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5 Land- Potential 
Knowledge 
System 
(LandPKS 

- Covers several indicators (soil, hydrologic 
function, human-induced impacts, and 
topography) 

- Is participatory 

- Allows for quick visualization of results 

- It is qualitative, and so 
results consistency is 
dependent on the 
assessor 

to improve land 
management through 
accessible, site-
specific data 
collection and 
analysis 

Threats include 
the challenge of 
integrating diverse 
knowledge 
sources and 
ensuring long-
term sustainability 

 

No Framework Strength Weakness Opportunities Threats 

1 Land 
Degradation 
Surveillance 
Framework 
(LDSF) 

- Covers several indicators (soil health, 
biodiversity, and vegetation cover) 

- Has a structured protocol ensures 
consistency across spatial and temporal 
scales,  

- Enables regular interval monitoring to 
ensure early detection of subtle changes  

- combines ground-based data with Earth 
observation (EO) datasets to improve 
spatial and temporal coverage 

- Has a  robust sampling design that 
ensures unbiased data collection across 
heterogeneous landscapes 

- The indicators used form the basis for 
evaluating restoration outcomes and 
planning further interventions 

- complex 

- It is costly to implement 

- needs technical 
expertise, which limits its 
widespread adoption in 
resource-constrained 
contexts 

need for further research 
into effective land 
management practices 
and the potential for high 
variability in data 
collection 

Its flexibility, low cost, 
and ability to be used 
by various 
stakeholders. 

It provides a 
standardized 
approach for 
monitoring land 
degradation trends 
and impacts of 
interventions. 

-Lack of technical 
capacity building 
and training for 
local communities 
and other 
stakeholders s a 
threat to use by 
the communities  

2 Interpreting 
Indicators of 
Rangeland 
Health (IIRH) 
framework 

- Covers several indicators (soil stability, 
hydrologic function, and biotic integrity) 

- comprehensively captures ecosystem 
health  

- fosters community engagement 

- It is subjective due to 
the qualitative 
assessments  

- Its dependency on 
skilled assessors 

-It provides a 
valuable tool for 
assessing and 
managing rangeland 
health, 

its potential 
limitations which 
is threat the 
limitation to use it 
in conjunction with 
other relevant 
information and 
perspectives 

4 Participatory 
Rangeland 
Management 
(PRM) 
framework 

- increased community ownership 

- improved management practices 

- conflict reduction 

- enhanced biodiversity conservation 

- demands substantial 
time investment in 
community capacity-
building and participatory 
processes 

- Once participants 
learn, they can train 
others. 

-Offers opportunity 
for increased 
community 
involvement and 
more sustainable 
resource 
management 

-It faces 
challenges like the 
need for strong 
local governance, 
potential conflicts, 
and the time and 
resources 
required for 
successful 
implementation.  

����������������������������
�����
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ensure water resource sustainability, prevents resource conflicts, and informs adaptive water management 
strategies, especially important in water-scarce rangeland environments (FAO, 2021). 

3.1.5 Socioeconomic Indicators 
Socioeconomic indicators offer insights into human-environment interactions and community resilience. 
Essential indicators include land tenure security, livelihood resilience, household income diversification, and 
vulnerability to environmental or economic shocks. Secure land tenure fosters sustainable land management 
by offering communities long-term incentives for resource conservation and investment in land restoration 
practices (Louhaichi et al., 2022). Livelihood resilience, assessed through indicators like income diversity, 
adaptive capacity to drought, and food security, helps gauge the effectiveness of rangeland management 
strategies and policies (Davies et al., 2016). Socioeconomic assessments must be participatory, integrating 
community perspectives to ensure relevance and effectiveness of interventions in promoting sustainable 
rangeland use and enhancing community wellbeing (FAO, 2021). 

3.2. Selected Indicators 
Table 2: Indicators for rangeland assessment (Allowing for Rapid at Geospatial and Community Level).      

Broad 
category 

Sub-category Characteristics What is measured Limitation Proposed Earth 
Observation 
datasets 

Conventional Indigenous and 
Traditional Knowledge 
(ITK) 

Ecological Vegetation 
 
- Annual 
- Perennial 
 
 
 
 
 
 

-Vegetation 
structure 
-Vegetation type 

 
 
Type 
cover 
Density 
Distribution 
Biodiversity 
 

- vegetation structure 
- forage/species 
preference score 
- Grazing potential 
- Milk quantity and 
quality (increasing or 
decreasing) 
- fattening cows (cow 
health) 
- Ecosystem services 
Indicator of water 
logged areas 

-Seasonality 
-Invasive 
plants 
- causing 
diseases/deat
h to animals 

Vegetation 
indicators e.g.      
Vegetation 
Condition Index 
(VCI) 
 
Normalized 
Difference 
Vegetation 
Index (NDVI) 

-Woody 
vegetation 
(shrubs, sub-
shrubs, trees) 
-Herbaceous 
vegetation 
 
 
 
 
 

 Soil  
 
- physical 
- chemical  
- biological 
 
 
 
 
 

Soil Health 
 
 
 
 
 
 
 

- infiltration capacity 
- soil pH 
- Soil fertility 
- Soil texture 
- Cumulative mass 
- SOC 
Soil litter/Organic 
matter 

 
- flooding prone 
- level of stoniness 
- soil compaction 
- soil cracking 
- soil preferences 
 
 
 
 

 Soil Moisture 
Active Passive 
(SMAP) 
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Surface 
stoniness 

- Observing surface 
stoniness 

- signs of erosion 
- rock outgrowth  
- surface stoniness 

Hydrology 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water quality 
and quantity 

- Depth  
- area/length 
- pH,  
- salinity  
- turbidity 

- water preferences by 
the livestock 
- distance to the water 
source 
- water level 
- length (time taken) of 
watering the animals 
- water life (observation 
of insects, amphibians, 
reptiles etc) 
- water table (plants, 
soils  etc.) 

- Standardized 
Precipitation 
Evaporation 
Index (SPEI)  
 
- Combined 
Drought Index 
(CDI) 
 
Climate Hazards 
Group InfraRed 
Precipitation with 
Station Data 
(CHIRPS) 

Water 
seasonality/avail
ability/accessibilit
y 

- Distance to water 
source 
- permanent or 
seasonal 

 
Water sources 
 
 
 
 

- boreholes 
- Dams 
- Streams/rivers 
- Lakes 
- Seas/ocean 

 
 
Socio-
economic 

Land tenure 
systems 
 
 
 
 
 

Land ownership/ 
security 
 
 
 
 
 

- tenure system 
- right of ownership, 
using and 
access/transiting 
through the land 
- management 
decision 
 

- Secure or insecure, 
why? 
 
- land use changes 
- conflicts 
 
 

-The 
challenge of 
engaging 
local 
communities 
in decision-
making 
promotes 
ownership 
and 
responsibility. 
 
