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Multi-method causal evidence of depth-dependent
precipitation-to-soil-moisture coupling across East Africa
Douanla A. Yaulande¹ · Mouhamadou B. Sylla¹ · Rob Parker² · Cristina R. Villena² · André Dembélé³
¹AIMS Research and Innovation Centre (AIMS-RIC) · ²University of Leicester · ³USTTB Bamako

1 · Why causal evidence?

• Drought monitoring usually starts with
correlations, analog outlooks, and standardised
indices.

• Correlation alone cannot tell local coupling from
shared climate drivers.

• Does past rainfall improve soil-moisture
prediction once we account for shared drivers?
How does that link change with depth, lag, and
direction?

2 · Data & causal framework

• CHIRPS v2.0 monthly precipitation and ERA5-Land soil
moisture at 7, 28, 100, and 289 cm.

• 68,862 land pixels; 1980–2024; 540 monthly time steps.

• Robust STL de-seasonalisation, z-score standardisation,
and a dual ADF–KPSS stationarity screen.

• Conditional Toda-Yamamoto Granger test with HAC
inference.

• Back-door controls: ENSO, IOD, net radiation, VPD, and
lagged neighbouring soil moisture.

• Benjamini-Yekutieli FDR and a 5×5 spatial block
bootstrap.

• Acronyms: TY (Toda-Yamamoto), BY
(Benjamini-Yekutieli), FDR (false-discovery rate), HAC
(heteroskedasticity- and autocorrelation-consistent), VPD
(vapour-pressure deficit).

Fig. 1 | Back-door conditioning graph. Shared drivers are conditioned
on, and mediators and colliders are excluded.

Fig. 2 | Independent surface validation. ESA CCI reproduces the
aggregate surface signal, but pixel-level agreement is only modest.

5 · Limits & operational implications

• The results are predictive-causal, not
interventionist proof.

• The fractions are BY-adjusted rejection
fractions, not prevalence estimates or
bounds.

• Deep validation is still limited, and
root-zone confirmation is model-shared
rather than independent in-situ.

• Root-zone monitoring deserves priority,
but forecast skill still needs validation
before operational use.

3 · Main depth result

• P�SM coupling is strongest in the root zone.

• Significant coupling clusters in semi-arid
transition belts and weakens in humid forest
zones.

• Mean optimal lag rises slightly with depth,
and most significant pixels select a
one-month lag.

Depth: 7 / 28 / 100 / 289 cm

P�SM after BY FDR: 0.9 / 5.0 / 9.5 / 2.6 %

Mean selected lag: 1.0 / 1.0 / 1.1 / 1.6
months

Fig. 3 | Conditional Toda-Yamamoto maps after BY FDR.
Significant pixels cluster in semi-arid transition belts.

Fig. 4 | Reliability by depth. Residual diagnostics rise with depth, and
100 cm remains the strongest reliable layer.

• Reliability falls with depth, and 100 cm
remains the strongest reliable layer.

• A well-specified-pixel screen preserves the
root-zone maximum.

• Interpretation of the deepest layer remains
cautious.

4 · Rigour, direction & triangulation

• Naive single-method statistics report much larger
coupling fractions.

• At 100 cm, raw Granger gives 64.8%, FDR Granger
51.9%, the composite 22.0%, and conditional TY
9.5%.

• The reverse direction SM�P stays at or below 0.2%,
so no monthly-scale feedback survives correction.

• Triangulation at 100 cm gives TY 9.5%,
Breitung-Candelon 7.8%, and transfer entropy
16.8% raw.

• The methods differ in estimand and null, so the
differences measure sensitivity rather than prove
false positives.

Fig. 5 | Naive vs rigorous estimators. Every naive estimator exceeds the
conditional headline at every depth.

Fig. 6 | Directional asymmetry. SM�P stays at or below 0.2%,
so no monthly-scale feedback survives correction.

Fig. 7 | Cross-paradigm triangulation. Time, frequency,
and information-theoretic tests all show the increase
through 100 cm.

• Root-zone soil moisture shows the strongest reliable coupling.

• We find no monthly-scale SM�P feedback, and sub-monthly feedback remains unresolved.

• Use confounder-conditioned, dependence-robust causal diagnostics before deploying them operationally.

• Main methods: Toda–Yamamoto, Newey–West HAC, Benjamini–Yekutieli FDR, and spatial block bootstrap.
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❑ Montane forest are potential refuge for Species migration 

under warming pressure

❑ Warming will decline biomass productivity of montane 

tree species in the tropics

❑ Tree communities are experiencing directional shifts in 

composition towards greater relative abundances of 

species with ranges centred at lower, warmer elevations: 

Thermophilization(Duque et al., 2015; Fadrique et al., 

2018, Ntirugulirwa et al 2023)

❑ Macaranga kilimandscharica(Mki) and Syzygium 

guineense(Sgu) together comprise 18% of tree individuals 

of Nyungwe  Afromontane forest(Prumptre et al 20202). 

3. Material and Methods

1. Introduction 4. Results

❑ Rwanda Tropical Elevation Experiment (Rwanda TREE) 

mixed forest plantation:https://www.rwandatree.com

❑ Plant material: 20 Afromontane native tree species

❑ 3 sites with an approximate warming gradient 

difference of 6.9 oC 

❑ Measurements: Survivors, Allometry, Fresh mass( 

destructive tree harvest after 4.5 years)- Mki &Sgu

5. Conclusion & Policy/Practice
relevance

6. Acknowledgement

2. Objectives

Warming and drought strongly constrain Afromontane tree growth, 

with pioneer species more vulnerable than climax species. These 

findings support climate-smart restoration, species selection, and 

adaptive forest management in Rwanda’s montane ecosystems.

Etienne Zibera1,2, Donat Nsabimana1, Lasse Tarvainen2, Johan 

Uddling 2 , Göran Wallin2, 

Growth and Biomass Responses to Warming in 

Afrotropical Native Trees 

College of Agriculture,  Forestry and food sciences, University of Rwanda, PO Box 210 Musanze, Rwanda

2Department of Biological and Environmental Sciences, University of Gothenburg, P.O. Box 461, SE-405 30 Gothenburg, Sweden

3Global Green Growth Institute - Rwanda Program, Kigali Heights, West Wing, 3rd Floor

This study assessed warming effects on growth 

performance, and biomass production of Macaranga 

kilimandscharica (pioneer) and Syzygium guineense 

(climax), dominant species in Nyungwe Forest

HW LWMW

❑Survival: Sgu remained high (94–100%), whereas Mki 

declined sharply to 16.7% at the warmest site(Fig. A).

❑Allometry: Tree height declined by ~21% and ~22% in Mki 

and Sgu, respectively, from the coolest to the warmest 

site (Fig B). Stem base diameter (D5) declined by ~37% in 

Mki and ~52% in Sgu from the coolest to the warmest 

site(Fig C). Stem DBH declined by ~39% in Mki but only 

~5% in Sgu from the coolest to the warmest site (Fig.D).

❑ Fresh mass production 

declined substantially in 

both species, decreasing 

~77.9% in Mki and ~ 81.8% 

in Sgu(Fig. E)

Site and Treatment description in Rwanda TREE

https://www.rwandatree.com/
https://www.rwandatree.com/
https://www.rwandatree.com/
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 From Waste to Worth: NutriFarm’s CirƬular BioeƬonomy Model ǔorٹ
Climate MitiǕation, Green Joƫs, and Nutrition SeƬurity in Rwandaٺ

Authors: Alexis Musabirema et al., NutriFarm-Rwanda Cricket Farming Ltd
Email: ceo.office.nutrifarm@gmail.com

1. Introduction 4. Results

2. Research & Industrial Biotech

3. Methodology 5. Conclusion

6. References

7. Acknowledgment

▪ Rwanda faces rising climate and nutrition 

challenge with high organic waste generation, 

greenhouse gas emissions from unmanaged 

waste, pressure on conventional livestock systems, 

and persistent malnutrition among vulnerable 

populations. 

▪ These challenges are stark in scale: 27% of 

Rwandan children under five are stunted (RDHS 

2025, NISR 2026), 60% of Kigali's organic waste is 

never repurposed (Rwanda Waste Management 

Report, 2024), and globally, 2.8 billion people 

cannot afford a healthy diet (FAO SOFI 2024).

▪ These interconnected challenges call for 

integrated solutions that advance climate 

mitigation, adaptation, food security, and 

sustainable livelihoods together. Yet no 

operational, biotechnology-driven waste-to-

protein system currently exists at scale in Rwanda.

▪ Repurposing agro-industrial by-products 
into optimized cricket pellet feed, 
validated through nutrient and safety 
trials.

▪ Rearing crickets on bio-circular pellets 
within a climate-smart agriculture 
facility, monitoring growth, yield, and 
feed-conversion indicators.

▪ Bioconversion and transformation of 
harvested crickets via controlled drying 
and grinding into Industrial Cricket 
Protein Powder.

▪ Quality-testing each batch for microbial 
safety, protein content, and human-
edibility standards.

▪ Applying biotechnology research to close 
the loop between waste, protein, and 
climate action, cutting emissions while 
creating green manufacturing jobs.

▪ Generating reproducible process data 
(yield, conversion ratios, safety indicators) 
that positions the model for scale-up and 
replication across Rwanda's nutrition-
insecure communities.

▪ Research design: A mixed-methods approach combined quantitative 
process trials (waste characterization, feed conversion, protein yield) 
with qualitative assessments (sensory panels, customer feedback) to 
validate the model's technical and human-impact dimensions.

▪ Feed & rearing trials: Agro-industrial by-products and kitchen waste 
were characterized and formulated into pellet feed at varying ratios; 
crickets were reared on the optimal formulation under controlled 
climatic conditions (temperature, humidity, ventilation), with growth 
rate, survival, and feed-conversion ratio measured to identify optimal 
breed–feed–climate combinations.

▪ Inputs & sampling: Waste inputs were measured by tonnage at intake; 
cricket biomass was sampled at harvest for weight, moisture, and 
microbial load, ensuring traceability from waste input to final product.

▪ Processing & equipment: Harvested crickets were dried and milled 
into Industrial Cricket Protein Powder (≈69% protein, Rwanda Standard 
Board approved), then fortified into peanut paste/butter using 
industrial mixers, fortification units, and an automated packaging line.

▪ Safety & scale-up: Each batch underwent microbial safety, heavy-
metal, and nutrient-profile testing before release, with process data 
logged under patent RW/P/2025/2 ("Protein Powder with data") and 
used to standardize SOPs for industrial-scale production.

▪ 120+ tons of organic waste 
repurposed

▪ 18 tons CO₂e emissions avoided
▪ 21 green jobs created (majority 

women and youth)
▪ 69% protein content, Rwanda 

Standard Board approved
▪ 50% lower cost than comparable 

fortified/therapeutic protein 
foods10:1 waste-to-protein 
conversion ratio (10 tons waste → 1 
ton protein powder)

▪ Aligned with 8 SDGs (nutrition, 
health, gender equality, green 
jobs, industry, sustainable cities, 
responsible production, climate 
action).

▪ 1,224 customers served, with 91% 
positive feedback, validating 
demand and product acceptance

▪ 10× revenue growth ($5K to $50K) 
between 2022 and 2025, 
demonstrating a scalable, market-
ready model

▪ Waste-to-protein conversion: NUTRIFARM has repurposed over 120 tons 
of organic waste, avoiding ~18 tons of CO₂e emissions, validating the 
climate-mitigation potential seen in earlier trials.

▪ Green employment: Scale-up to industrial production created 21 green 
jobs, with strong inclusion of women and youth.

▪ Resource efficiency: Substituting animal protein with insect-based 
protein lowers land, water, and feed demands, strengthening climate 
resilience through resource-efficient production.

▪ Affordability & nutrition impact: Fortified products are priced ~50% lower 
than comparable protein foods, improving affordability for malnourished 
infants and food-insecure households.

▪ Product safety & quality: Batch testing confirmed consistent ≈69% 
protein content and safety thresholds, supporting reliable Rwanda 
Standard Board-approved output.

▪ Policy alignment: Outcomes align with 8 SDGs spanning nutrition, 
health, gender equality, green jobs, industry, and climate action.

▪ Strong customer response (1,224 served, 91% positive feedback) signals 
genuine market acceptance of fortified insect-based protein, addressing 
typical sensory concerns with alternative proteins. 

▪ Meanwhile, 10× revenue growth ($5K to $50K, 2022–2025) demonstrates 
financial viability alongside nutritional impact, together supporting 
continued investment and policy backing to scale the model nationally.

▪ NutriFarm's model proves agro-industrial waste can be transformed, 
through biotechnology and industrial bioconversion, into safe, nutrient-
complete protein, turning waste into worth.

▪ With 120+ tons of waste repurposed, 18 tons of CO₂e avoided, and 21 green 
jobs created, it delivers climate mitigation and inclusive economic impact 
together.

▪ By making affordable, fortified nutrition accessible to food-insecure 
populations, NutriFarm offers a scalable pathway for Rwanda's climate 
and nutrition security goals, aligned with 8 SDGs.

▪ NISR. (2026). RDHS 2025 final report.
▪ FAO. (2024). State of food security and nutrition in the world (SOFI) 2024.Rwanda 

Ministry of Environment. (2024). Rwanda waste management report.
▪ Van Huis et al. (2013). Edible insects: Future prospects for food and feed security 

(FAO Forestry Paper No. 171).NutriFarm Ltd. (2025). Protein powder with data (RW 
Patent No. RW/P/2025/2).

▪ NCST and ACTS.

Figure 1: From agri-by 

products to High Proteins 

Foods.

Figure 2: Repurposed agro-

industrial by products to crickets 

pellet feed.

Figure 3: Powder of Crickets 

farmed in a Climate Smart 

Agriculture facility.

Figure 4: High Protein Mix 
for improved nutrition and 
health.



Mapping the Drivers of Tomato Waste: Developing a Stakeholder-Informed 
Framework for Climate-Resilient Food Systems in Botswana

Boineelo Pearl Lefadola1,2, Mohammad Naushad Emmambux3, Dikabo Mogopodi4, Nwabisa Mehlomakulu3

1Future Africa – University of Pretoria, South Africa, 2Department of Family and Consumer Sciences, University of Botswana, 

Botswana, 3Department of Consumer and Food Sciences, University of Pretoria, South Africa, 4Department of Chemistry, University of 

Botswana, Botswana
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Introduction

In Botswana, tomato loss and waste remain a 

major challenge to sustainable food systems, 

accounting for nearly 30% of the total agro-

produce loss. As climate variability intensifies, 

reducing food waste becomes increasingly 

important for strengthening climate-resilient 

agricultural systems. The study explored 

stakeholder perspectives on the drivers of 

tomato waste in Botswana and developed a 

stakeholder-informed tomato waste driver 

framework to support climate-resilient food 

system interventions. 

