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Multi-method causal evidence of depth-dependent
precipitation-to-soil-moisture coupling across East Africa

Douanla A. Yaulande® - Mouhamadou B. Sylla’ - Rob Parker? - Cristina R. Villena? - André Dembélé
'AIMS Research and Innovation Centre (AIMS-RIC) - “University of Leicester - *USTTB 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 5x5 spatial block
bootstrap.

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

Back-door conditioning graph for the conditional Toda-Yamamoto test

= Effect of interest (P - SM)
—— Shared driver = conditioned (back-door set)
=== Post-treatment - excluded (mediator/collider)

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

Independent observational validation (7 cm): P-SM causality is not a reanalysis artefact
East Africa, full domain 1980-2024 — ESA CCI satellite confirms the ERA5-Land signal

ERA5-Land (this study)
P-SM FDR-sig. = 0.9%

ESA CCI (satellite, independent) ERA5-ref (control)
P-SM FDR-sig. = 1.9% 050
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Fig. 2 | Independent surface validation. ESA CCI reproduces the
aggregate surface signal, but pixel-level agreement is only modest.

5 - Limits & operational implications

4 )
* 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

» PSM 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.

4 )

Depth:7/28/100/ 289 cm
PSM after BY FDR: 0.9/5.0/9.5/2.6 %

Mean selected lag: 1.0/1.0/1.1/1.6

months
\_ J

Precipitation - soil-moisture causality (conditional Toda-Yamamoto, HAC+DAG)
East Africa, full domain 1980-2024, FDR_BY; SM-P =0.2% (asymmetry)
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Fig. 3 | Conditional Toda-Yamamoto maps after BY FDR.
Significant pixels cluster in semi-arid transition belts.

Reliability of the TY test (residual whiteness, Ljung-Box)
East Africa, full domain 1980-2024 — deep layers (100/289 cm) less reliable

7cm: 11% autocorrelated 28cm: 18% autocorrelated

289cm: 69% autocorrelated
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I white residuals (reliable) Bl autocorrelated residuals (Ljung-Box p < 0.05); percentages are of valid pixels

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

4 )

» 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.

Root-zone soil moisture shows the strongest reliable coupling.

We find no monthly-scale SMP 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.

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 SMP 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.

P-SM significant-pixel fractions: naive battery vs conditional TY (FDR_BY)
East Africa, full domain 1980-2024; defensible result = conditional TY

[ Naive bivariate Granger B Weighted composite index
3 Granger FDR_BY

801 EEE Conditional TY + FDR_BY (this study)

P-SM significant pixels (%)

jcm 28cm 100cm 289cm
Depth

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

Causal asymmetry PoSM (conditional Toda-Yamamoto, FDR_BY both directions)
East Africa, full domain 1980-2024 — clear P-SM dominance (SM-P =0.2%)

7cm: P-SM 0.9% | SM—=P 0.0%
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Fig. 6 | Directional asymmetry. SMP stays at or below 0.2%,
so no monthly-scale feedback survives correction.
Cross-paradigm triangulation of P-»SM causality (East Africa, 1980-2024)

a
12 A b

3 (all)

Paradigms agreeing (p<0.05)

10°s none

Significant-pixel fraction, P-SM (%)

Jcm 28cm 100cm 289cm
Soil depth

7~ Transfer entropy (field-sig., raw %)
B Toda-Yamamoto (time)
I Breitung-Candelon (frequency)

Fig. 7 | Cross-paradigm triangulation. Time, frequency,
and information-theoretic tests all show the increase
through 100 cm.
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Growth and Biomass Responses to Warming in
Afrotropical Native Trees

UNIVERSITY OF

GOTHENBURG Etienne Zibera'-2, Donat Nsabimana', Lasse Tarvainen?, Johan

Uddling 2, Goran Wallin?

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

1. Introduction 4, Results

QASurvival: Sgu remained high (94-100%), whereas Mki
declined sharply to 16.7% at the warmest site(Fig. A).

dAllometry: 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).

. 20
d Fresh mass production .

A
declined substantially in 16
both species, decreasing '_-;E
~77.9% in Mki and ~ 81.8% 21
in Sgu(Fig. E) i
Mki Sgu

160

EI Montane forest are potential refuge for Species migration
. under warming pressure

EI Warming will decline biomass productivity of montane
. tree species in the tropics

‘0 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)

:I Macaranga kilimandscharica(Mki) and Syzygium
. guineense(Sgu) together comprise 18% of tree individuals
of Nyungwe Afromontane forest(Prumptre et al 20202).

