

4.5%

55.00

137.50

Forest; 

Montane mixed; Dense (50-80% crown cover)

75.00

3.3750

4.5%

65.00

86.67

Forest; 

Montane mixed; Closed (>80% crown cover)

91.92

4.1364

4.5%

43.26

47.06

Forest; 

Montane coniferous; Open (20-50% crown cover)

65.00

2.9250

4.5%

70.00

107.69

Forest; 

Montane coniferous; Dense (50-80% crown cover)

95.00

4.2750

4.5%

70.00

73.68

Forest; 

Montane coniferous; Closed (>80% crown cover)

140.00

6.3000

4.5%

65.00

46.43

Forest; Dry 

Juniperus "Woodland"; Open (20-50% crown cover)

45.00

0.6750

1.5%

45.00

100.00

Forest; Dry 

Juniperus "Woodland"; Dense (50-80% crown cover)

67.00

1.0050

1.5%

60.00

89.55

Forest; Dry 

Juniperus "Woodland"; Closed (>80% crown cover)

95.00

1.4250

1.5%

65.00

68.42

Forest; Lowland semi-evergreen; Open (20-50% crown cover)

45.00

2.0250

4.5%

55.00

122.22

Forest; Lowland semi-evergreen; Dense (50-80% crown cover)

73.00

3.2850

4.5%

65.00

89.04

Forest; Lowland semi-evergreen; Closed (>80% crown cover)

120.00

5.4000

4.5%

65.00

54.17

Forest; Riparian; Open (20-50% crown cover)

30.00

1.9500

6.5%

15.00

50.00

Forest; Riparian; Dense (50-80% crown cover)

70.00

4.5500

6.5%

65.00

92.86

Forest; Riparian; Closed (>80% crown cover)

90.00

5.8500

6.5%

60.00

66.67

Forest; Bamboo; Highland Bamboo; Open (20-50% crown cover)

40.00

2.0000

5.0%

22.00

55.00

Forest; Bamboo; Highland Bamboo; Dense (50-80% crown cover)

45.00

2.2500

5.0%

22.00

48.89

Forest; Bamboo; Highland Bamboo; Closed (>80% crown cover)

55.00

2.7500

5.0%

22.00

40.00

Forest; Bamboo; Lowland Bamboo; Open (20-50% crown cover)

12.00

0.6000

5.0%

7.00

58.33

Forest; Bamboo; Lowland Bamboo; Dense (50-80% crown cover)

15.00

0.7500

5.0%

8.00

53.33

Forest; Bamboo; Lowland Bamboo; Closed (>80% crown cover)

20.00

1.0000

5.0%

9.00

45.00

Forest; Plantation forest; Open (20-50% crown cover)

70.00

4.9000

7.0%

65.00

92.86

Forest; Plantation forest; Dense (50-80% crown cover)

101.00

7.0700

7.0%

65.00

64.36

Forest; Plantation forest; Closed (>80% crown cover)

151.00

10.5700

7.0%

65.00

43.05

Wetland; Open water

0.00

0.0000

0.0%

0.00

0.00

Wetland; Perennial Swamp / Marsh

3.94

0.1182

3.0%

8.06

204.57

Wetland; Seasonal Swamp / Marsh

2.89

0.0867

3.0%

6.49

224.57

Bareland; Exposed sand / soil

1.84

0.0368

2.0%

3.73

202.72

Bareland; Exposed rock

1.09

0.0109

1.0%

2.56

234.86

Bareland; Salt flats

0.50

0.0075

1.5%

0.90

180.00

Urban

1.20

0.0720

6.0%

1.01

84.17


Figure 6.6.
National Livestock Figures: 1980 to 2001 (Source: CSA)

Between 1980 and 1992 national livestock numbers remained relatively constant, with cattle numbers oscillating between 20 and 23 million. However, in 1994/95 after a break of two years data collection, the CSA data recorded an overall increase of 25% in national livestock numbers and which continued to increase the next two years. Part of this increase can be explained by the full inclusion of the Tigray, Afar and Somali Regions in the surveys since 1994  (approximately 2.5 million cattle out of an increase of 8 million). Improved access and easier survey conditions might explain the rest.  Between 1994/95 and 2000/01 numbers again remained relatively constant. In 2001/02 the CSA undertook an extremely detailed and highly dis-aggregated Agricultural Census down to the wereda level.  The results of the Agricultural Census indicated an 18 percent rise in livestock numbers. This increase is almost certainly due to the much more detailed nature of the survey than to a sudden increase in the national herd.


Data on livestock numbers were collected from Bureaus of Agriculture at the wereda level
 except for Afar and Somali regions. In these two Regions the Project took the median family herd sizes obtained during the Project’s Rural Household Survey which was stratified by Farming System and multiplied up by the number of families in that system. 

Table 6.7 National Livestock Data: Collated and Estimated by WBISPP with CSA 2001/2002 Agricultural Census Results.

	Type
	WBISPP
	CSA  RURAL (2001/2002*

	
	Number
	TLU equivalent
	

	Cattle
	42,495,473
	34,010,111
	40,572,710

	Sheep
	20,032,534
	1,993,126
	14,321,787

	Goats
	21,161,343
	1,497,789
	13,464,825

	Camels
	1,479,075
	1,804,833
	440,199

	Horses and Mules
	1,187,099
	1,849,501**
	1,224,867

	Asses
	2,624,174
	
	2,432,082

	TOTAL
	
	41,155,360
	


*= Excludes Addis Ababa rural

**= All equines

In most Regions the Project’s data accorded very closely with that of the CSA with the important exceptions of the Afar and Somali Regions. In these two Regions the project’s estimate exceed those of the CSA by a considerable margin.  

The case of the Somali Region is examined below where there are a number of other estimates. These are presented in table 6.8.

Table 6.8   Livestock population Estimates for Somali region by Various Organizations;

	
	CSA 2001/2002
	WBISPP
	BoAgric.
	BoInd.
	SERP
	Industrial Projects Service

	Cattle
	495,403
	2,461,850
	6,000,000
	2,300,000
	6,000,000
	3,746,000

	Sheep
	430,539
	5,135,668
	4,500,000
	8,000,000
	6,500,000
	9,053,000

	Goats
	541,103
	5,152,059
	6,000,000
	3,100,000
	5,000,000
	8,547,000

	Camels
	126,424
	966,570
	1,800,000
	1,300,000
	1,400,000
	2,032,000

	Donkeys
	82,187
	348,767
	
	
	
	213,000



In the Somali Region the CSA survey only covered 3 of the 9  Administrative Zones as the survey specifically excluded the pastoral areas. This explains the low estimate of livestock numbers in this survey. There are no details of how the Bureaus of Agriculture and of Industry and the Southeast  Rangelands Project  (SERP) obtained their data. The estimate by Industrial Projects Service carried out for the Somali Bureau of Investment took the average family holdings and multiplied up by the number of families. Because of the highly skewed distribution of livestock holdings with few families with very large holdings, using the arithmetic mean to multiply up will lead to an over-estimation. For this reason the Project took the median. A similar picture emerges with the Afar Region. The results of the CSA, WBISPP and a survey undertaken by Metaferia Consulting Engineers are shown in table 6.9.

Table 6.9   Livestock population Estimates for the Afar Region by CSA, WBISPP and Metaferia Engineering.

	Type
	CSA 2001/2002
	WBISPP
	Metaferia

	Cattle
	336,002
	1,979,977
	4,993,977

	Sheep
	151,794
	1,051,203
	2,352,365

	Goats
	291,014
	2,476,670
	2,908,976

	Camels
	89,075
	331,463
	991,478

	Donkeys
	10,961
	114,340
	190,430


In the Afar Region the CSA excluded the pastoral areas and only covered 6 weredas in two out the five Zones. This accounts for the very low estimate of livestock numbers by the CSA. Again WBISPP took the median in its calculations and Metaferia took the arithmetic average, which may account for the higher estimates by the latter.

Because the Regional Bureaus’ data
 did not provide details on herds structure the herd structure data from the annual CSA livestock surveys have been used.  The results of the Project’s collected data from Bureaus and those of the CSA for 2000-2001 are presented in table 6.10.

Table 6.10
National Livestock Numbers

(a)
Cattle

	REGION
	Calf
	1st yr heif.
	1st yr steer
	2nd yr heif.
	2nd yr steer
	3rd yr heif.
	3rd yr. Steer
	Cow:

Dry
	Cow:

Lact
	Bull
	Oxen
	TLU


	AMHARA
	1,915,168
	573,591
	101,343
	438,962
	77,689
	350,192
	61,964
	1,301,145
	1,557,200
	1,102,359
	2,767,285
	8,772,664

	AFAR
	347,971
	122,228
	33,978
	122,228
	25,483
	56,426
	25,483
	470,218
	522,464
	126,749
	126,749
	1,341,871

	BENESHANGUL-GUMUZ
	50,141
	19,045
	21,476
	19,591
	19,045
	4,881
	2,037
	30,421
	36,452
	53,915
	52,831
	188,166

	DIREDAWA
	16,299
	4,540
	2,935
	4,009
	2,592
	494
	216
	11,883
	14,523
	1,644
	6,478
	43,770

	GAMBELLA
	45,279
	10,548
	6,892
	9,354
	6,112
	4,420
	1,728
	36,559
	44,683
	7,980
	20,833
	194,265

	HARARI
	6,205
	1,606
	1,232
	1,424
	1,093
	545
	224
	4,371
	5,342
	347
	6,021
	21,208

	OROMIYA
	3,325,884
	830,913
	710,068
	738,518
	629,683
	321,814
	174,191
	2,646,869
	3,241,103
	370,162
	4,407,781
	14,020,775

	SNNPR
	1,069,440
	524,132
	576,019
	464,796
	524,607
	142,104
	35,828
	1,120,249
	1,341,470
	86,589
	893,371
	4,958,716

	SOMALI
	421,987
	154,958
	83,431
	154,958
	62,573
	65,206
	62,573
	543,380
	603,755
	171,002
	138,027
	1,848,539

	TIGRAY
	450,745
	138,686
	114,685
	122,986
	101,702
	52,142
	36,852
	430,627
	526,322
	89,480
	968,672
	2,620,137

	ETHIOPIA
	7,649,119
	2,380,248
	1,652,060
	2,076,828
	1,450,581
	998,227
	401,099
	6,595,722
	7,893,314
	2,010,227
	9,388,048
	34,010,111


(b)
Sheep and Goats

	SHEEP
	GOATS

	REGION
	Lamb
	1st year
	Ewe:

Dry
	ewe:

lact.
	Ram
	Sheep TLU
	kid
	1st year
	dam:

dry
	dam:

lact
	Ram
	Goats TLU

	AMHARA
	1,988,526
	563,905
	854,981
	1,994,955
	324,589
	552,259
	1,483,343
	474,523
	513,375
	1,197,876
	395,052
	300,910

	AFAR
	148,694
	239,926
	160,856
	375,330
	126,397
	114,618
	519,382
	270,360
	403,701
	941,970
	226,639
	198,935

	BENESHANGUL-GUMUZ
	24,731
	33,919
	9,698
	22,628
	11,314
	9,775
	55,302
	80,366
	22,331
	30,745
	30,745
	17,436

	DIREDAWA
	880
	702
	1,111
	2,592
	441
	5,726
	860
	988
	1,291
	3,012
	514
	6,665

	GAMBELLA
	28,359
	15,972
	13,245
	30,905
	8,460
	9,537
	24,474
	12,043
	10,160
	23,707
	11,635
	6,610

	HARARI
	898
	471
	406
	949
	323
	301
	4,733
	2,102
	2,092
	4,881
	955
	1,105

	OROMIYA
	1,918,299
	500,688
	683,757
	1,595,433
	209,797
	453,458
	1,564,822
	515,594
	540,787
	1,261,837
	321,319
	303,873

	SNNPR
	700,460
	376,791
	233,021
	543,715
	204,126
	192,065
	734,448
	393,448
	234,049
	546,114
	249,399
	162,861

	SOMALI
	726,445
	1,172,164
	785,864
	1,833,683
	617,512
	559,967
	1,009,736
	525,610
	784,840
	1,831,294
	440,612
	386,751

	TIGRAY
	273,560
	104,713
	138,853
	323,989
	103,498
	95,420
	469,797
	186,538
	200,468
	467,759
	140,589
	112,643

	ETHIOPIA
	5,810,853
	3,009,251
	2,881,791
	6,724,180
	1,606,459
	1,993,125
	5,866,897
	2,461,571
	2,713,095
	6,309,196
	1,817,459
	1,497,790


(c)
 Camels

	REGION
	< 4yrs
	female
	male
	Camels TLU

	AMHARA
	1,105
	0
	4,206
	5,090

	AFAR
	73,952
	195,989
	61,522
	419,676

	BENESHANGUL-GUMUZ
	0
	0
	0
	0

	DIREDAWA
	4,598
	5,108
	4,278
	13,984

	GAMBELLA
	0
	0
	0
	0

	HARARI
	200
	108
	144
	412

	OROMIYA
	97,161
	33,576
	27,828
	139,133

	SNNPR
	0
	0
	0
	0

	SOMALI
	215,649
	723,150
	27,771
	1,223,809

	TIGRAY
	0
	0
	2,729
	2,729

	ETHIOPIA
	392,666
	957,932
	128,477
	1,804,834


d.  Equines

	DONKEYS
	MULES AND HORSES

	REGION
	Foals
	1st year
	2nd year
	3rd year
	jennies
	Assess
	foals
	1st year
	2nd year
	3rd year
	mares
	stallion
	Equines TLUs

	AMHARA
	160,409
	147,030
	142,574
	278,080
	536,435
	294,678
	22,587
	21,297
	20,651
	35,046
	42,536
	43,267
	866,530

	AFAR
	5,697
	5,697
	5,697
	4,558
	34,513
	58,179
	0
	0
	0
	0
	0
	0
	54,467

	BENESHANGUL-GUMUZ
	1,040
	1,040
	1,040
	832
	5,063
	8,534
	176
	176
	176
	141
	1,065
	1,795
	11,913

	DIREDAWA
	159
	285
	383
	1,142
	1,593
	1,331
	0
	0
	0
	0
	0
	0
	4,894

	GAMBELLA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	HARARI
	231
	218
	211
	1,107
	916
	1,776
	0
	0
	0
	0
	0
	1
	2,104

	OROMIYA
	161,866
	105,035
	101,925
	293,213
	397,897
	344,561
	80,399
	63,501
	61,413
	159,176
	209,915
	214,127
	1,415,386

	SNNPR
	21,258
	20,043
	19,436
	74,798
	97,489
	85,637
	19,594
	20,023
	19,267
	92,184
	117,742
	108,297
	538,754

	SOMALI
	17,378
	17,378
	17,378
	13,902
	105,273
	177,459
	0
	0
	0
	0
	0
	0
	164,397

	TIGRAY
	31,653
	30,324
	29,660
	27,666
	116,251
	175,450
	1,444
	1,395
	1,371
	1,297
	4,842
	7,581
	206,441

	ETHIOPIA
	399,692
	327,050
	318,304
	695,297
	1,295,431
	1,147,606
	122,265
	120,142
	124,763
	296,066
	1,200,093
	331,801
	982,971


6.3 2  
The “Carrying Capacity” concept and its application in Ethiopia

The Highlands


Livestock feed balances vary monthly, seasonally and year to year. In the Highlands where livestock are generally confined to the areas of the owners’ Farmers Associations and where year to year variations in feed supply and quality do not differ significantly, livestock numbers will tend stay at the ecological carrying capacity. Numbers may expand where crop residues of a higher quality substitute for poorer quality natural grazing. In forested and woodland areas conversion to grassland will increase the supply of natural grazing.  These grazing lands are said to be “at equilibrium” (see below).