Methodology

Findings

• Tomato waste occurs across multiple 

stages of the value chain. 

• Market instability and limited market 

access are major waste drivers. 

• Inadequate post-harvest infrastructure 

accelerates quality deterioration. 

• Pests, diseases and handling practices 

contribute to avoidable losses. 

• Policy gaps and weak value-chain 

coordination amplify tomato waste. 

• Stakeholders identified value addition and 

circular-economy pathways as 

opportunities to reduce waste.

• These findings informed a Tomato Waste 

Driver Framework linking production, 

market, infrastructure, governance and 

climate factors to waste across the supply 

chain.

Conclusions

• Supportive policies and targeted 

investment are essential to reduce tomato 

waste. 

• Improved post-harvest management and 

resource efficiency can strengthen value-

chain resilience. 

• The Tomato Waste Driver Framework 

integrates key waste drivers across the 

value chain. 

• Integrating waste reduction with climate 

adaptation can support a more resilient, 

resource-efficient and sustainable tomato 

value chain in Botswana.

• Collaborative, evidence-based action can 

accelerate tomato waste reduction and 

value-chain resilience.

Select References

• Boiteau, J. M., & Pingali, P. 

(2022). Food loss of perishable 

produce from farm to retail: 

evidence from tomato supply 

chains in South India. The 

American Journal of Clinical 

Nutrition, 115(6), 1535-1548.

• Malope, P., Madisa, M. E., Solani, 

D., & Mabikwa, O. V. (2025). 

Opportunities and Constraints 

in the Horticultural Sector of 

Botswana: A SWOT Analysis. 

Sustainability, 17(7), 3088.
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❑ Uganda is endowed with freshwater ecosystems that sustain

biodiversity and drive economic growth.

❑ Yet these ecosystems are degrading unprecedentedly.

❑ Uganda has pursued restoration, but this alone is

insufficient; these systems must be built to withstand

shocks, maintain functionality, and adapt over time.

❑ No published study has integrated ecological, structural, and

governance dimensions of resilience in restored wetlands in

Uganda.

❑ This study aimed to fill this gap and inform the design of

future restoration interventions.

BACKGROUND

RESEARCH OBJECTIVES  
i. Assess the spatial differences in macroinvertebrate diversity

across river reaches and tree diversity in riparian forests.

ii. Analyse the fragmentation and connectivity of wetland

patches in the restored landscape in 2016, 2020, and 2026.

iii. Assess the local community participation, traditional

ecological knowledge integration, and institutional

inclusivity in the restoration process.

STUDY AREA & METHODS 
Conducted in Sironko River wetland landscape (Fig 1).

Ecological assessments and social survey data

▪ 10 macroinvertebrate sampling sites across restored and

unrestored river sections

▪ 15 tree plots (50 × 10 m) in adjacent riparian forests.

▪ A 10-year (2016–2026) landscape assessment using GIS and

FRAGSTATS.

▪ Random 292 household interviews across 12 villages.

▪ A social network analysis of institutional actors.

RESULTS
Objective 1: Species diversity

1a, Macroinvertebrate: remained low with no significant

difference between restored and unrestored sections (Fig 2).

1b, Riparian tree: generally, low with significant difference

between sites but dominated by Eucalyptus spp (Fig 3).

Fig 3: Tree diversityFig 2: Macroinvertebrate diversity

Objective 2: Landscape connectivity

Sironko Wetland continues to experience progressive loss, 

fragmentation, and increasing isolation (Fig 4). 

Objective 3: Stakeholder participation

3a, Riparian community members are informed and consulted

yet exercise minimal influence over decisions, planning, and

on-the-ground restoration activities (Fig. 5).

3b, Respondents held TEK but opined that their knowledge was

not integrated into formal restoration programmes.

3c, Institutional governance was low (Density = 0.05),

fragmented (Index = 0.91), and highly centralized.

Socio-ecological resilience of restored freshwater ecosystem: Species diversity, landscape connectivity, and 

stakeholder integration in Sironko River wetland, Uganda

Muwaza Andrew Remmy, Isimemen Osemwegie, and Sileshi Nemomissa

SPIBES program, Addis Ababa University, Ethiopia

REFERENCES
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Fig 1: Map showing the study area

Fig 4: Sironko wetland fragmentation and connectivity trends

This study shows that restoration has not produced convergent

signs of socio-ecological resilience in the Sironko River wetland.

In an era of environmental change, policy and practitioners

must move beyond structural rehabilitation to pursue

functional species recovery, landscape-scale connectivity, and

inclusive governance as interdependent, not separate,

pathways to resilience of freshwater ecosystems.

CONCLUSION  

Fig 5: Community participation across the ladder of participation



A Predictive Climate Model for Africa Capable of Identifying Precise Extreme Event 
Periods, Recommending Adapted Crops and Generating Targeted Institutional Alerts

Mazoya Valère  —  Founder, AgriPredict5 — Ouagadougou, Burkina Faso
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8
Countries covered

10
Crops modeled

0.9761
Model R² score

~6,000
Producers in active pilot

INTRODUCTION

Climate volatility is intensifying across Africa, yet millions of 

smallholder farmers and the institutions that finance them 

still operate with limited visibility into agricultural and climate 

risk.

Existing global climate models are rarely precise enough at 

the local scale needed for actionable decisions on crop 

choice, credit, or emergency response.

AgriPredict5 was built to close this gap: a machine-learning 

platform developed in West Africa, from consolidated field 

data, turning climate complexity into clear, timely decision 

intelligence for farmers, financial institutions and public 

agencies.OBJECTIVES

– Predict crop yield and revenue potential by crop 

and by zone

– Identify precise windows for extreme climate 

events, 2026–2030

– Recommend climate-adapted crops based on 

local risk profiles

– Generate targeted alerts for banks, cooperatives 

and public agencies

METHODOLOGY

The predictive engine is a Random Forest 

Regressor trained on consolidated field and 

climate data spanning 8 West African countries 

and 10 crops. Yield prediction integrates long-

term climate-change trend factors together with 

10-year soil degradation trends observed per 

zone. Outputs include yield prediction under 3 

climate scenarios (dry, normal, wet), risk-by-zone 

analysis, and exportable institutional risk briefs 

designed for credit committees and field 

decision-makers.

MODEL PERFORMANCE

The current model achieves an R² of 0.9761 

and a mean absolute error of 396 kg/ha 

across covered crops and countries.

Performance is validated against 

consolidated field-data benchmarks and 

continuously refined as new field data is 

integrated from active deployments and 

pilots.

DEPLOYMENT & PARTNERSHIPS

AgriPredict5 is deployed as an operational SaaS 

platform (agripredict5.netlify.app), with tiered access 

for individual producers, cooperatives and 

institutional clients.

A commercial partnership is signed with Agro SENEC 

(Senegal).

A field pilot is in progress with the Sasakawa Africa 

Association in Mali's Kita and Ségou regions, covering 

close to 6,000 producers with maize as the 

standardized reference crop.

INSTITUTIONAL ENGAGEMENT

– In discussion: Banque Agricole du Faso, ADEPME 

(Sénégal), AGRIDEV (Mali)

– Regional research collaboration under discussion with 

INERA, IER and ISRA

– Positioned as an African-built alternative that does not 

depend on heavy data-center infrastructure

CONCLUSION & PERSPECTIVES

This work demonstrates that high-precision, 

locally-grounded agricultural and climate 

intelligence can be built in Africa, for Africa — 

without dependence on external data 

infrastructure.

By linking yield prediction to extreme-event 

forecasting and institutional alerting, AgriPredict5 

offers a practical decision-support layer for the 

actors most exposed to climate risk: producers, 

lenders, and public agencies.

Next steps: extend coverage to additional 

countries (a pilot is underway in Egypt), integrate 

hybrid quantum machine learning for next-

generation prediction, and deepen institutional 

integration for agricultural credit-risk assessment.

CONTACT

Valère Mazoya

Founder, AgriPredict5

Ouagadougou, Burkina Faso

niyomazav@gmail.com  ·  +226 74 42 69 81

agripredict5.netlify.app



INTEGRATING AI-DRIVEN SATELLITE EARTH OBSERVATION INTO CLIMATE DISASTER RISK REDUCTION: A 
GOVERNANCE FRAMEWORK FOR RWANDA
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1. INTRODUCTION

• Climate-related hazards are increasing pressure on 
disaster risk management systems.
• Satellite Eaȸth Oƫseȸɮation ٢EO٣ and AȸtiǔiƬial 
Intelligence (AI) can transform satellite data into 
timely risk intelligence.
• The keɵ ƬhallenǕe is inteǕȸatinǕ pȸediƬtiɮe analɵtiƬs 
into national decision-making.
• Rɯanda pȸoɮides a ȸeleɮant Ƭase ǔoȸ linkinǕ AI, EO 
and disaster risk reduction.

Earth observation and Artificial Intelligence (AI) can 
convert satellite data into timely, actionable risk 
information.

The key challenge is institutional integration of 
predictive analytics into national decision-making.

Rwanda provides an illustrative case for a 
governance framework linking AI, satellite Earth 
observation and DRR.

• FȸaǕmented data ǕoɮeȸnanƬe limits aƬƬess, 
interoperability and operational use of EO data.
• AI models Ƭan ȸemain isolated teƬhniƬal pilots ȸatheȸ 
than becoming institutional tools.
• Responsiƫle AI ȸeȷuiȸes aƬƬountaƫilitɵ, tȸanspaȸenƬɵ, 
data quality and oversight.
• Sustainaƫle adoption ȸeȷuiȸes ƬapaƬitɵ in AI, 
geospatial analytics and disaster management.

Predictive models may remain isolated technical 
pilots instead of becoming part of institutional 
workflows.

Responsible AI requires attention to accountability, 
transparency, data quality and operational oversight.

Long-term adoption depends on sustained capacity 
in AI, geospatial analytics and disaster management.

3. RWANDA CASE CONTEXT

WHY RWANDA?
• Mountainous teȸȸain and ȸainǔall ɮaȸiaƫilitɵ
• HiǕh eɴposuȸe to ǔloods and landslides
• GȸoɯinǕ diǕital ǕoɮeȸnanƬe ƬapaƬitɵ
• InƬȸeasinǕ need ǔoȸ antiƬipatoȸɵ, data-driven 
disaster risk reduction

Exposure to floods and landslides
Growing digital governance capacity
Need for anticipatory, data-driven DRR

Case focus: governance readiness for AI-enabled 
Earth observation.

4. RESEARCH APPROACH

• PoliƬɵ-oriented framework 
development using Rwanda as an 
illustrative national case.
• InteǕȸation oǔ ǔouȸ dimensions: 
technology, institutions, capacity/youth 
and partnerships.
• AliǕnment ɯith the Sendai Fȸameɯoȸk 
and SDGs 11 and 13.
• FoƬus on moɮinǕ ǔȸom satellite data → 
ȸisk intelliǕenƬe → eaȸlɵ aƬtion.

Integration of four dimensions: 
technology, institutions, capacity/youth, 
and partnerships.

Alignment with the Sendai Framework 
for Disaster Risk Reduction and SDGs 11 
and 13.

Focus on moving from satellite data to 
risk intelligence and early action.

KEY POLICY PRINCIPLE

Technology creates value only when it 
is embedded in institutional 

workflows, supported by people, 
regulation, financing and 

accountability.

5. PROPOSED GOVERNANCE FRAMEWORK

Four interdependent pillars connect 
technical capability with institutional 

action

1 TECHNICAL INTEGRATION

Multispectral satellite acquisition
AI hazard detection
Predictive risk modelling
Automated early-warning outputs

2 INSTITUTIONAL EMBEDDING

AI analytics capacity in disaster 
institutions

Inter-agency data-sharing protocols
Responsible AI governance
Operational decision workflows

3 CAPACITY & YOUTH

AI + Earth observation training
University–government research
Youth innovation ecosystems
Continuous skills development

4 MULTI-STAKEHOLDER 
PARTNERSHIPS

Public–private collaboration
International space cooperation
Climate adaptation finance
Knowledge and technology transfer

6. SYSTEM WORKFLOW

7. IMPLEMENTATION PHASING

SHORT-TERM | 1–2 YEARS
Pilot AI-based hazard detection; 

develop governance and regulatory 
guidance.

MEDIUM-TERM | 3–5 YEARS
Scale nationwide integration; 

incorporate predictive analytics 
into planning systems.

LONG-TERM | 5+ YEARS
Institutionalize AI-enabled disaster governance 

and strengthen regional leadership.

EXPECTED OUTCOMES

• Fasteȸ hazaȸd deteƬtion and eaȸlɵ-warning 
communication
• EɮidenƬe-based planning and resource 
prioritization
• StȸonǕeȸ national AI, EO and Ǖeospatial 
capacity
• Moȸe antiƬipatoȸɵ and Ƭooȸdinated disasteȸ 
governance

Evidence-based planning and resource 
prioritization

Stronger national AI, EO and geospatial 
capacity

More anticipatory and coordinated disaster 
governance

8. BROADER IMPLICATIONS

• AI-enabled EO can translate satellite investments into 
operational public value.
• GoɮeȸnanƬe, teƬhnoloǕɵ, people, ȸeǕulation and ǔinanƬinǕ 
must evolve together.
• The ǔȸameɯoȸk suppoȸts a shiǔt ǔȸom ȸeaƬtiɮe ȸesponse → 
anticipatory risk governance.
• The appȸoaƬh maɵ inǔoȸm otheȸ Ƭlimate-vulnerable countries 
developing EO and digital resilience capabilities.

Governance alignment is essential: technology, institutions, 
people, regulation and financing must evolve together.

The framework supports a shift from reactive disaster 
response toward anticipatory risk governance.

The approach can inform other climate-vulnerable countries 
developing Earth observation and digital resilience 
capabilities.

9. CONTRIBUTION TO CLIMATE RESILIENCE

FROM DATA TO DECISION

Embedding predictive analytics 
within national DRR systems can 
strengthen anticipatory action, 

institutional coordination and climate 
resilience.

10. CONCLUSION

AI-driven satellite image analysis is 
more than a technical enhancement; 

it can become a governance 
transformation mechanism. 

Embedding predictive analytics within 
national disaster risk reduction 

systems enables a shift from reactive 
response to anticipatory resilience.

POLICY MESSAGE

SATELLITE DATA
↓

RISK INTELLIGENCE
↓

EARLY ACTION

SDG & SENDAI ALIGNMENT
Sendai Framework: understanding 

disaster risk and strengthening 
governance.

SDG 11: safer and more resilient 
settlements.