2. Objectives

- This study assessed warming effects on growth
and biomass production of Macaranga

#

Surv

- T L% B S i

. performance,

kilimandscharica (pioneer) and Syzygium guineense T 600 B S
 (climax), dominant species in Nyungwe Forest S o : £ s
‘%ﬂ 1 A 100
® ~ 400
3. Material and Methods 5 E
s o 60
- Rwanda Tropical Elevation Experiment (Rwanda TREE) & 200 ¥ a0
mixed forest plantation:https://www.rwandatree.com Z 100 Z
O Plant material: 20 Afromontane native tree species P ED”
0O 3 sites with an approximate warming gradient = % R ¥
~ difference of 6.9 °C £ D % 60
- Measurements: Survivors, Allometry, Fresh mass( ‘-"-‘-;ED =
~ destructive tree harvest after 4.5 years)- MKi &Sgu K 8
e I 5 30
% % 20
: T g2 I 5

Site and Treatment description in Rwanda TREE < 10 . . Z10
High Elevation - Sigira v . ’

2300 m.a- = L. Mki Sgu

17.1/23.1 =C, 2100 rmm
—— Mid Elevation — Rubona
""---_____ 1800 m. 3. =. 1.
T 22.4/28.3 °C, 1600 mm

™
e

5. Conclusion & Policy/Practice

Treatments: —
T Low Elewvation - Makerz
i Felter Shelter e S
LN | Cantral o | a00 mm T— 1300 m. 2. 5. I. l
=0 = Treatments: _"----_______ 24.0/31.2 "-l.:_.”llm AT re evance
: Shelter Shelter Merigat c I — T
' MM |Fertilizer  |-500 mm | -200 mm LN AT DREra BT e i i
. 00 mm | a0 mm +500 mm 400 mm N _ Warming and drought strongly constrain Afromontane tree growth,
FTTRErr—y pm— Shetter _ _ with pioneer species more vulnerable than climax species. These
HN |s500 mm [Fertifizer ADD LN IFfigatiaon |lrrgation Cantrol . . . . . .
§ S e & Fertil +AD0 mm _ (+400 mim fmdmgs support cllmate—sma!rt restoration, species selection, and
AN = high nutrient [fertilised) TR T rigationJerigation | adaptive forest management in Rwanda’s montane ecosystems.
LW = lonwes water supphy HM |+o00 mm oo mm | Fertilizer
MW = medium water supply B Fertil. & Fertil.

HW = high water supply

HW

TV

LW
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“From Waste to Worth: NutriFarm's Circular Bioeconomy Model for
Climate Mitigation, Green Jobs, and Nutrition Security in Rwanda”

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

1. Introduction 4. Results

= 120+ tons of organic waste
repurposed

= 18 tons CO,e emissions avoided

= 21 green jobs created (majority
women and youth)

= 9% protein content, Rwanda
Standard Board approved

= 50% lower cost than comparable
fortified/therapeutic protein
foodslO:] waste-to-protein
conversion ratio (10 tons waste - 1
ton protein powder)

= Rwanda faces rising climate and nutrition
challenge with high organic waste generation,
greenhouse gas emissions from unmanaged
waste, pressure on conventional livestock systemes,
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 PROTEINER 60+ PROTEINER 60+

cannot afford a healthy diet (FAO SOFI| 2024). PIEAASNT%T PIEAA.*;NT%T ;’;Sr]ui:ipf; VZSJhn Lzrrc;ti;il: cl:"f’i; ) ﬁ‘ggl?ﬁd S\JNGIEZ e? Seggz:litg/rjmg:leoe?{

« These interconnected challenges call for health. jobs, industry, sustainable cities,
iIntegrated solutions that advance climate responsible production, climate
mitigation, adaptation, food security, and action).

= 1224 customers served, with 91%
positive feedback, validating
demand and product acceptance

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

sustainable livelihoods together. Yet no
operational, biotechnology-driven waste-to- || Figure I: From  agri-by

protein system currently exists at scale in Rwanda. ‘;g%%//‘s’ds to High Proteins

2. Research & Industrial Biotech

= Repurposing agro-industrial by-products »  Waste-to-protein conversion: NUTRIFARM has repurposed over 120 tons

into optimized cricket pellet feed, of organic waste, avoiding ~18 tons of CO,e emissions, validating the

validated through nutrient and safety climate-mitigation potential seen in earlier trials.

trials. =  Green employment: Scale-up to industrial production created 21 green
= Rearing crickets on bio-circular pellets jobs, with strong inclusion of women and youth.

within a climate-smart agriculture = Resource efficiency: Substituting animal protein with insect-based

facility, monitoring growth, yield, and protein lowers land, water, and feed demands, strengthening climate

feed-conversion indicators. resilience through resource-efficient production.

. = Bioconversion and transformation of =  Affordability & nutrition impact: Fortified products are priced ~50% lower
;’gg;fm,z;y ﬁff;&gf:fgcrg%g harvested crickets via controlled drying than comparable protein foods, improving affordability for malhourished
pellet feed. and grinding into Industrial Cricket infants and food-insecure households.

Protein Powder. = Product safety & quality: Batch testing confirmed consistent =69%
=  Quality-testing each batch for microbial protein content and safety thresholds, supporting reliable Rwanda
safety, protein content, and human- Standard Board-approved output.
poos———— | edibility standards. = Policy alignment: Outcomes align with 8 SDGs spanning nutrition,
9 CRICKET - =  Applying biotechnology research to close health, gender equality, green jobs, industry, and climate action.
§ the loop between waste, protein, and = Strong customer response (1,224 served, 91% positive feedback) signals
sl climate action, cutting emissions while genuine market acceptance of fortified insect-based protein, addressing
creating green manufacturing jobs. typical sensory concerns with alternative proteins.
= Generating reproducible process data =  Meanwhile, 10x revenue growth ($5K to $50K, 2022-2025) demonstrates
(yield, conversion ratios, safety indicators) financial viability alongside nutritional impact, together supporting
Figure 3: Powder of Crickets that. po;itions the model for scale—up femd continued investment and policy backing to scale the model nationally.
farmed  in o Climate Smart replication across Rwanda's nutrition-
Agriculture facility. Insecure communities.