- Challenge of 
raising 
awareness of 
the benefits of 
sustainable 
practices 

The level of 
Community 
engagement 
and educator 
on proper 
grazing 
techniques an 
land 
management   Livestock 

products 
Livestock 
productivity 
(milk, meat) 
 
Herds structure 
(livestock 
categories) 
 
Animal body 
condition 
 
Trend in change 
of herds/species 
 

 - Milk quantity and 
quality (increasing or 
decreasing) 
 
 
 
 
 
 
- fattening cows (cow 
health) 
 
 
- Number of different 
species  

 Rangeland 
Management 
practices 
 
 
 
 

 
Land use 
practices 
 
 
 
 
 
 

- Prescribed Fire 
(frequency and 
intensity) 
- Grazing (frequency 
and intensity) 
 
 

- whether they regulate 
burning 
- movement patterns 
- distance to the grazing 
land 
- planned seasonal 
grazing 
- availability of grazing 
reserves 

•-Limitation of 
establishing 
clear 
regulations 
and land 
tenure rights 
to incentivize 
sustainable 
management. 

Documenting of 
case studies on 
son on 
implementation 
of successful 
regulations and 
enforcement of 
restrictions on 
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2.2.2 Rangeland health monitoring using Earth Observation data in Cloud-based 
platforms, E.g. Google Earth Engine (GEE) 

The use of Earth Observation (EO) technologies has significantly advanced rangeland health and condition 
monitoring by providing consistent, large-scale, and temporally rich datasets. Satellite-derived indicators such 
as vegetation indices (e.g., NDVI, EVI), land surface temperature, and soil moisture are increasingly used to 
assess trends in rangeland productivity, degradation, and seasonal variability. These datasets enable 
researchers and land managers to detect early signs of overgrazing, drought stress, and land cover change 
across broad spatial extents. When combined with ground-based observations and traditional ecological 
knowledge, EO data supports more robust and evidence-based rangeland management strategies (Boone 
et al., 2018; Bastin et al., 2017) Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Graphical User Interface of the Rangeland monitoring Tool ((Adopted from IGAD, 2024) 

Cloud-based platforms like Google Earth Engine (GEE) facilitate near real-time analysis and visualization of 
rangeland dynamics, enabling users to monitor vegetation conditions, assess biomass variability, and map 
land degradation hotspots over time (Gorelick et al., 2017). Moreover, GEE’s capacity for integrating multi-
source datasets, including Landsat, MODIS, Sentinel, and climate reanalysis products—enhances its 

  

View Time series  

 Step 1 

 
Step 2 

RUN the 
  Step 3 

 
Step 5: Observe trend  

 

Step 4: Visualize the Map  

24



�������������������������
������
	���	������		�����������������	�	��������������

���������������������������
����������
��	��	���
���������������	���������������	���
������	��������������	������	����	����	��������	����	�������������	��������������	�
��	�����	��������������������������������	��������	������������	�
������������������
�
���������������������������������
�������������������	�������	�������������������������
�	�����	�� �	�������­�������	��	�����	�������������	�����������������	
�	��������
����������	��	�����������������	�����������������	�����	�������	����	���������������
�����������
�����
�������	�
�������
�������������
�����	����	�������
���	�����	��
��������	��
������
	�������	���­�����

25



��� ���������������������������������������

���������������������������������������������������
��������������
���������	���������������
�����
���������������	�
��
�������������������	���	�������������������������	������������������������
�������������	�����

����� ��������������������
�� � �� ­�����������������������
���
­�����������������������
��������������	�������������������������������	�������������������������
����	���	����� ���� ����	���������
���� �������� �������������������	��	�� �������
�	���������������
­�������������������­���������������������������		�������������������������������
��������
����
���� ����������� ����������� ������������� �������� ������������ ������� ����� 	����� 	���������� ������
��� �����
��������­�����	���������	�������
�	�
�����������������������������������	���������
�	��������������
��������������������������
���������������	�����������������������������	������
	��������������
�����������
������
�	��������������������������
�����������������������	���
��������� ��������������������
�������

������������������������	���������������������� �����
����
���������
�����
���������������������������	���������

�� ������	����	���

�� ���������������
������������� ����������� ���	���� ������
�	���������� ����	��������� �����	������������
�����������
�������������������������������������������	���������������������
���	��������������������
��������
�������������������������	���
����������������������������������������
����	�������������
�
����	����������������������������������������	����������������������������	����������������������
���	����������������������	���
����������������
���������	�����	���	��������������	�������������
	������

�����������������������	��������������	����������������
���������������������	�����������
����	���
������
���������������
�����������������	���
���������������������	��������������
������������������������	����������������������������������������������������	����� ���

�� ������������������
����������	���	��������������	����������������	��������	���������������	�����	��������������������	�������
�������	�	���	�����������������������
������������������	����������������������������������������	�

��������������������������������������	�
�������������������������������������	�
����������������
�������	������
���������������	��	��������������
���������	���	��������������
�����
�����
����
����
������� 
����� ����������� ������������ ����� ��� 
����������
����� ���� �������� �������

���������������	���������������
�����������������������	���	������������������������������������
�������	��������������	���
��������������������������������	����������
������������������������	�����
��������� ��������� ����	������ ���� �����
�� ��������� 
����� 
�����
���� ������������ �������		��
�
�����������
�����������������	�����������
�������������� ��

�� �������������
�������������
����������
��� ���������������� ��������� �������
����������
���� �������������������

������
����	������� ��������	� ����������� ���	���� 	���� ������� ���������� 	���	������ ����	������� �������	��
����
�������������������������	������	��������������
����	���������
������������������	����

26



������� �������������������� ���������������������������
����������� ���������� ��
�������� ����
������
��
�����������������������������������������������
��
��
���	������
�������������������������
�������������
������������������������
�������������
������������������
�����
�
�
����������������
�����������
����������
���������������
������������������������������������������������
����

����	������������������������
���
�����
���������������������
����
�
�������������������
�����
�����
���
�
�����������������������
���������
�����������������������������
���������������������
�����������������������
����
�������������������	� ­��������

����� �������������������

16 

ensure water resource sustainability, prevents resource conflicts, and informs adaptive water management 
strategies, especially important in water-scarce rangeland environments (FAO, 2021). 

3.1.5 Socioeconomic Indicators 
Socioeconomic indicators offer insights into human-environment interactions and community resilience. 
Essential indicators include land tenure security, livelihood resilience, household income diversification, and 
vulnerability to environmental or economic shocks. Secure land tenure fosters sustainable land management 
by offering communities long-term incentives for resource conservation and investment in land restoration 
practices (Louhaichi et al., 2022). Livelihood resilience, assessed through indicators like income diversity, 
adaptive capacity to drought, and food security, helps gauge the effectiveness of rangeland management 
strategies and policies (Davies et al., 2016). Socioeconomic assessments must be participatory, integrating 
community perspectives to ensure relevance and effectiveness of interventions in promoting sustainable 
rangeland use and enhancing community wellbeing (FAO, 2021). 