SDG 13: strengthened climate action 
and adaptation.
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Observed Variability and Trends of Rainfall and Climate Extreme Indices in Kirehe District, Eastern Rwanda: Implications for Climate-Sensitive Planning
Nizeyimana, A., Sebaziga N.J., Kazora J., Mudakikwa E. R., Hakuzimana H., Twahirwa A., Safari A.K., Bavuge B., Ukwishaka D., Niyigena B., Nduwimana O., Byukusenge O., Nkunsi P., 

Nibagwire D, Hakizimana P.C, Nyiraneza C., Rutabuzwa A.M., Rwema M.

Rwanda Environment Management Authority, Rwanda Meteorology Agency, College of Science and Technology, University of Rwanda

Link to full paper: https://doi.org/10.1007/s44274-025-00495-1

Kirehe District is located in the southeastern part of Rwanda, within 

the Eastern Province, in the eastern lowland climate zone. The 

district experiences a bimodal rainfall pattern, with the two main rainy 

seasons occurring from March to May (MAM) and September to 

December (SOND) and two dry seasons extending from January to 

February (JF) and June to August (JJA). The district’s topography is 

characterized by hills and valleys, influencing its rainfall distribution. 

Predominantly an agricultural region, Kirehe’s livelihoods are heavily 

reliant on rainfed farming, making it particularly vulnerable to rainfall 

variability and extreme weather events. Understanding rainfall 

patterns and extreme indices is therefore critical for informing 

climate-resilient agricultural practices, water resource management, 

and disaster preparedness in this drought-prone district.

➢ CDD: shows high value (76-86 days) in southeastern and low (66-76 days) in other areas

➢ CWD: high values (7-9 days) in southern and western and low (5-7 days) in other areas

➢ PRCPTOT:  high values (900-1120 mm), in southern, western and northeastern and low values 

(680-900 mm) in other areas

➢ R10mm:  high values (30-38 days) in southern, western and northeastern and low values (22-30 

days) in other areas

➢ R20mm:  high values (14-18 days) in southern and northeastern and low values (10-14 days) in 

other areas

➢ R95pTOT:  high values (195-245 mm) in southern and western and low value (145-195 mm) in other 

areas

➢ RX1day: high values (60-70 mm) in southern and northeastern and low value (50-60 mm) in other 

areas

➢ RX5day: high value (91-106 mm) in southern and northern and low value (75-91 mm) other areas

➢ SDII: high value (12-13 mm/day) pin northeastern and low value (10-12 mm/day) in other areas

❖ CDD: vary highly in southern and central areas (37-43%);

❖ CWD: vary highly in the southeast, southwest, and north (39-51%);

❖ The southeast shows high variability in: 

- R10mm (30-40%),                                  - R20mm (53-67%),  

- R95PTOT (95-121%),                            - RX1day (41-51%), 

- SDII (42-58%),

❖ RX5day varies highly in central, eastern, and northern parts (50-

58%); other areas show lower variation.

➢ Remaining areas show low variability

Spatial disparities in rainfall variability and extreme indices expose Kirehe District to uneven risks for agriculture, water security, and disaster preparedness. Targeted adaptation such as climate-resilient 

crops, irrigation, water conservation, infrastructure reinforcement are  urgently needed.

Objective:

Spatial analysis of variability and trends for seasonal and annual

rainfall and their related extreme rainfall indices in Kirehe district.

Data:

Gridded rainfall at 4kmx4k resolution from 1983 to 2021 obtained

from the Rwanda Meteorology Agency.

Method:

i) Variability: Coefficient of variation (CV)

ii) Trends: Mann-Kendall test and Sen’s slope.

iii) extreme rainfall indices: Computed following the methodology 

of the Expert Team on Climate Change Detection and Indices 

(ETCCDI). 

Rainfall extreme indices Units

Consecutive dry days (CDD) Days

Consecutive wet days (CWD) Days

Total annual precipitation (PRCPTOT) mm

Heavy precipitation days (R10mm) Days

Very heavy precipitation days (R20mm) Days

Precipitation from very wet days (R95pTOT), mm

Maximum 1-day precipitation (RX1day) mm

Maximum 5-day precipitation (RX5day) mm

Simple daily intensity index (SDII) mm/day

Central to southeastern parts 

are the areas with high variability:

JF:  46-54% 

MAM: 33-41%

JJA: 73-103%

SOND : 37-47% 
Annually : 28-36%

Southwestern and 

northern areas are the 

areas with low variability:

JF:  38-46% 

MAM: 25-33%

SOND : 22-37% 
Annually : 20-28%

Areas with low variability present reliable rainfall while areas with 

high variability present more erratic rainfall.

Spatial distribution of Seasonal and annual rainfall  

JF: high values (200-425 mm) in southwestern, medium values(150-200 

mm) in southern and low values (100-150 mm) in central, southeastern 

and northern
MAM: high values (370-250 mm) in southwestern, medium values (315-

370 mm) in central to northern and low values (260-315 mm) in 

southeastern
JJA: high values (55-65mm) in eastern, central and northern and 

low values (25-45 mm) in central to southern 

SOND:  high  value (330-410 mm) in southern, western and

northern and low value (250-330 mm) in central and eastern

Annual rainfall:

- high  value (1080-1180 mm) 

in southwestern,

- Medium value (880-1080 

mm) in southwestern and 

northeastern

- Low value (680-880 mm) in 

central and eastern

- No statistically significant btrends observed for all seasons and on annual timescale

- Positive trends are observed in northern areas

- Negative trends are observed in central, southern and southeastern areas

➢ Statistically significant Negative trends in central areas for:

- PRCPTOT: [-90, -45] mm/decade

- R10mm: [-4.5, -3.0] days/decade

- R20mm: [-3.0, 1.5] days/decade

- R95pTOT: [-60, -20] mm/decade

- RX1day: [-12, -6] mm/decade

- RX5day: [-10.0, -5.0] mm/decade

❑ Statistically significant Negative trends in northern for:

CDD:[-10, -5.0] days/decade

❖ Statistically significant positive trends in northern areas for:

- CWD: [0.5, 1.0] days/decade

- PRCPTOT: [45, 90] mm/decade

- R10mm: [1.5, 4.5] days/decade

Geographical location of Kirehe district in Rwanda (a) and 

administrative with elevation map of Kirehe district (b)
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Projected Change in Precipitation and Temperatures under a Changing Climate in Rwanda
Sebaziga Ndakize Joseph 

Rwanda Environment Management Authority
Link to full paper: https://doi.org/10.1007/s44274-026-00547-0

Rwanda, often referred to as “the land of a thousand hills,” is situated in 

Eastern-Central Africa between 1°4′-2°51′S and 28°53′-30°53′E, 

encompassing an area of 26,338 km². Rwanda’s landscape is highly diverse, 

ranging from lowlands to volcanic highlands, at an altitude of 900m in 

Bugarama Valley to 4507 m at Mount Karisimbi. This complex terrain strongly 

influences the geographical variations in rainfall and temperatures (Ntwali et 

al., 2016). The western highlands are wetter and cooler than the lower, drier 

and warmer eastern plains (Siebert et al., 2019; Sebaziga et al., 2023; 

Sebaziga et al., 2024). Rwanda has four distinct seasons, comprising two wet 

seasons (March-May, MAM, and September-December, SOND) and two dry 

seasons (January-February, JF, and June-August, JJA) (Siebert et al., 2019; 

Kazora et al., 2021;Sebaziga et al., 2023; Sebaziga et al., 2024). Peak 

rainfall occurs in April and November (Ntwali et al., 2016). These patterns 

align with the country’s climatology and agricultural calendar (Siebert et al., 

2019).  

In Rwanda, numerous studies have investigated observed rainfall and 

temperature variability and trends, consistently reporting increasing rainfall 

variability and rising temperatures at both seasonal and annual timescales  

(Kazora et al., 2021; Ngarukiyimana et al., 2021; Safari & Sebaziga, 2023; 

Sebaziga et al., 2023). Given that Rwanda’s agricultural systems are 

predominantly rain-fed, changes in rainfall and temperature have direct 

implications for crop productivity and food security (Rwanyiziri & Rugema, 

2013). While observational evidence is well documented, there remains a 

critical gap in understanding how these climatic variables are likely to 

evolve in the future at seasonal timescales, which is essential for climate-

resilient agricultural planning.

Take away message: Spatial disparities in projected changes of rainfall and temperatures expose Rwanda to uneven risks for agriculture, water security, and disaster preparedness. Targeted adaptation such as 

climate-resilient crops, irrigation, water conservation, infrastructure reinforcement are  urgently needed.

Objective:

Assess the seasonal Projected 

Change in Precipitation and 

Temperatures under a Changing 

Climate in Rwanda

Data:

1. Observed :

- Gridded rainfall (4kmx4km)

and tempertures (5kmx5km)

resolution from 1983 to 2021

obtained from the Rwanda

Meteorology Agency.

2. Model:

-CORDEX-CORE multimodel

ensemble (RCP2.6 and RCP8.5)

Spatial distribution of observed Seasonal rainfall  

JF: high values (200-300 mm) in southwestern, western and northern, and 

low values (0-2000 mm) in central and eastern 

MAM: High values (600-700 mm) in southwestern, northwestern and 

northern highland, medium values (400-500mm) in central plateau, 

central parts of southern and western regions and low values (300-400 

mm) in eastern JJA: High values (100-200 mm) in western and northern and low 

values (0-100mm) in eastern, central and southern

SOND: High values (500-600 mm) in southwestern, medium values 

(300-400mm) in western, southern and northern highland low 

values (100-300 mm) in central and eastern 

Rwanda’s location within Africa (a) and its 

administrative and elevation map (b) 

Procedural workflow for climate data processing and projection

Spatial patterns of observed seasonal mean rainfall, maximum 

temperature (Tx), minimum temperature (Tn), and mean 

temperature (T) across Rwanda during 1983-2021. 

Spatial distribution of observed 
Seasonal temperatures  

Across all seasons, temperatures 

(maximum, minimum, and mean) exhibit 

nearly identical geographical patterns.

❖ The cooler zones consistently align with 

the northern highlands, volcanic 

regions, and the Congo Nile Trail. 

✓ Maximum temperature: 20-22°C

✓ Mean temperature: 16-18°C
✓ Minimum temperature: 10-12°C

❖  Intermediate temperature ranges 

persist over the central plateau and 

western regions.
✓ Maximum temperature: 22-26°C

✓ Mean temperature: 18-22°C

✓ Minimum temperature: 12-16°C

❖ The warmer zones are concentrated in 

the southcentral, southeastern, 

northeastern and Bugarama valley.
✓ Maximum temperature: 26-30°C

✓ Mean temperature: 22-24°C

✓ Minimum temperature: 16-18°C

❖  This spatial consistency highlights that, 

despite seasonal fluctuations, Rwanda’s 

temperature distribution is largely governed by 

its topography and regional geography rather 

than seasonal shifts.

Projected changes in maximum 
temperatures

Projected changes in mean temperatures

❑ Warming is consistent across all seasons and regions.

❑ The magnitude of warming is higher under RCP8.5 

compared to RCP2.6, and greater in late-century 

(2066–2100) compared to mid-century (2026–2060).

Projected changes in minimum 
temperatures

conclusion
➢ Rainfall is projected to decrease during MAM and JJA

and increase during SOND with more variability during

JF.

➢ Reduction in MAM may affect agricultural seasons while

more variability in JF may affect post-haverst.

➢ Temperatures are projected to increase throughtout

seasons and period with more incvrease under RCP8.5

than RCP2.8

➢ Minimum temperatures are projected to increase more

than maximum temperatures.

Seasonal Patterns:

MAM (Mar–May)

• Mid-century:

RCP2.6: RCP2.6: Decrease in southcentral and eastern 

(-2°C to 0°C) and Mild warming (+0.5 to +1.5 °C) in 

remaining regions.

RCP8.5: Moderate warming (+1.5 to +2.5 °C).

• Late-century:

RCP2.6: Stabilized warming (+1.0 to +2.0 °C).

RCP8.5: Strong warming (+3.0 to +4.0 °C) across most 

of Rwanda.

Seasonal Patterns:

JF (Jan–Feb): 

Mid-century (2026–2060):

RCP2.6: Moderate warming (+0.5 to +1.5 °C) across most 

regions.

RCP8.5: Stronger warming (+1.5 to +2.5 °C), especially in 

eastern plateau and Kigali.

Late-century (2066–2100):

RCP2.6: Warming (+1.0 to +2.0 °C) across most regions.

RCP8.5: Intense warming (+3.0 to +4.0 °C) widespread, 

with hotspots in northeastern and southwestern.

Warming dominates across all seasons and scenarios.  The magnitude of warming is stronger under 

RCP8.5 compared to RCP2.6, and greater in late-century (2066–2100) compared to mid-century (2026–2060).

Seasonal Patterns:

JJA (Jun–Aug)

• Mid-century:

RCP2.6: Slight warming (+0.5 to +1.0 °C) in 

highlands, stronger (+1.5 to +2.0 °C) in lowlands.

RCP8.5: Moderate warming (+2.0 to +2.5 °C).

• Late-century:

RCP2.6: Warming remains moderate (+1.0 to 

+2.0 °C).

RCP8.5: Significant warming (+3.0 to +4.0 °C) 

widespread, especially in eastern and southern 

regions.

Seasonal Patterns:

SOND (Sep–Dec)

• Mid-century:

RCP2.6: Mild warming (+0.5 to +1.5 °C).

RCP8.5: Moderate warming (+1.5 to +2.5 °C).

• Late-century:

RCP2.6: Warming stabilizes (+1.0 to +2.0 °C).

RCP8.5: Strong warming (+3.0 to +4.0 °C) across 

most regions.

Annual averaged projected Rainfall changes:

JF: more variabilities 

MAM and JJA: projected to decrease 

SOND: projected increase in most areas 

•Rainfall projections show high spatial and temporal variability compared to temperature.

•Under RCP2.6, changes are generally small to moderate, with mixed signals (increases in some regions, 

decreases in others).

•Under RCP8.5, changes intensify, with stronger wetting or drying depending on season and location.

•Late-century (2066–2100) scenarios show larger deviations than mid-century (2026–2060).

JF: Increase in southcentral and eastern and decrease in remaining areas.

MAM and JJA: projected decrease in most areas and increase in southcentral and northeastern 

SOND: projected increase in most areas except the southeastern area

JF (Jan–Feb)

• Mid-century:

RCP2.6: Moderate warming (+0.5 to +1.5 °C).

RCP8.5: Stronger warming (+1.5 to +2.5 °C).

• Late-century:

RCP2.6: Stabilized warming (+1.0 to +2.0 °C).

RCP8.5: Intense warming (+3.0 to +4.0 °C), 

especially in eastern lowlands.

MAM (Mar–May)

Mid-century:

RCP2.6: Mild warming (+0.5 to +1.5 °C).

RCP8.5: Moderate warming (+1.5 to 

+2.5 °C).