5. Conclusion

3. Methodology

=  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 CO,e 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.

= Research design: A mixed-methods approach combined guantitative
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.

= |nputs & sampling: Waste inputs were measured by tonnage at intake; 6 Refe re ﬂ CeS
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.

= NISR. (2026). RDHS 2025 final report.

= FAOQO. (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).
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Mapping the Drivers of Tomato Waste: Developing a Stakeholder-Informed

Framework for Climate-Resilient Food Systems in Botswana

Boineelo Pearl Lefadola’<4, Mohammad Naushad Emmambux3, Dikabo Mogopodi4, Nwabisa Mehlomakulu?
'Future Africa — University of Pretoria, South Africa, 2Department of Family and Consumer Sciences, University of Botswana,
-Botswanag; 3Department of Consumer-and-Food-Sciences,-University-of Pretoria;-South-Africa; *Department.-of Chemistry, University of-.
| Botswana, Botswana |

Introduction Methodology

1. STAKEHOLDER 2. WORLD CAFE 3. MULTI-ACTOR i
In Botswana, tomato loss and waste remain a @ e @ it e
major challenge to sustainable food systems, paania ot ‘:°°' hcc.j“:&bl:g
accounting for nearly 30% of the total agro- : 5 )\
produce loss. As climate variability intensifies, N : P ol AN sEIb ks
reducing food waste becomes increasingly M. /—@COLLECT'ON o
Important for strengthening climate-resilient APPROACH 288 contocunl @ @ @ ‘ @ @ @
agricultural systems. The study explored : R | e e L Fenly el Toull s
stakeholder perspectives on the drivers of nsersarang e h | | i

through participatory

tomato waste in Botswana and developed a

\agg";:?r:e-fr/' THEMATIC
stakeholder-informed tomato waste driver \:E Pl ,*@ ANALYSS

. oo Identify key themes,
framework to support climate-resilient food e PO N
system interventions. [ amabustocemne i st |
Y = ) —o Q(T)lﬁl;thRE

Organize & code data
efficiently

Tomato waste occurs across multiple

stages of the value chain. * Supportive policies and targeted
. Market instability and limited market Investment are essential to reduce tomato
waste.

access are major waste drivers.
 |nadequate 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.

 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.

Five Core Driver Systems

<><>“‘5

Climate Economy

The Tomato Waste Driver Framework (TWDF): A Systems Perspective Select References
& @ E I ; I

 Boiteau, J. M., & Pingali, P.

T B Sociocutura j (2022). Food loss of perishable

’v‘/_ﬁ From Production to Consumer oroduce from farm to retail:
L NEA S roduction ranspor arkets onsumption i .

), Product Transport Market C pt Exterr(r.:aolrlrtglxutincTng Vi d ence .I:ro M tO m ato SuU p p |y

ot il ok chains in South India. The

governance.

American Journal of Clinical

Nutrition, 115(6), 1535-1548.
Pests/Diseases Human Behavior Waste occurs at every stage: production, transport, markets, and final consumption. iﬁ\:\"; y \ @ # @ o \/l a | O pe, p., M a d isa ’ M . E oy SO | a n i ?
Infrastructure, markets, policy, pests/diseases, and / %' '. w-% D.’ & M a bl k\Na y O. v (2025) .

human behavior collectively dictate waste levels.
Economlc Stability Food Security

Opportunities and Constraints

Strategic Interventions & Leverage Points

Leverage Point Action Goal N the HOFUCU |tu ral SeCtOr Of
Improve storage, transport, and .
infrastructure | processing faciltes T e Botswana: A SWOT Ana |yS S.
The Feedback Loop . Enable supportive policies and | - . oy
System impacts create feedback loops that Folicy &Marxet strengthen market linkages EnvirenmelR sacl WeII belng S U Sta INAa b | | |ty -l 7 (7) 3 O 8 8
reinforce or alter the primary waste drivers. - Multi-Dimensional System Impacts ! ! )
2("2:?32:1::; Mr?)?sgé pisotg/:;sn%z:isnes argiti ces Tomato waste negatively affects economic stability, food
P 9 gp security, the environment, and social well-being.
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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

BACKGROUND RESULTS
d Uganda is endowed with freshwater ecosystems that sustain | Objective 1: Species diversity
biodiversity and drive economic growth. 1la, Macroinvertebrate: remained low with no significant

difference between restored and unrestored sections (Fig 2).

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

Jd Uganda has pursued restoration, but this alone is | petween sites but dominated by Eucalyptus spp (Fig 3).
insufficient; these systems must be built to withstand W& P e 0403 M= 27,85 P = 0.015
B 2.5 T

shocks, maintain functionality, and adapt over time. ——

] Yet these ecosystems are degrading unprecedentedly.