3.2. Selected Indicators 
Table 2: Indicators for rangeland assessment (Allowing for Rapid at Geospatial and Community Level).      

Broad 
category 

Sub-category Characteristics What is measured Limitation Proposed Earth 
Observation 
datasets 

Conventional Indigenous and 
Traditional Knowledge 
(ITK) 

Ecological Vegetation 
 
- Annual 
- Perennial 
 
 
 
 
 
 

-Vegetation 
structure 
-Vegetation type 

 
 
Type 
cover 
Density 
Distribution 
Biodiversity 
 

- vegetation structure 
- forage/species 
preference score 
- Grazing potential 
- Milk quantity and 
quality (increasing or 
decreasing) 
- fattening cows (cow 
health) 
- Ecosystem services 
Indicator of water 
logged areas 

-Seasonality 
-Invasive 
plants 
- causing 
diseases/deat
h to animals 

Vegetation 
indicators e.g.      
Vegetation 
Condition Index 
(VCI) 
 
Normalized 
Difference 
Vegetation 
Index (NDVI) 

-Woody 
vegetation 
(shrubs, sub-
shrubs, trees) 
-Herbaceous 
vegetation 
 
 
 
 
 

 Soil  
 
- physical 
- chemical  
- biological 
 
 
 
 
 

Soil Health 
 
 
 
 
 
 
 

- infiltration capacity 
- soil pH 
- Soil fertility 
- Soil texture 
- Cumulative mass 
- SOC 
Soil litter/Organic 
matter 

 
- flooding prone 
- level of stoniness 
- soil compaction 
- soil cracking 
- soil preferences 
 
 
 
 

 Soil Moisture 
Active Passive 
(SMAP) 
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Surface 
stoniness 

- Observing surface 
stoniness 

- signs of erosion 
- rock outgrowth  
- surface stoniness 

Hydrology 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water quality 
and quantity 

- Depth  
- area/length 
- pH,  
- salinity  
- turbidity 

- water preferences by 
the livestock 
- distance to the water 
source 
- water level 
- length (time taken) of 
watering the animals 
- water life (observation 
of insects, amphibians, 
reptiles etc) 
- water table (plants, 
soils  etc.) 

- Standardized 
Precipitation 
Evaporation 
Index (SPEI)  
 
- Combined 
Drought Index 
(CDI) 
 
Climate Hazards 
Group InfraRed 
Precipitation with 
Station Data 
(CHIRPS) 

Water 
seasonality/avail
ability/accessibilit
y 

- Distance to water 
source 
- permanent or 
seasonal 

 
Water sources 
 
 
 
 

- boreholes 
- Dams 
- Streams/rivers 
- Lakes 
- Seas/ocean 

 
 
Socio-
economic 

Land tenure 
systems 
 
 
 
 
 

Land ownership/ 
security 
 
 
 
 
 

- tenure system 
- right of ownership, 
using and 
access/transiting 
through the land 
- management 
decision 
 

- Secure or insecure, 
why? 
 
- land use changes 
- conflicts 
 
 

-The 
challenge of 
engaging 
local 
communities 
in decision-
making 
promotes 
ownership 
and 
responsibility. 
 
- Challenge of 
raising 
awareness of 
the benefits of 
sustainable 
practices 

The level of 
Community 
engagement 
and educator 
on proper 
grazing 
techniques an 
land 
management   Livestock 

products 
Livestock 
productivity 
(milk, meat) 
 
Herds structure 
(livestock 
categories) 
 
Animal body 
condition 
 
Trend in change 
of herds/species 
 

 - Milk quantity and 
quality (increasing or 
decreasing) 
 
 
 
 
 
 
- fattening cows (cow 
health) 
 
 
- Number of different 
species  

 Rangeland 
Management 
practices 
 
 
 
 

 
Land use 
practices 
 
 
 
 
 
 

- Prescribed Fire 
(frequency and 
intensity) 
- Grazing (frequency 
and intensity) 
 
 

- whether they regulate 
burning 
- movement patterns 
- distance to the grazing 
land 
- planned seasonal 
grazing 
- availability of grazing 
reserves 

•-Limitation of 
establishing 
clear 
regulations 
and land 
tenure rights 
to incentivize 
sustainable 
management. 

Documenting of 
case studies on 
son on 
implementation 
of successful 
regulations and 
enforcement of 
restrictions on 
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Surface 
stoniness 

- Observing surface 
stoniness 

- signs of erosion 
- rock outgrowth  
- surface stoniness 

Hydrology 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water quality 
and quantity 

- Depth  
- area/length 
- pH,  
- salinity  
- turbidity 

- water preferences by 
the livestock 
- distance to the water 
source 
- water level 
- length (time taken) of 
watering the animals 
- water life (observation 
of insects, amphibians, 
reptiles etc) 
- water table (plants, 
soils  etc.) 

- Standardized 
Precipitation 
Evaporation 
Index (SPEI)  
 
- Combined 
Drought Index 
(CDI) 
 
Climate Hazards 
Group InfraRed 
Precipitation with 
Station Data 
(CHIRPS) 

Water 
seasonality/avail
ability/accessibilit
y 

- Distance to water 
source 
- permanent or 
seasonal 

 
Water sources 
 
 
 
 

- boreholes 
- Dams 
- Streams/rivers 
- Lakes 
- Seas/ocean 

 
 
Socio-
economic 

Land tenure 
systems 
 
 
 
 
 

Land ownership/ 
security 
 
 
 
 
 

- tenure system 
- right of ownership, 
using and 
access/transiting 
through the land 
- management 
decision 
 

- Secure or insecure, 
why? 
 
- land use changes 
- conflicts 
 
 

-The 
challenge of 
engaging 
local 
communities 
in decision-
making 
promotes 
ownership 
and 
responsibility. 
 
- Challenge of 
raising 
awareness of 
the benefits of 
sustainable 
practices 

The level of 
Community 
engagement 
and educator 
on proper 
grazing 
techniques an 
land 
management   Livestock 

products 
Livestock 
productivity 
(milk, meat) 
 
Herds structure 
(livestock 
categories) 
 
Animal body 
condition 
 
Trend in change 
of herds/species 
 

 - Milk quantity and 
quality (increasing or 
decreasing) 
 
 
 
 
 
 
- fattening cows (cow 
health) 
 
 
- Number of different 
species  

 Rangeland 
Management 
practices 
 
 
 
 

 
Land use 
practices 
 
 
 
 
 
 

- Prescribed Fire 
(frequency and 
intensity) 
- Grazing (frequency 
and intensity) 
 
 

- whether they regulate 
burning 
- movement patterns 
- distance to the grazing 
land 
- planned seasonal 
grazing 
- availability of grazing 
reserves 

•-Limitation of 
establishing 
clear 
regulations 
and land 
tenure rights 
to incentivize 
sustainable 
management. 