Late-century:

RCP2.6: Moderate warming (+1.0 to 

+2.0 °C).

RCP8.5: Strong warming (+3.0 to +4.0 °C) 

widespread.

JJA (Jun–Aug)

Mid-century:

RCP2.6: Slight warming (+0.5 to +1.0 °C).

RCP8.5: Moderate warming (+2.0 to 

+2.5 °C).

Late-century:

RCP2.6: Moderate warming (+1.0 to 

+2.0 °C).

RCP8.5: Significant warming (+3.0 to 

+4.0 °C), especially in eastern and southern 

regions.

SOND (Sep–Dec)

Mid-century:

RCP2.6: Mild warming (+0.5 to 

+1.5 °C).

RCP8.5: Moderate warming (+1.5 to 

+2.5 °C).

Late-century:

RCP2.6: Moderate warming (+1.0 to 

+2.0 °C).

RCP8.5: Strong warming (+3.0 to 

+4.0 °C) across most regions.
Acknowledgements: The author sincerely acknowledges the Rwanda 
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Environment Management Authority for the facilities provided.
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Rwanda, widely known as the “land of a thousand hills,” is located in Eastern-

Central Africa between 1°4′–2°51′S and 28°53′–30°53′E, covering an area of 

26,338 km². The country’s terrain is highly diverse, ranging from the low-lying 

Bugarama Valley at 900 m to the volcanic highlands, with Mount Karisimbi 

reaching 4,507 m. This complex topography exerts a strong influence on 

spatial variations in rainfall and temperature (Ntwali et al., 2016). The western 

and northern highlands are characteristically wetter and cooler, while the 

eastern plains are drier and warmer (Siebert et al., 2019; Sebaziga et al., 

2023; Sebaziga et al., 2024). Rwanda experiences four distinct seasons: two 

wet seasons (March–May, MAM, and September–December, SOND) and two 

dry seasons (January–February, JF, and June–August, JJA) (Siebert et al., 

2019; Kazora et al., 2021; Sebaziga et al., 2023; Sebaziga et al., 2024). 

Rainfall characteristics in Rwanda have been the subject of several recent 

studies (Muhire et al. 2015, Ntwali et al. 2016, Siebert et al. 2019, Kazora et

al. 2021, Umutoni et al. 2021, Umuhoza et al. 2021, Zhou et al. 2021, Safari

et al. 2022, Sebaziga et al. 2022, Uwimbabazi et al. 2022, Sebaziga et al. 

2023) with a converging result indicating a general variation in seasonal and 

annual total rainfall. Rainfall Onset Days (OD), Cessation Days (CD), 

Seasonal Length (SL), and Number of Rainy Days (RD) are crucial for crop 

production and food security in Rwanda yet scantily documented. This study 

aimed to analyze the spatial patterns and variabilities of Seasonal OD, CD, 

SL, and RD in Rwanda using an observational data set from 1983-2021. The 

study also aimed to classify Rwanda into near-homogeneous climate zones.

Objective:

- Classify Rwanda into near-

homogeneous climate zones

- Analyze the spatial patterns and 

variabilities of Seasonal OD, CD, 

SL, and RD in Rwanda 

Data:

Gridded rainfall (4kmx4km) and

tempertures (5kmx5km) resolution

from 1983 to 2021 obtained from

the Rwanda Meteorology Agency.

Climatological  zones in Rwanda 

Six climatological zones: 

i. Lake Kivu climate zone:  located to the coast of Lake Kivu,

ii. Mountain climate zone, located in the area over Congo-Nile divide 

extended to the mountain areas of the northern volcanoes highland,

iii. Mountain forest climate zone: located on the southern and southwestern 

parts of Nyungwe National Park,

iv. Temperate climate zone of the central highlands: located in the central 

mountainous part extended from the southern region to the northern 

region

v. Central plateau: located between the temperate climate zone of the 

central highlands in the west and,

vi. Eastern low land : located in the eastern part of the country.

Rwanda’s location within Africa (a) and its 

administrative and elevation map (b) 

Observed mean onset (OD) and Cessation 
(CD)

Acknowledgements: The author sincerely acknowledges the Rwanda Meteorology Agency for providing the observed data and the Rwanda Environment Management Authority for the facilities provided.

1. Climate zone: K-means clustering 

WሺEKሻ = ෍ti∈ EK ሺti − μKሻଶ ቍܶ𝑊ܵܵܥ = ෍𝐾=ଵ
𝐾 𝑊ሺܧ𝐾ሻ = ෍𝐾=ଵ

𝐾 ෍𝑡೔∈𝐶𝐾൫𝑡௜ − 𝜇𝐾
ଶ

ቇܦ ݊, ݉ = 1݊𝑝݉𝑝 ෍௜=ଵ௡𝑝 ෍௝=ଵ௠𝑝 ቀ𝑡௡೔ − 𝑡௠ೕ 𝑡𝑖 is 𝑖 𝑡ℎ data point of cluster k (𝐸𝑘), and µ𝑘 is the mean 

value of points in cluster k;  ܶ𝑊ܵܵܥ: total within cluster sum of square
 D n, m : is distance between cluters n and m, and np ,mp 

are the nuber of elements in those cluster

Methodology

2. Rainfall characteristics

❖ Onset day (OD): Accumulation (25mm in 5 days), rainy 

days (3 rainy days), dry spell (7 days in the next 30 days)

Start of counting:

- February for LR and September for SR.

❖ Cessation day (CD): Accumulation (10 days) < ½ PET

❖ Seasonal length (SL): = CD - OD 

❖ Number of rainy days (RD) = days with rainfall >= 1mm 

Climatic classification of Rwanda, based on data from 1983-2021. 

LR:

SL: statistically significant positive trend in 

northwestern and northeastern

RD: statistically significant positive trend in central 

western, central  and northeastern and negative trend in 

extreme southern

SR:

SL: statistically significant positive trend in central 

western, southeastern northeastern 

RD: statistically significant positive trend in central 

western, central  and northeastern and negative trend in 

extreme southern

LR:

OD: get late in western, central-southern, southern  

and central eastern and early in south-eastern, 

north-eastern and north-western 

CD: getting later in north-western and early and 

remaining areas

SR:

OD: Early in south-eastern, central, north-eastern 

and north-western and later in remaining areas

CD: Early in northern highland and later in 

remaining areas

Variability of Observed onset (OD) and Cessation 
(CD)

Observed mean seasonal length (SL) and rainy days 
(RD)

Variability of Observed seasonal length (SL) and rainy 
days (RD)

Mean onset(OD) and cessation (CD) from 1983-

2021

Onset (OD): 
❖ Early in the 

western 

and 

northern

❖ Later in 

central and 

eastern

Cessation 

(CD): 
❖ Early in 

central and 

eastern

❖ Later in the 

western and 

northern

❖ Onset exhibits west-east (W-E) 

progression

❖ Cessation exhibits east-west (E-W) 

progression

Mean seasonal length (SL) and rainy days (RD) from 1983-

2021

Seasonal length 
(SL): 
❖ Longer SL in the 

western and 

northern

❖ Shorter SL in 

central and 

eastern

Rainy days (RD): 

❖ More RD in the 

western and 

northern

❖ Few RD in central 

and eastern

❖ Areas with later OD and early CD exhibit higher 

variability

❖ Areas with early OD and later CD exhibit lower 

variability

Variability of onset(OD) and cessation (CD) from 

1983-2021

Mean seasonal length (SL) and rainy days (RD) from 1983-

2021

Trends mean seasonal length (SL) and rainy days 
(RD)

Trends of mean onset (OD) and Cessation 
(CD)

Onset (OD): 
➢ Low variability 

in western and 

northern 

highland and 

north-eastern

➢ High variability 

in eastern, 

central and 

southern

Cessation (CD): 
➢ Low 

variability 

eastern and 

south-central 

➢ High 

variability in 

central, 

southern, 

western and 

northern

Seasonal length 
(SL): 
LR:
➢ Low variability in south-

western 

➢ High variability in 

southern, northern-

highland, central and 

eastern

SR: 
➢ Low variability in 

eastern and south-

western

➢ High variability in 

central, southern and 

northern

Rainy days (RD): 
LR:
✓ Low variability western, 

southern and northern 

✓ High variability in 

central, south-central 

and eastern

SR:
✓ Low variability eastern, 

✓ High variability in 

central, southern, 

western and northern

Trends of onset (OD) and Cessation (CD) from 1983-2021

Trends of seasonal length (SL) and rainy days (RD) from 1983-

2021
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Development and Evaluation of a Prototype Climate-Soil Decision Support Tool 
for Beans  Production in Karongi District

Benitus NIYOMPANO1*, Tibebu Belete1

1Rwanda Institute for Conservation Agriculture, Kagasa Rweru Rd, Off RN 15, Bugesera, Rwanda 

            INTRODUCTION 
Common bean is one of  the major food and income 
crops in Rwanda but remains highly vulnerable to 
climate variability due to farmers’ dependence on 
rain-fed agriculture, making key farm management 
decisions increasingly climate-sensitive. Despite the 
availability of  climate, soil, and agronomic 
information, translating these data into localized, 
timely, and actionable farm-level guidance remains 
a challenge. This project addresses this gap by 
developing a prototype Climate-Soil Decision 

Support Tool that integrates these information 
sources to support timely decisions on planting, 
weeding, and harvesting in Karongi District.

1

RESEARCH OBJECTIVE
The main objective of  this study is to develop 
and evaluate a prototype Climate-Soil Decision 
Support  Tool for common bean production in 
Karongi District, enabling extension agents and 
cooperative  leaders to generate context-
specific management recommendations. 

2

METHODOLOGY
1. Literature Review & Data Collection

2. Data Analysis & Decision-Rule Development
3. Excel Dashboard Development

4. Testing & Refinement
5. Finalization & Reporting

3

RESULTS4

The prototype's planting recommendations closely 

matched the 37-year historical rainfall onset for the 

Kibuye zone by Ayabagabo (2018), differing by only 3-7 

days ( as it bases on the actual weather conditions).

The decision rules were developed using 

published agronomic guidelines by RAB and 

validated climatological data, providing the 

prototype with a strong scientific foundation.

Participants demonstrated generally high 

coŶfideŶce iŶ applyiŶg the tool’s agroŶoŵic 
recommendations, particularly for planting 

and harvesting decisions.

Most participants rated the tool positively, 

with 81.5% reporting ease of use and 

89.5% indicating usefulness and 

confidence in its recommendations.

WAY FORWARD
❖ Transform this prototype into a 

web or mobile-based decision 
support platform  using real-time 
climate and soil data for timely 
and accessible advisory services.

CONCLUSION
This study demonstrated that climate, soil, and agronomic information can be translated 
into localized, actionable bean production advisories through a user-centred decision 
support tool. With 13 evidence-based decision rules, the prototype provides a strong 
foundation for further field validation and scaling of  climate-informed agricultural 
advisory services in Rwanda.

5 6
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The Impact Of Maize Farming Support on Food Security Of T2DM Smallholder Farmers In Eastern Rwanda
Dushimimana D1, 2*, V Mukandayisenga2, P Hagenimana2, C Bigirimana1, E Mutamuliza1, JA Manirere1, A Karangwa1

1School of Agriculture and Food Sciences, Department of Agricultural Economics and Rural Development, College of Agriculture, Food Sciences and Forestry, University of Rwanda. 
                           2Partners In Health, Rwanda

1.Introduction: The Rwandan GDP per capita increased from US$ 235 in 
2002 to US$ 1,004 in 2022, and agriculture has contributed to 33% on average, 
86.3 percent of agricultural households practice agriculture as the main 
livelihood activity. Despite that, small holder farmers in Rwanda are chained by 
the poverty, and unfavorable socioeconomic conditions. In rural community, the 
54.9 percentage of agricultural households rely on subsistence agriculture for 
families’ food security, and maize farming provides main household food and 
more income compared to other food crops. Farming support programs do not 
pay much attention to the differential access to assets and knowledge between 
healthy and non-health farmers. Healthy farmers improve productivity and 
boost their food security and incomes compared to sick farmers. Type 2 
Diabetes Mellitus (T2DM) affects rural farmers, and struggle with the cost of 
continuous care which increases the risk of poverty. This paper analyzed the 
food security status of maize farmers with T2DM who benefit from maize 
farming support in Kayonza and Kirehe districts.

2. Study area & Data

4.

Kayonza 
District

Kirehe District

1. Districts of Kayonza, and 
Kirehe (Fig.1).
2.The area of 1,954 km² and 
1,118.5 are the key economic 
activities km², and altitude of 
1,400 to 1,600 m, with the 
average annual temperature is 
19.4 °C, with an average rainfall 
of 898 mm. 
3.The fertile soil and agro 
ecological conditions are 
suitable for maize production.

3.Methodology:  Data on T2DM patients was accessed through NCD 
program electronic database storage in both Rwinkwavu/Kayonza and Kirehe 
district hospitals. In the registry of agriculture supporting program , the study 
identified T2DM patients in NCD program who benefit from maize farming 
support, and those who do not. A sequential quasi-experimental method was 
used for sampling, and data were collected to 254 participants who were 
stratified into two groups (127 benefiting from the support, and 127 who do 
not. Primary data on the three dimensions of food security (food availability, 
food access and food utilization).To describe study participants characteristics, 
descriptive statistics were used with mean and standard deviation for 
continuous variables, and frequencies and percentages  for categorical 
variables. Prevalence of food security was estimated using Factorial Analysis 
for Mixed Data (FAMD) followed by Hierarchical Clustering on Principle 
Components( HCPC). Scores were extracted from FAMD results and were 
used to classify participants into different food security categories using 
standard deviation as a cut-off. Bivariate analysis was done to test the 
association between food security status and participants’ characteristics 
using chi square for categorical variables and Wilcoxon sum test for 
continuous variables (Table 4). To assess factors of food security, binary logistic 
regression was used R Studio was used for data analysis.

Scree plot for the overall explained components of food access

Percentage contribution of each variable in the explained components of food access

Food security analysis by dimension of food access
Non-support recipients 71 (55.9%) are food secured compared to 37 (29.13%) of supported 
participants. The analysis has shown that none of the personal characteristics were 
associated with food security status.

Food security analysis by dimension of food availability

Non-support recipients 63 (49.6%) are food secured against 13(10.23%) of supported 
participants. Age, district of residence and number of clinical visits per month are 
associated with food security status. A one-year increase in the age (AOR=0.95, 95%CI: 0.93, 
0.97) and (p-value=0.001) of the participant decreases the odds of severe food insecurity in 
terms of food availability by 5% (OR=0.95). Being a resident of Kirehe district (AOR=0.504, 
95%CI: 0.28, 0.86) and (p-value=0.014) influences a decrease of 5% in likelihood of being 
food insecure. As the number of clinical visits per month (AOR=2.96, 95%CI: 1.58, 5.71) and   
(p-value=0.001) increases, the odds of having severe food insecurity in terms of food 
availability was 2.96 times more (OR=2.96). 