Month on month feed balances will vary more than annual variations. The Zebu bred of cattle can withstand seasonal deficits in livestock feed by utilizing body reserves of energy and suffering weight loss. As soon as feed balances become positive animals regain lost weight. Estimating the carrying capacity in these circumstances is feasible
.

The Lowlands

The Lowlands are characterized by the absence or poor definition of F.A. boundaries. In areas of rainfall above 500mm annual rainfall livestock numbers will tend in the long term and in the absence of external or internal controls, to stabilize at about the ecological carrying capacity. For short periods (1 or 2 years) in years of good rainfall numbers may rise be above the long term carrying capacity as mortalities reduce, but in poor rainfall years will fall for a short period below the long term carrying capacity as mortalities increase. These rangelands have been termed
 as being “at equilibrium”. As in the Highlands and where grazing areas are well-defined estimating the carrying capacity is feasible.


In contrast, rangelands in areas with less than 500mm of annual rainfall have been said
 to be at “disequilibrium”. In the Afar and Somali Regions some 85 to 90 percent of the area receives less than 500mm of annual rainfall. Similar conditions are found in the southern parts of the Borena Zone of Oromiya Region, and the southern parts of South Omo Zone of SNNP Region. In these conditions there is no stable or constant “carrying capacity” because rainfall variability is so great that forage production fluctuates widely from year to year and from place to place.  In response the Afar, Somali, Borana and other herders adopt an “opportunistic” strategy of herd splitting and moving the split herds to areas with the most appropriate feed. Calculating the “carrying capacity” of a particular wereda and Farmers Association in these circumstances is almost impossible. To some extent an “area” approach is possible at a very coarse scale, and this is explored below using the “Grazing Zone” concept. 

6.3.3
“Grazing Zone” and Seasonal Livestock Movements in Rangelands at Disequilibrium

(i)
Afar region

In the Afar Region the Project used the concept of the “Grazing Zone” in its analysis of stocking rates and carrying capacity. “Grazing Zone” is used in the same sense as that used by Cossins (1972)
. In a particular “Grazing Zone” sub-clans and clans whose territories (“dinto”) are within the Grazing Zone tend to have the same or at least similar herding patterns. That is, they follow the same movements and often use the same wet season grazing areas. In a normal rain year they do not normally venture beyond the Zone, although there is some peripheral overlapping. In the Afar Region four “Grazing Zones “ were identified and are shown in text map 1.

Grazing Zone  1.

Administrative Zone 1:  Dubti, Aysaita and Afambo weredas.

· Dry season retreat areas are close to Awash River.

· Wet season: herders move to Chifra and Aura weredas between the Hida and Uwa rivers

Grazing Zone 2.

Administrative Zone 2.

· Dry season retreat areas are in the eastern parts of Dalol, Koneba, Berehele, Ab Ala and Megale weredas.

· Wet season: Herders move eastwards into Erebti and Afrera weredas

Grazing Zone 3.

Administrative Zone 4.

· Dry season: Western parts of Yala, Gulima, Ewa, Chifra and Mille weredas

· Wet Season: Herders move eastwards into Teru and Aure weredas, and the eastern parts of Yala, Gulima, Ewa, Chifra and Mille weredas

· In extreme drought conditions herders move into the Oromiya Zone of Amhara Region

Grazing Zone 4.

Administrative Zones 3 and 5: East and West of the Awash River south of the Kombolcha – Mille road.


-
Dry season: most retreat areas are next to or near to Awash River. 

· In the wet season herders move east to Gewane and Alledegie Plains; and west to foothills below Main Escarpment. 

· In extreme conditions herders will move into Amhara region (e.g. Chefe Valley).

(ii) Somali region

In the Somali Region it was not possible to identify grazing zones as clearly and with the same precision as in the Afar Region. A provisional estimate of Grazing Zones in the Somali Region is as follows:

Grazing Zone 1: Northern Footlopes and Plain: 

Shineli Administrative Zone

· Dry season close to escarpment along major perennial rivers and streams

· Wet season: Out onto northern sand plains

Grazing Zone 2: Northeastern Plains: 

Jigjiga and Degahabur Administrative Zones

· Dry Season on the Northeastern Plateau close to permanent water points (tanks, etc) or along the Fanfan and Jerer Rivers

· Wet Season south and southeastwards towards the Haud Grazing Zone

Grazing Zone 3: The Haud

Warder and Korahe Administrative Zones

· Dry Season: Around permanent water points (tanks, etc)

· Wet Season into the surrounding country: Graziers from the north and from Somaliland enter the Zone

Grazing Zone 4: Wabi Shebele and Genale Rivers

Fiq, Gode, Afder and Liben Administrative Zones

· Dry Season: Along the Wabi Shebelle, Genale and lower Fanfan rivers

· Wet Season: Away from the rivers into the surrounding plains and hills
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6.3.4
Overall livestock feed deficit-surpluses


Any negative long term feed balances shown below indicate that the feed resources are under considerable pressure. However, it could also be that the Project has underestimated one or more of the four sources of forage supply. Further, in the intensive enset/livestock production systems it is known that there is widespread on-farm production of forage and off-farm purchase of other livestock feeds.  Finally, under-counting of livestock numbers is a real possibility. Those Zones that are apparently “under-stocked” could have more livestock than has been estimated by the BoA.  The following tables should therefor be used with caution.

Oromiya Region

In forested areas deforestation will increase the supply of natural grazing in for example Illubabor Zone. In the Lowlands year on year feed supplies are much more variable and annual stocking rates are much more volatile.

Most of the Borena Lowlands have mean rainfall above 500mm, and Coppock (1990) considers that much of Borena Rangelands are in a state of equilibrium. Livestock and population are centred around the main wells to which livestock concentrate during the dry season. In the wet season the dry herds move out into the surrounding areas (“Madda”).  Arsi and the three Administrative Zones around Addis Ababa are exceeding their carrying capacity. Even within Zones that apparently have stocking rates below the Zonal carrying capacity, there are individual weredas that have exceeded their carrying capacity. 

Table 6.10
Stocking Rates and Carrying Capacity of Administrative Zones in Oromiya Region.

	ZONE
	CARRYING CAPACITY (CC)

(TLUs)
	STOCKING RATE (SR)

(TLUs)
	STOCKING RATE/CC

(%)
	WEREDAS > CC
	TOTAL NO. OF WEREDAS

	Arsi
	1,644,332
	 2,793,971
	 170%
	15
	 20

	Bale
	3,171,293
	 1,318,068
	 42%
	3
	 17

	Borena
	1,953,569
	 1,062,500
	 54%
	0
	 12

	West Harerge
	1,003,733
	 812,714
	 81%
	0
	 10

	East Harerge
	1,544,466
	 1,419,304
	 92%
	11
	 15

	Illubabor
	1,043,200
	 575,314
	 55%
	2
	 12

	Jimma
	1,405,689
	 1,054,067
	 75%
	2
	 13

	West Shewa
	1,426,864
	 2,719,792
	 191%
	20
	 23

	East Shewa
	914,781
	 1,150,845
	 126%
	8
	 12

	North Shewa
	679,844
	 1,208,466
	 178%
	9
	 12

	West Wellega
	1,192,287
	 1,119,490
	 94%
	7
	 17

	East Wellega
	1,750,969
	 1,081,514
	 62%
	4
	 17

	REGION
	17,731,028
	16,316,045
	92%
	81
	180


SNNP REGION

In the intensive enset/livestock production systems it is known that there is widespread on-farm production of forage and off-farm purchase of other livestock feeds
.  Thus the in Yem, Kambata-Alaba-Timbari, and Hadiya Zones that are apparently overstocked it is possible that these uncountable feed supplies are making up the deficits.

The southern part of South Omo Administrative Zone has annual rainfall below 500mm, and these rangelands are at disequilibrium, and in the absence of knowledge on herding movements and territories “carrying capacity” here is not a viable concept.

Table 6.11
Stocking Rates and Carrying Capacity of Administrative Zones in SNNP Region.

	ZONE
	CARRYING CAPACITY (CC)

(TLUs)
	STOCKING RATE (SR)

(TLUs)
	STOCKING RATE/CC

(%)
	WEREDAS > CC
	TOTAL NO. OF WEREDAS

	AMARO S. W.
	 62,627
	 37,148
	 59%
	0
	1

	BENCH MAJI 
	 1,769,082
	 214,760
	 12%
	 0
	4

	BURJI S.W.
	 77,327
	 73,768
	 95%
	 0
	1

	DARASHE S.W.
	 126,312
	 81,058
	 64%
	 0
	1

	GEDIO 
	 354,192
	 123,312
	 35%
	 0
	4

	GURAGE 
	 1,217,013
	 432,133
	 36%
	 1
	11

	HADIYA 
	 645,948
	 722,421
	 112%
	 2
	4

	KEFICHO SHEKICHO 
	 1,175,935
	 358,367
	 30%
	 0
	8

	KEMBATA ALABA TIMBARO
	 234,445
	 415,379
	 177%
	 5
	5

	KONSO S. W.
	 105,434
	 169,728
	 161%
	 1
	1

	NORTH OMO 
	 1,603,702
	 1,236,040
	 77%
	 8
	22

	SIDAMA 
	 1,163,893
	 1,309,115
	 112%
	5
	9

	SOUTH OMO
	 773,570
	 576,693
	 75%
	 2
	4

	YEM S. W.
	 29,351
	 102,474
	 349%
	 1
	1

	REGION
	9,338,830
	5,852,396
	63%
	25
	76


Gambella Region


Over the year, all weredas are in surplus, although Godere wereda is approaching an overall feed deficit as cropland encroaches onto existing grazing land. Pressure on grazing lands will almost certainly be relieved in this wereda by the removal the standing forest. In Jikawo there is a short period of deficit in February.

 
Not accounted for in the livestock feed analysis of the plains weredas of Akobo and Jikawao are the very large numbers of white-eared Kob (Kobus kob), which migrate into the area from Sudan. These animals remove an unknown, but considerable amount of dry matter from the grazing resources of the area. In addition, the Gambella Forestry Action Plan reports that considerable numbers of livestock also move into the area from Sudan. Thus, the livestock feed supply-consumption balance in these two weredas may not be as optimistic as the analysis portrays. More information on numbers of foreign livestock and wild ungulates migrating into the area are required.

DIRE DAWA ADMINISTRATIVE COUNCIL


The overall feed balances are shown in table 6.12.  The very large deficits recorded for Geldessa and the other pastoral/agro-pastoral systems reflects the fact that some livestock move out of their FA areas to the wet season grazing lands to the north of Region.  In addition, the analysis does not take into account an unknown supply of feed from browse for camels and goats. In the mixed cereal-livestock systems there is also a considerable quantity of livestock feed supply from sorghum thinnings not accounted for in the analysis.


Nevertheless, the analysis provides a broad indication of where the main feed deficits occur.  

Table 6.12
Overall livestock feed balances for FAs in DDAC.