Documenting of 
case studies on 
son on 
implementation 
of successful 
regulations and 
enforcement of 
restrictions on 
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- herds splitting 
- Purpose of burning 
(e.g. clearing the bush 
Killing ticks) 
- Ability to supplement 
with crop residues 
 

-Without 
proper legal 
structures, 
sustainable 
management 
practices are 
difficult to 
enforce, and 
resources 
may be 
exploited 
unsustainably 
- Enforcing 
restrictions on 
overgrazing 
and 
uncontrolled 
access to 
rangelands. 

overgrazing 
cases. 

 

4. Measurements/datasets (data collection protocol) 
4.1. Guiding Principles 
Effective rangeland health monitoring necessitates the implementation of clear, well-structured data 
collection protocols that are both scientifically rigorous and participatory. These protocols should be 
adaptable to the diverse ecological zones and sociocultural contexts within the IGAD region, accommodating 
changing environmental conditions such as climate variability and land-use pressures. Emphasizing 
inclusivity by integrating local communities, particularly pastoralists and Agro-pastoralists, as key contributors 
in the design, implementation, and evaluation of monitoring activities ensures relevance, builds local capacity, 
and fosters ownership and sustainability (IGAD Center for Pastoral Areas and Livestock Development 
[ICPALD], 2024). Moreover, adopting a multi-scale and multi-temporal approach—spanning plot to landscape 
levels and covering seasonal to long-term trends—is essential to capturing the dynamic nature of rangelands 
(Pellant et al., 2020). 

4.2. Field Methodology 
The methods used in this study integrated indigenous knowledge, expert knowledge, and field ecological 
observations for developing indicators and tools for long-term monitoring of rangeland health.  Traditional or 
indigenous knowledge plays a crucial role in how pastoralist communities manage their pastures and 
livestock in the face of climate change. They use this deep understanding of their local environment to adapt 
e.g. of seasonal variations in pasture availability, water sources, and animal behavior, to make informed 
decisions regarding grazing patterns and livestock selection, thus enhancing their resilience to climate 
fluctuations (Singh et all., 2020). Actions often include practices like rotational grazing, monitoring key plant 
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2.2.2 Rangeland health monitoring using Earth Observation data in Cloud-based 
platforms, E.g. Google Earth Engine (GEE) 

The use of Earth Observation (EO) technologies has significantly advanced rangeland health and condition 
monitoring by providing consistent, large-scale, and temporally rich datasets. Satellite-derived indicators such 
as vegetation indices (e.g., NDVI, EVI), land surface temperature, and soil moisture are increasingly used to 
assess trends in rangeland productivity, degradation, and seasonal variability. These datasets enable 
researchers and land managers to detect early signs of overgrazing, drought stress, and land cover change 
across broad spatial extents. When combined with ground-based observations and traditional ecological 
knowledge, EO data supports more robust and evidence-based rangeland management strategies (Boone 
et al., 2018; Bastin et al., 2017) Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Graphical User Interface of the Rangeland monitoring Tool ((Adopted from IGAD, 2024) 

Cloud-based platforms like Google Earth Engine (GEE) facilitate near real-time analysis and visualization of 
rangeland dynamics, enabling users to monitor vegetation conditions, assess biomass variability, and map 
land degradation hotspots over time (Gorelick et al., 2017). Moreover, GEE’s capacity for integrating multi-
source datasets, including Landsat, MODIS, Sentinel, and climate reanalysis products—enhances its 
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The responses to the key challenges faced while using the health monitoring tools are shown in Figure 38. 
The main challenges included inadequate resources, lack of trained personnel, poor data management, 
insufficient data coverage or gaps, limited access to remote sensing data, and lack of community 
participation. Of the existing indicators, the most useful for monitoring rangeland health were mentioned to 
be vegetation cover and diversity, livestock health and conditions, grazing pressure, soil erosion rates, soil 
fertility, and water availability (Figure 33). Others included invasive species and fire occurrence.  

The field experts suggested that the variables that are considered very crucial for long-term monitoring of 
rangeland health in decreasing levels included vegetation growth rate and seasonal patterns, biodiversity 
index, water table levels, climate variability, traditional knowledge, and rangeland management (Figure 2). 
Others were soil compaction, livestock grazing pattern, soil organic matter, and ground cover.  

 

For effective monitoring of these variables for long-term rangeland health management, many of the experts 
suggested that the monitoring be done quarterly, followed by biannually, and then seasonally.  Accordingly, 
the best methods of measuring effective indicators are field surveys focusing on vegetation and soil sampling, 
and local community surveys (Figure 3). Other approaches suggested included participatory monitoring 
approaches, and remote sensing (igure 4). 
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Figure 1: The various indicators and tools currently used by key rangeland workers in the region to assess 
rangeland health status 

   

Figure 2: Key challenges faced while using the various tools for monitoring rangeland health. 
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Indicator/tool used Details and explanations in the use of the indicator 

Vegetation /biomass cover-
related indicators. 

 Grass quality changes, - Good and healthy grass availability as an 
indicator. When the grass is healthy it is green. The color of the grass 
when it changes from green to yellow is used as an indicator of grass 
quality. 

 Grass cover of the ground/soil. The level of grass cover indicated the 
level weather – sparse and dense on the ground. This is related to soil 
erosion. 

 Presence of invasive plant species that are not palatable to the 
livestock. E.g. Some Acacia plants species which smell bad to the 
livestock. 

 The quantity and quality of milk produced by the animals are used to 
show the status of the grass, i.e. if it is exhausted or not. 

 Grazing pressure, observation of the quality of grass/pasture. The 
presence of plants that are poisonous and avoided by the animals. 

 

 

Weather condition 
indicators 

 High heat or hot temperatures which lead to heat waves make the 
animals die of heat stress. 

 The performance of rituals to appease the god to give rain promptly is 
done when there is a delayed rainfall.  

 

Soil conditions 
 Soil status exhibited using erosion, deep gullies, good water retention 

capacity, etc. Soil erosion was associated with land degradation 

 

 

Water resources 
availability 

 Sufficient water availability for livestock. 
 Water levels in the ponds, valley dams, and rivers. 
 Water levels in the constructed boreholes -when it takes longer for 

water to yield when pumped manually- time taken for water to start 
coming out is an indicator that there is a reduced water level in the 
below-ground water table level. 