Food security analysis by dimension of food utilization
Supported recipients 68 (53.54%) are food secured against 0(0. %) of non-supported 
participants. Enrollment in the support, number of clinical visits per month, and education 
are associated with food insecurity status in term of utilization. A supported participant 
(AOR=0.11, 95%CI: 0.05, 0.21) and (p-value=0.001) of the participant decreases the odds of 
severe food insecurity in terms of food utilization by 11% (OR=0.11). Holding a secondary 
education (AOR=2.93, 95%CI: 1.30, 6.76) and (p-value=0.01) increases the odds of being foo 
secured 2.93 times. The number of clinical visits per month (AOR=0.37, 95%CI: 0.14, 0.79) 
and (p-value=0.0187) decrease, the odds of having severe food insecurity in terms of food 
utilization was 0.37 times more.

Overall prevalence of Food security 
Supported farmers 124(77.5%) are food secured against 36(22.5%) of those who are not enrolled in 
the support.  The female headed households 120 (75.0%) are more food secured than 40(25.0%) of 
male headed households. Taken for reference (Female), being a male headed household. The 
odds of having severe food insecurity for households with male head are 1.86 times (AOR=1.86, 
95%CI: 1.07, 3.23) and (p-value=0.026).   Elderly farmers Age (Mean age: 60.1, and SD: 10.1) were food 
insecured. Having more clinical visits per month (Mean: 1.23, and SD: 0.476) is linked to food 
security status.  Farmers with many years with T2DM (Mean: 8.14, and SD: 5.69) are food 
insecured. Participant’ age, gender, district of residence and number of hospital visits per month 
are statistically associated with food security status. The other variable associated with being food 
secured in is the district. Patients from Kirehe district have less odds (OR=0.44) of having severe 
food insecurity than patients living in Kayonza district, (AOR=044, 95%CI: 0.26, 0.74) and (p-
value=0.02). As the age (AOR=1.057, 95%CI: 1.033, 1083) and (p-value=0.001) of maize householder 
farmers with T2DM patients increases by one year, the odds for the households of having severe 
food insecurity increases by 5.7% (OR=1.057). The other factor of food insecurity is number of visits 
per month (AOR=1.167, 95%CI: 1.0001, 1.36) and (p-value=0.001). The increase of one more clinical 
visit per month, increases the odds of being food secured 1.167 times.

Scree plot for the overall explained components of food security 

5. Conclusion: The Rwandan agriculture has been the main 
driver of growth and poverty reduction. Despite their vital, small 
holder farmers are chained by the poverty, and diseases such as 
type 2 diabetes mellitus which affect their food security. Factorial 
Analysis for Mixed Data (FAMD), logit regression, bivariate analysis 
were used to analyze the food security status of maize farmers 
with T2DM who benefit from maize farming support. Findings 
show that the average age of non-maize farming support 
participants is 59.9 years with standard deviation of 10.5, while the 
average age of support enrolled participants 50.8 years with 
standard deviation of 13.1..Among 160 participants who are food 
secured. 86(42.5%) in Kayonza and 92 (57.5%) in Kirehe are food 
secured while 124(77.5%) of supported farmers were found to be 
likely food secured against 36(22.5%) of those who are not enrolled 
in the support.
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Multi – temporal LULC detection for climate impact assessment: Bird as bioindicator in Karago lake 
ecosystem, Rwanda

Josiane NIYONKURU1,2  -  1University of Rwanda, 2Rugezi Ornithology  Center

LULCchange  is degrading ecosystem health and biodiversity across 

Rɯanda‘s lake ɯaterland, ƬhallenǕinǕ NBSAP( 2025-2030).

• At Karago lake,Northern Province,Agricultural expansion, wetland 

encroachment, and vegetation loss are compounded by climate 

ɮariaƫility, ɯeakinǕ eƬosystem‘s Ƭapaƫility to ƫuǔǔer Ƭlimate impaƬts.

• Birds are sensitive indicators of ecological change, their mobility, 

habitat specificity and rapid response to disturbance make them ideal 

for tracking LULC driven ecosystem stress.

Yet relationship between LULC dynamics and bird population Rwanda 

lake ecosytem.

• This study aim to map the multi- temporal LULC change (2005-2025) 

at Karago lake and evaluate the bird community composition  as 

bioindicator for ecosystem based monitoring.

•Five land cover classes (Forestland, 

Grassland, Cropland, Built-up, 

Water bodies) were mapped across 

three Nyabihu District cells 

enclosing Karago Lake, using 

Landsat imagery from 2005, 2015, 

and 2025. 

•Supervised classification and post-

classification change detection 

quantified land cover transitions 

across the 20-year period. 

•Bird abundance and richness were 

recorded at 10 point-count plots 

around the lake (2010, 2015, 2025), 

supplemented by eBird records.

•LULC composition within 150 m of 

each plot was linked to bird data, 

and all correlation and regression 

analyses were performed in 

RStudio. 

• Forestland declined from 43.3% to 15.4% (a net loss of 27.9 percentage 

points), while grassland remained comparatively stable (15.0% to 

14.3%). Cropland the primary driver of change expanded from 24.8% 

to 58.3% (a net gain of 33.5 percentage points), and built-up area rose 

from 0.5% to 1.9%, together accounting for nearly all of the area lost 

from forestland.   

•     Approximately 2 acres of papyrus vegetation was cleared for 

agricultural expansion, leaving only the legally mandated 50 meters 

lake buffer zone intact. 

•Despite compliance with the buffer requirement, on-the-ground 

habitat quality within it has declined: bird nests within the remaining 

buffer were destroyed, and muddy shoreline habitat previously used by 

wader species is no longer present.

• Wader birds like African Pipit and Wood Sandpiper, both recorded 

in high numbers in earlier surveys, showed a marked decline in 

observation frequency by 2025  consistent with the near-total 

conversion of forestland to cropland and the associated loss of 

muddy, open shoreline habitat. 

•Plot-level analysis (n=10, 150 m buffer) showed a moderate negative 

association between cropland cover and both bird species richness (r 

= -0.44) and abundance (r = -0.48), and a moderate positive 

association between water body proximity and richness (r = 0.50), 

though none reached statistical significance at this sample size 

• LULC change at Karago Lake  dominated by cropland expansion from 24.8% to 58.3% and forestland loss from 43.3% to 15.4%  is linked to declining habitat 

quality and reduced abundance of wetland-dependent bird species, despite formal compliance with Rwanda's 50 m lake buffer regulation.

• This finding demonstrates that legal buffer compliance alone is insufficient to protect wetland ecosystem function, underscoring the need for stronger climate 

data and monitoring systems  bird community monitoring offers a practical, low-cost, and replicable indicator capable of detecting ecological degradation that 

satellite-based LULC mapping and policy compliance checks alone cannot capture.

• By linking remote sensing-derived land cover trajectories with field-based biodiversity monitoring, this study contributes a scalable climate monitoring 

framework applicable to other lake ecosystems across Rwanda and the wider East African region.

• This work supports the translation of scientific evidence into practical climate resilience solutions, positioning integrated LULC-biodiversity monitoring as a tool 

for strengthening evidence-based climate action and the science-policy interface in Rwanda.

•Laure, M., Jesús, R., Matthews, T. J., Niyigaba, P., Wayman, J. P., Tobias, J. A., & Whittaker, R. J. (2021). Effects of land- use change on avian taxonomic 

, functional and phylogenetic diversity in a tropical montane rainforest. May, 1732–1746. https://doi.org/10.1111/ddi.13364

•Quispe, M. J., Callirgos, N., Sánchez, S., Sandoval, H., Coronel-Bustamante, D., Pérez-Delgado, L. J., ... & Fernandez-Zarate, F. H. (2025). Land Use and 

Land Cover Change from 1998–2024 in the Shumba Watershed, Peru: A Remote Sensing-Based Assessment.
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Title: Idiosyncratic effects of climate change on co-occurring threatened Afromontane damselflies
Author(s): Samuel Thuita*, Anthony Karani, Michael Githaiga.
Affiliation: School of Pure and Applied Sciences, University of Embu, P.O. Box 6, Embu, Kenya.

BACKGROUND 
• Damselflies (Odonata: 

Zygopotera) are sensitive 
bioindicators of freshwater 
ecosystem health, making them 
useful models for examining how 
shifting stream conditions 
threaten co-occurring species. 

• Recent studies have shown that 
the Kenya Jewel (Platycypha 
amboniensis Martin 1915) and 
the Giant Sprite (Pseudagrion 
bicoerulans Martin 1908) Inhabit 
the same montane forest streams, 
but occupy contrasting 
microhabitats (Karani et al., 2026).

METHODS 
• We estimated the abundance using replicated counts in the wet and dry 

seasons. Occupancy and detection probabilities were determined using a 
two-species conditional occupancy model. 

• We measured functional traits of larvae, environmental parameters, 
substrate availability and for associations using a generalized linear model.

KEY RESULTS
• We found that, while the abundance of adults was not affected, the 

abundance of larvae differed significantly between seasons (p <.05). 
• We established that substrate availability and turbidity was associated 

with larval abundances, consistent with the expected effects of stream 
flow conditions in the dry season (p <.05).

• These results show that habitat loss and altered stream flow linked to a 
changing climate threaten both species through distinct pathways tied to 
their microhabitat requirements.

• We recommend further studies using experimental manipulation of drying 
conditions to understand how these associations will affect species under 
future climate change.

CONCLUSION AND PRACTICE RELEVANCE

OBJECTIVE
• We aimed to establish the variation in abundance of larval damselflies in 

wet and dry seasons in Mt. Kenya forest.

REFERENCES
• Karani, A., W. Kairu, A., N. Githaiga, M., W. Gichira, A., & W. Ng’iru, I. (2026). Congruence of detection 

probabilities and co-occurrence of threatened Afromontane damselflies with diverging functional traits 
(Odonata: Chlorocyphidae, Coenagrionidae). Journal of Insect Conservation, 30(1), 16.

Co-occurrence Larvae Adults

ψA 0.995±0.049 0.915±0.061

ψBA 0.969±0.060 0.971±0.032

ψBa 1.000±0.000 1.000±0.000

pA 0.473±0.390 0.625±0.122

pB 0.140±0.589 0.504±0.497

rA 0.334±0.036 0.338±0.065

rBA 0.429±0.117 0.328±0.090

rBa 0.401±0.048 0.308±0.076

γ 0.999±0.002 0.997±0.002

ψB 0.960±0.042 0.973±0.018

ψAB 0.926±0.044 0.888±0.043

Distributional map (left), point range diagram of daily abundance (mean ± SE) (top) and Estimates of occupancy (ψ), detection 
probability (p and r), and species interaction factor (SIF or γ) for Platycypha amboniensis Martin, 1915 (second right), and 
Pseudagrion bicoerulans Martin, 1907 (first right).
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Integrated optimization of biogas recovery and solar photovoltaic energy systems on Municipal Solid Waste Landfill hills in Rwanda. 

Case Study: Nduba Municipal Solid Waste Landfill Hill, Kigali.
Habaguhirwa Vedaste* 1, Ishimwe Denyse , Dr. Munyaneza Janvier1,  Elyse Dushimirimana2

1Rwanda Polytechnic-Musanze College, 

2Genius Environmental Ltd, Rwanda

1. Introduction

Global urbanization has resulted in increased municipal solid waste generation, 
creating severe environmental and public health challenges. Landfills contribute 
significantly to methane emissions, one of the most potent greenhouse gases 
responsible for climate change.
According to international estimates, landfill methane accounts for 
approximately 11% of global anthropogenic methane emissions. Simultaneously, 
renewable energy demand continues to rise as countries seek pathways toward 
low-carbon development.
Rwanda has demonstrated strong commitment to climate resilience and 
renewable energy development through Vision 2050, the Green Growth and 
Climate Resilience Strategy, and Nationally Determined Contributions (NDCs). 
The Nduba Municipal Solid Waste Landfill presents a unique opportunity to 
transform environmental liabilities into productive energy assets through 
integrated landfill gas recovery and solar energy generation.

2. Research aim and objectives

Overall aim:
To develop, optimize and validate an integrated biogas and solar photovoltaic 
energy system for renewable energy generation and greenhouse-gas mitigation 
at Nduba Municipal Solid Waste Landfill.
Four objectives
1. Quantify methane-generation potential and solar-energy resources. 
2. Design and optimize an integrated biogas–solar PV system. 
3. Develop IoT-enabled monitoring and digital-twin capabilities. 
4. Evaluate environmental, economic and social sustainability and develop 

replication strategies.

5. Preliminary assumptions

Because actual Nduba measurements are not yet available, we developed a 
transparent baseline scenario.
  

4. Methodology

Stage 1 — Resource Characterization
Waste quantity → waste composition → organic fraction → moisture/volatile solids
Stage 2 — Methane Assessment
CH₄ measurements → spatial sampling → IPCC First-Order Decay model
Stage 3 — Solar Assessment
Global Horizontal Irradiance → temperature → humidity → wind → satellite/ground 
data
Stage 4 — Hybrid System Optimization
Biogas + PV + battery → energy management → GA/PSO/MAOM
Stage 5 — Intelligent & Sustainability Assessment
IoT → digital twin → AI → LCA → NPV/IRR/payback → social impact.

6. Modeling Framework

A. Methane generation — IPCC First Order Decay:ܥ𝐻4 = ෎𝑥 𝑊𝑥 × 𝑥ܥܱܦ × 𝑓ܥܱܦ × 𝑀ܨܥ × ܨ × ͳ6ͳʹ
Where: 𝑊𝑥: waste quantity, ܥܱܦ𝑥: degradable organic carbon, 𝑀ܨܥ: 
fraction of DOC dissimilated and ܨ: methane correction factor and 
methane fraction.

B. Solar PV energy: ܧ𝑃𝑉 = 𝐴 × 𝑟 × 𝐻 × ܲ𝑅
where:𝐴= available PV area , 𝑟= PV conversion efficiency , 𝐻= solar irradiation and ܲ𝑅= performance ratio.

3. Problem statement

1. Large quantities of biodegradable waste at Nduba generate methane.
2. A significant proportion of landfill methane remains uncaptured.
3. Solar-energy opportunities at landfill surfaces remain underutilized.
4. Environmental monitoring is currently limited.
5. There is no established integrated landfill-to-energy optimization framework 

for Rwanda.
6. Scientific evidence is needed to determine the technically, economically and 

environmentally optimal configuration.