	F.A.
	CARRYING CAPACITY (CC)

(TLUs)
	STOCKING RATE (SR)

(TLUs)
	DM deficit as% of req.
	Main

 Landuse system

	Kalicha
	3,707
	 2,031
	34%
	Agro-pastoral

	Jeldesa
	22,118
	 12,120
	93%
	Pastoral

	Gerba Aneno
	6,267
	 3,434
	84%
	Pastoral

	Belewa
	3,026
	 1,658
	17%
	Cereal

	Beke Hallo
	1,713
	 938
	0%
	Agro-pastoral

	Legehare
	435
	 238
	75%
	Agro-pastoral

	Genda Tesfa
	688
	 377
	87%
	Agro-pastoral

	Melka Jebdu
	1,558
	 854
	55%
	Agro-pastoral

	Hasenleso
	1,385
	 759
	23%
	Agro-pastoral

	Adigaflema
	1,095
	 600
	14%
	Cereal

	Legedel
	586
	 321
	30%
	Cereal

	Kortu
	1,452
	 796
	3%
	Cereal

	Bishan Behe
	2,271
	 1,244
	31%
	Cereal

	Lege Bera
	530
	 290
	0%
	Cereal

	Eja Aneni
	2,051
	 1,124
	36%
	Cereal

	Jelobelina
	4,218
	 2,311
	24%
	Cereal

	Lege Oda Mirga
	3,402
	 1,864
	26%
	Cereal

	Hallo Busa
	1,377
	 754
	33%
	Cereal

	Dujuma
	1,094
	 600
	1%
	Cereal

	Hulul Dire Jara
	1,743
	 955
	31%
	Cereal

	Lege Odagunu Feta
	5,066
	 2,776
	25%
	Cereal

	Koreyesa
	362
	 198
	0%
	Cereal

	Wahil
	1,700
	 931
	0%
	Cereal

	Harela
	762
	 417
	0%
	Cereal

	Adada
	1,807
	 990
	0%
	Cereal

	Biye Awale
	1,664
	 912
	0%
	Cereal

	Awale
	2,181
	 1,195
	0%
	Cereal

	Hulul Mojo
	784
	 430
	0%
	Cereal

	TOTAL
	75,040
	41,118
	42%
	


HARARI REGION


Three livestock production systems have emerged from the analysis based on the proportion of crop residues that constitute the source of livestock feed and the season in which feed deficits occur. The FA’s have been divided into three groups as follows:

Group 1:
In these FA’s the feed deficits occur in April-May, and then severely in August. These FA’s are extremely short of grazing land and crop residues constitute between 85 and 86 percent of the total livestock feed. Residues dominate the feed supply in all months. This is illustrated in figure 5.6 below.

Group 2:
In these FA’s slight deficits occur in July and September. In these FA’s natural grazing is in better supply but residues still constitute between  66 and 78 percent of the total feed supply. Natural pastures make a significant contribution the feed supply between May and October. This is illustrated in figure 5.6 below.

Group 3:
In these FA’s deficits occur during the dry season. In the FA’s natural pastures dominate the feed supply constituting between 51 and 65 percent of the total feed.  Between May and September natural pastures constitute the sole source of feed.

Table 6.12
Overall livestock feed balance for HPNRS.

	TOTAL ENERGY SUPPLY

(MJME)
	TOTAL ENERGY REQUIREMENT

(MJME)
	BALANCE

(MJME)
	BALANCE

%

	412,870
	485,210
	-72,340
	-18%



This indicates that there may be an overall feed deficit of 18 percent of requirements. Sorghum thinnings probably make up some this deficit, of which the project does not have detailed data. Secondly, the analysis assumes that requirements are for full liveweight gain, and this may not be taking place.

AMHARA REGION


Table 6.13 compares the current stocking rates with the estimated carrying capacity aggregated from the wereda data to the Zonal level. The Zonal level aggregation masks details at the wereda level. Thus whilst only one Zone has current stocking rates in excess of carrying capacity, there are 47 weredas out 98 that are in excess of their carrying capacities. 

Table 6.13
A Comparison of Livestock Carrying Capacity and Actual 



Stocking Rates: ANRS

	ZONE
	CARRYING CAPACITY (CC)

(TLUs)
	STOCKING RATE (SR)

(TLUs)
	STOCKING RATE/CC

(%)
	Number of weredas where      SR >CC

	AWI
	1,103,508
	572,497
	52%
	1 out of 5

	MIRAB GOJAM
	1,764,269
	1,211.,282
	69%
	4 out of 10

	MISRAK GOJAM
	1,533,857
	1,289,121
	84%
	6 out of 13

	DEBUB GONDER 
	1,539,543
	1,264,339
	82%
	5 out of  9

	SEMEN GONDER 
	3,817,896
	1,822,587
	48%
	5 out of 15

	OROMIYA
	367,179
	257,671
	70%
	0 out of 3

	SEMEN SHEWA
	1,278,661
	1,347,376
	105%
	11 out of 17

	WAG HEMRA
	655,344
	303,405
	46%
	0 out of 3

	DEBUB WELLO 
	1,505,964
	1,420,292
	94%
	9 out 15

	SEMEN WELLO 
	1,071,081
	988,498
	92%
	6 out of 8

	
	
	
	
	

	REGION 
	14,637,301
	10,477,068
	72%
	47 out of  98


Tigray Region


Table 6.13 compares the current stocking rates with the estimated carrying capacity aggregated from the wereda data to the Zonal level. Again, the Zonal level aggregation masks details at the wereda level. Thus whilst only two Zones have current stocking rates in excess of carrying capacity, there are 19 weredas out 35 that are in excess of their carrying capacities. 

Table 6.13
A Comparison of Livestock Carrying Capacity and Actual 



Stocking Rates: BS-GRS

	ZONE
	CARRYING CAPACITY (CC)

(TLUs)
	STOCKING RATE (SR)

(TLUs)
	STOCKING RATE/CC

(%)
	Number of rural  weredas where  SR >CC

	SOUTHERN
	569,849
	 727,976
	 128%
	7 out 8

	NORTHWEST
	1,142,844
	 713,805
	 62%
	1 out of 6

	CENTRAL
	1,098,893
	 856,438
	 78%
	5 out of 10

	WESTERN
	949,601
	 302,140
	 32%
	0 out 3

	EASTERN
	260,477
	 405,450
	 156%
	6 out 7

	MAKELE
	0
	0
	0%
	0 out of  1

	REGION
	4,021,665
	3,005,810
	75%
	19 out 35


BENESHANGUL-GUMUZ REGION


Table 6.14 compares the current stocking rates with the estimated carrying capacity aggregated from the wereda data to the Zonal level. No weredas appear to be exceeding their overall carrying capacity, but the Special Grazing Lands Survey reveals that season deficits do occur because of the inaccessibility of much of the pasture on offer and because of the very poor quality of the pastures during the dry season.

Table 6.14
A Comparison of Livestock Carrying Capacity and Actual 



Stocking Rates: BS-GRS

	ZONE
	CARRYING CAPACITY (CC)

(TLUs)
	STOCKING RATE (SR)

(TLUs)
	STOCKING RATE/CC

(%)
	Number of rural  weredas where  SR >CC

	ASOSA ZONE
	 1,252,376
	 85,458
	 7%
	0

	KAMASHI ZONE
	 592,459
	 16,439
	 3%
	0

	METEKEL ZONE
	 2,245,659
	 125,394
	 6%
	0

	
	
	
	
	

	REGION
	4,090,494
	227,291
	6%
	0


AFAR  REGION


Table 6.15 shows the stocking rates in comparison with carrying capacity defined as annual dry matter supply for maintenance only, and taking no account of seasonal changes in quality. It is important to note that these are estimates over relatively large areas, and that there are wide differences among weredas. Grazing Zone 1 appears to have a substantial deficit in DM supply. It is likely that estimate of DM production on the alluvial plains that are subject to flooding and have high water-tables has been underestimated. Other Grazing Zones appear to be roughly at equilibrium or in surplus. The apparent “surpluses” in two of the Grazing Zones are caused in part by the lack of physical accessibility as well has inaccessibility due to seasonal lack of water. 

Table 6.15
A Comparison of Livestock Carrying Capacity and Actual 



Stocking Rates: AfRS

	GRAZING ZONE
	CARRYING CAPACITY (CC)

(TLUs)
	STOCKING RATE (SR)

(TLUs)
	STOCKING RATE/CC

(%)
	Number of rural  weredas where  SR >CC

	GRAZING ZONE 1 (1)
	559,712
	 643,243
	 115%
	2 out 6

	GRAZING 2 (2)
	394,597
	 393,648
	 100%
	3 out 7

	GRAZING ZONE 3 (4)
	418,109
	 269,693
	 65%
	1 out 5

	GRAZING 4 (3 & 5)
	975,729
	822,983
	 84%
	5 out of 11

	
	
	
	
	

	REGION
	2,348,147
	2,129,567
	91%
	11 out 29


NB Figure in brackets is Administrative Zone number

SOMALI  REGION


Table 6.16a and 6.16b shows the stocking rates in comparison with carrying capacity defined as annual dry matter supply for maintenance only, and taking no account of seasonal changes in quality for the Administrative and the Grazing Zones. It is important to note that these are estimates over relatively large areas, and that there are wide differences among weredas. Gode Zone appears to have a substantial deficit in DM supply. It is likely that estimate of DM production on the alluvial plains of the Wabe Shebele river that are subject to flooding and have high water-tables has been underestimated. Other Grazing Zones appear to be roughly at equilibrium or in surplus. The apparent “surpluses” in three of the Grazing Zones are caused in part by the lack of physical accessibility as well has inaccessibility due to seasonal lack of water. Despite the apparent overstocking of the Haud 5 out 8 weredas have a surplus. 

Table 5.6.
A Comparison of Livestock Carrying Capacity and Actual 



Stocking Rates: SRS

(a)
Administrative Zones

	ZONE
	CARRYING CAPACITY (CC)

(TLUs)
	STOCKING RATE (SR)

(TLUs)
	STOCKING RATE/CC

(%)
	Number of rural  weredas where  SR >CC

	AFDER 
	607,578
	 346,235
	 57%
	1 out 6

	DEGAHABUR 
	692,867
	 424,012
	 61%
	0 out 4

	FIQ 
	221,269
	 258,651
	 117%
	4 out 5

	GODE 
	293,349
	 401,757
	 137%
	2 out 4

	JIGJIGA 
	678,558
	 691,531
	 102%
	3 out 6

	KORAHE 
	427,204
	 472,115
	 111%
	1 out 4

	LIBEN 
	927,981
	 418,796
	 45%
	0 out 3

	SHINILE 
	706,847
	 412,469
	 58%
	1 out 6

	WARDER 
	597,775
	 759,641
	 127%
	2 out 4

	
	
	
	
	

	REGION
	5,153,428
	4,185,205
	81%
	14 out of 42


(b)
Grazing Zones

	ZONE
	CARRYING CAPACITY (CC)

(TLUs)
	STOCKING RATE (SR)

(TLUs)
	STOCKING RATE/CC

(%)
	Number of rural  weredas where  SR >CC

	Northern Plains
	714,082
	 412,469
	 58%
	1 out of 6

	Northeast Plateau
	1,401,065
	 1,115,542
	 80%
	3 out of 10

	The Haud
	1,024,978
	 1,231,756
	 120%
	3 out 8

	Wabe Shebele-Genale Rivers
	2,051,709
	 1,425,438
	 69%
	7 out 18


7.
STRATEGIC PLANNING AND INVESTMENT PROGRAMMING

7.1
Objectives


The general objective of this component was “…to develop Regional Strategic Plans in order to promote an efficient and sustainable allocation of land uses, regarding particularly the sustainable development, conservation and efficient utilization of woody biomass and other biofuel resources.”


More specifically the objects were:

· To establish a methodology for planning, collecting the relevant data and to work with the relevant authorities in the preparation of land management strategies, which take into account the demands of the people in terms of the capability of the soils and the management systems to meet those demands;

· To provide the necessary guidance on land use and the resolution of land use conflicts;

· To prepare projects to improve energy availability and use by the rural population;

· To provide technical and capacity building assistance to regions in the effective planning at the Regional, Zonal and Local levels.

7.2
Methodology

7.2.1
Strategic Planning for Sustainable Woody Biomass Development

Macro policies (e.g. the National Economic Policy) do not deal with programmes or projects but set out, in very general terms, the Government's development objectives and guiding principles. National Strategic Plans (e.g. the Agricultural Led Industrialization Strategy, the Ethiopian Forestry Action Plan, the Conservation Strategy of Ethiopia), although they may contain generalized programmes or projects, do not deal with the regional and local distribution of such programmes or projects. Strategic planning at the Regional level aims at bridging the gap between general macro and national strategic planning and location specific project planning.

Strategic land use planning at the regional level has a difficult "scale" problem. On the one hand it is necessary to retain a "strategic" view and not become enmeshed in too much detail, yet on the other hand the land use recommendations must be not only appropriate in bio-physical terms, but also appropriate to location specific socio-cultural and economic conditions.

An essential principle of strategic planning for natural resources is that people and their needs for natural resources must be at the centre of efforts to achieve their sustainable use and development. The different ways in which people use (and abuse) natural resources is determined by a complex web of relationships. These relationships link not only the bio-physical but also the social, cultural and economic "environment". Thus natural resource planning must integrate information on the physical and biological systems with that on the socio-cultural and economic systems in order to define the "total environment" in which people use and manage natural resources. In the present context the strategies must not only deal with peoples' demand for woody biomass, but also incorporate requirements for food, grazing, shelter, watershed protection and the conservation of biodiversity.

The Inception Report referred to the need “to manage woody biomass within the overall rural system.” It went on to say: “This requires an understanding of that system, both physically and socio-economically, such that all rural requirements - cultivation, grazing and woody biomass - may be directed and combined in the most profitable fashion, and in a way acceptable to rural land-users.”
Because of the variability of agro-ecological, socio-cultural and economic conditions in Ethiopia and their complex inter-relationships, together with the whole country was to be covered by ten Regional Strategic Plans some logical framework for analysis, planning and implementation was required. As the purpose of a Regional Strategic Plan is to provide the basis for more detailed project planning and implementation it is also preferable that the planning framework is hierarchical and incorporates bio-physical, socio-cultural and economic elements. A third requirement is that the framework should have a spatial dimension and that the various levels should be capable of being mapped. 

Given these requirements land use systems have been selected as the basis of the framework for the strategic planning of each Region’s woody biomass resources. At the highest level the land use systems have been divided into two broad categories: the "private" smallholder rural sector, and those of the state rural sector. The former is sub-divided into (i) agricultural, (ii) agro-pastoral (iii) pastoral systems. The state rural sector includes: (i) Regional Forest Priority Areas, (ii) Regional Plantations, (iii) National Parks and Wildlife Conservation Areas, and (iv) State Farms. 