 Color of open surface water. Green color indicates bad water source 
which may poison the animals. 
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Surface 
stoniness 

- Observing surface 
stoniness 

- signs of erosion 
- rock outgrowth  
- surface stoniness 

Hydrology 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water quality 
and quantity 

- Depth  
- area/length 
- pH,  
- salinity  
- turbidity 

- water preferences by 
the livestock 
- distance to the water 
source 
- water level 
- length (time taken) of 
watering the animals 
- water life (observation 
of insects, amphibians, 
reptiles etc) 
- water table (plants, 
soils  etc.) 

- Standardized 
Precipitation 
Evaporation 
Index (SPEI)  
 
- Combined 
Drought Index 
(CDI) 
 
Climate Hazards 
Group InfraRed 
Precipitation with 
Station Data 
(CHIRPS) 

Water 
seasonality/avail
ability/accessibilit
y 

- Distance to water 
source 
- permanent or 
seasonal 

 
Water sources 
 
 
 
 

- boreholes 
- Dams 
- Streams/rivers 
- Lakes 
- Seas/ocean 

 
 
Socio-
economic 

Land tenure 
systems 
 
 
 
 
 

Land ownership/ 
security 
 
 
 
 
 

- tenure system 
- right of ownership, 
using and 
access/transiting 
through the land 
- management 
decision 
 

- Secure or insecure, 
why? 
 
- land use changes 
- conflicts 
 
 

-The 
challenge of 
engaging 
local 
communities 
in decision-
making 
promotes 
ownership 
and 
responsibility. 
 
- Challenge of 
raising 
awareness of 
the benefits of 
sustainable 
practices 

The level of 
Community 
engagement 
and educator 
on proper 
grazing 
techniques an 
land 
management   Livestock 

products 
Livestock 
productivity 
(milk, meat) 
 
Herds structure 
(livestock 
categories) 
 
Animal body 
condition 
 
Trend in change 
of herds/species 
 

 - Milk quantity and 
quality (increasing or 
decreasing) 
 
 
 
 
 
 
- fattening cows (cow 
health) 
 
 
- Number of different 
species  

 Rangeland 
Management 
practices 
 
 
 
 

 
Land use 
practices 
 
 
 
 
 
 

- Prescribed Fire 
(frequency and 
intensity) 
- Grazing (frequency 
and intensity) 
 
 

- whether they regulate 
burning 
- movement patterns 
- distance to the grazing 
land 
- planned seasonal 
grazing 
- availability of grazing 
reserves 

•-Limitation of 
establishing 
clear 
regulations 
and land 
tenure rights 
to incentivize 
sustainable 
management. 

Documenting of 
case studies on 
son on 
implementation 
of successful 
regulations and 
enforcement of 
restrictions on 

 

 

 

 

 

 

Health conditions of 
livestock 

 When cows /female animals start getting abortions, the sudden death 
of animals also triggers the signs of bad omen and rangeland 
conditions.  

 Presence of some parasites in the area which leads to sudden death 
of the animals, especially the foot and mouth diseases.  

 When the liver of the animal expands and becomes swollen. The 
intestines of the animals may also be affected. 

 Observations of animal body conditions can be used to check the 
rangeland conditions. 

 Where there are more parasite ticks, which bring diseases the herders 
keep moving to avoid infestation and disease outbreaks. 

 Presence of some parasites carrying vectors in the area. For example, 
the presence of ticks and tsetse flies in an area.  

 Animal body conditions and shape can be used to check the 
rangeland conditions. 

  
 Wild animal interaction with livestock can result in disease outbreaks. 

 

 

 

 

Quality of biodiversity 

 The variety of wild plants and animals in the area constitute 
biodiversity. The high population of biodiversity consisting of wild 
animals and plants in an area is a good indicator of good quality 
rangeland. 

 The presence of termites in which they are active is also an indicator 
of the near future weather conditions. Some termites destroy plants 
around the area. 

 The population of wild animals in an area e.g. rats in the bush, if many 
means the rain will come early in the next season. 
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- herds splitting 
- Purpose of burning 
(e.g. clearing the bush 
Killing ticks) 
- Ability to supplement 
with crop residues 
 

-Without 
proper legal 
structures, 
sustainable 
management 
practices are 
difficult to 
enforce, and 
resources 
may be 
exploited 
unsustainably 
- Enforcing 
restrictions on 
overgrazing 
and 
uncontrolled 
access to 
rangelands. 

overgrazing 
cases. 

 

4. Measurements/datasets (data collection protocol) 
4.1. Guiding Principles 
Effective rangeland health monitoring necessitates the implementation of clear, well-structured data 
collection protocols that are both scientifically rigorous and participatory. These protocols should be 
adaptable to the diverse ecological zones and sociocultural contexts within the IGAD region, accommodating 
changing environmental conditions such as climate variability and land-use pressures. Emphasizing 
inclusivity by integrating local communities, particularly pastoralists and Agro-pastoralists, as key contributors 
in the design, implementation, and evaluation of monitoring activities ensures relevance, builds local capacity, 
and fosters ownership and sustainability (IGAD Center for Pastoral Areas and Livestock Development 
[ICPALD], 2024). Moreover, adopting a multi-scale and multi-temporal approach—spanning plot to landscape 
levels and covering seasonal to long-term trends—is essential to capturing the dynamic nature of rangelands 
(Pellant et al., 2020). 

4.2. Field Methodology 
The methods used in this study integrated indigenous knowledge, expert knowledge, and field ecological 
observations for developing indicators and tools for long-term monitoring of rangeland health.  Traditional or 
indigenous knowledge plays a crucial role in how pastoralist communities manage their pastures and 
livestock in the face of climate change. They use this deep understanding of their local environment to adapt 
e.g. of seasonal variations in pasture availability, water sources, and animal behavior, to make informed 
decisions regarding grazing patterns and livestock selection, thus enhancing their resilience to climate 
fluctuations (Singh et all., 2020). Actions often include practices like rotational grazing, monitoring key plant 
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The responses to the key challenges faced while using the health monitoring tools are shown in Figure 38. 
The main challenges included inadequate resources, lack of trained personnel, poor data management, 
insufficient data coverage or gaps, limited access to remote sensing data, and lack of community 
participation. Of the existing indicators, the most useful for monitoring rangeland health were mentioned to 
be vegetation cover and diversity, livestock health and conditions, grazing pressure, soil erosion rates, soil 
fertility, and water availability (Figure 33). Others included invasive species and fire occurrence.  

The field experts suggested that the variables that are considered very crucial for long-term monitoring of 
rangeland health in decreasing levels included vegetation growth rate and seasonal patterns, biodiversity 
index, water table levels, climate variability, traditional knowledge, and rangeland management (Figure 2). 
Others were soil compaction, livestock grazing pattern, soil organic matter, and ground cover.  