7. Preliminary Results

650 t/day :Assumed MSW input
377 t/day: Estimated organic fraction
45,240 m³/day: Illustrative CH₄ generation
24,882 m³/day: CH₄ recovered at 55% capture
16.35 GWh/year: Biogas electricity
11.68 GWh/year: Solar PV electricity
28.03 GWh/year: Combined hybrid electricity

8. Results Analysis

9. Conclusion

▪ Preliminary modelling indicates that Nduba Landfill Hill could support a 
significant hybrid renewable-energy system combining landfill methane 
recovery and solar PV generation. 

▪ Under the assumed baseline scenario, approximately 28 GWh/year of 
renewable electricity could be produced. Sensitivity analysis indicates that 
methane-capture efficiency and PV capacity are key determinants of 
system performance. 

▪ The proposed research will replace these assumptions with field 
measurements and apply multi-objective optimization to identify the 
technically, economically and environmentally optimal configuration.
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Adaptation Research for Impact: The Role of Climate Risk Knowledge and Adaptation Evidence in Strengthening Rwanda’s Adaptation 
Innovation Ecosystems and Entrepreneurship Support

Martin Rokitzki & Sudev Madhav Dileep

Climate Adaptation Research & Consulting (CARC ) Rwanda, a PlanAdapt Affiliate 

1. Background and Context

Rwanda’s private sector is central to the country’s economic transformation, job creation 
and future prosperity, with small and medium-sized enterprises (SMEs) forming a 
particularly important part of its economic fabric. At the same time, businesses and the 
communities they serve are becoming increasingly exposed to climate-related risks. 

Climate change therefore represents not only a growing risk for Rwanda’s private sector, 
but also an important opportunity for entrepreneurship and innovation. Locally rooted 
SMEs are uniquely positioned to understand the everyday climate risks faced by farmers, 
households and businesses and to translate these needs into accessible and context-
appropriate adaptation innovations - from climate-resilient agricultural inputs, irrigation 
and water-management technologies to resilient construction materials, cooling 
solutions, insurance products and other new products and business models that 
strengthen climate resilience. 

Yet adaptation and resilience (A&R) innovators often operate within fragmented 
entrepreneurship support systems and innovation ecosystems. Furthermore, they lack 
usable climate-risk evidence, adaptation impact measurement frameworks, 
patient capital and links to research institutions.

2. Research Questions and Objectives

The study examined how climate adaptation research and climate risk knowledge can 
strengthen innovation ecosystems for A&R enterprises in Least Developed Countries and 
Small Island Developing States, including in Rwanda. The guiding research questions 
were: 
• Which design options and criteria determine suitable entrepreneurship 

programmes and innovation ecosystems that are focused on A&R?; 
• In which way can climate risk knowledge and adaptation research be integrated 

entrepreneurship programmes and innovation ecosystems that are focused on 
A&R?

3. Research Design

The study builds on two years of field-level learning generated through Climate-KIC's 
global Community of Practice (CoP) on MSME Incubation and Acceleration, convened 
under the GEF-financed, UNIDO-implemented CAIL project since 2024. Across nine 
convenings — in Nairobi/ Kenya, Recife/ Brazil, and seven virtual sessions — the CoP 
engaged over 526 practitioners across Africa, Asia and Latin America, surfacing a set of 
contested, field-tested questions on innovation ecosystem design, blended finance and 
locally led adaptation that the existing literature had not yet resolved. 

: 

Key cross-cutting considerations to embed climate risk 
knowledge and adaptation research in entrepreneurship 
support programmes:

1. the sophistication of climate knowledge should be 
proportionate to the enterprise and decision being made. A 
small agricultural enterprise usually does not need a 
complex climate model. It may need a robust 
understanding of changing rainfall patterns, farmer 
vulnerability and plausible future scenarios. 
Entrepreneurship programmes should therefore translate 
climate science into decision-useful knowledge;

2. climate knowledge needs to be combined with local and 
user knowledge. Adaptation is unusually context-
dependent. Scientific risk data can indicate increasing 
drought probability, for example, but farmers, water utilities 
or local businesses may know much more about how that 
risk actually manifests, existing coping mechanisms and 
why previous interventions have failed. Effective innovation 
therefore often requires co-design and iterative testing.

3. adaptation SMEs frequently operate where there is a gap 
between social value and private willingness to pay. The 
populations that benefit most from an adaptation solution 
may

 

5. Conclusion

The study has found that entrepreneurs in LDCs and SIDS routinely lack access to 
downscaled and robust climate risk knowledge, adaptation research evidence, and 
testing facilities needed to validate a concept, a service or a product before it becomes a 
business. Where this information gap exists, it does not just slow entrepreneurs down — it 
constrains which adaptation problems get identified and pursued at all, since climate 
information services sit alongside finance, technology and policy as one of the external 
factors that enable or constrain adaptation action in the first place.

Research institutions are positioned to close this gap, but the study finds their role in 
practice remains narrow: applied R&D and knowledge production, with weak translational 
linkages to entrepreneurs and adopters. Innovation systems in LDCs and SIDS, including 
Rwanda,  are often fragmented, marked by limited domestic R&D capacity, weak 
university-industry linkages, and inadequate technology transfer mechanisms. The more 
effective models move researchers beyond this narrow function into orchestration, 
facilitation and co-production — working directly with entrepreneurs and communities in 
climate adaptation contexts to co-design and validate solutions against local risk, for 
instance in Living Labs.

not be able to pay its full cost. Entrepreneurship support therefore needs to connect 
climate-risk and adaptation analysis with questions of business-model innovation, public 
procurement, subsidies, blended finance, insurance, results-based finance or B2B/B2G 
models.

4.2 The Situation in Rwanda 

The study found an ecosystem-level gap in Rwanda: there is considerable climate and 
adaptation knowledge in institutions such as RAB, Rwanda Meteorology Agency, REMA, 
universities and international research organizations, and there is considerable 
entrepreneurship infrastructure—but knowledge producers and ESOs are not consistently 
connected outside the agrifood sector. We found three levels of maturity:
Level 1 – Adaptation-integrated ecosystem: Agriculture/agrifood.
Level 2 – Climate-relevant ecosystem where adaptation entrepreneurship is emerging: 

water, NbS, urban resilience, productive energy/cooling.
Level 3 – General entrepreneurship or green-growth ecosystem where adaptation 

knowledge is largely absent: much of energy, circular economy, tourism, 
construction and mainstream digital entrepreneurship.

Source: author’s own elaboration

The research took a mixed methods approach using a combination of (a) AI-agent 
(SciSpace) based systematic literature review of scientific and gray literature across theme 
adaptation finance, incubation and acceleration models, blended finance mechanisms, and 
gender and social inclusion; (b) semi-structured key informant interviews and (c) field visits 
to adaptation SMEs, providing evidence as to how these SMEs can be best supported in 
order to establish reliable, sustainable and measurable adaptation outcomes. The study was 
embedded in the Climate Adaptation Innovation and Learning initiative (by Climate-KIC, 
UNIDO and GEF etc.). The analysis covered incubators and accelerators, Living Labs, the 
Quintuple Helix model, innovation ecosystem intermediaries, blended finance instruments, 
indigenous and local knowledge, and locally rooted scaling mechanisms, anchored 
throughout by the Adaptation SME Accelerator Project (ASAP) taxonomy. 

4. Findings

4.1  Landscape of A&R Entrepreneurship Support Programming 

The study revealed a wide spectrum of existing A&R entrepreneurship programmes.

Source: author’s own 
elaboration

Source: author’s own 
elaboration

For more info: 
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Community Willingness to Participate in Innovative Ecosystem-Based Adaptation
 Evidence from a Butterfly Farming Project in the Ibanda-Makera Forest, Eastern Rwanda
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➢ Climate change is increasingly 
affecting Rwanda, especially 
smallholder farmers and agriculture. 

➢ Affordable and practical adaptation 
options are needed for smallholder 
farmers,these include Ecosystem-
based Adaptation (EbA)

➢ EbA are adaptation techniques to 
climate change through the 
conservation, sustainable 
management, and restoration of 
ecosystems

➢ Butterfly farming is an EbA approach 
that incentivizes farmers to conserve 
existing butterfly species for income 
and plant indigenous host trees 
needed to sustain them

Rationale: Understanding the local ecological, economic and social context before 
establishing an EbA project helps tailor its design and improve long-term success.

Objectives:
➢ To assess the willingness of communities surrounding Ibanda-Makera Forest to 

participate in an EbA butterfly farming project and identify factors influencing their 
willingness.

➢ To gather community insights on project implementation

➢ The positive attitudes toward conservation, 
cooperative traditions and prior experience 
with similar livelihood projects, create a 
favourable environment for butterfly 
farming

➢ Weaknesses such as technical knowledge 
gaps, and dependence on external support 
must be carefully addressed

➢ Success will depend on participatory 
training, accessible markets, and consistent 
institutional backing

➢ To address the weakness of dependence on 
external funding, self-sustainability should 
be the primary goal

➢ Given the complexity and novelty of this 
intervention, we recommend that the 
project adopt an adaptive management 
approach

➢ Adaptive management: A structured, 
iterative process of decision-making that 
involves implementing actions, monitoring 
outcomes, and adjusting strategies in 
response to new information and changing 
conditions 

1. Selje T, Schmid LA, Heinz B. Community-Based Adaptation to Climate Change: Core Issues and Implications 
for Practical Implementations. Climate. 2024 Oct 3;12(10):155. 

2. Uwizelimana JDD, Sibomana C, Nzarora A, Gordon IJ. Butterfly diversity (Lepidoptera: Papilionoidea) within 
the Ibanda Makera forest remnant, Eastern Province of Rwanda. Metamorphosis. 2025 Aug 21;36(1):56–63. 
doi:10.4314/met.v36i1.9

3. Berkes F. Rethinking Community‐Based Conservation. Conserv Biol. 2004 Jun;18(3):621–30. Gordon I, Ayiemba 
W. Harnessing Butterfly Biodiversity for Improving Livelihoods and Forest Conservation: The Kipepeo Project. J 
Environ Dev. 2003 Mar;12(1):82–98

We thank smallholder farmers around Ibanda-Makera 
Forest for accepting to be part of this study, Rwanda 
Environment Management Authority (REMA) for funding 
the project, Rural Environment and Development 
Organization (REDO) for their help on the field, and CoEB 
for bringing us all together.

➢ Communities surrounding Ibanda-Makera 
Forest, Kirehe District, Eastern Rwanda

➢ The forest actively conserved by local 
communities 

➢ support rich tree diversity, including 
potential butterfly larval host plants. 

➢ Home to at least 112 butterfly species, 
making Ibanda-Makera a suitable site for 
butterfly farming.

➢ Surrounded by smallholder agriculture land
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Step Method Participants Purpose/ Data obtained

1 Preliminary 

workshops 

×2

Farmers, beekeepers, 

traditional healers, local 

leaders and REDO 

representatives (23 and 17 

participants)

To understand the local ecological, and 

socio-economic context & gather 

community perspectives on project 

implementation

2 Sampling 96 farmers Purposive selection of farmers adjacent to 

the forest, followed by random sampling 

for gender and age representation

3 Pilot survey 16 farmers Survey testing and refinement

4 Semi-

structured 

survey

80 farmers Forest use, perceptions, attitudes, 

expected benefits/challenges & 

willingness to participate

5 Data 

analysis

96 surveys + qualitative data Descriptive/comparative statistics, chi 
square tests and thematic analysis; mixed-
methods triangulation

Perceptions of Butterfly farming

Contradiction Protecting biodiversity is 
important vs Reducing 
conservation land

Conservation brings economic 
benefits vs Conservation creates 
problems

x2 47.49 35.11
df 4 6
p_value < 0.001 < 0.001
% Strong 45.8 7.3
% Moderate 12.5 1

➢ The proposed butterfly farming project does not require 
communities to surrender any land. Instead, participants will be 
provided with seeds of indigenous trees to plant on their existing 
farmland, this represents a meaningful advantage

➢ Smallholder farming communities in rural Rwanda, like many across 
Sub-Saharan Africa, often lack technical capacity to implement 
conventional climate adaptation measures such as irrigation 
infrastructure

➢ Butterfly farming represents a suitable Ecosystem-based 
Adaptation strategy for this case because it is accessible and low-
cost, adaptable to rural plots, and valuable for income diversification

Drivers of participants' willingness to participate in the project:
➢ Deep connection to Ibanda-Makera Forest
➢ Genuine interest in the activity
➢ No land or resource burden

Perceptions of Ibanda-Makera 

Photo:  American Museum of Natural History
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IMPACTS OF LANDSLIDE DISASTERS ON COMMUNITY LIVELIHOODS IN RUTSIRO DISTRICT, RWANDA
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BACKGROUND & RESEARCH OBJECTIVES

Landslides are recurrent geomorphological 
hazards in Rwanda's Western Province. In Rutsiro
District, steep terrain, intense rainfall, 
deforestation and unsustainable land use interact 
with high dependence on agriculture, creating 
repeated livelihood and environmental losses.

• Assess the ǔȸeȷuenƬɵ and peȸƬeiɮed Ƭauses oǔ 
landslides.
• Quantiǔɵ soƬio-economic, health and 
environmental impacts on households.
• Eɴamine Ƭommunitɵ ƬopinǕ and mitiǕation 
strategies.
• Identiǔɵ Ǖaps in pȸepaȸedness, institutional suppoȸt 
and recovery.

STUDY AREA & RESEARCH DESIGN

Manihira • Ruhango • Ruseƫeya seƬtors, Rutsiro DistriƬt, Western Rwanda

METHODS AT A GLANCE

• ConƬuȸȸent miɴed-methods, cross-sectional design.
.ȸandomlɵ seleƬted household ȸespondents ׎׎ג •
 גא) ǔoƬus Ǖȸoups ב keɵ inǔoȸmant inteȸɮieɯs and א׏ •
participants).
• Fieldɯoȸk: Septemƫeȸ–December 2024.
• SPSS הא ȷuantitatiɮe analɵsis; tɯo-cycle thematic coding.

Figures and findings are derived from the supplied 

article.

KEY FINDINGS

53%
reported 
experiencing 
landslides annually

72% reported farmland 
loss

81%
reported water-
source 
contamination

38% reported no post-
disaster assistance

Preparedness & institutional reach
 ȸeaƬhed ƫɵ %וח  •  peȸƬeiɮed Ƭommunitɵ pȸepaȸedness %זח
government outreach

Household livelihood impacts

Farmland loss was the dominant reported livelihood impact.

Post-disaster support

Relieǔ: aǕricultural inputs ׯ׮% • cash assistance 1% • ǔood support ׮%.

Infrastructure link

Household impact was 
positively correlated with 

water-source impact: r = 0.148, 
p = 0.003 (n = 400).

MITIGATION, IMPLICATIONS & RECOMMENDATIONS

Community-led mitigation

Afforestation/tree planting was reported by 63%; bench 
terracing by 18%. Community measures also included 
drainage channels.