Each land use system has a defined set of agro-ecological conditions and  management practices with respect to crops, livestock and trees. These have developed over many decades or even centuries in response natural environmental conditions and socio-cultural and economic factors. The agro-pastoral and pastoral systems are delineated on the basis of recognized territories occupied by a specific cultural group of people. In the same way as agricultural systems they also have a defined set of management practices with respect to livestock, crops and trees, and have developed over long periods of time in response natural environmental conditions and socio-cultural and economic factors.

All land use systems are in a process of dynamic change in response to changes in the natural, socio-cultural and economic environment. For all these reasons they provide a sound basis and appropriate context for strategic planning.

Specific recommendations are made using the concept of the agricultural landscape and socio-ecological niches within such landscapes. These concepts are elaborated on below.

7.2.2
Concepts 

Definitions
Definitions are outlined below of three frequently used terms: "land", "land use" and "land use system".  The definitions are those found in FAO's Guidelines for Land Use Planning and have general acceptance.

"Land"

An area of the earth's surface, the characteristics of which embrace all reasonably stable, or predictably cyclic, attributes of the biosphere vertically above and below this area including those of the atmostsphere, the soil and underlying geology, the hydrology, the plant and animal populations, and the results of past and present human activity, to the extent that these attributes exert a significant influence on present and future uses of land by man. 
This is a much more comprehensive definition of land than is commonly given. 

"Land use"

Is the function of the land determined by natural conditions and human intervention and is categorized according to status and employment. It is necessary to distinguish between present land use (the way in which the land is used at present) and potential land use (the way in which it could be used with or without improvements).
"Use" in the present context includes direct use as well preservation, conservation, development and management. Land "use" planning thus includes all of these activities within its remit.

"Land Use System"

A specified land use type under stipulated biophysical and socio-economic conditions applied to a particular area of land and associated with inputs, outputs and possibly land improvements such as terracing, irrigation, drainage, etc. The concept is identical with that of a farming system, but applied to all kinds of land use.
The land use system concept draws on general systems theory and the ecosystem concept for its theoretical basis. As with all systems, the structure of a land use system is defined by five elements: its components (or sub systems) and the interactions between them, and inputs which are processed into outputs. All interactions and feedbacks take place within the system's boundary. As land use systems are "open" their components are capable of reacting as a whole to external stimuli. Land use systems thus do not simply describe what they are, but explain how their constituent elements interact (Benneh, 1972).

Land use systems form a hierarchy of interlocking systems of increasing or decreasing scale and complexity. A land use system can be broken down into its constituent components (i.e. systems at the level immediately below). Thus a specific agricultural land use system can be broken down into its cropping, livestock and (agro) forestry components (or lower order systems). Thus the crop component can be viewed as a lower order system which transforms plant material and soil nutrients into useful biomass. Its components would include crops, weeds, pests and diseases and land. Inputs include solar energy, water, nutrients, labour and management and its outputs grain, residues and fruits. 

The cropping component may interact with the livestock component through the provision of draught power to the cropping component and residues and stubble as feed to the livestock component. The strength or otherwise of these relationships determines the degree of integration between the land use system components.

Lower order land use systems can be aggregated into higher order land use systems. Thus the Kambata, Hadiya, Sidama and Gurage enset land use systems are aggregated first into "enset as the main staple" system which can in turn be aggregated with other enset systems into the "enset root agricultural" system, and so on. 

Land use systems may be interact either in conflict or as complements. Conflict between the wet season grazing component of the agro-pastoral system of the Mursi in the lower Omo valley and the large mammal conservation component of the state land use system, the Mago National Park is an example of conflict. The exchange of steers for grain from the Borana pastoral system to the Bale Lowlands Cereal system, is an example of complementary landuse systems.

7.2.3
Using Land Use Systems as a Basis for the Strategic Planning of Woody Biomass Resources

The delineation of clear boundaries of some farming systems can occasionally be difficult, particularly where there is a gradual change in cropping mix. However the experience gained is that the sharp changes in climate as well as socio-cultural conditions which occur in Ethiopia often mean that farming system boundaries are relatively distinct.

Agro-pastoral and pastoral system boundaries can also be difficult to delineate. In some cases there are arrangements or agreements for one pastoral group or sub-group to use the territory of another in cases of emergency or drought. In other cases there may even be disputes as to where the exact boundaries lie between sub-groups and groups. However surveys undertaken in Borana in southern Ethiopia have revealed quite distinctive territories of Borana pastoral sub-groups around the deep wells. Similarly Cossins (1974) was able to map the Afar clan boundaries.

The advantages of using the land use systems can be summarized as follows:

Physical environmental conditions are well defined: Each land use system  well defined in terms of its landform-soil pattern, climate-altitude and thus agro-ecological zone(s).

Socio-cultural and economic conditions are well defined: Characteristics such as human population and livestock density, pressure on natural resources, natural resource dynamics in response to these pressures, accessibility to roads and markets and, consequently, commodity prices are all well defined within the farming/pastoral system boundaries. This is not to say that there will not be differences in, for example, crop mixes and/or resource attributes between farmers within the same farming system. However in Ethiopia the land reform of 1975 resulted in a general "leveling" in terms of farmers production assets, most particularly with respect to land holding. Thus differences between farmers are not as great as are often found in other countries. All farmers face to a large extent the same external natural, socio-cultural and economic variables.

Local natural resource management systems, institutions and institutional arrangements are well defined: Within the boundaries of each farming or pastoral system there is uniformity in the individuals and the communities' systems of management of natural resources, and with the systems of tenure (i.e. access, use and non-use regulations) and the institutional arrangements to ensure adherence by the members of the community. In this way the functional relationships between the different land cover and vegetation types can be identified and specified at the macro or micro levels depending on the level of detail (or scale). 

Analysis of vegetation and land use dynamics: Given that the natural, socio-cultural and economic characteristics, the natural resource management systems and the functional relationships between the land cover/vegetation units located within a farming/pastoral system are all well defined, it follows that a deeper understanding can be obtained of the dynamics of the vegetation and land use types in relation to the pressures being exerted upon them.

Agricultural Land Use Systems

A 1st approximation of the Land Use System was obtained using the agricultural framework devised by Westphall (1975) and which formed the basis of subsequent agricultural systems identified in the LUPRD/MNRDEP planning studies at the national (1:2 million), sub-national (1:1 million), regional (1:250 000) and wereda (1:50 000) levels. It was also based on the agro-ecological zones (AEZ) which have been mapped based on altitude and rainfall, and with socio-economic survey data collected as a past of this and other planning studies. The latter was used to identify the general mix of the major crops to determine if either: (i) there are major changes in the mix within the AEZ or (ii) whether adjoining AEZ's had similar crop mixes and thus could  be grouped. Further refinements were made using the detailed land cover/vegetation map at 1:250,000 noting in particular the agro-forestry modifiers in the "cultivated" land use/land cover mapping units.  Cross checks were made from the forestry inventory sampling sheets with the slope, vegetation, land use and soil data together with the field-sketches, cross sections and photographs taken in the field. Final verification was undertaken during field inspections. 

Agro-pastoral and pastoral systems

Whilst generally one cultural group practices one type of landuse system this is not always the case. The Nyangatom who inhabit the low Omo valley practice three landuse systems: or in the case of the Nyangatom it is more true to say that three sub-groups of Nyangatom each practice a different landuse system along a continuum of declining household livestock resources.

Thus one sub-group with large livestock assets practice transhumant pastoralism from the Kibbish river west into Sudan, a second sub-group with fewer assets along the Kibbish practices sedentary agro-pastoralism whilst a third sub-group with no livestock live along the Omo river and practice agriculture with some fishing, hunting and gathering. A similar situation occurs with respect to the Mursi with one sub-group practicing agro-pastoralism between the Omo river and the Elma river (a tributary of the Mago) and another rainfed agriculture with no livestock to the northeast of Mount Mago.

In the Afar and Somali Regions territories are well defined by the Regional boundaries. Where they do not, e.g. the Argoba people in the Afar Region, a special wereda has been created to take into account the territory of this group.   As in the case of the Nyangatom, the Afar and Somali Regions also practice more than one landuse system. In the Afar Region the Project utilized a sub-division based on livestock ownership and the adoption or otherwise of rainfed or irrigated cropping. Thus in the Afar Region four landuse systems were recognized:

· Land Use System 1: Sedentary rainfed cropping: growing maize and sorghum. Livestock holdings are comparatively very small (less than 6TLU’s per family). Herd splitting does not generally occur. There is little or no movement of livestock.

· Land Use System 2: Agro-pastoral agriculture: rainfed agriculture cultivating maize and sorghum: livestock holdings are large (average 23 TLUs per family).  Herd splitting occurs. Livestock movements can occur over long distances in search of grazing and browse. Camels travel the furthest because of their ability to go for long periods without water. The “dry” cattle herds can travel long distances but must be within a maximum of three days to water. Goats and sheep generally stay within one days travel of the settlement, although goats have a wider feeding range than sheep because of their ability to consume a greater proportion of browse. Calves and milking cows generally stay close to the settlement.

· Land Use System 3: Pastoral: no crop cultivation: livestock holdings are larger than agro-pastoral families (average of 29 TLU’s per family). Herd splitting occurs. Movement of livestock for grazing and browse are the same as for the Agro-pastoralists.

· Land Use System 4: Agro-pastoral agriculture: irrigated agriculture in the Awash delta area: growing maize, sorghum and sesame. Livestock holdings are very large (average of 36TLU’s per family). Herd splitting occurs. Movements of dry cattle and camels in the wet season are as far as Chifre wereda. Sheep graze over relatively short distances along the Awash floodplain, whilst those of goats and camels occur over much larger distances. 

In the Somali Region three landuse systems were recognized:

Landuse System 1:
Herders of large (>30) flocks of sheep and/or goats, most of whom were growing maize and sorghum, although a small but significant proportion (14 percent) had no cropland. Livestock holdings are large. The key distinguishing factor was the large holdings of sheep and/or goats with 30 or more sheep and/or goats. Cattle holdings ranged between zero 40 but with a mean of less than 9, and camel holdings ranging between 1 and 70, but with a mean of 4. Herd splitting occurs. Livestock movements can occur over long distances in search of grazing and browse. Camels travel the furthest because of their ability to go for long periods without water. The “dry” cattle herds can travel long distances but must be within a maximum of three days to water. Goats and sheep generally stay within one day’s travel of the settlement, although goats have a wider feeding range than sheep because of their ability to consume a greater proportion of browse. Calves and milking cows generally stay close to the settlement.

Landuse System 2:
 undertaking rainfed agriculture cultivating maize and sorghum, with only 4 percent of households having no cropland.  Livestock holdings are relatively large with cattle holdings greater than 5 animals with a mean of 10.3.  Shoat
 holdings vary between zero and 28 with a mean of 6.5, and camel holdings varied between 1 and 15 with a mean of 3. As with the previous system, herd splitting occurs, and movements are also the same. 

Landuse System 3:
Rainfed cultivation and maize and sorghum provides the main source of subsistence. Cattle holdings vary between zero and 5 with a mean of 1.7. Shoat holdings vary between zero and 25 with a mean of 4.6, but with more than 75 percent of households having shoat holdings of less than 6. Camel holdings varying 1 and 10 with a mean of 2.4, but with just over 80 percent of households having no camels.


In both Regions the Land Use Systems are not spatially distinct. It is possible for one or more systems to exist within one wereda.  It is important also to note that within each major land use system considerable variation can occur in family human resources, draught power, land, livestock and tree resources.  In addition, even within these (relatively) climatically homogenous areas, considerable spatial and temporal (seasonal and annual) variations in rainfall may occur.
7.2.4
The "Agricultural Landscape" as a Framework for Problem Diagnosis and making Recommendations for Woody Biomass Development and Management

The "agricultural landscape" has been used by ICRAF in its "design and diagnosis" methodology for agro-forestry as a framework for analyzing agricultural and pastoral problems in the context of crops, pastures and trees. ICRAF defines "landscape" in the present context as follows:

"An area of land, usually between 10 and 100 square kilometers, including vegetation, built structures and natural features, seen from a particular viewpoint." (Nair, 1993)

A land use system will have its own "agricultural landscape", which is simply the visible expression of the various components of land use and vegetation (fields, hedges, grazing areas, woodlands and forests, etc) and built features (roads, houses, other buildings, etc) set within the physical framework of land forms, soils, water and climate. These visible landscape components are also set within a "hidden" socio-cultural, economic and technological framework of, e.g. land tenure rules and institutions, markets and prices, demographic factors (population, densities, growth rates), resource management technologies and practices (soil conservation, agronomy, animal husbandry, tree husbandry, etc).

The immediate focus is the woody and herbaceous components in the agricultural landscape. 

The "socio-ecological niche" in woody biomass planning

The concept of the socio-ecological niche is borrowed from ecology. Essentially it is an element or part of an element in the landscape (e.g.. a field edge, live hedge) which has an actual or potential use or uses and which is subject to specific rules of tenure or use. One example of such a socio-ecological niche might a field which is used for cropping and which tenure is held on an individual basis whilst the crops are in the ground, but when the crops have been harvested is used for grazing on a communal basis. There are obvious difficulties when recommending to individual farmers that they should planting forage trees on a bund in a field in which other peoples cattle will be grazing. A second example of a socio-ecological niche might be a stabilized gully that could be used for micro-irrigation or for the production of bamboo. Yet another example could be a homestead garden which could be used for increased vegetable production and/or for fuelwood production. 

Previous attempts to quantify farm forestry interventions have generally been given in area terms: i.e. number of hectares, following commercial  “plantation” models. If the agricultural landscape and the socio-ecological niche approach are followed then the terminology and the concepts change. The terminology is that used by farmers: i.e., trees in fields, trees and shrubs in hedges, trees along field boundaries, trees in spare patches of land in field corners.