-
o

1 No published study has integrated ecological, structural, and
governance dimensions of resilience in restored wetlands in
Uganda.

N
o

' Restored

EI Unrestored

1 This study aimed to fill this gap and inform the design of
future restoration interventions.

Index Value
-
N
Index Value
—
() |

- — 1.0 H=24.16, P = 0.044
0.8 W=7.p= 03t o
I. Assess the spatial differences in macroinvertebrate diversity e
across river reaches and tree diversity in riparian forests. 0.5;
ii. Analyse the fragmentation and connectivity of wetland Shannon Simpson Shannon Simoson
patches in the restored landscape in 2016, 2020, and 2026. Fig 2: Macroinvertebrate diversity Fig m'_'l: ree diversity

Objective 2: Landscape connectivity
Sironko Wetland continues to experience progressive loss,
fragmentation, and increasing isolation (Fig 4).

iii. Assess the local community participation, traditional
ecological knowledge integration, and institutional
inclusivity in the restoration process.

STUDY AREA & METHODS Wetland Area Number of Patches
Conducted in Sironko River wetland landscape (Fig 1). 00 1 4y - £ 200 148
Ecological assessments and social survey data £ 400 2167 3 izg 103 87
= 10 macroinvertebrate sampling sites across restored and = 200 I 50 I
unrestored river sections : 2016 2020 2026 : 2016 2020 2026
= 15 tree plots (50 x 10 m) in adjacent riparian forests.
" A 10-year (2016-2026) landscape assessment using GIS and COHESION Largest Patch Index
FRAG STATS § 9 9 0.08 0.07 0.06
= Random 292 household interviews across 12 villages. 2 90 89 7 0.06 '
= Asocial network analysis of institutional actors. S e l I 86 [Pye I 0.02
UGANA Dw STUDY DISTRICTS AND AREA 84 ” 0
é 2016 2020 2026 2016 2020 2026

1°30'0"N

Fig 4: Sironko wetland fragmentation and connectivity trends

Bulambuli

Objective 3: Stakeholder participation

£ 3a, Riparian community members are informed and consulted
KEY 5 vet exercise minimal influence over decisions, planning, and
- on-the-ground restoration activities (Fig. 5).
- Steps/Ladder of Participation
S Low: 574 100

0 88.8 Low = Moderate ® High

1°10'0"N

th_Elgon
[ | Bulambuli & Sironko

84.2
g 80 73
v 70
Dﬁ:::::ed Landscape 0 5 10 20Kilometers '§ 60 58.9
e Restored Sironko River reach 34°10'0"E 34°20'0"E 34°30'0"E 7 50 169 45644
Fig 1: Map showing the study area z . 278 -
- . 19.9
CONCLUSION Sl l ~ N
This study shows that restoration has not produced convergent 0 ’ ||
. . . e . . . Acess to Consultations Influence on  Decision-making Participation in Overall
signs of socio-ecological resilience in the Sironko River wetland. Information decision-making  power  implementation
In an era of environmental change, policy and practitioners Fig 5: Community participation across the ladder of participation

must move beyond structural rehabilitation to pursue @ 3b, Respondents held TEK but opined that their knowledge was
functional species recovery, landscape-scale connectivity, and f§ not integrated into formal restoration programmes.

inclusive governance as Iinterdependent, not separate, f 3c, Institutional governance was low (Density = 0.05),
pathways to resilience of freshwater ecosystems. fragmented (Index = 0.91), and highly centralized.
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A Predictive Climate Model for Africa Capable of Identifying Precise Extreme Event
Periods, Recommending Adapted Crops and Generating Targeted Institutional Alerts

Mazoya Valere — Founder, AgriPredict5 — Ouagadougou, Burkina Faso

8 10 0.9761 ~6,000

Countries covered Crops modeled Model R4 score Producers in active pilot

DEPLOYMENT & PARTNERSHIPS

Climate volatility is intensifying across Africa, yet millions of AgriPredict5 is deployed as an operational SaaS

smallholder fa.rme.rs .and thg i.n.sti’Futions ’Fhat finance thgm olatform (agripredict5.netlify.app), with tiered access
still operate with limited visibility into agricultural and climate C .
for individual producers, cooperatives and

risk. . . : :
INnstitutional clients.

Existing global climate models are rarely precise enough at . o |
the local scale needed for actionable decisions on crop A commercial partnership is signed with Agro SENEC

choice, credit, or emergency response. (Senegal).

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

platform developed in West Africa, from consolidated field
data, turning climate complexity into clear, timely decision
Intelligence for farmers, financial institutions and public

OBJECTIVES
— Predict crop yield and revenue potential by crop INSTITUTIONAL ENGAGEMENT

and by zone — In discussion: Bangque Agricole du Faso, ADEPME

. . . . (Sénégal), AGRIDEV (Mali)
— |ldentify precise windows for extreme climate ool - collaborat dor | "
events, 2026-2030 — RKeglonal researcn Collaporation under aliscussion wi

INERA, I[ER and ISRA
- Recommend Cllmate—adapted Crops based on — Positioned as an African-bulilt alternative that does not

local risk profiles depend on heavy data-center infrastructure

— Generate targeted alerts for banks, cooperatives KOl (& BU)[(0]) IR 2] 3285 2] Sog ) A7) S

and public agencies 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.