Community mitigation actions and reported policy awareness (n = 400).

WHAT THE FINDINGS MEAN

• Landslides haɮe eɮolɮed ǔȸom loƬalized phɵsiƬal hazaȸds 
into chronic socio-economic disruptions.
• AǕȸiƬultuȸal dependenƬe ampliǔies ǔood-security and 
income vulnerability.
• Wateȸ Ƭontamination adds a puƫliƬ-health burden to 
property and livelihood losses.
• HiǕh aɯaȸeness and pȸepaȸedness do not neƬessaȸilɵ 
translate into effective, maintained mitigation.

PRIORITY ACTIONS

• SƬale ȸeǕeneȸatiɮe land manaǕement and aǕȸoǔoȸestȸɵ 
using deep-rooted native species such as Alnus acuminata 
and Grevillea robusta.
• StȸenǕthen land-use zoning and combine terracing with 
engineered drainage.
• LoƬalize ƫilinǕual eaȸlɵ-warning systems and integrate risk 
education into farming cooperatives.
• Close the זב% suppoȸt Ǖap thȸouǕh deƬentȸalized ȸeƬoɮeȸɵ 
finance, crop insurance and rapid cash relief.

CONCLUSION
Rutsiro's landslide burden is simultaneously environmental, economic 
and public-health related. A coordinated disaster-risk-reduction 
framework linking sustainable land management, resilient 
infrastructure, community education and equitable recovery is required 
to build long-term climate resilience.
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1 Introduction

Climate change increasingly threatens developing regions through flooding, droughts 

and erratic rainfall, with Sub-Saharan Africa especially vulnerable due to limited 

resources and low adaptive capacity (IPCC, 2022). Rusizi District, Western Rwanda, is 

highly exposed to flooding because of steep slopes, proximity to Lake 

Kivu/Tanganyika, high rainfall intensity and dense river networks (Gebrechorkos et al., 

2018). While community awareness and adoption of adaptation strategies are widely 

promoted, their combined impact on actual flood risk reduction in Rusizi District has 

not been empirically assessed.

2 Research Objectives

▪ Assess community awareness of climate change and flood risks in Rusizi District.

▪ Examine the adoption of climate adaptation strategies among residents.

▪ Determine the impact of awareness and adoption on flood risk reduction outcomes.

3 Methodology

Design: Descriptive cross-sectional survey with analytical (correlation/regression) 

components.

Sample: 399 households in flood-prone sectors, selected via stratified random 

sampling (Yamane, 1967; 95% CI, 5% error) from ~95,247 households (NISR, 2022).

Data: Structured questionnaires + key informant interviews (KIIs) with local leaders, 

district officials and disaster management practitioners; secondary rainfall data from 

Meteo Rwanda.

Analysis: SPSS v26: descriptive statistics, chi-square, correlation and multiple 

regression; KIIs analysed thematically.

Figure 1. Rusizi District, Western Rwanda (Source: NISR, 2023)

4 Respondent Profile (n = 399)

Most respondents were economically active (37.6% aged 31–45), slightly 

more female (52.4%) and married (57.6%). Over half farm for a living 

(52.6%); household incomes are largely low (37.6% earn <50,000 

RWF/month), and 54.9% have resided in the area over 10 years.

53

58

52

38

38

Farming (52.6%)

Married (57.6%)

Female (52.4%)

Age 31–45 (37.6%)

Income <50k RWF (37.6%)

5 Community Awareness

80.2% of residents had heard of climate change and 77.7% were 

aware of flood risks, yet depth of understanding varied, only 

35.1% reported moderate and 12.3% very high understanding of 

impacts. Radio/TV (55.1%), local leaders (45.1%) and community 

meetings (40.1%) were the leading information sources.

55

45

40

30

23

Radio / TV

Local leaders

Community meetings

NGOs

Social media

Main sources of flood/climate information

80.2%
Aware of climate change

77.7%
Aware of flood risks

6 Adoption of Adaptation Strategies

Tree planting/reforestation (60.2%), crop diversification (50.1%) and 

drainage systems (42.6%) were the most widely adopted strategies; costlier 

measures, raised housing (23.8%) and relocation (21.3%) were far less 

common. Most efforts (37.6%) have run for just 1–3 years.
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Tree planting
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Early warning

Wetland restoration

Raised homes
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7 Institutional Support & Impact

Institutional support was uneven: 52.6% knew of government programmes 

but only 40.1% had received flood-risk training, and 12.3% never received 

assistance during flood events. Barriers to adoption centred on limited 

finances (57.6%) and lack of technical support (45.1%). Despite this, 72.5% 

of households reported some reduction in flood impact (slight, moderate or 

significant) after adopting adaptation measures.

57.6%
Limited financial resources

45.1%
Lack of technical support

8 Regression Results

Community awareness and adoption of adaptation strategies jointly 

explained 58.1% of the variation in flood risk reduction (R = 0.762, R² = 

0.581, F(2,396) = 45.76, p < 0.001). Both predictors were significant: 

adoptioŶ ;β = Ϭ.ϯϲϴ, p < Ϭ.ϬϬϭͿ had a slightly stroŶger effeĐt thaŶ aǁareŶess 
;β = Ϭ.ϯϮϭ, p < Ϭ.ϬϬϭͿ.

R² = 0.581
Variance explained

F = 45.76
p < 0.001

β = 0.368
Adoption effect

Predictor β t Sig.

Community awareness 0.321 6.08 0.000

Adoption of strategies 0.368 6.63 0.000

9 Conclusion

Community awareness, adoption of adaptation strategies and institutional support jointly play a critical 

role in reducing flood risk in Rusizi District. Yet effectiveness remains constrained by socio-economic 

limitations, weak technical capacity and inconsistent institutional response — strengthening these areas 

is essential for durable community resilience.

10

Key Recommendations

▪ Diversify awareness channels beyond radio/TV to reach under-informed 

households.

▪ Expand flood-risk training — currently only 40.1% of households have received it.

▪ Address financial and technical barriers to adopting structural measures.

▪ Strengthen consistency of institutional/disaster response during flood events.

Selected References:  IPCC (2022) Ch.6, Cambridge 
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1 Introduction

GreeŶhouse gases ;GHGsͿ like CO₂ aŶd CH₄ regulate Earth's eŶergǇ 
ďalaŶĐe ďut pose health risks at eleǀated leǀels. While CO₂ is 
aďuŶdaŶt, CH₄ has ~Ϯϱǆ the gloďal ǁarŵiŶg poteŶtial oǀer ϭϬϬ Ǉears 
(IPCC, 2021). In Nigeria, limited studies investigate seasonal GHG 

variations and associated health impacts in agricultural settings. This 

studǇ assesses atŵospheriĐ ĐoŶĐeŶtratioŶs of CO₂ aŶd CH₄ aĐross siǆ 
locations in Ondo State and evaluates non-carcinogenic health risks 

using Hazard Quotients (HQ). 

2 Research Objectives

▪ Assess atŵospheriĐ ĐoŶĐeŶtratioŶs of CO₂ aŶd CH₄ iŶ diǀerse laŶd-

use areas (Cattle, Rice, Palm, Residential).

▪ Evaluate seasonal variations (Wet vs. Dry) in GHG levels and 

meteorological influences.

▪ Determine non-carcinogenic health risks using USEPA-based 

Hazard Quotients (HQ & THQ).

3 Methodology

Study Area: Ondo State, SW Nigeria. Six sites: Cattle farms 

(Okitipupa/Ondo City), Oil palm plantations, Rice farm (Ogbese), 

Residential area.

Sampling: Wet (Jun-Oct 2023) and Dry (Nov 2023-Feb 2024) 

seasons. ~6,576 measurements per gas using KP826 Multi-Gas 

DeteĐtor ;NDIR for CO₂, CatalǇtiĐ for CH₄Ϳ.
Meteorology: Temperature, humidity, and wind speed monitored via 

Benetech GM8902 digital anemometer.

Analysis: SPSS v26. ANOVA (p<0.05), Pearson correlation, and Health 

Risk Assessment (HQ = C_measured / RfC). Reference 

ĐoŶĐeŶtratioŶs: CO₂ ;ϭ,ϴϬϬ,ϬϬϬ µg/ŵ³Ϳ, CH₄ ;ϯ,ϮϴϬ,ϬϬϬ µg/ŵ³Ϳ.

Figure 1. Map of Study Area: Ondo State, Nigeria

4 Spatial Variation (Combined)

Significant spatial differences observed (p < 0.05). Agricultural sites 

reĐorded highest eŵissioŶs. RiĐe Farŵ ;OgďeseͿ had the highest CO₂ 
(2.44×ϭϬ⁶ µg/ŵ³Ϳ aŶd CH₄ ;Ϯ.Ϯϰ×ϭϬ⁶ µg/ŵ³Ϳ, driǀeŶ ďǇ aŶaeroďiĐ 
decomposition in flooded soils and microbial activity. Cattle farms 

followed due to enteric fermentation. 
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5 Seasonal Trends

Dry season concentrations were generally higher than wet season 

for both gases (p < 0.05). CO₂: Driven by biomass burning, soil 

respiration and reduced vegetation cover in dry months. Wet season 

showed lower levels due to wet deposition and photosynthetic 

uptake. CH₄: Rice farms remained high in both seasons due to 

anaerobic conditions, but peaked in dry season likely due to 

irrigation practices and heat stress enhancing microbial 

methanogenesis. 

Higher
Dry Season Levels

p < 0.05
Statistically Significant

6 Meteorological Correlations

StroŶg positiǀe ĐorrelatioŶ ďetǁeeŶ CO₂ aŶd CH₄ ;r = Ϭ.ϳϵϳ, p < 
0.01), suggesting common anthropogenic/agricultural sources. 

Teŵperature positiǀelǇ Đorrelated ǁith ďoth gases ;CO₂ r=Ϭ.ϱϳϯ; CH₄ 
r=Ϭ.ϳϬϭͿ, ǁhile huŵiditǇ shoǁed Ŷegatiǀe ĐorrelatioŶ ;CO₂ r=-

0.522), indicating complex dispersion dynamics where heat 

enhances emission rates but moisture aids dispersion or dissolution. 
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7 Health Risk Assessment

Hazard Quotient (HQ) > 1 indicates potential health concern. CO₂ 
HQ: Exceeded threshold only at Rice Farm (HQ = 1.355). Other sites 

ranged 0.62–0.92. CH₄ HQ: All sites < 1 (Max 0.683 at Rice Farm). 

Total HQ (THQ): Combined exposure exceeded 1 at Rice Farm 

(2.038) and Ondo Cattle Farm (1.402), indicating cumulative risk for 

farmers/residents in these zones. 

2.038
Max THQ (Rice Farm)

1.402
Max THQ (Cattle)

8 Discussion

Agricultural activities are major drivers of GHG emissions 

in Ondo State. Rice cultivation (anaerobic decomposition) 

and livestock (enteric fermentation/manure) contribute 

significantly to local atmospheric loading, consistent with 

global findings (Zhao et al., 2020). Elevated dry-season 

emissions highlight the impact of biomass burning and 

heat stress oŶ ŵiĐroďial aĐtiǀitǇ. The stroŶg CO₂-CH₄ 
correlation confirms shared source profiles in these 

agrarian landscapes. Health risks are localized but 

significant for occupational groups. 

9 Conclusion

1. Agricultural zones (Rice/Cattle) exhibit significantly higher GHG 

levels than residential/plantation areas. 2. Dry season exacerbates 

emissions due to climatic and anthropogenic factors like burning. 3. 

Cumulative health risk (THQ) exceeds safe limits at specific 

agricultural hotspots (Rice Farm: 2.038), posing localized concerns 

for farmers and residents requiring immediate mitigation. 

10 Recommendations

▪ Adopt sustainable farming: Alternate wetting/drying in rice fields 

to reduĐe CH₄.
▪ Improve livestock waste management to curb enteric emissions.

▪ Implement continuous air quality monitoring in high-risk 

agricultural zones.

▪ Promote community awareness on GHG health risks and 

mitigation strategies.

Selected References:  IPCC ;ϮϬϮϭͿ Cliŵate ChaŶge ϮϬϮϭ • Azuŵa et 
al. ;ϮϬϭϴͿ IŶdoor Air • Zhao et al. ;ϮϬϮϬͿ Atŵos. OĐeaŶ. SĐi. Lett. • 
EdiagďoŶǇa & OlaďiǇi ;ϮϬϮϯͿ DisĐoǀer EŶǀ. • USEPA ;ϭϵϴϵͿ Risk 
Assessment Guidance.
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NATURE-BASED FLOOD ADAPTATION MEASURES
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City oǔ KiǕali, Rwanda
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Rwanda YounǕ Water Proǔessional ٽRYWPپ · with support ǔrom Rwanda National Commission ǔor UNESCO ٽCNRUپ
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Model rainǔall–runoǔǔ to estimate upstream runoǔǔ

ProduƬe ǔlood maps aƬross the suƫ-ƬatƬhment

ConƬeptualize NƫS measures aǔǔeƬtinǕ ǔlood meƬhanisms

Assess NƫS impaƬt ɮia hɵdroloǕiƬal–hɵdrauliƬ modellinǕ

Rainǔall — GiteǕa station time series, ח׏׎א–׏זח׏

TopoǕraphɵ — DTM & Ƭhannel Ǖeometrɵ ɮia GPS

Land, soil & ǕeoloǕɵ data aƬross the ƬatƬhment

Estaƫlish a ׎׏–ד m ƫuǔǔer zone on ƫoth Ƭhannel ƫanks

Studɵ the Mpazi–NɵaƫuǕoǕo ƬonǔluenƬe to Ƭlariǔɵ ǔlood oriǕins

Applɵ neɯ LiDAR DEM data to reǔine ǔuture ǔlood modellinǕ

RWANDA YOUNG WATER PROFESSIONAL · ɯɯɯ.ryɯp.orǕ

ConƬeptualize nature-ƫased ǔlood Ƭontrol measures ǔor Mpazi, Ǖrounded in the
ƬatƬhment's hɵdroloǕiƬal ƫehaɮiour.

The Mpazi Upper Middle Unit ɯas the hiǕhest Ƭontriƫutor oǔ runoǔǔ, ǔolloɯed ƫɵ
the Upstream Unit. Modelled NBS reduƬed disƬharǕe ƫɵ almost זא mث/s aƬross
the ƬatƬhment.