An example taken from the Gurage Enset land use system is shown below to exemplify the concept.
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Figure 7.1 The Agricultural Landscape of the Gurage Land Use System

7.3
Consolidated Results

7.3.1
Biomass Energy Supply and Consumption Balances


The ENEC-Cesen National Energy Study undertaken in 1984-85 estimated an annual demand for the year 1984 of 25.5million tons (42.6million cubic meters) of fuelwood (including wood for charcoal). From its biomass survey it estimated an annual "sustainable"
 supply of 62.5 million tons (104.1 million cubic meters), although it reduced this to 27.4 million tons (45.7 million cubic meters) in the Main Report for reasons that are not clear. It thus saw a slight surplus but one that was rapidly being eroded. 


The Ethiopian Forestry Action Plan estimated an annual demand for the year 2000 of 35.04million tons (58.4 million cubic meters) of fuelwood and an estimated annual sustainable supply of only 7.5million tons (12.5 million cubic meters). It therefore saw a deficit of nearly three times the sustainable supply.  


The Project estimates an annual household demand
 for the year 2000 of 52.2 million tons (87.1 million cubic meters). Against this it estimates an annual sustainable yield
 of 50.3 million tons (83.8million cubic meters) plus an additional  11.4 million tons (19.1 million cubic meters) of leaves and twigs, 5.6million tons (9.4million cubic meters) from dead wood, 2.0million tons (3.3 million cubic meters) of wood from clearing for agriculture
, and 7.0 million tons (11.6 million cubic meters) from trees around homesteads.  Thus at the national level with a total supply of 76.3 million tons (127.2 million cubic meters) there appears to be a surplus of supply over demand.


However, supply/consumption balance analysis undertaken at the national, regional or even the Administrative Zone level can be seriously misleading. The majority of rural people live within “Farmers Associations” (F.A.s) with well-defined physical boundaries. Generally, collecting fuelwood and other biomass fuels from outside the FA boundaries is not possible. The FAs’ are thus closed supply and consumption systems.  The project undertakes its supply and consumption balance analysis at the Farming System level within individual weredas. Results are aggregated to the total wereda level (a wereda may encompass two or more Farming Systems). Whilst not ideal, it is considered that this level of analysis is more realistic than that undertaken at higher levels of abstraction.


The results are shown in table 7.1. This table indicates the number of weredas out the total number of weredas that are consuming woody biomass in excess of the sustainable yield. The dangers of analyzing at the national or regional level can be seen in the case of SNNP Region that has the same woody biomass stocks in 10 years time but currently has 41 out 86 weredas exceeding their sustainable yield. 

Table 7.1.
Estimated 2010 woody biomass stocks as % of 2000 stocks, and number of weredas for each region where consumption of woody fuel exceeds sustainable yield 

	REGION
	2010 stocks as %

 of 2000 stocks
	Weredas

> sustainable yield

2000

	TIGRAY
	72%
	26 out of 34

	AMHARA
	71%
	84 out of 106

	OROMIYA
	86%
	132 out of 180

	SNNPR
	100%
	41 out of 76

	AFAR
	105%
	10 out of 29

	BENESHANGUL-GUMUZ
	112%
	1 out of 20

	GAMBELA
	95%
	1 out of 9

	SOMALI
	81%
	38 out of 44

	DIRE DAWA 
	66%
	20 out of 28 (FA’s)

	HARARI
	8%
	17 out of 17 (FA’s)

	ADDIS ABABA
	
	

	
	
	

	ETHIOPIA
	
	335* out of 500


(*) Dire Dawa and Harari count as 1 wereda each.

Addis Ababa is a special case with some 80 percent of the round/split wood and 96 percent of the BLT consumed in Addis Ababa
 being supplied from the extensive Eucalyptus plantations within 20kms of the city. 

7.3.2
The Dynamics of Supply and Consumption Patterns

Trends: 1984-2000



Prior to 1991 there was very little on-farm tree planting. The reasons  were that firstly, between 1975 and 1991 cutting of on-farm trees was prohibited, and secondly that between 1975 and 1989 there were frequent re-distributions of farmers plots. The net result was a strong feeling of insecurity of tree and land tenure that strongly discouraged farmers investing in tree planting.  Following the change of Government in 1991 the prohibition on tree cutting was withdrawn and redistribution of holdings was much reduced and as from 2000 has stopped. As a consequence perceptions of tree tenure security became stronger. This was coupled with a very large increase in the demand for construction poles following the surge in economic growth and the increase in building construction from 1992 onwards.  The survey data from Amhara Region has shown that there has been a massive increase in the planting of on-farm trees (mainly Eucalyptus spp.) between 1993 and 2000, and that this continues. Unfortunately, the Project surveys carried out in the 1st Phase
 were undertaken too early (1993-4) to pick-up these trends.


The Project has conducted rural and urban household energy surveys in the Amhara Region between 1999-2000. The last comprehensive energy survey in the Amhara Regional State was undertaken by ENEC/CESSEN in 1984. Whilst the rural survey methodologies of the two surveys differed somewhat
 some comparisons are possible.  ENEC/CESSEN
 and the Project
 also undertook a number of urban surveys in ARS using a similar sampling design. As the Project did not undertake any surveys in towns with a population of less 25,000, any comparison between the two surveys must be restricted to the larger towns (i.e. over 25,000 inhabitants). 


In rural areas of Amhara Region there appears to have been an increase in the annual consumption rates of fuelwood: from a Regional average of 436kgs per capita in 1984 (ENEC/CESSEN) to 814kgs per capita in 2000 (WBISPP). This represents an average annual increase of 4.75 percent. The ENEC Study had forecast a gradual decline (in national terms) in per capita consumption of bio-fuels of about 0.33 percent per annum in most areas.  Part of the explanation for the increase in the rural per capita consumption of fuelwood must be:

(i) the liberalization of rules governing the use of on-farm trees in 1990, 

(ii) the consequent massive increase in the planting of on-farm trees since 1990, and thus

(iii) the big increase in on-farm supply of woody biomass.


There appears to have been a large increase in the use of crop residues as fuel: from only 2 kgs per capita to 192kgs per capita. The consumption rates of dung on the other hand have reduced significantly, from 463kgs per capita to 316kgs. The reasons for the increase in the use of crop residues are not clear. The reduction in the use of dung may be due to the increase in perceived value of dung as a soil ameliorant. Thus, the recent increases in chemical fertilizer prices following the withdrawal of the fertilizer subsidies may have had the effect of increasing the value of dung as fertilizer in relation to its value as fuel. 


A comparison with urban household energy consumption patterns indicate that even more dramatic changes have occurred for some energy sources.  Consumption of fuelwood has declined from 617khgs per capita in 1984 to 538kgs per capita in 2000. This is a decline of 0.9 percent per annum, much greater than predicted by ENEC/.CESSEN.  The most likely explanation has been the increased use of other energy sources, in particular charcoal and electricity (see next paragraph). 


There has been an increase in the use of dung from 7 kgs per capita in 1984 to 36kgs per capita. This may be a reflection of increased availability resulting from an increase in the number of urban dairies, but there is no clear evidence for this.  The two major changes in consumption rates apply to charcoal and electricity.  The per capita consumption of charcoal has increased from 20kgs to 111kgs in the past 15 years.  This is an annual increase in consumption of 12.2 percent per annum.  Much of this increase can be attributed to the partial liberalization of the charcoal trade. Prior to 1991 the manufacture, transport and sale of charcoal was rigidly controlled. Since 1991 there has been a relaxation in the controls over trade in charcoal, with control efforts focusing more on the place of production, rather than on the place of consumption. 


Electricity consumption has seen an even more dramatic increase from 19KWh per capita in 1984 to 240KWh per capita in 2000, an annual increase of 18.5percent.  Much of this increase can be attributed to the big expansion in the number of connections made by the national electricity supplier over the past decade.

Future trends 2000-2010


Given the very rapid changes in both biomass and modern energy supplies and the consequent changes in rural and urban energy consumption patterns that have occurred since 1991, forecasting for the next ten years is not easy.  Urban patterns are probably easier to predict than rural patterns and are likely to be more consistent across the country than rural patterns.


In the case of urban patterns much will depend on whether the economic growth (particularly of the Service Sector) that has characterized the past ten years will continue.  With regard to the supply of wood fuel there are indications that this is not likely to be constrained if reductions in per capita consumption continue and as the on-farm plantings of the past decade continue to mature.  However, the recent rapid increases in the consumption of charcoal, kerosene and electricity are likely to slow down and may decrease as electricity tariffs increase and road transport charges for charcoal also increase (because of increases in fuel prices). This could have the impact of increasing consumption of wood fuel and putting pressure on supplies.


Supply/consumption patterns in rural areas patterns will be determined much more by local circumstances than in urban centres. In the absence of an increase in the rate of on-farm tree planting wood fuel deficits are likely to increase and stocks continue to run down. The recent increases in per capita rates of wood fuel consumption are likely to slow down or cease in the face of these increasing deficits. With increasing intensification of cropping under finite arable land and increasing population, the value of dung as a soil nutrient store and supply will increase. The downward trend in consumption of dung as fuel is thus likely to continue. Similarly, as livestock production continues to intensify under the same conditions as crop production, so will the value of crop residues as livestock feed increase. This is likely to lead to a decrease in the use of residues as an energy source. Decreasing consumption of dung and crop residues is likely to increase the demand for wood fuel as an energy source.

7.4
Issues Related to the Consumption and Supply of Biomass Fuels

7.4.1
Integrated nature of biomass fuel supply and landuse systems



The outputs of land use systems provide the main supply of bio energy as fuel wood, crop residues and animal dung.  Fuel wood can be obtained from communal or individual farms, either as free growing or specially grown trees, bushes and shrubs. Crop residues and dung can also form inputs within land use systems: crop residues as livestock feed, whilst both residues and dung are important in soil nutrient cycles, especially the cycling of nitrogen and phosphorous.  


Trees can also be important in nutrient cycling, either as nutrient  “pumps” bringing nutrients in the deep subsoil to the surface or through nitrogen fixation in root nodules. Increasing population and its need for cropland drive the dynamics of change of these interrelationships. 



Extension of cultivation occurs at the expense of communal grazing lands, woodlands and forests. Decreased area of natural grazing results in an increased reliance on crop residues for livestock feed, and with decreasing woody biomass resources, an increasing reliance on residues and dung for fuel.  Breaches in nutrient cycles, declining soil fertility and so declining crop yields, increase the pressure to expand cropland.


The implications of these are twofold. Any analysis of biomass fuel consumption or supply should be based on a landuse systems approach. Secondly, planning for the biomass energy sector has to be comprehensive and take cognizance of the many linkages of biomass energy to other aspects of the rural economy. 

7.4.2
Wood fuel supply and production of industrial and construction wood


The primary objective of farmers of on-farm tree planting is for poles and not fuelwood. Fuelwood is thus a by-product.  The implication for biomass energy planning is that the supply and demand for construction poles are important factors to be taken into consideration.


The supply of fuelwood as a by-product of Community and State Plantations are a small but significant contribution to the overall supply, particularly to urban areas where fuelwood is often transported in the same truck as poles. Thus the current and future supply of wood products from the State and Community Plantations also need to be taken into consideration.

7.4.3
Supply of wood fuel from natural forests and woodlands


The analysis of the three major forested regions (Oromiya, SNNPRS and Gambella) has clearly demonstrated that clearing for agriculture is the major component of deforestation, not wood fuel collection. Supply of wood fuel from natural forests is a very local element in the overall wood fuel supply system. Given the relative high costs of transport, fuelwood supply from the extensive areas of lowland woodland (in Beneshangul-Gumuz, Amhara and Oromiya regions) to the main consuming areas in the highlands is minor. In the western lowlands the main factors in woodland clearing is for peasant shifting cultivation, and medium to large-scale commercial agriculture.


Nevertheless, where they have access to road transport the lowlands woodlands and shrublands are important potential areas of charcoal production. As areas of woodland in close proximity to urban centres become worked out then areas of charcoal production will extend outwards.

7.4.4
Impact of Biomass Energy Consumption and Biological and Physical Land Degradation

Burning of crop residues and dung as fuel on soil nutrient depletion 


Analyses at both the national
 and the regional
 levels have demonstrated that the annual impact of the burning of dung and crop residues on the breaching of soil-crop nutrient cycles and on crop production foregone, is many orders higher than that due to physical soil erosion.  Estimates of soil-crop nutrients lost and crop production forgone are shown in table 7.

Table  7.2.   Soil-crop nutrient losses and crop production foregone due to nutrient losses. 

	REGION
	Dung burnt
	Crop residues burnt
	fertilizer equivalent
	Crop production forgone

	
	N (tons)
	P (tons)
	N (tons)
	P (tons)
	Urea (tons)
	DAP (tons)
	Dung

(tons)
	Resid

(tons)
	Total

(tons)
	% of total crop prod.

	SNNP 
	1,617
	5,857
	6,707
	671
	18,118
	8,427
	8,087
	33,534
	41,621
	3.6%

	Oromiya 
	8,907
	2,431
	8,582
	858
	38,142
	7,990
	44,537
	42,912
	87,448
	1.9%

	Amhara 
	2,957
	807
	998
	100
	8,638
	2,250
	14,783
	4,992
	19,775
	0.7%

	Tigray 
	4,235
	1,156
	588
	59
	10,541
	3,039
	21,174
	2,938
	24,112
	4.4%

	Benshangul-Gumuz 
	16
	4
	385
	38
	871
	95
	80
	1,923
	2,003
	1.3%

	Dire Dawa 
	0
	2
	2
	0
	5
	1
	0
	12
	12
	0.2%

	Harari 
	0
	30
	35
	3
	75
	8
	0
	173
	173
	3.4%

	Afar
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	TOTAL
	17,732
	10,287
	17,297
	1,730
	76,390
	21,808
	88,661
	86,483
	175,144
	1.9%


Role of woody biomass vegetation on preventing or reducing physical land degradation 


The Universal soil loss equation provides a way of comparing soil loss rates over different land cover types and slopes holding soil and rainfall conditions constant. The following chart indicates the relative rates of soil loss on four landcover types and 12 slope classes for a representative area in the Amhara Regional State.