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

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.

analysis, and exportable institutional risk briefs Next steps: extend coverage to additional
designed for credit commmittees and field countries (a pilot is underway in Egypt), integrate
decision-makers. hybrid guantum machine learning for next-

MODEL PERFORMANCE generation prediction, and deepen institutional

| Integration for agricultural credit-risk assessment.
he current model achieves an R4 of 0.976]

and a mean absolute error of 396 kg/ha CONTACT

across covered crops and countries. Valere Mazoya

Performance is validated against Founder, AgriPredicts

consolidated field-data benchmarks and Ouagadougou, Burkina Faso
continuously refined as new field data is niyomazav@gmail.com - +226 74 42 69 81
Integrated from active deployments and

| agripredict5.netlity.app
pilots.
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INTEGRATING AI-DRIVEN SATELLITE EARTH OBSERVATION INTO CLIMATE DISASTER RISK REDUCTION: A
GOVERNANCE FRAMEWORK FOR RWANDA

1. INTRODUCTION 5. PROPOSED GOVERNANCE FRAMEWORK 8. BROADER IMPLICATIONS

Four 'nterdependent plllars connect - Al-enabled EO can translate satellite investments into

° |. -_— | h I i [ ) ogeo [ ] [ J [ ] [ J
Climate-related hazards are increasing pressure on technical capability with institutional operational public value.

disaster risk management systems.

- Satellite Earth Observation (EO) and Artificial action ﬁﬁ;eécglggi’;sg?hn;lOgy’ people, regulation and financing
Intelli Al t f tellite data int )
ntelligence (Al) can transform satellite data into /. TECHNICAL INTEGRATION \ - The framework supports a shift from reactive response -

timely risk intelligence. . ol
- The key challenge is integrating predictive analytics ) ) Co. anticipatory ris governance. : :
into national decision-making. = Multispectral satellite acquisition - The approach may inform other climate-vulnerable countries

) . . developing EO and digital resilience capabilities.
- Rwanda provides a relevant case for linking Al, EO s . : . L
and disastZr risk reduction. J Al hazard detection = Governance alignment is essential: technology, institutions,

- Earth observation and Artificial Intelligence (Al) can = Predictive risk modelling people, regulation and financing must evolve together.

convert satellite data into timely, actionable risk = Automated early-warning outputs " The framework supports a shift from reactive disaster
N formation. \ / response toward anticipatory risk governance.

- The key challenge is institutional integration of = The approach can inform other climate-vulnerable countries
predictive analytics into national decision-making. developing Earth observation and digital resilience

» Rwanda provides an illustrative case for a capabilities.
governance framework linking Al, satellite Earth /‘