TraininǕ Workshop — Eǔǔicacy oǔ NBS4DRR in Aǔrica

 

OBJECTIVES

THE CHALLENGE METHOD & DATA

 

PROPOSED SOLUTIONS

CONCLUSION

IMPACT OF NBS

FLOOD SIMULATION

Mpazi is a denselɵ settled, hiǕhlɵ urƫanised triƫutarɵ oǔ the NɵaƫuǕoǕo
Riɮer that ǔloods heaɮilɵ and reǕularlɵ. SinƬe ג׏׎א, ǔlood Ƭontrol has relied on
enlarǕinǕ the Ƭhannel — researƬh shoɯs nature-ƫased solutions Ƭan
meaninǕǔullɵ Ƭomplement this Ǖreɵ inǔrastruƬture.

تkm דג.8 High
Rate oǔ urƫanisation 

MpaziSuƫ-CatƬhment — NɵaruǕenǕe DistriƬt, KimisaǕara SeƬtor

Reǔorestation
تm ׏וד,׏הח

Green spaƬes
sites וב

Permeaƫle paɮinǕ
تm אבד,זג

Rainɯater harɮestinǕ
all settlements

Net-TeƬh ǔilters

 

HɵdroloǕiƬsuƫ-unitsoǔtheMpazi ƬatƬhment

Conserɮatiɮe aǕriƬulture
تm גזו,׎חא

Bio-retention ƫasins
sites ו

Riɮer ƫuǔǔer zones
تm והא,והג

Floɯ Ƭontrol struƬtures

 

Simulated ǔlood eɴtent alonǕ the Mpazi Ƭhannel

Upstream inǔloɯs ɯere estimated ɯith a rainǔall–runoǔǔ model. Eɴtreme
rainǔall eɮents ɯere deriɮed ƫɵ ƬomƫininǕ a Gumƫel distriƫution ɯith rainǔall
IDF Ƭurɮes at suƫ-dailɵ timesteps.

sites ז

all drains

The ƫridǕe at Aɮenue de NɵaƫuǕoǕo is oɮertopped, ɯith ǔlood eɴtendinǕ onto the
road. FloodinǕ at NɵaƫuǕoǕo Bus Park is attriƫuted to the Mpazi–NɵaƫuǕoǕo
ƬonǔluenƬe, outside the studɵ area.

~8 mث/s ~20 mث/s
rainɯater harɮestinǕ

~28 mث/s
disƬharǕe eǔǔeƬtReduƬtion ǔrom

inǔrastruƬture-related NBS
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A LOW-COST IoT AND MOBILE BASED URBAN FLOODING EARLY WARNING AND RESPONSE SYSTEM

KELVIN AHUMUZA

CIVIL ENGINEERING, KABALE UNIVERSITY

1. BACKGROUND
Urban areas in growing countries face increasing 
flood risk due to intense rainfall, rapid urbanization 
and inadequate drainage . Early warning can save 
lives and reduce economic losses

2.PROBLEM STATEMENT 

3.OBJECTIVES
✓ To design a low-cost IoT system for real time 

monitoring of rainfall and water levels in  urban 
drainage

✓ To develop a mobile based alert platform that 
delivers timely flood warnings

✓ To enhance community and authority response 
trough accessible and actionable information

6.POLICY AND PRACTICAL RELEVANCE 7.SYSTEM ARCHITECTURE 8.STUDY AREA FOCUS 9.KEY INNOVATIONS

5.METHODOLOGY

www.ahumuzakelvin42@gmail.com
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EcoWatershed Intelligence Platform
A Unified Geospatial DeƬision-Support System ǔor Watershed-SƬale EƬosystem ManaǕement

NDACYAYISENGA Noa
GIS & Remote SensinǕ EnǕineeȸ  |  Uniɮeȸsitɵ oǔ Rɯanda  |  KiǕali, Rɯanda

ContaƬt: [your.email@ur.aƬ.rɯ]   |   GooǕle Earth EnǕine Platǔorm   |   RCSS 6׫0׫ — M Hotel, KiǕali ,6׫0׫ Septemƫer ׬׫–׫׫

ndא RWANDA CLIMATE SCIENCE SYMPOSIUM הא׎א
Where Rwanda's climate research meets policySDG 6  ·  SDG 13  ·  SDG 14  ·  SDG 15   |   Poster Presentation   |   Platform built on Google Earth Engine

1.  Background / Problem Statement

Rɯanda's ɯateȸsheds ǔaƬe ƬompoundinǕ thȸeats ǔȸom deǔoȸestation, aǕȸiƬultuȸal enƬȸoaƬhment, and 
unplanned inǔȸastȸuƬtuȸe deɮelopment. These pȸessuȸes jointlɵ ȸeduƬe ǔȸeshɯateȸ aɮailaƫilitɵ, deǕȸade ɯateȸ 
ȷualitɵ, and ɯeaken eƬosɵstem ȸesilienƬe — ɵet monitoȸinǕ tools tɵpiƬallɵ addȸess eaƬh issue in isolation.

This ǔȸaǕmentation limits eɮidenƬe-ƫased ƬatƬhment manaǕement and undeȸmines Rɯanda's national 
Ƭommitments to Ƭlimate ȸesilienƬe, loɯ-Ƭaȸƫon deɮelopment, and the ׎ב% ǔoȸest-Ƭoɮeȸ taȸǕet undeȸ Vision 
.׎ד׎א

OƫjeƬtiɮes  .א

Deɮelop a Ƭloud-ƫased, inteǕȸated Ǖeospatial deƬision-suppoȸt platǔoȸm ǔoȸ ɯateȸshed-sƬale eƬosɵstem 
manaǕement
Quantiǔɵ ǔoȸest Ƭoɮeȸ ƬhanǕe ٣בא׎א–׏׎׎א٢ and identiǔɵ deǔoȸestation hotspots
Identiǔɵ optimal sites ǔoȸ ɯateȸ inǔȸastȸuƬtuȸe ٢iȸȸiǕation, ƫoȸeholes, solaȸ pumps٣
Monitoȸ ɯateȸ ȷualitɵ ٢tuȸƫiditɵ, Ƭhloȸophɵll, TSS, pH٣ ɮia satellite time-seȸies
Reɮeal Ƭausal linkaǕes ƫetɯeen upstȸeam land-Ƭoɮeȸ ƬhanǕe and doɯnstȸeam ɯateȸ health

SDG AliǕnment  .ב

SDG ה
Clean Wateȸ
& Sanitation

SDG ב׏
Climate
AƬtion

SDG 14
Life Below

Water

SDG 15
Life on
Land

— Studɵ Area  .ג Rɯanda
Rɯanda — "The Land oǔ a Thousand Hills" — Ƭoɮeȸs זבב,הא km² at altitudes ǔȸom ׎דח to ו׎ד,ג m a.s.l., ɯith 
thȸee majoȸ dȸainaǕe ƫasins: NɵaƫaȸonǕo, AkaǕeȸa, and Rusizi.

Altitude ȸanǕe: ׎דח – .m a.s.l ו׎ד,ג

Majoȸ ƫasins: NɵaƫaȸonǕo · AkaǕeȸa · Rusizi

DistȸiƬts analɵsed ׎ב · PȸoɮinƬes ד

National-sƬale ƬoɮeȸaǕe; distȸiƬt disaǕǕȸeǕation suppoȸted

Annual ȸainǔall: ׎׎ה,׏–׎׎ז mm ٢CHIRPS٣

TaȸǕet ǔoȸest Ƭoɮeȸ: ٢ %׎בVision ٣׎ד׎א

MethodoloǕɵ & Platǔorm ArƬhiteƬture  .ד
The EƬoWateȸshed IntelliǕenƬe Platǔoȸm inteǕȸates thȸee satellite-ƫased analɵsis modules ɯithin GooǕle 
Eaȸth EnǕine, shaȸinǕ a Ƭommon data inǔȸastȸuƬtuȸe and deliɮeȸinǕ outputs thȸouǕh a unified Ǖeospatial 
deƬision-suppoȸt inteȸǔaƬe:

Module A — Forest ChanǕe 
Analɵsis
▪Data: Hansen Global Forest Change v1.10 (2024), 30 
m resolution

▪Annual forest loss / gain mapping: 2001–2023 using 
spectral thresholding and time-series analysis

▪Outputs: cumulative deforestation maps, trend 
charts, hotspot rankings by district & watershed

▪Identifies links between land-cover loss and 
downstream water quality degradation

▪Supports REDD+ reporting and SDG 15 (Life on 
Land)

Module B — Water Infrastructure 
Planning

Data: SRTM DEM ׎ב٢ m٣, CHIRPS ȸainǔall ٣°ד׎.׎٢, MODIS 
land Ƭoɮeȸ
Multi-Ƭȸiteȸia suitaƫilitɵ analɵsis: slope, floɯ 

aƬƬumulation, ȸainǔall, soil, pȸoɴimitɵ to settlements
Outputs: ȸanked sitinǕ maps ǔoȸ iȸȸiǕation sƬhemes, 

ƫoȸeholes, and solaȸ-poɯeȸed ɯateȸ pumps
EnǕineeȸinǕ ȸeƬommendation ȸepoȸts Ǖeneȸated peȸ 

distȸiƬt ɯith hɵdȸoloǕiƬal sƬoȸinǕ
Suppoȸts SDG ٢ הClean Wateȸ & Sanitation٣

Module C — Water Qualitɵ 
MonitorinǕ
Data: Sentinel-א MSI ׎א–׎׏٢ m٣, MODIS LST ׎׎ד٢ m٣, 

Ƭloud-masked time-seȸies Ƭomposites
Retȸieɮal oǔ tuȸƫiditɵ, Ƭhloȸophɵll-a, total suspended 

solids ٢TSS٣ and pH ɮia empiȸiƬal ƫand ȸatios
Outputs: seasonal tȸend Ƭhaȸts, animated ƬhanǕe 

seȷuenƬes, ɯateȸ-ƫodɵ health pȸofiles
DeteƬts doɯnstȸeam ɯateȸ ȷualitɵ ȸesponses to 

upstȸeam deǔoȸestation eɮents
Suppoȸts SDG ٢ ג׏Liǔe Beloɯ Wateȸ٣

Platǔorm Data Floɯ — ArƬhiteƬture

Hansen FC ٣גא׎א٢ Sentinel-א MSI SRTM · CHIRPS

GooǕle Earth EnǕine — Cloud ProƬessinǕ

Forest Loss Maps Inǔra-SitinǕ Maps WQ Time-Series

GEE  ·  Hansen FC ɮ׎׏.׏  ·  Sentinel-א  ·  MODIS  ·  CHIRPS  ·  SRTM  ·  JaɮaSƬript API

Keɵ EɴpeƬted Results  .ה

Deǔorestation MappinǕ
Annual forest loss/gain maps (2001–2023) at 30 m; hotspot districts ranked by cumulative loss area; 
outputs ready for REDD+ and NDC reporting.

InǔrastruƬture SitinǕ
Ranked maps oǔ ɮiaƫle iȸȸiǕation zones, ƫoȸehole loƬations, and solaȸ pump sites ɯith hɵdȸoloǕiƬal 
suitaƫilitɵ sƬoȸes; distȸiƬt-leɮel enǕineeȸinǕ ƫȸieǔs.

Water Qualitɵ Profiles

Seasonal time-seȸies oǔ tuȸƫiditɵ, Chl-a, TSS and pH; animated seȷuenƬes ȸeɮealinǕ post-deǔoȸestation 
ɯateȸ ȷualitɵ deteȸioȸation eɮents.

EƬosɵstem LinkaǕe InsiǕhts
Causal linkaǕe maps ƬonneƬtinǕ upstȸeam deǔoȸestation pulses to doɯnstȸeam tuȸƫiditɵ and TSS spikes, 
ȷuantiǔɵinǕ ɯateȸshed ɮulneȸaƫilitɵ.

ConƬlusions & PoliƬɵ ReleɮanƬe  .ו

▪Integrated, ecosystem-aware monitoring reveals how forest dynamics drive water quality and infrastructure 
feasibility within the same catchment

▪Provides actionable evidence for Rwanda's NDC implementation, REDD+ MRV, and the 30% forest-cover 
target under Vision 2050

▪Cloud-based GEE architecture ensures scalability, reproducibility, and low barrier to adoption by district 
planners and water engineers

▪Framework is replicable across East Africa — applicable to any country facing coupled deforestation–water-
security challenges

▪Directly advances SDG 6, 13, 14 and 15 through a single, interoperable decision-support system

TeƬhniƬal SpeƬifiƬations  .ז

Platǔorm GooǕle Eaȸth EnǕine ٢GEE٣

Forest Data Hansen Gloƫal Foȸest ChanǕe ɮ٣גא׎א٢ ׎׏.׏

Water Qualitɵ Sentinel-א MSI — m ȸesolution ׎א/׎׏

Temperature MODIS LST — m ȸesolution ׎׎ד

Rainǔall CHIRPS — °ד׎.׎ spatial ȸesolution

Terrain SRTM DEM — m ȸesolution ׎ב

Period – ׏׎׎א בא׎א

Coverage National ٢Rɯanda٣ — all ׎ב distȸiƬts

ReǔerenƬes  .ח
.בדז–׎דז ,אגב ,st-Ƭentuȸɵ ǔoȸest Ƭoɮeȸ ƬhanǕe. SƬienƬe׏א HiǕh-ȸesolution Ǖloƫal maps oǔ .٣ב׏׎א٢ .Hansen, M.C. et al [׏]

–ז׏ ,א׎א ,GooǕle Eaȸth EnǕine: Planetaȸɵ-sƬale Ǖeospatial analɵsis ǔoȸ eɮeȸɵone. Remote SensinǕ oǔ Enɮiȸonment .٣ו׏׎א٢ .GoȸeliƬk, N. et al [א]
.וא

.٢NDC٣ Updated Nationallɵ Deteȸmined Contȸiƫution .٣׏א׎א٢ Ministȸɵ oǔ Enɮiȸonment, Rɯanda [ב]

.MSI Useȸ Guide. Euȸopean SpaƬe AǕenƬɵ א-Sentinel .٣בא׎א٢ ESA CopeȸniƬus [ג]

The author aƬknoɯledǕes the Uniɮersity oǔ Rɯanda ٽCAVMپ, Rɯanda's Ministry oǔ Enɮironment, and GIZ 
Rɯanda ǔor supportinǕ Ƭlimate sƬienƬe in Rɯanda. Satellite data Ƭourtesy oǔ USGS ٽHansen/Landsatپ, 
ESA CoperniƬus ٽSentinel-پ׫, and NASA ٽMODISپ.
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A GIS-Enabled Decision Support System for Spatial Alignment of Climate Finance and Vulnerability in Zimbabwe: A 
Data-Driven Geospatial Approach

Respect Vudzijena¹ and Agatha Kunzekwenyika²

:¹ FinanƬial EnǕineerinǕ Department , Harare Institute oǔ TeƬhnoloǕy, Zimƫaƫwe² ‘Soǔtware EnǕineerinǕ Department, Harare Institute of Technology, Zimbabwe
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