Clearly the greatest soil losses occur on cultivated land. The difference between “degraded grassland” that typifies much of the grassland in the Highlands is still significantly higher than open shrubland. That for forest is negligible. Experience with hillside closure and livestock exclusion in the northern highlands during the 1980’s clearly demonstrated the ability of natural vegetation (low open shrubland and grassland) to re-colonize degraded hillsides in the space of 2 to 4 years.

Figure 7.2
 Soil loss rates on different slopes by land cover types holding rainfall (1,100mm), soil type (Acrisol), slope length and land management constant.
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7.4.5
Urban Linkages in Biomass Energy Supply

Supply catchment areas for biomass fuels to urban centres


Except for the larger Regional capitals (e.g. Barhir Dar, Awassa, Harar, etc) approximately 80 percent of biomass fuels are collected and transported within a 15 km radius of the urban centre. Of this, some 95 percent is carried as human load or on donkey. Some charcoal may be transported longer distances as small casual cargo on long-distance lorries, or as part of larger cargoes going to the main urban centres. 


With regard to the large regional capitals with populations over 100,000, pickups and trucks transport a significant proportion of biomass fuels, and thus catchment areas are larger.  With such large fuel markets supply chains are longer, opportunities for storage greater. It might be thought that as supplies are more buffered against demand that short-term prices would be more stable. However, except for Addis Ababa, a preliminary analysis of the Central Statistical Authority’s (CSA’s) market price data shows considerable month on month variation for all towns.

Contribution to household incomes/ employment

Within the biomass fuel catchment areas there are opportunities for employment and income generation for households  (mainly rural but some urban) in the collection and sale of biomass fuels. Where the density of urban centres is high opportunities are more widespread.  Similar opportunities exist for the sale of poles. Although with poles, access to road transport is necessary for the sale of a substantial number of poles. Similarly, the opportunities are greater for communities with access to roads feeding into the larger regional capitals for both fuelwood and poles.


This is well demonstrated with regard to the capital city of Addis Ababa (population 2.57 million). Here more than 15,000 urban-based women carry approximately 35 percent of the wood fuel requirements of the city. For 82 percent of these women this is their only source of income.  Their average daily income is about ETB9.02 or US$1.05, is just on the internationally recognized poverty line of US$1.00 per day.

Environmental impacts on rural supply catchment areas


Negative environmental impacts are possible in the rural supply catchment areas where the combined local and urban demand for biomass fuels exceeds the supply.  Visible signs of environmental degradation have only been observed by the Project around refugee camps in the Gambella Region.

7.4.6
Relative Ease of Substitution of Biomass Energy by Modern Energy Sources (electricity, kerosene, etc)

Urban consumers


Over 90 percent of total energy of urban households is expended on cooking, with 65 percent of the total on “mitad” baking of injera and the remainder on cooking wot and other foods. Charcoal can substitute for other biomass fuels (wood, dung and residues) for “other cooking” but not for mitad baking. Electricity has made in-roads into mitad baking in recent years with the introduction of the electric mitad, although there are reports that with the recent increase in electricity tariffs utilization of electric mitad stoves has declined. Kerosene can also substitute for biomass fuels for other cooking, but much less so for mitad baking.  Previously kerosene supply was the major constraint to widespread adoption, but this constraint has decreased in recent years. Thus in Barhir Dar, Gonder and Dessie no diesel was reported to be used, only kerosene.

Rural consumers


There is little difference between the urban and rural patterns of energy end use.  However, supply of modern energy sources is clearly the main constraint to any substitution. Diesel is the only modern fuel with widespread use in the rural areas, which is used for lighting. Near major towns where supplies are improving, this is being replaced with kerosene. Given the very low-income levels in rural areas, should access to electricity become a reality, it would only be used for lighting.

7.4.7
Potentials for Increasing Biomass Energy and End-use Efficiency

Urban Consumers


There are two improved stoves being disseminated through the auspices of  the Rural Energy Development and Promotion Centre (REDPC) and NGOs: the lakech which is an improved charcoal stove, and the Mirt stove which is an improved mitad stove that uses wood. The lakech stove is now widely available through many parts of Ethiopia, whilst dissemination of the mirt is less advanced.  Thus, in Barhir Dar some 26 percent of sampled households reported using the lakech stove. Both effect savings in fuel, but perhaps more importantly considerably reduce smoke with the consequent improvements in environmental health of women. 


Both stoves are manufactured by local artisans after receiving training from concerned organizations.  Often these artisans are already involved in activities such as cement block making, and stove manufacture is an add-on activity.

Rural consumers


There are a number constraints to the wide dissemination of improved stoves in rural areas. Because of low income levels markets for such stoves are thin, and they are also small and widely scattered. Thus, there is little incentive for manufacturers to set up in rural or even small urban centres
.  Charcoal is not used by rural households and thus there is no market for the lakech stove. Wood fuel and crop residues, fuels used in mitad baking are generally “free” goods although time and effort are expended in their collection.  Thus fuel saving is not as significant an incentive to adopt the mirt stove as it is in urban areas where real costs of fuel are higher. 

Specific Gender Issues


In rural households women and children generally collect and utilize biomass fuels.  Thus for example, proposals to change rules governing access to biomass fuels in communal areas by closure or enclosure must be taken in consultation with women.

7.4.8
Demand Determinants of Biomass Fuels

Rural households


Most households are self-sufficient. Only in severely biomass fuel deficit areas do rural households purchase fuel. Households tend to modify fuel consumption according to availability. They combine round/split wood, BLT, crop residues and dung, tending to rely on the latter two when wood fuel is in short supply. Overall consumption is related to overall supply of all fuels. The main demand determinants of rural households are:

· Local wood fuel endowment (cannot be reflected in market prices as there is no exchange)

· Family size (labour supply),

· Household assets (off-farm income, land holding, livestock holding, number of oxen)

· Population growth rate,

· Number of trees on farm,

· Types of stove.

Urban households and Commercial Service Establishments


Urban households use biomass fuels for 90 percent of their total energy needs. Most purchase fuels, with round/split wood being the most important source followed by charcoal and BLT. Where a town has an electricity supply, the majority of households use electricity, mainly for lighting.  In 1994 65 percent of all urban households used electricity for lighting.  Kerosene is a preferred fuel for “other cooking” (not for injera baking). Kerosene consumption is very sensitive to price as the proportion of urban households using this fuel decreases significantly when price increases.


In the Commercial Services Sector small-medium establishments use a combination of biomass and modern fuels, with biomass fuels representing 55 percent of total energy consumption.


The demand determinants for urban households are:

· Family size,

· Population growth rate,

· Household assets (cash income, house type)

· Range in types of stove,

· Relative prices of fuels (round/split wood verses charcoal)

· Prices of substitutes (kerosene, electricity)

· Supply of substitutes.

7.4.9
  Determinants of biomass fuels

Rural areas


People collect traditional fuels to satisfy their needs.  If they collect more than required for their own consumption, surpluses are normally sold in the nearest town to satisfy the urban demand. 

Urban areas


The supply of traditional fuels is highly variable, as few suppliers collect and sell on a daily basis. Selling traditional fuels is a secondary activity for most suppliers. The major groups of suppliers are farmers, students (children) and housewives. As a result, traditional fuel supply varies from week to week depending on the time available for collecting, carrying and selling, the accessibility to the resources (distance), as well as according to weather conditions. Moreover, farmers tend to supply traditional fuels as a by-product to poles. Therefore, if the pole market is not attractive, tree planting is reduced and, as a consequence, the traditional fuel supply decreases. The price variations observed on traditional fuel markets reflect the supply instability. 

The potential supply determinants of biomass fuels to urban centres are:

· Wood endowment and yield (accessibility to the resources)

· Land conversion (loss of biomass)

· Season (weather conditions)

· Number of trees on farm and tree planting rates

· Pole selling opportunities (market prices)

· Relative prices (round/split wood Vs charcoal) for charcoal supply

· Market access (transportation means)

· Transportation costs (particularly for charcoal)

· Time availability/requirement

· Prices of substitute

· Supply of substitutes (if prices do not reflect access problems)

7.4.10
Prices and Marketing of Biomass Fuels


On the demand side, WBISPP results indicate that urban consumers are sensitive to prices. For instance kerosene consumption is significantly higher in towns where prices are lower. The relative prices of firewood and charcoal also influence the demand. In towns where the price of charcoal per unit of energy is similar to that of firewood, the per capita consumption of charcoal is higher. There is a substitution effect. This trend is not observed at the rural level, as most rural households collect their own bio-fuels. As a result, they do not base their consumption choices on prices but rather on the availability of the various resources (firewood, crop residues, and dung), on the potential other uses for traditional fuels, as well as the collecting time and distance.


The demand for traditional fuels is linked to household income in urban areas. A higher level of income tends to generate a greater demand. However, higher incomes also lead to substitution to modern fuels such as kerosene and electricity. Further analysis will be required to identify to what extent increased incomes favour substitution over an increased consumption of traditional fuels. In rural areas, very low cash incomes and a lack of market transactions indicate that biomass fuel demand is not responsive to income level.


As a majority of suppliers are farmers producing traditional fuels as a by-product to pole production, the biomass fuel supply is closely linked to pole market opportunities. Relatively high pole prices induce tree planting and, as a consequence, traditional fuel production. On the other hand, the number of on-farm trees tends to be lower in areas where there is a lack of market for poles. 


In addition to sensitivity to pole prices, biomass fuel supply varies according to the relative prices of firewood and charcoal. Charcoal production increases when the price difference between firewood and charcoal justifies investing in transforming wood into charcoal. Moreover, the distance between the supplier and the market influences positively charcoal production, as the quantity of charcoal that can be transported by a motor vehicle is greater than that of firewood.

ANNEX  1.

Description of maps prepared by WBISPP, volume 6.

Projection parameters for all maps:

Projection


= UTM Zone 37

Spheroid


= Clarke 1880

Meridian of Origin


= 39 east of Greenwich

Latitude of origin


= Equator

Scale factor


= 0.9996

False easting at origin
= 500 000 meter

False northing at origin
= 0 meter

Datum 


= Adindan mean for Ethiopia and Sudan

Common geographic features for all maps:

 Roads, major rivers, Lake and Towns 

Source map 
= Ethiopian Mapping Agency (EMA) (1:250 000/50 000/1 000 000)

Insets 
= they are charts and photos saved as a bitmap

MAP 1: Region in the National Setting: 

This map shows the relative position of regions, administrations in terms of population, area and population characteristics

The smallest mapping unit = 2436 ha

Source map 
=
Central Statistical Authority (CSA), 1:1000000 and Ethiopian Mapping Agency (EMA)

Processing involved
=
Digitizing (polygon boundaries and database), 

Polygon formation (topology formation) and 

Preparing the layout for printing.

MAP 2: Administrative Boundaries: 

This map shows Zones, Weredas and Special Weredas surveyed by the project. The administrative divisions are based on the map prepared by Central Statistical Authority for the 1994 population census.

The smallest mapping unit = 2436 ha

Source map 
= Central Statistical Authority (CSA), 1:1000000

Processing involved
=
Digitizing (polygon boundaries and database), 

Polygon formation (topology formation) and 

Preparing the layout for printing. 

MAP  3: Administrative Divisions and Shaded Relief: 

This map shows Zones, Weredas and Special Weredas surveyed by the project and Shaded Relief. 

The smallest mapping unit = 2436 ha / 4 ha (shaded relief)

Source map 
=
Central Statistical Authority (CSA), 1:1000000 and Digital Terrain Model.

Processing involved
= Digitizing (polygon boundaries and database), 

Polygon formation (topology formation), 

Creating shaded relief from the Digital Terrain Model (DTM) and 

Preparing the layout for printing. 

MAP 4: Altitude: 

This map is a generalized version of the Digital Terrain Model generated from the contour lines digitized at 100 meters height intervals from the 1:250,000 topographic maps.  

The smallest mapping unit = 25 ha

Source map 
=
1:250 000 Topographic Maps of Ethiopian Mapping Agency (EMA)

Processing involved
= Digitizing contour lines at 100 meters interval, 


Creating a Digital Terrain Model (DTM) of a 200 by 200 meter pixel size surface cover, 

Classifying the surface cover according to user defined altitude classes and 

Preparing the layout for printing. 

MAP 5: Mean Annual Rainfall: 

This map shows the mean annual rainfall classes at 400 millimeters interval. This was interpolated from the isohyets digitized at 200 mm intervals of mean annual rainfall originally compiled by Ethiopian Meteorological Services.

The smallest mapping unit = 800 ha

Source map 
=
1:2 000 000, Mean Annual Rainfall Map of Land Use Planning and Regulatory Department (LUPRD), Ministry of Agriculture (1982)

Processing involved
=
Digitizing isohyets at 200 millimeter interval, 

Creating a Digital Rainfall Model (DRM) of a 200 by 200 meter pixel size surface cover, 

Classifying the surface cover according to user defined rainfall classes and 

Preparing the layout for printing. 

MAP 6: Temperature Zones: 

This map shows the mean growing season temperature. In Ethiopia, it is believed that temperature zones are strongly correlated to an altitude. As a result, the ten temperature zones were indirectly derived from the Digital Elevation Model using the formula: Temperature (oC) = 30.2-0.00591altitude(m) as developed by Land Use Planning and Regulatory Department, Ministry of Agriculture (1984)

The smallest mapping unit = 25 ha

Source map 
= Digital Terrain Model

Processing involved
=
Derive the temperature values from DTM according to the above formula, 

Classify the surface cover according to temperature zones defined by LUPRD and 

Prepare the layout for printing. 

