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Table 1: With- and Without TWENDE Project Scenarios
	
	Without NbS
	With NbS but without governance support to NbS
	With governance support better aligned to NbS

	Livestock
	Local livestock and those migrating in suffer during dry seasons and wiped out during major droughts

Effect worsening over time due to increasing frequency of droughts and degradation of land resources
	Effects of droughts on livestock are buffered by local management practices but still significant due to poor compliance by external groups and conflicts causing restricted mobility for local herders. 

Increased % of local livestock survive but conflicts with in-migrating herders still cause loss of animal and human lives
	Local livestock retain health for longer preservation of drought reserves 

Reduced conflict-related mobility restrictions– slow onset of effects on lactation and bodyweight during droughts and enable faster recovery.

	Vegetation conditions
	Degradation of VCI due to climate change, overgrazing and cutting trees for firewood & charcoal particularly during and after droughts
	Slower increase due to local management practices – still constrained due to governance barriers. 

Effects of droughts on VCI are buffered by local management practices but still significant due to poor compliance by external groups and conflicts causing restricted mobility for local herders.
	Slower increase as governance barriers to NbS are reduced. 

Effects of droughts on VCI are buffered more due to better preservation of drought reserves and conservation of trees to produce gum instead of charcoal

reduced conflict-related mobility restrictions– slower onset of vegetation impacts during droughts and faster recovery.

	Access to water
	Declining due to climate change and increasing extraction – particularly during droughts extraction peaks and reserves do not recover afterward. Lasting effects on water quality after droughts.

Increasing costs of water pumping and vending
	Slower decline due to improved land conditions and management practices – costs of vending and pumping rise more slowly 

Increase use of waterpans offsets some increasing costs of water vending

Sub-optimal due to constraints on mobility caused by conflicts and poor siting and management of water infrastructure by government
	Slower decline as barriers to NbS reduced – costs of vending and pumping rise more slowly

Increase use of water harvesting and waterpans offsets more of the costs of water vending

Effects of drought reduced due to better siting and management of infrastructure

	Carbon
	Increase emissions during dry seasons and droughts due to pumping, transportation
Reduce carbon sequestration due to land degradation
	Slower decline in carbon sequestration due to improved land conditions and management practices (still sub-optimal)

emissions of pumping and transportation rise more slowly 


	More carbon sequestration due to better land management effects on soil and vegetation conditions 

Pumping increases more slowly and uses more renewable energies 




	Economy
	Major crashes during droughts and slow recovery

Large number of people destitute & caught in poverty trap
	Reduced crashes during droughts 

Economy still lagging behind – underinvestment continuing due to path-dependence & risk aversion
	Improved returns through sustainable value chains, accelerating reinvestment, jobs and diversification of assets

drought does not cause price crashes and destitution 

	Public expenditure
	Continuous drain due to relief costs, insecurity, lack of tax revenue

	Continuing costs of insecurity & poor public service provision
	Reduced insecurity and improved investment in public services 

Improved national and local public revenue and local institution-building




 Table 2: Modelling and valuation methods
	
	Modeling change
	Valuation
	Data inputs

	Access to water
	Increased capacity of storage tanks & pans 

Increased recharge to springs &wells (SWAT)
	Market price
Replacement cost during drought
	Rainfall (mm)
Surface area & conditions



	Vegetation conditions
	SWAT
	Market price of gum & resin

Carbon prices (not accessible)
	Rangeland mgt handbook
Vegetation types & conditions from remote sensing & GIS

	Livestock
	Rangeland mgt handbook
	Market prices of meat and milk products
	Herd numbers
Rangeland mgt handbook
Vegetation types & conditions from remote sensing & GIS

	Economy
	Household budgets
Business plans
Value chains
Land values
Local tax revenues
GCM
Capital accumulation & access to credit 
	County statistics
	KNBS
KIPPRA
IFPRI
World Bank

	Public expenditure
	National budget
	Relief costs
Service delivery
Tax revenues
	National budget
National Economic Outlook



Figure 1: Location of 3 wards in case study area
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Table 3: Rangeland grazing areas and vegetation types in selected wards
	Ward & County
	Grazing Units
	Median Annual Rainfall (mm)
	Vegetation Types
	Total area (km2)

	 
	 