 

For effective monitoring of these variables for long-term rangeland health management, many of the experts 
suggested that the monitoring be done quarterly, followed by biannually, and then seasonally.  Accordingly, 
the best methods of measuring effective indicators are field surveys focusing on vegetation and soil sampling, 
and local community surveys (Figure 3). Other approaches suggested included participatory monitoring 
approaches, and remote sensing (igure 4). 
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Figure 1: The various indicators and tools currently used by key rangeland workers in the region to assess 
rangeland health status 

   

Figure 2: Key challenges faced while using the various tools for monitoring rangeland health. 
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The responses to the key challenges faced while using the health monitoring tools are shown in Figure 38. 
The main challenges included inadequate resources, lack of trained personnel, poor data management, 
insufficient data coverage or gaps, limited access to remote sensing data, and lack of community 
participation. Of the existing indicators, the most useful for monitoring rangeland health were mentioned to 
be vegetation cover and diversity, livestock health and conditions, grazing pressure, soil erosion rates, soil 
fertility, and water availability (Figure 33). Others included invasive species and fire occurrence.  

The field experts suggested that the variables that are considered very crucial for long-term monitoring of 
rangeland health in decreasing levels included vegetation growth rate and seasonal patterns, biodiversity 
index, water table levels, climate variability, traditional knowledge, and rangeland management (Figure 2). 
Others were soil compaction, livestock grazing pattern, soil organic matter, and ground cover.  

 

For effective monitoring of these variables for long-term rangeland health management, many of the experts 
suggested that the monitoring be done quarterly, followed by biannually, and then seasonally.  Accordingly, 
the best methods of measuring effective indicators are field surveys focusing on vegetation and soil sampling, 
and local community surveys (Figure 3). Other approaches suggested included participatory monitoring 
approaches, and remote sensing (igure 4). 
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Figure 1: The various indicators and tools currently used by key rangeland workers in the region to assess 
rangeland health status 

   

Figure 2: Key challenges faced while using the various tools for monitoring rangeland health. 
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The responses to the key challenges faced while using the health monitoring tools are shown in Figure 38. 
The main challenges included inadequate resources, lack of trained personnel, poor data management, 
insufficient data coverage or gaps, limited access to remote sensing data, and lack of community 
participation. Of the existing indicators, the most useful for monitoring rangeland health were mentioned to 
be vegetation cover and diversity, livestock health and conditions, grazing pressure, soil erosion rates, soil 
fertility, and water availability (Figure 33). Others included invasive species and fire occurrence.  

The field experts suggested that the variables that are considered very crucial for long-term monitoring of 
rangeland health in decreasing levels included vegetation growth rate and seasonal patterns, biodiversity 
index, water table levels, climate variability, traditional knowledge, and rangeland management (Figure 2). 
Others were soil compaction, livestock grazing pattern, soil organic matter, and ground cover.  

 

For effective monitoring of these variables for long-term rangeland health management, many of the experts 
suggested that the monitoring be done quarterly, followed by biannually, and then seasonally.  Accordingly, 
the best methods of measuring effective indicators are field surveys focusing on vegetation and soil sampling, 
and local community surveys (Figure 3). Other approaches suggested included participatory monitoring 
approaches, and remote sensing (igure 4). 
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Figure 1: The various indicators and tools currently used by key rangeland workers in the region to assess 
rangeland health status 

   

Figure 2: Key challenges faced while using the various tools for monitoring rangeland health. 
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The responses to the key challenges faced while using the health monitoring tools are shown in Figure 38. 
The main challenges included inadequate resources, lack of trained personnel, poor data management, 
insufficient data coverage or gaps, limited access to remote sensing data, and lack of community 
participation. Of the existing indicators, the most useful for monitoring rangeland health were mentioned to 
be vegetation cover and diversity, livestock health and conditions, grazing pressure, soil erosion rates, soil 
fertility, and water availability (Figure 33). Others included invasive species and fire occurrence.  

The field experts suggested that the variables that are considered very crucial for long-term monitoring of 
rangeland health in decreasing levels included vegetation growth rate and seasonal patterns, biodiversity 
index, water table levels, climate variability, traditional knowledge, and rangeland management (Figure 2). 
Others were soil compaction, livestock grazing pattern, soil organic matter, and ground cover.  

 

For effective monitoring of these variables for long-term rangeland health management, many of the experts 
suggested that the monitoring be done quarterly, followed by biannually, and then seasonally.  Accordingly, 
the best methods of measuring effective indicators are field surveys focusing on vegetation and soil sampling, 
and local community surveys (Figure 3). Other approaches suggested included participatory monitoring 
approaches, and remote sensing (igure 4). 
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Figure 1: The various indicators and tools currently used by key rangeland workers in the region to assess 
rangeland health status 

   

Figure 2: Key challenges faced while using the various tools for monitoring rangeland health. 
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The responses to the key challenges faced while using the health monitoring tools are shown in Figure 38. 
The main challenges included inadequate resources, lack of trained personnel, poor data management, 
insufficient data coverage or gaps, limited access to remote sensing data, and lack of community 
participation. Of the existing indicators, the most useful for monitoring rangeland health were mentioned to 
be vegetation cover and diversity, livestock health and conditions, grazing pressure, soil erosion rates, soil 
fertility, and water availability (Figure 33). Others included invasive species and fire occurrence.  

The field experts suggested that the variables that are considered very crucial for long-term monitoring of 
rangeland health in decreasing levels included vegetation growth rate and seasonal patterns, biodiversity 
index, water table levels, climate variability, traditional knowledge, and rangeland management (Figure 2). 
Others were soil compaction, livestock grazing pattern, soil organic matter, and ground cover.  

 

For effective monitoring of these variables for long-term rangeland health management, many of the experts 
suggested that the monitoring be done quarterly, followed by biannually, and then seasonally.  Accordingly, 
the best methods of measuring effective indicators are field surveys focusing on vegetation and soil sampling, 
and local community surveys (Figure 3). Other approaches suggested included participatory monitoring 
approaches, and remote sensing (igure 4). 

   
F
i
g
u
r
e  
S
E
Q 
F
i
g
u
r
e 
\
* 
A
R
A
B
I
C 
3
7
: 
T
o
o
l
s 
a
n
d 
i
n
d
i
c
a
t
o
r
s 
a
r
e 
u
s
e
d 
t
o 

Figure 1: The various indicators and tools currently used by key rangeland workers in the region to assess 
rangeland health status 

   

Figure 2: Key challenges faced while using the various tools for monitoring rangeland health. 
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-fr
ien

dly
, e

na
bli

ng
 la

nd
 m

an
ag

er
s, 

re
sto

ra
tio

n 
pr

ac
titi

on
er

s, 
an

d 
po

lic
ym

ak
er

s 
to 

ma
ke

 
inf

or
me

d d
ec

isi
on

s r
eg

ar
din

g r
an

ge
lan

d m
an

ag
em

en
t a

nd
 re

sto
ra

tio
n s

tra
teg

ies
. 