MAP 8: Agro-Ecological Zones: 

This map is a generalized map of the overlay of eight classes of the Digital Terrain Model (traditional ecology) and three classes of Digital Rainfall Model (dry, moist and wet), which gives twenty-four classes of agro-ecological zones ranging from Dry Wurch to Wet Lower Kolla. The classification of agro-ecological zone was adapted from Soil Conservation Research Project, 1986 and the Dega agro-ecology was further classified by WBISPP into three classes, Namely Lower Dega, Mid Dega and Upper Dega.

The smallest mapping unit = 25 ha

Source map 
= Digital Terrain Model (1:250 000) and Digital Rainfall Model (1: 2 000 000) and Rainfall Pattern Regions (1984), LUPRD

Processing involved
= Dividing the region in to single and double rainy season areas using the Rainfall Pattern Regions map, 

Classifying DTM in to eight classes and rainfall in to three classes (refer to woody biomass inventory manual), 

Converting the two surface covers in to polygon covers, 

Overlaying the newly created polygon covers and the Rainfall Pattern Regions, 

Exporting the overlay database result to an external database (MS Access), 

Updating the agro-ecology field   based on the ecology lookup table, 

Importing the updated database back to GIS and, 

Preparing the layout for printing.  

MAP 9: Land Use and Land Cover: 

This map depicts the land use due to human interference and natural vegetation cover prevailing within the study area. This map is a generalized map of the interpretation of 1:250,000 Landsat Thematic Mapper hardcopy images. The mapping units were based on nine major classes and fifty six and thirty six sub classes of land use/land cover. The mapping units have one or two dominant cover. The first dominant cover (60-100%) is represented by a solid color and the second dominant cover (up to 40%) is represented by patterns. 

The smallest mapping unit = 25 ha

Source map 
=
Landsat Thematic Mapper. 

Processing involved
=
Digitizing land cover polygons and their associated database, 

Polygon formation, 

Exporting GIS polygon to IAS, 

Combining the GIS polygons with the unsupervised classification,  

Importing the final land cover from IAS and

Preparing the layout for final printing. 

MAP 10: Regional Forest Areas and Cover: 

The map shows regional forest priority areas and the spatial distribution and extent of forest cover.

The smallest mapping unit = 25 ha

Source map 
=
Landsat Thematic Mapper. 

Processing involved
=
Digitizing land cover polygons and their associated database, 

Polygon formation, 

Exporting GIS polygon to IAS, 

Combining the GIS polygons with the unsupervised classification,  

Importing the final land cover from IAS and

Preparing the layout for final printing. 

MAP 11: Natural Pasture: 

The map shows the spatial distribution and the extent of grass cover in different land cover classes

The smallest mapping unit = 25 ha

Source map 
=
Land Use and Land Cover Map, 1:250 000, WBISPP. 

Processing involved

= Exporting land cover polygons to an external database, 

Updating fields related to natural pasture as defined by the land use planner (refer to Grazing Lands Survey Report)

Importing the updated database back to GIS,

Preparing the layout for final printing. 

MAP 12: Farming and Pastoral Systems: 

This map shows the communal peasant/pastoral and state rural sector land use systems.

The smallest mapping unit = 14 ha

Source map 
=
Digital Terrain Model, Rainfall Pattern Regions (1984) of LUPRD and Agro ecological Belts of Soil Conservation Research Project (1995).

Processing involved
= Dividing the region in to single and double rainy season areas using the Rainfall Pattern Regions map, 

Classifying the DTM in to six major farming zones,

Converting the surface cover in to polygon cover, 

Overlaying the newly created polygon cover with Rainfall Pattern Regions map, 

Exporting the overlay database result to an external database (MS Access), 

Updating the Farming System field based the farming system lookup table, 

Importing the updated database back to GIS and, 

Preparing the layout for printing.  

MAP 13: Crop Suitability Based on Length and Type of Growing Period: 

This map, which is based on a soil moisture index, exhibits area of land suitable for rainfed crop husbandry. This map was prepared by the then Land Use Planning and Regulatory department of Ministry of agriculture at 1:2,000,000 scale. 

The smallest mapping unit = 7 ha

Source map 
= 1:2 000 000 map of Length of Growing Period, LUPRD, Ministry of Agriculture (1988)

Processing involved
=
Digitizing (polygon boundaries and database), 

Polygon formation (topology formation),

Exporting the polygon database to an external database (MS Access), 

Updating the crop suitability field based on the suitability lookup table, 

Importing the updated database back to GIS and, 

Preparing the layout for printing.  

MAP 14: Crop Risk Based on Length and Type of Growing Period: 

This map, which is based on a soil moisture index, exhibits areas where rainfed crop production is risky. This map was prepared by the then Land Use Planning and Regulatory department of Ministry of agriculture at 1:2,000,000 scale. 

The smallest mapping unit = 7 ha

Source map 
=1:2 000 000 map of Length of Growing Period, LUPRD, Ministry of Agriculture (1988)

Processing involved
=Digitizing (polygon boundaries and database), 

Polygon formation (topology formation),

Exporting the polygon database to an external database (MS Access), 

Updating the crop risk field based on the crop risk lookup table, 

Importing the updated database back to GIS and, 

Preparing the layout for printing.  

MAP 15: Potential Herbaceous Dry Matter Production: 

This map shows the potential herbaceous dry matter production in tons per hectare per year. It is derived from the overlay analysis of LGP, Temperature Zone, Soil and Geomorphology, Slope and Land use/ land cover maps.

The smallest mapping unit = 25 ha

Source map 
=
Length of Growing Period (1:2 000 000), LUPRD; Temperature Zone (1:250 000), WBISPP; Soil Geomorphology (1:1 000 000), LUPRD; Land Use and Land Cover (1:250 000), WBISPP and Slope (1:250 000), WBISPP.

Processing involved
=
Overlaying Length of Growing Period, Temperature Zone, Soil and Geomorphology, Slope and Land Use/Land Cover Maps

Exporting the overlay polygon database to an external database (MS Access), 

Calculating the climatic potential production from LGP and Temperature Zone values,

Applying soil suitability modifiers to climatic potential production,

Applying land cover modifiers to those production estimates to drive the final estimates of potential forage production,

Applying proper use factor (for details please refer to Grazing Lands Survey Report)

Importing the updated database back to GIS and, 

Preparing the layout for printing.  

MAP 16: Crude Population Density: 

Shows the total number of human population per square kilometer residing within the study area by wereda.

The smallest mapping unit = 2436 ha

Source map 
=
Central Statistical Authority (CSA), 1:1000000

Processing involved
=
Digitizing (polygon boundaries and database), 

Polygon formation (topology formation) 

Using internal modeling tools calculate crude population density by dividing total population by area (Km2) and 

Preparing the layout for printing. 

MAP 17: Population Density per Net Arable Area: 

Shows the total number of human population per square kilometer residing within the net arable study area by wereda.

The smallest mapping unit = 2436 ha

Source map 
=
Central Statistical Authority (CSA), 1:1000000

Processing involved
=
Digitizing (polygon boundaries and database), 

Polygon formation (topology formation) 

Using internal modeling tools calculate population density per arable area by dividing total population by arable area (Km2) and 

Preparing the layout for printing. 

MAP 18: Arable Area per Rural Family: 

Shows the total arable area per farming family by wereda.

The smallest mapping unit = 2436 ha

Source map 
=
Population Support Model, WBISPP and Central Statistical Authority (CSA), 1:1000000

Processing involved
=
Digitizing (polygon boundaries and database), 

Polygon formation (topology formation) 

Exporting the polygon database to an external database,

Establish a relationship between the polygon database and Population Support Capacity model

Update the fields related to arable theme,

Import the update database back to GIS and

Preparing the layout for printing. 

MAP 19: Livestock Density: 

Shows the total number of livestock population in Tropical Livestock Unit (TLU) living per square kilometers by wereda. 

The smallest mapping unit =24.36 ha

Source map 
=
Central Statistical Authority (CSA), 1:1 000 000 and Regional Agriculture Bureau

Processing involved
=
Digitizing (polygon boundaries and database), 

Polygon formation (topology formation) 

Exporting to an external database, 

Establishing a relationship between polygon database and livestock database obtained from the Regional Agriculture Bureau,

Update the livestock population fields,

Calculate livestock density by dividing total livestock population (TLU) by area (Km2),

Importing the updated database back to GIS and 

Preparing the layout for printing. 

MAP 20: Livestock Number per Rural Family: 

Shows the average holding of livestock population in Tropical Livestock Unit (TLU) per farming family by wereda. 

The smallest mapping unit =2436 ha

Source map 
=
Central Statistical Authority (CSA), 1:1 000 000 and Regional Agriculture Bureau

Processing involved
=
Digitizing (polygon boundaries and database), 

Polygon formation (topology formation) 

Exporting to an external database, 

Establishing a relationship between polygon database and livestock database obtained from the Regional Agriculture Bureau,

Update the livestock population fields,

Calculate livestock density by dividing total livestock population (TLU) by total rural families,

Importing the updated database back to GIS and 

Preparing the layout for printing. 

MAP 21: Rural Population Support Capacity: 

This map shows the degree of rural population pressure in terms of land’s capacity to support the current and projected population. The weredas were classified as:

At capacity, current rural population is between 100 and 120 percent of maximum support capacity;

Critical, current rural population exceeds maximum support capacity;

Critical after 10 years, rural population will reach maximum support capacity within 10 years;

Critical after 25 years, rural population will reach maximum support capacity within 25 years and;

No pressure, rural population will not reach maximum support capacity within 25 years.

The smallest mapping unit = 2436 ha (wereda) /25 ha (GIS model)

Source map 
=
Length of Growing Period (1:2 000 000) of LUPRD, Temperature Zone (1:250 000) of WBISPP (1:250 0000), Soil Geomorphology (1:250 000) Map of LUPRD and Slope map (1:250 000) of WBISPP.

Processing involved
=
Overlaying Length of Growing Period, Temperature Zone, Soil and Geomorphology and Slope maps

Exporting the overlay database to an external database (MS Access)

Evaluating the climatic suitability of an area based on LGP and Temperature zone suitability

Evaluating the land quality (suitability) of an area based on soil and geomorphology characteristics of each facet ..within a landscape unit,

Establishing the suitability of each facet for a given landscape unit based the evaluation of climatic and soil and geomorphology suitability values,

Calculating the arable area for an administrative wereda, (refer to strategic plan report)

Calculating the potential population of an administrative wereda,

Comparing the current population with the potential population, 

Importing the updated database back to GIS and, 

Preparing the layout for printing.  

MAP 22: Livestock Carrying Capacity: 

This map depicts the degree of livestock pressure in terms of land carrying capacity to support the livestock population.  The weredas were classified into:

-
Understocked, the current population is less than or equal to 90 percent of the maximum support capacity and;

-
At carrying capacity, the current livestock population is between 90 and 120 percent of the maximum support capacity.

-
Overstocked, the current livestock population is greater than 120 percent of the maximum support capacity.

The smallest mapping unit = 2436 ha

Source map 
=
Potential Herbaceous Dry matter Production, WBISPP

Processing involved
=
Calculating the potential Livestock carrying capacity of an administrative wereda,

Comparing the current population with the potential population, and 

Preparing the layout for printing.  

MAP 23: Annual Wood Fuel Consumption per Capita: 

This map shows the amount of wood fuel consumed by rural population in air-dry tons per person by wereda

The smallest mapping unit = 2436 ha

Source map 
=
Socio economic Survey (woody biomass demand), WBISPP and Administrative Wereda map, CSA

Processing involved
=
Exporting the wereda database to an external database,

Establishing a relationship between the polygon database and socio economic survey analysis database,

Updating the consumption (demand) related fields, 

Importing the updated database back to GIS 

Preparing the layout for printing.  

MAP 24: Woody Biomass Stock: 

This map depicts the air-dry total weight in tons per hectare of above ground woody biomass from trees and shrubs excluding below ground roots by wereda.

The smallest mapping unit = 25 ha

Source map 
=
Woody Biomass Inventory Study (woody biomass supply), WBISPP; Woody Biomass Inventory Sampling Frame map, WBISPP; Land Use/ Land Cover map, WBISPP and Administrative Wereda map, CSA.

Processing involved
=
Overlaying the Woody Biomass Inventory Sampling Frame, Land Use/Land Cover and Wereda maps



Exporting the overlay polygon database to an external database,

Establishing a relationship between the polygon database and woody biomass inventory analysis database

Updating the supply related fields, 

Calculating the weighted average of woody biomass stock by ecology and land cover type and wereda,

Importing the updated database back to GIS 

Preparing the layout for printing.  

MAP 25: Sustainable Yield of  Woody Biomass Stocks: 

This map shows air-dry total annual increment in tons per hectare of above ground woody biomass from all trees and shrubs by wereda.

The smallest mapping unit = 25 ha

Source map 
=
Woody Biomass Inventory Study (woody biomass supply), WBISPP; Woody Biomass Inventory Sampling Frame map, WBISPP; Land Use/ Land Cover map, WBISPP and Administrative Wereda map, CSA.

Processing involved
=
Overlaying the Woody Biomass Inventory Sampling Frame, Land Use/Land Cover and Wereda maps



Exporting the overlay polygon database to an external database,

Establishing a relationship between the polygon database and woody biomass inventory analysis database,

Updating the supply related fields, 

Calculating the weighted average of sustainable yield of woody biomass stocks by ecology and land cover type and wereda,

Importing the updated database back to GIS 

Preparing the layout for printing.  

MAP 26: Woody Fuel Supply (sustainable yield)-Consumption Balance: 

This map shows the ratio of rural fuel wood consumption to sustainable yield. It is produced by overlaying the rural wood fuel consumption map over sustainable of yield of biomass stocks map. The weredas were classified into: 

. Consumption is less than yield;

. Consumption equals yield;

. Consumption in excess of yield; and

. Consumption greatly in excess of yield.