INSTITUTIONAL EMBEDDING \ 9. CONTRIBUTION TO CLIMATE RESILIENCE

observation and DRR.
: Al .ana‘lytK:s capacity in disaster / FROM DATA TO DECISION \
THE GAP: Technical Al capability - Institutions | Embedding predictive analytics
Institutional decision-making " Inter-agency data-sharing protocols within national DRR systems can
- = Responsible Al governance strengthen anticipatory action,
- Fragmented data governance limits access, . .. : . . : . .
interoperability and operational use of EO data. \;Operatlonal decision workflows / Institutional coordination and climate
- Al models can remain isolated technical pilots rather \ resilience. /
than becoming institutional tools. / \
- Responsible Al requires accountability, transparency,
data quality and oversight. . CAPACITY & YOUTH 10. CONCLUSION
- Sustainable adoption requires capacity in Al, « Al + Earth observation training
geospatial analytics and disaster management. , )
» Predictive models may remain isolated technical = University-government research /Al—driven satellite image analysis is \
ilots instead of b ' t of institutional . i i :
@;;f&i;,a 7 PEERITING PAtt O ISHHHENS YOUth mnovatl.on SCOEYBUSINE more than a technical enhancement;
= Responsible Al requires attention to accountability, Q Continuous skills development / It can become a governance
transparency, data quality and operational oversight. transformation mechanism
= Long-term adoption depends on sustained capacity i .. . T
in Al, geospatial analytics and disaster management. /‘ \ Embedding predictive analytics within
MULTI-STAKEHOLDER national disaster risk reduction
3. RWANDA CASE CONTEXT PARTNERSHIPS systems enables a shift from reactive
» Public—private collaboration \ response to anticipatory resilience. /
/ WHY RWANDA? \  International space cooperation
- Mountainous terrain and rainfall variability = Climate adaptation finance POLICY MESSAGE
- High exposure to floods and landslides \ Knowledge and technology tra nsfer/
- Growing digital governance capacity / SATELLITE DATA \
- Increasing need for anticipatory, data-driven 6. SYSTEM WORKFLOW _
disaster risk reduction v
* Exposure to floods and landslides RISK INTELLIGENCE
= Growing digital governance capacity — RISK oecist Y EARLY .
= Need for anticipatory, data-driven DRR ITE PREDIC ON ACTION
EARTH TION SUPPO FARLY ACTION
OBSER RT \ /
&ase focus: governance readiness for Al—enablecy VATION
Earth observation.
7. IMPLEMENTATION PHASING SDG & SENDAI ALIGNMENT
4. RESEARCH APPROACH = Sendail Framework: understanding
- - SHORT-TERM | 1-2 YEARS disaster risk and strengthenin
- Policy-oriented framework Pilot Al-based hazard detection: governance J J
development using Rwanda as an develop governance and regulatory T .
illustrative national case. e = SDG 11: safer and more resilient
. Integration of four dimensions: | settlements.
technology, institutions, capacity/youth MEDIUM-TERM | 3-5 YEARS - SDG 13: strengthened climate action
and partnerships. Scale nationwide integration; and adaptation.
- Alignment with the Sendail Framework Incorporate predictive analytics
and SDGs 11 and 13. into planning systems. SELECTED REFERENCES
- Focus on moving from satellite data » UNDRR (2015). Sendai Framework for
risk mtelh.gence K earloy ac‘uqn. LONG-TERM | 5+ YEARS Disaster Risk Réduction 2015-2030.
" Integration of f.Our.d'menS'On.S- Institutionalize Al-enabled disaster governance + United Nations (2015). Transformin
technology, institutions, capacity/youth, and strengthen regional leadership. our World: the 2030 Agjenda for S
and partnerships. , '
» Alignment with the Sendai Framework EXPECTED OUTCOMES Sustainable Development.
for Disaster Risk Reduction and SDGs 11 | . * UN-SPIDER / UNOOSA. Earth
an ' , . communication Management
. FOCUS on mOVIﬂg from Satelhte data to - Evidence-based p|anning and resource g .' . .
risk intelligence and early action. orioritization  ESA. Copernicus Sentinel satellite
. Stronger national Al, EO and geospatial missions and Earth observation services.
capacity _ , = |IPCC. Climate Change 2022: Impacts,
KEY POLICY PRINCIPLE QZA\?errenzzgcezlpatory and coordinated disaster Adaptation and Vulnerability.
/ Technology creates value only when it » Evidence-based planning and resource
is embedded in institutional pgf”t'zat'mf AL EO anc o KEYWORDS
= Stronger national Al and geospatia
trerilons .supported. 9y [PEofele capacity " Artificial Intelligence - Satellite Earth )
regulation, ﬂnan.c.mg and = More anticipatory and coordinated disaster Observation - Disaster Risk Reduction -
\_ accountability. - governance Climate Resilience - Rwanda -

\_ Governance - Early Warning )
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INTRODUCTION

1.The Santa—Babadjou Corridor
Cameroon, supporting rural hivelihoods and regional food secunly. Potato production 1s
highly sensitive to temperature and rainfall conditions, making the sector particularly
vulnerable to climate variability.

2.0ver the past four decades, rising temperatures, shifting rainfall patterns, recurrent dry
spells. and increasing hydrochmatic istability have created growing uncertaimnty for potato
production. However, the long-term relationship between climate variability and potato
production across the corridor remains insufficiently quantified.

3. This study analyses 19802026 climate and potato-production records to identily long-lterm

is a major highland potato-producing landscape in

climate trends, characterize climatic variability, and assess their influence on production
dynamics. The [indings provide an evidence base for climate-smart adaptation, resilient
potato production, and food-security planning in Cameroon’s highlands,

= 1 UDY

AREA
As illustrated on fig 1, The Santa- Babadjou Corridor spans the
highlands of Cameroon’s Northwest and West Regions. between
5742259534 N and 10°00°-10°18" E, covenng approximaltely 1.292
km? The corndor links Santa and Babadjou, forming an
mportant agrnicultural and transport gateway between the two
regions.
Characterized by a Guinea-type climate, the corndor receives
2.000-3.000 and
temperatures of 15-25°C, with elevations ranging from 1.300 to

mm of annual ramnfall experiences

Santa-Babadjou corridor

o —

T - ¥ " 2703 m. Its complex terrain of mountains, valleys, forests.

culuvated [elds and rural settlements creates strong spatial
contrasts i agricultural and chimatic conditions.

The Santa Stream and its wnibutanes provide critical water
resources. while diverse soils mmcluding alluvial, orthic and
humic soils support mtensive agriculture. These environmental
gradients make the corndor a chmate-sensiive  highland
landscape for potato production and an important setting for
conditions  and

assessing  changing  climate

vulnerability.