In 
Af

ric
an

 c
on

tex
ts,

 to
ols

 lik
e 

RA
RE

 h
av

e 
be

en
 in

str
um

en
tal

 in
 g

uid
ing

 ra
ng

ela
nd

 re
sto

ra
tio

n 
ini

tia
tiv

es
. F

or
 in

sta
nc

e, 
in 

Tu
nis

ia,
 th

e 
im

ple
me

nta
tio

n 
of 

su
sta

ina
ble

 r
an

ge
lan

d  
ma

na
ge

me
nt 

too
lki

ts 
ha

s 
tra

ns
for

me
d 

re
sto

ra
tio

n 
pr

oc
es

se
s 

by
 

int
eg

ra
tin

g i
nd

ige
no

us
 kn

ow
led

ge
 w

ith
 sc

ien
tifi

c m
eth

od
olo

gie
s. 

Si
mi

lar
ly,

 in
 S

ou
th 

Af
ric

a's
 N

am
aq

ua
lan

d r
eg

ion
, p

ar
tic

ipa
tor

y 
re

sto
ra

tio
n 

tria
ls 

ha
ve

 b
ee

n 
co

nd
uc

ted
 to

 e
va

lua
te 

the
 e

ffic
ien

cy
 a

nd
 e

ffe
cti

ve
ne

ss
 o

f r
an

ge
lan

d 
re

sto
ra

tio
n, 

ad
dr

es
sin

g 
ch

all
en

ge
s s

uc
h a

s o
ve

rg
ra

zin
g a

nd
 la

nd
 de

gr
ad

ati
on

. 
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 Pa
rtic

ipa
tor

y R
an

ge
lan

d 
Ma

na
ge

me
nt 

(P
RM

) T
oo

lki
t 

Th
e 

Pa
rtic

ipa
tor

y R
an

ge
lan

d 
Ma

na
ge

me
nt 

(P
RM

) T
oo

lki
t is

 a
 st

ru
ctu

re
d, 

co
mm

un
ity

-le
d 

ap
pr

oa
ch

 d
ev

elo
pe

d 
to 

str
en

gth
en

 
loc

al 
go

ve
rn

an
ce

 a
nd

 im
pr

ov
e 

the
 s

us
tai

na
ble

 u
se

 o
f r

an
ge

lan
ds

. I
t w

as
 c

re
ate

d 
thr

ou
gh

 c
oll

ab
or

ati
on

s 
inv

olv
ing

 IL
RI

, 
RE

CO
NC

ILE
, C

AR
E 

Int
er

na
tio

na
l, a

nd
 th

e R
an

ge
lan

ds
 In

itia
tiv

e o
f th

e I
nte

rn
ati

on
al 

La
nd

 C
oa

liti
on

. T
he

 to
olk

it p
ro

vid
es

 st
ep

-
by

-st
ep

 gu
ida

nc
e f

or
 co

mm
un

itie
s a

nd
 fa

cil
ita

tor
s t

o e
ng

ag
e i

n i
nc

lus
ive

 ra
ng

ela
nd

 pl
an

nin
g, 

ma
pp

ing
, re

so
ur

ce
 as

se
ss

me
nt,

 
an

d t
he

 es
tab

lis
hm

en
t o

f g
ra

zin
g a

gr
ee

me
nts

. 

At
 th

e h
ea

rt 
of 

PR
M 

is 
the

 pr
inc

ipl
e o

f e
mp

ow
er

ing
 pa

sto
ra

lis
t c

om
mu

nit
ies

 to
 ta

ke
 ch

ar
ge

 of
 th

eir
 ra

ng
ela

nd
 re

so
ur

ce
s. 

Th
e 

pr
oc

es
s b

uil
ds

 lo
ca

l c
ap

ac
ity

 to
 ne

go
tia

te 
lan

d u
se

, re
so

lve
 co

nfl
ict

s, 
an

d i
mp

lem
en

t a
gr

ee
d-

up
on

 gr
az

ing
 pr

ac
tic

es
. It

 fo
ste

rs 
ac

co
un

tab
ilit

y b
y e

nc
ou

ra
gin

g j
oin

t m
on

ito
rin

g a
nd

 do
cu

me
nta

tio
n o

f r
an

ge
lan

d c
on

dit
ion

s o
ve

r t
im

e. 

In 
the

 IG
AD

 re
gio

n—
pa

rtic
ula

rly
 in

 E
thi

op
ia,

 K
en

ya
, a

nd
 U

ga
nd

a—
the

 P
RM

 T
oo

lki
t h

as
 b

ee
n 

ins
tru

me
nta

l i
n 

im
pr

ov
ing

 
ra

ng
ela

nd
 g

ov
er

na
nc

e. 
It 

ha
s 

led
 to

 fo
rm

al 
re

co
gn

itio
n 

of 
co

mm
un

al 
lan

d 
rig

hts
 a

nd
 im

pr
ov

ed
 c

oo
rd

ina
tio

n 
am

on
g 

sta
ke

ho
lde

rs,
 in

clu
din

g l
oc

al 
go

ve
rn

me
nts

, N
GO

s, 
an

d p
as

tor
al 

as
so

cia
tio

ns
. 

   Pa
sto

ra
lis

t M
ap

pin
g T

oo
ls 

(e
.g.

, P
GI

S 
– P

ar
tic

ipa
tor

y 
GI

S)
 

Pa
rtic

ipa
tor

y 
GI

S 
(P

GI
S)

 is
 a

 p
ow

er
ful

 to
ol 

tha
t e

na
ble

s 
pa

sto
ra

lis
t c

om
mu

nit
ies

 to
 m

ap
 a

nd
 d

oc
um

en
t t

he
ir 

ind
ige

no
us

 
kn

ow
led

ge
 of

 ra
ng

ela
nd

 re
so

ur
ce

s, 
lan

d u
se

 pa
tte

rn
s, 

an
d s

ea
so

na
l m

ob
ilit

y r
ou

tes
. P

as
tor

ali
st 

ma
pp

ing
 to

ols
 ar

e e
sp

ec
ial

ly 
eff

ec
tiv

e 
for

 id
en

tify
ing

 cr
itic

al 
gr

az
ing

 a
re

as
, m

igr
ati

on
 co

rri
do

rs,
 w

ate
rin

g 
po

int
s, 

an
d 

zo
ne

s o
f c

on
flic

t o
r d

eg
ra

da
tio

n. 
GI

S 
ma

ps
 of

ten
 se

rve
 as

 th
e f

ou
nd

ati
on

 fo
r n

eg
oti

ati
ng

 ac
ce

ss
 rig

hts
, p

lan
nin

g r
es

ou
rce

 us
e, 

an
d p

re
ve

nti
ng

 co
nfl

ict
s i

n l
an

d u
se

. 