The smallest mapping unit = 2436 ha

Source map 
=
Wood Fuel Consumption (demand), Sustainable Yield of Woody Biomass Stock (supply) and Administrative Wereda Maps

Processing involved
=
Overlaying the demand and supply maps



Dividing the total consumption by total supply using internal modeling tool,



Updating the balance field according to the above four classes,

Preparing the layout for printing.  

MAP 27: Woody Fuel Growing stock-Consumption Balance-1995: 

This map shows the ratio of rural fuel wood consumption to growing stock. It is produced by overlaying the rural wood fuel consumption map over biomass stocks map. The weredas were classified into: 

. Consumption is less than stocks less than yield;

. Consumption equals stocks;

. Consumption in excess of stocks; and

. Consumption greatly in excess of stocks.

The smallest mapping unit = 2436 ha

Source map 
=
Wood Fuel Consumption (demand), Sustainable Yield of Woody Biomass Stock (supply) and Administrative Wereda Maps

Processing involved
=
Overlaying the demand and supply maps



Dividing the total consumption by total supply using internal modeling tool,



Updating the balance field according to the above four classes and

Preparing the layout for printing.  

MAP 28: Potential Soil Erosion Hazard: 

This map shows the degree of soil erosion in tons/year and depth of soil eroded in mm per year due to the combined effect of rainfall, soil factor, slope length, slope gradient, land cover factor and land management factor.

The smallest mapping unit = 25 ha

Source map 
=
Slope map (1:250 000), WBISPP; Mean Annual Rainfall (1:2 000 000), LUPRD; Land Use/Land Cover (1:250 000) WBISPP.

Processing involved
=
Creating five classified (thresholded) surface covers for erosivity, erodibility, slope length factor, slope gradient factor and land cover factor,

Applying the Universal Soil Loss Equation with help of an internal modeling tool (refer to strategic plan report)

 

Preparing the layout for printing.  

MAP 29: Crop Residues Used for Fuel as a Percentage of the Total Supply: 

This map depicts the percentage of crop residues used as a fuel out of the total supply of crop residues by wereda.

The smallest mapping unit =2436 ha

Source map 
=
Socio economic Survey, WBISPP, Land Use Planning Analysis Model and Administrative Wereda map, CSA

Processing involved
=
Exporting the wereda database to an external database,

Establishing a relationship between the polygon database and energy demand-supply model

Updating the crop residue demand-supply related fields from socio economic survey and Land Use Analysis results,

Importing the updated database back to GIS 

Preparing the layout for printing.  

MAP 30: Dung Used for Fuel as a Percentage of the Total Supply: 

This map depicts the percentage of dung used as a fuel out of the total supply of dung by wereda

The smallest mapping unit = 2436 ha

Source map 
=
Socio economic Survey, WBISPP, Land Use Planning Analysis Model and Administrative Wereda map, CSA

Processing involved
=
Exporting the wereda database to an external database,

Establishing a relationship between the polygon database and energy demand-supply model

Updating the dung demand-supply related fields from socio economic survey and Land Use Analysis results,

Importing the updated database back to GIS 

Preparing the layout for printing.  
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� Ethiopian Forestry Action Plan - Volume II The Challenge for Development, Addis Ababa 1994.


�  “Ethiopia: Issues and Options in the Energy Sector”, July 1984 Joint UNDP/World Bank Energy Assessment Programme.


� Geographic Positioning System: Instrument that uses satellite information to obtain accurate ground location.


� This doe not include combinations of landcover types for which there are many.








�  Sheep and/or goats


� Poate C.D. and P. F. Daplyn (1993) “Data for Agrarian Development”. Cambridge University Press.


� This figure includes the 182 households surveyed in Oromiya Region as part of an exercise to re-survey Regions surveyed during 1st Phase.


� “Technical report of the Range Ecologist/Livestock Consultant”, Assistance to Land Use Planning Project (ETH/87/006), FAO/GOE, Addis Ababa.


� Much of this work is consolidated in the ILRI Pastoral Systems Study  “The Borana Plateau of Southern Ethiopia: Synthesis of Pastoral Research, Development and Change 1980-1991 by Dr. Layne Coppock, ILRI, 1994.


� Development of methodology for natural grazing lands survey, Consultant’s report to WBISPP, Ministry of Agriculture, Addis Ababa.





� Derived from Taylor, M.S. (1984) “Livestock Production and Feed Resources”, Assistance to Landuse Planning, FAO/LUPRD-MoA, Addis Ababa.


�  See Adje-Twum, (1987) Computerized Land Evaluation System: Vol II The Influence of Environmental Conditions on Plant Growth and Development.”ETH/82/010 and the six Land Evaluation Studies undertaken by FAO/LUPRD/MPOA between 1986 – 1989.


� From Pellew, R.A.  (1980) “The Production and Consumption of Acacia browse and its potential for animal protein production”, in “Browse in Africa”, edited by H.N. Le Houérou, ILCA, Addis Ababa.


� Radcliffe, D (1987) “Land Evaluation of the Hosaina Area, AG:DP/ETH/82/010: Field Document 22, Addis Ababa.





� A. Abate et al (1981) “Dry Matter, protein, Energy and Fibre Intake by Dairy heifers Grazing a .Rhodes Grass (Chloris Gayana) Pasture”, Animal Feed Science and Technology, 6 15-26.


� Abata et al  (op. cite) also recorded a weaker correlation between CP and effective rainfall.


� “improved” in this context means grass species that do not occur naturally or are not indigenous species.


� Until the 2001-2002 Agricultural Census the CSA only provided data at the Administrative Zone level.


� Neither did  the Project’s data.


� Where production objectives are well specified (e.g. maintenance plus energy requirements for lactation, draught power and walking to and from grazing areas.


� Coppock (1993) in “Range Ecology at Disequilibrium”, Ed. Roy H Behnke, Ian Scoons, and Carol Levin, ODI, IIED & Commonwealth Secretariat, London.


� Behnke et al (1993) ibid.


� “No Way to Live – A Study of the Afar Clans of the Northeast Rangelands”, Noel Cossins, LMB, 1972


� e.g. Molasses from Wenchi Sugar Factory


� Project Terms of Reference (1999).


�  Sheep and/or goats


� In fact the ENEC/CESEN Biomass Survey estimated the mean annual increment to be 224 million tons but reduced this to 62.4 million tons to represent the "sustainable" supply by using only 10% of yield plus 1.25% of stock to represent dead wood.


� Including Addis Ababa (estimated)


� Excluding supply from within Addis Ababa


� This ofcourse subtracts from the current standing stock and thus is not "sustainable".


� IT Power (1989) "Biomass Fuels Supply and Marketing Review for the Ethiopian Energy Authority". 


� In Oromiya, SNNP, and Gambella  Regions.


�  The ENEC/CESSEN survey used a highly clustered sample of households (236) over relatively few Farmers Associations (8 FAs) in 7 weredas in 4 Zones, whilst the Project sampled 559 households over 193 FA’s in 64 weredas in all 10 Zones


� 3 in towns <5000 inhabitants, 3 in towns of 5000-25,000, and 2 in towns of over 25,000.


� 3 towns: all over 25,000.


� Sutcliffe,J.P. “Land Degradation in the Ethiopian Highlands: A Case Study”. National Conservation Secretariat, Addis Ababa, 1993.


Bojo, J and D. Cassels, “Land Degradation and Rehabilitation in Ethiopia: A Re-assessment”. AFTES, World Bank, Washington DC, 1995.


� Amhara Region: A Strategic Plan for the Sustainable Development and Management of Woody Biomass Resources”, WBISPP January, 2002,


� Regretfully, much of this was done with little or no consultation with local communities. 


� Unless as a sideline to an existing enterprise: e.g. block-makers. 
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Table 3.1.  Weighted Averages of Woody Biomass Stock and Yields by Landcover Class







Landcover Type







Stock 







(tons/ha)







Yield 







(tons/ha)







Yield %







Standard 







deviation







Coeficient  







Variation %







Afro-alpine; Erica / Hypericum







0.90







0.0090







1.0%







0.40







44.44







Afro-alpine; Grassland / Moorland







1.20







0.0120







1.0%







0.50







41.67







Cultivated Land; Rainfed; Cereal Land Cover System; unstocked (woody pl)







1.78







0.1068







6.0%







6.66







374.16







Cultivated Land; Rainfed; Cereal Land Cover System; lightly stocked







2.14







0.1284







6.0%







6.87







321.03







Cultivated Land; Rainfed; Cereal Land Cover System; moderately stocked







2.47







0.1482







6.0%







7.24







293.12







Cultivated Land; Perennial crops; Enset/Root LC System; lightly stocked







7.00







0.3500







5.0%







14.00







200.00







Cultivated Land; Perennial crops; Enset/Root LC System; moderately stock







11.00







0.5500







5.0%







24.00







218.18







Cultivated Land; Shifting cultivation; lightly stocked







6.41







0.3205







5.0%







5.22







81.44







Cultivated Land; Shifting cultivation; moderately stocked







25.53







1.2765







5.0%







34.39







134.70







Cultivated Land; Irrigated







1.64







0.0984







6.0%







3.23







196.95







Cultivated Land; Other







1.77







0.0354







2.0%







4.54







256.50







Grassland; unstocked (woody plant)







1.27







0.0508







4.0%







5.18







407.87







Grassland; lightly stocked







2.67







0.1068







4.0%







6.37







238.58







Grassland; moderately stocked







7.11







0.2844







4.0%







11.51







161.88







Shrubland; Open (20-50% woody cover)







7.74







0.2709







3.5%







9.52







123.00







Shrubland; Dense (>50% woody cover)







10.11







0.3539







3.5%







14.62







144.61







Woodland; Open (20-50% tree cover)







7.48







0.1870







2.5%







11.98







160.16







Woodland; Dense (>50% tree cover)







17.90







0.4475







2.5%







18.26







102.01







Forest; Montane broadleaf; Open (20-50% crown cover)







65.48







2.9466







4.5%







60.32







92.12







Forest; Montane broadleaf; Dense (50-80% crown cover)







82.00







3.6900







4.5%







70.00







85.37







Forest; Montane broadleaf; Closed (>80% crown cover)







120.00







5.4000







4.5%







75.00







62.50







Forest; Montane mixed; Open (20-50% crown cover)







40.00







1.8000







4.5%







55.00







137.50







Forest; Montane mixed; Dense (50-80% crown cover)







75.00







3.3750







4.5%







65.00







86.67







Forest; Montane mixed; Closed (>80% crown cover)







91.92







4.1364







4.5%







43.26







47.06







Forest; Montane coniferous; Open (20-50% crown cover)







65.00







2.9250







4.5%







70.00







107.69







Forest; Montane coniferous; Dense (50-80% crown cover)







95.00







4.2750







4.5%







70.00







73.68







Forest; Montane coniferous; Closed (>80% crown cover)







140.00







6.3000







4.5%







65.00







46.43







Forest; Dry Juniperus "Woodland"; Open (20-50% crown cover)







45.00







0.6750







1.5%







45.00







100.00







Forest; Dry Juniperus "Woodland"; Dense (50-80% crown cover)







67.00







1.0050







1.5%







60.00







89.55







Forest; Dry Juniperus "Woodland"; Closed (>80% crown cover)







95.00







1.4250







1.5%







65.00







68.42







Forest; Lowland semi-evergreen; Open (20-50% crown cover)







45.00







2.0250







4.5%







55.00







122.22







Forest; Lowland semi-evergreen; Dense (50-80% crown cover)







73.00







3.2850







4.5%







65.00







89.04







Forest; Lowland semi-evergreen; Closed (>80% crown cover)







120.00







5.4000







4.5%







65.00







54.17







Forest; Riparian; Open (20-50% crown cover)







30.00







1.9500







6.5%







15.00







50.00







Forest; Riparian; Dense (50-80% crown cover)







70.00







4.5500







6.5%







65.00







92.86







Forest; Riparian; Closed (>80% crown cover)







90.00







5.8500







6.5%







60.00







66.67







Forest; Bamboo; Highland Bamboo; Open (20-50% crown cover)







40.00







2.0000







5.0%







22.00







55.00







Forest; Bamboo; Highland Bamboo; Dense (50-80% crown cover)







45.00







2.2500







5.0%







22.00







48.89







Forest; Bamboo; Highland Bamboo; Closed (>80% crown cover)







55.00







2.7500







5.0%







22.00







40.00







Forest; Bamboo; Lowland Bamboo; Open (20-50% crown cover)







12.00







0.6000







5.0%







7.00







58.33







Forest; Bamboo; Lowland Bamboo; Dense (50-80% crown cover)







15.00







0.7500







5.0%







8.00







53.33







Forest; Bamboo; Lowland Bamboo; Closed (>80% crown cover)







20.00







1.0000







5.0%







9.00







45.00







Forest; Plantation forest; Open (20-50% crown cover)







70.00







4.9000







7.0%







65.00







92.86







Forest; Plantation forest; Dense (50-80% crown cover)







101.00







7.0700







7.0%







65.00







64.36







Forest; Plantation forest; Closed (>80% crown cover)







151.00







10.5700







7.0%







65.00







43.05







Wetland; Open water







0.00







0.0000







0.0%







0.00







0.00







Wetland; Perennial Swamp / Marsh







3.94







0.1182







3.0%







8.06







204.57







Wetland; Seasonal Swamp / Marsh







2.89







0.0867







3.0%







6.49







224.57







Bareland; Exposed sand / soil







1.84







0.0368







2.0%







3.73







202.72







Bareland; Exposed rock







1.09







0.0109







1.0%







2.56







234.86







Bareland; Salt flats







0.50







0.0075







1.5%







0.90







180.00







Urban







1.20







0.0720







6.0%







1.01







84.17
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