agricultural

Methodology
As illustrated in Figure 2. the methodology invelved a variety of complementary approaches. integrating
chmate, agricultural, statistical, and spatial analyses to assess the relationship between climate vanability
and potato production. The worklTow comprised seven main components:
1. Data acquisition: 19802026 daily rainfall and temperature data from 8 meteorological stations,
potato production/area statistics, and DEM, LULC and administrative GIS layers were
compiled.
2. Data quality control: Climate and agricultural datasets underwent screening, validation,
missing-data treatment, outlier detection, homogenization and temporal/unit standardization.
3. Climate & drought analysis: Rainfall-temperature variability was assessed using CV, Mann—
Kendall, Sen’s slope and change-point analysis, while SP1 and SPEI (3-. 6- and 12-month)
quantified drought frequency, duration and severity.
4. Potato production analysis: Production and cultivated area trends were evaluated using CAGR
and production anomalies, while yield (production/area) was calculated to separate productivity
changes [rom cultivated-area expansion.
5. Climate—production relationship: Pearson correlation, lag/cross-correlation and multiple
regression were used to identify climate—potato relationships, delayved responses and dominant
climatic controls on production variability.
6. Spatial analysis: GIS/remote sensing, spatial interpolation and overlay analysis integrated
climate, drought, topography. LULC and potato-production layers to delineate climate exposure,
production concentration and vulnerable areas.
7. Integrated assessment: Statistical and spatial evidence were synthesized to identify climate-

sensitive periods, vulnerable locations and dominant climate pressures. informing climate-

T CLIMATE VARIABILITY AND
POTATO PRODUCTION ANALYSIS
IN THE SANTA-BABADJOU CORRIDOR

&
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Figure 2: the methodological framework

WARMING HIGHLANDS, CHANGING HARVESTS: FOUR DECADES OF CLIMATE VARIABILITY
AND POTATO PRODUCTION IN THE SANTA—BABADJOU CORRIDOR, CAMEROON

Mary Lum Fonteh Niba ' & Besende Didien Njumba ?

! Department of Gieography, Higher Teachers Training College, University of Bamenda, Cameroon
? Department of Geography and Planning, University of Bamenda, Cameroon

Results
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Annual Rainfall

Mean Annual Temperature Standardized Anomalies

21.5 4 2,000
3 o Temperature Anomaly 4 Rainfall Anomaly
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E Sen's siope = D098 “C ¥r E 1,200 - Sen's ilﬂpﬂ' = (.24 mm ]I.r-l _g =1
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18.5 R* = 0.79, p < 0.007"** 1.000 R? = 0.30, p = 0.21 (ns) -3

18.0 e =g 800 ' 1980 1985 1590 1985 2000 2005 2010 2015 2020 2026

1980 1985 1990 1995 2000 2005 2000 2075 2020 2026 1980 1985 1990 1995 2000 2005 2010 2015 2020 2026
Year Year

Increasingly positive . Altarnating wet and I
*  temperature anomalies anomalis ndicate

after early 2000s. %%’ growing instability.

HIGHLY SIGNIFICANT WARMING TREND WEAK POSITIVE TREND (NOT SIGNIFICANT)

' KEY STATISTICS

+ Mean annual temperature increasad
frem =18.6 "C in 1980 to ~20.9 *C in 20286,

« Sen’s slope = 0.0098 °C yr' (0.98 °C/century).
« R? = .79 and p < 0.007 -+ trend is robust
and statistically significant.

KEY STATISTICS

» Standardized temperature anomalies are increasingly
positive, intensifying after early 2000s.

« Rainfall anomalies fluctuate between wet and dry phases.
» Indicates growing climate instability.

KEY STATISTICS
« Annual rainfall shows a slight upward tendency,
« Sen's slope = 0.24 mm yr* (24 mm/century)
« R* = 0.30, p = 0.21 (not significant).
« Variability remains high; trend not significant.

E] 4.4 POTATO PRODUCTION DYNAMICS

Production (tonnes)

E 4.5 CORRELATION BETWEEN CLIMATE ﬂ 4.6 MULTIPLE LINEAR REGRESSION

FACTORS AND POTATO PRODUCTION
(1980-2026)

{Dependent Variable: Potato Production)

atandardized

18,000 " Predictor : t-value -value
il 14,900 Pearson Correlation Coefficient (r) Coefficient (B) Z
T ing- Max T 0,720 ing-
E Growing-season emp. I 072 Growing-season 056 618 <0.001"**
a2 _ Max Temp.
E Min Temp. - - -0.48**
: Rainfall Distribution [CV) -0.36 =379 <(.007***
E Annual Rainfall Bl 0.28 (ns) i b
a : t
c Steady incrosseto | | Sharp decline to Rainfall (Apr—Jul) - == Rainfall {Apr-Jul) 0.28 284 0007
© 8000 || peak (15,0001 | |~8:900tin 2016-2020, TG e
in 2001-2005 MOGES! FRCOvRry Rainfall Distribution (CV) - |G -061*** Min Temp -0.12 1.32 0.19
4,000 . = ; %
by 2021=-2026
Moisture Index (PFETs) B o042
Constant 2.1 0.04*
1980 1997- 1996~ 2000- 2006~ 2011 2016- 202T-
1990 1995 2000 2005 2010 2005 2020 2036 -08 -04 0 04 0B
Year Correlation (r) Model R? =0.71 Adjusted R® = 0.68
: i F(4,40) = 247 p < 0.001***

« Production increased steadily from 11,800 t (1980-1990)

= Growing- i te t = <[, 77
oa pe.ah of =15,000 t (2001=-2005). O iNg-SEAE0N Mammum temperature {F i

KEY STATISTICS

» Sharp decline to ~8,900 t in 20162020 (~40% below peak).