PG
IS

 co
mb

ine
s g

eo
sp

ati
al 

tec
hn

olo
gie

s (
lik

e G
PS

 an
d s

ate
llit

e i
ma

ge
ry)

 w
ith

 co
mm

un
ity

-b
as

ed
 m

ap
pin

g p
ro

ce
ss

es
, e

ns
ur

ing
 

tha
t lo

ca
l k

no
wl

ed
ge

 is
 ca

ptu
re

d, 
vis

ua
liz

ed
, a

nd
 in

teg
ra

ted
 in

to 
for

ma
l p

lan
nin

g a
nd

 de
cis

ion
-m

ak
ing

 sy
ste

ms
. 

In 
re

gio
ns

 lik
e N

or
the

rn
 K

en
ya

, E
thi

op
ia’

s A
far

 an
d S

om
ali

 re
gio

n s
, N

ige
r, a

nd
 C

ha
d, 

PG
IS

 ha
s b

ee
n w

ide
ly 

ap
pli

ed
 to

 su
pp

or
t 

co
mm

un
ity

-b
as

ed
 na

tur
al 

re
so

ur
ce

 m
an

ag
em

en
t. F

or
 ex

am
ple

, in
 K

en
ya

’s 
Ma

rsa
bit

 an
d I

sio
lo 

co
un

tie
s, 

PG
IS

 ha
s b

ee
n u

se
d 

by
 p

as
tor

ali
sts

 to
 d

eli
ne

ate
 g

ra
zin

g 
zo

ne
s 

an
d 

se
cu

re
 re

co
gn

itio
n 

of 
cu

sto
ma

ry 
lan

d 
us

e 
un

de
r c

ou
nty

-le
ve

l p
lan

nin
g 

fra
me

wo
rks

. 
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  Ra
ng

ela
nd

 M
on

ito
rin

g 
To

olk
it (

de
ve

lop
ed

 by
 IL

RI
) 

Th
e 

Ra
ng

ela
nd

 M
on

ito
rin

g 
To

olk
it 

is 
a 

pr
ac

tic
al 

an
d 

ad
ap

tab
le 

re
so

ur
ce

 d
es

ign
ed

 to
 s

up
po

rt 
the

 re
gu

lar
 m

on
ito

rin
g 

of 
Ra

ng
ela

nd
’s 

co
nd

itio
n a

nd
 u

se
. It

 co
mb

ine
s s

im
ple

, fi
eld

-b
as

ed
 e

co
log

ica
l in

dic
ato

rs 
wi

th 
so

cio
-e

co
no

mi
c d

ata
 to

 pr
ov

ide
 a

 
ho

lis
tic

 vi
ew

 o
f r

an
ge

lan
d 

he
alt

h 
an

d 
ma

na
ge

me
nt.

 T
he

 to
olk

it i
s p

ar
tic

ula
rly

 su
ite

d 
for

 u
se

 in
 lo

w-
re

so
ur

ce
 se

ttin
gs

 a
nd

 is
 

str
uc

tur
ed

 to
 be

 ac
ce

ss
ibl

e t
o b

oth
 te

ch
nic

al 
sta

ff a
nd

 co
mm

un
ity

 m
em

be
rs.

 

Th
e 

too
lki

t a
llo

ws
 u

se
rs 

to 
mo

nit
or

 k
ey

 in
dic

ato
rs 

su
ch

 a
s 

ve
ge

tat
ion

 c
ov

er
, s

pe
cie

s 
div

er
sit

y, 
ba

re
 g

ro
un

d, 
an

d 
sig

ns
 o

f 
de

gr
ad

ati
on

, 
alo

ng
sid

e 
liv

eli
ho

od
 m

etr
ics

 li
ke

 li
ve

sto
ck

 p
ro

du
cti

vit
y 

an
d 

re
so

ur
ce

 a
cc

es
s. 

It 
em

ph
as

ize
s 

re
pe

ata
ble

, 
sta

nd
ar

diz
ed

 da
ta 

co
lle

cti
on

 to
 su

pp
or

t b
oth

 sh
or

t-t
er

m 
de

cis
ion

-m
ak

ing
 an

d l
on

g-
ter

m 
tre

nd
 an

aly
sis

. 

In 
pr

ac
tic

e, 
the

 R
an

ge
lan

d M
on

ito
rin

g T
oo

lki
t h

as
 be

en
 ap

pli
ed

 in
 va

rio
us

 A
fric

an
 dr

yla
nd

s, 
inc

lud
ing

 in
 K

en
ya

, E
thi

op
ia,

 an
d 

Ta
nz

an
ia,

 w
he

re
 it 

su
pp

or
ts 

bo
th 

loc
al 

co
mm

un
ity

 pl
an

nin
g a

nd
 re

gio
na

l p
oli

cy
 pr

oc
es

se
s. 
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4.5. Protocols and manuals for the Measurements used in the 
assessment 

A standalone training of trainers’ manual has been developed as part of this assignment. Here, we provide 
protocols used for collecting data for input into the framework. 

4.5.1. Soil data and biomass processing 
The collected biomass was then oven-dried at 65°C–70°C for 48–72 hours to a constant weight and 
weighed to determine the dry mass (Figure 25). 

 

 Figure 25: Laboratory Technician processing field samples  

We calculated AGB using the formula below: 

This formula converts grams per square meter to kilograms per hectare. Multiple quadrats were sampled 
across the site to account for spatial variability, and the results were averaged to estimate the site-level 
AGB.  

4.5.1.1  
The samples were air dried at room temperatures (25oC) for 3 days to eliminate the moisture. They were 
then ground using a porcelain pestle and mortar and then sieved through a 2mm sieve to remove debris and 
other non-soil materials including stones and roots. The sieved soil samples were repackaged, clearly labeled 
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4.5. Protocols and manuals for the Measurements used in the 
assessment 

A standalone training of trainers’ manual has been developed as part of this assignment. Here, we provide 
protocols used for collecting data for input into the framework. 

4.5.1. Soil data and biomass processing 
The collected biomass was then oven-dried at 65°C–70°C for 48–72 hours to a constant weight and 
weighed to determine the dry mass (Figure 25). 

 

 Figure 25: Laboratory Technician processing field samples  

We calculated AGB using the formula below: 

This formula converts grams per square meter to kilograms per hectare. Multiple quadrats were sampled 
across the site to account for spatial variability, and the results were averaged to estimate the site-level 
AGB.  

4.5.1.1  
The samples were air dried at room temperatures (25oC) for 3 days to eliminate the moisture. They were 
then ground using a porcelain pestle and mortar and then sieved through a 2mm sieve to remove debris and 
other non-soil materials including stones and roots. The sieved soil samples were repackaged, clearly labeled 
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