	 
	Main Type
	Other
	Other
	 

	Chari, Isiolo
	7 Matokone
	100  to  150  mm
	Shrub  land  (95%),  )
	shrub  annual  grassland  (5%),  
	wooded  grassland  (small  areas)
	2320

	
	8 Barchuma
	100 to 150 mm
	Shrub grassland (70%), 
	perennial grassland (25%)  
	shrub annual grassland (5%), bush land (small areas)
	1950

	
	9 Kom
	150  to  225
	Shrub  land  (50%),  
	bush  land  (30%),  
	dwarf  shrub  grassland  (20%)
	1330

	Waso, Samburu
	13b Konya
	275 to 325
	Deciduous shrubland (95%), 
	deciduous bush grassland (5%)
	NA
	5860

	
	13c Ewaso
	25 to 350
	Deciduous bush grassland (80%), 
	deciduous shrubland (15%), 
	deciduous bushland (5%)
	7670

	Laisamis Marsabit
	20 Rusarus
	200
	Bushed grassland 
	riparine woodlands 
	deciduous shrubland
	1510

	 
	

	 
	 
	 
	TOTAL
	 20,640
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Figure 1: Time series of vegetation cover in Sabarwawa including drought year in 2011 (by WOTR)


Table 4: Calculation of estimated above ground biomass from NDVI values

	Variable 
	Ward
	2011
	2015
	2017
	2019
	2021
	2022
	2023
	2024

	AGB (B tons)
	Laisamis
	0.02
	37.39
	42.90
	131.30
	163.09
	129.17
	758.02
	590.35

	
	Waso
	7.52
	108.50
	258.14
	710.18
	953.18
	512.70
	1352.49
	1635.33

	
	Chari
	0.71
	6.13
	13.40
	105.06
	98.68
	102.45
	862.74
	266.33

	Mean NDVI
	Laisamis
	0.06
	0.13
	0.10
	0.13
	0.14
	0.14
	0.20
	0.19

	
	Waso
	0.08
	0.13
	0.13
	0.18
	0.19
	0.17
	0.21
	0.22

	
	Chari
	0.07
	0.11
	0.10
	0.14
	0.14
	0.15
	0.22
	0.18

	Max. NDVI
	Laisamis
	0.24
	0.44
	0.60
	0.81
	0.77
	0.73
	0.77
	0.60

	
	Waso
	0.40
	0.49
	0.74
	0.86
	0.81
	0.82
	0.80
	0.65

	
	Chari
	0.33
	0.47
	0.56
	0.81
	0.76
	0.74
	0.76
	0.62







Figure 2: Ward-wise estimation of aboveground biomass in Sabarwawa landscape during drought years between 2011 and 2024 (analysis prepared by WOTR)
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Figure 3: Time series of vegetation cover in Sabarwawa including drought year in 2022 (by WOTR)


Table 5: Time horizons and input values for improved valuation of selected benefit flows
	Benefit
	Parameters for initial valuation of benefit flow
	2022
	2025
	2027
	2029
	2050

	Access to water
	Increased capacity of storage tanks & pans (market value of water)

Increased recharge to springs & wells due to improved range vegetation and management (SWAT) (market value of water)
	Baseline
	Mid-term
	Project completion
	1st Ex-post evaluation
	Longer time horizon

	Vegetation conditions
	Market value of gum & resin

Market value of carbon (not accessible as of 2025)
	
	
	
	
	

	Livestock
	Meat production value

Camel milk production value
	
	
	
	
	






.

Laisamis	2011	2015	2017	2019	2021	2022	2023	2024	2.2257894256131786E-2	37.391128269186325	42.898549142704567	131.29516949010278	163.08905390354647	129.16717815114939	758.01908521420773	590.35386856131015	Waso	2011	2015	2017	2019	2021	2022	2023	2024	7.5191453430230535	108.5023986010661	258.1360454222305	710.17765025214544	953.17982948319013	512.70392447527729	1352.4903917682504	1635.3322364919563	Chari	2011	2015	2017	2019	2021	2022	2023	2024	0.71054863408785129	6.1285385764384559	13.404376224640922	105.05851770433006	98.68427519656808	102.45129538960188	862.73790268660525	266.32573723223317	Total Aboveground Biomass (B tons)
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