+ Modest recovery in 20@1-2026 (~9,000 t)
but remains below early-2000s levels.

and rainfall distribution (r = -0.61°**) are strongly
negatively correlated with production
= Rainfall (Apr-Jul) ir = 0.52**) and moisture index (r = 0.42%)

» Model explains 71% of the variability in potato production
(R* = 0.71; Adjusted R* = 0.68).
* Higher maximum temperature and more erratic rainfall

are positively correlated.
» Anresal rainfall correlation is weak and not significant (r = 0.28)

distribution significantly reduce production.
« Rainfall during Apr-Jul has a positive effect.
= Minimum temperature is not significant.

Overall reduction of nearly 40% from

peak production levels. w4 p 2 0,001, * p < 0.01,* p < 0,05, ns: not significant

4.7 PRINCIPAL COMPONENT ANALYSIS (PCA)

e PCA Biplot (PC1 vs PC2) Variance Explained KEY STATISTICS
- Max Temp Rainfall (Apr-Jui PC1 (46.2% variance):
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8 H“‘x R rainfall (negative loadings) with water
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Figure 3.Intugrutmj Statistical Assessment of Climate Variability and Its Influence on Potato Production
in the Santa—Babadjou Corridor

The results presented in Figure 3 illustrate the temporal trends in chimate variables, potato production dynamics, and the statistical
relationships between chimatic factors and potato production in the Santa—Babadjou Corndor rom [980 to 2026.

A. Temperature trend

Mean annual temperature increased from 18.6°C in 1988 to 20.9°C in 2026, a rise of 2,.3°C, with a Sen's slope of
@.0098°C yr-' (approximately ©.98°C per century). The strong fit (R? = ©.79) and highly significant trend (p <
@.001) indicate persistent regional warming and make temperature the strongest climatic signal in the stucly.

B. Rainfall trend — weak and statistically insignificant increase

Annual rainfall shows a weak positive trend (Sen's slope = ©.24 mm yr-'; approximately 24 mm per century), but the
relationship is not statistically significant (R = ©.3@; p = ©.21). Thus, the main concern is not a substantial
change in total rainfall, but increasing variability in its timing and distribution.

C. Climate anomalies

The anomaly analysis shows that positive temperature anomalies became more frequent after 2000, while rainfall
increasingly alternated between wet and dry extremes, reaching approximately -2.5 to +2.5 standard deviations.
The greater frequency of extremes during 2005—-2026 indicates increasing hydro-climatic instability and less
preclictable conditions for agriculture,

D. Potato production dynamics

Potato production increased from 11,8@0@ tonnes (198@—199@) to a peak of 14,900 tonnes (20Q5—-201@) before
declining to 8,900 tonnes by 20241-2@26, This represents an approximately 4@% decline from the peak, despite
some recent recovery, suggesting that the earlier production gains hawve not been sustained under changing
climatic conditions.

E. Climate—production relationships — heat and rainfall distribution are critical

Pearson correlations show that growing-season maximum temperature (r = -0.72) and rainfall distribution
variability (r = -@.61) have the strongest negative relationships with potato production, whereas April—IJuly
rainfall (r = @.52) has a positive relationship. In comparison, total annual rainfall has only a weak, non-
significant association (r = ©.28). These results indicate that heat stress and the timing and consistency of rainfall
are more important for production than annual rainfall totals.

F. Multiple linear regression

The regression model explains 7% of the variation in potato production (R? = 0.71; adjusted R? = 8.68; p < 0.2@1).
Maximum temperature is the strongest negative predictor (f = -@.56; p < 0.0@1), followed by rainfall distribution
variability (f = -0.36; p < @.001), while April—July rainfall has a positive effect (f = 0.28; p = 0.007). Minimum
temperature is not significant (f = -@.12; p = @.19). Overall, the model confirms that increasing heat and erratic
rainfall are the principal climatic constraints on potato production.

Gi. Principal Component Analysis — two cdominant climatic dimensions

The PCA shows that PC1 (46.2%) and PC2 (24.7%) together explain 7@.9% of total variability. PC4 represents the
interaction between heat stress and water availability, while PC2 reflects rainfall seasonality and production
dynamics. Thus, most of the environmental variation relevant to potato production can be summarized by two major

processes: warming and rainfall seasonality. Beanatisnfane
L% -

1. The Corridor has experienced significant warming, with mean annual temperature increasing by 2.3°C from 1980-2026 (p < 0.001).

2. Although total annual ramnfall shows no significant trend. rainfall distribution has become increasingly erratic, with more frequent wel
and dry anomalies and growing hyvdro-climatic instability.

3.: Potato production declined by approximately 4074 from its peak, with rising growing-season temperatures and rainfall variability
cmerging as the strongest climatic constraints.

4, The combined statistical and spatial evidence highlights the need for timely growing-season rainfall management. improved moisture
availability, heat-resilient production practices, and targeted adaptation in vulnerable areas.
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AN ASSESSMENT OF THE ROLE OF CLIMATE-SMART URBAN
PLANNING IN REDUCING FLOOD RISKS IN KIGALI CITY

Author: Aline CYUZUZO
Affiliation UNIVERSITY OF RWANDA
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BACKGROUND & CONTEXT
Kigali City faces recurrent filooding driven by rapid

urbanization, wetland encroachment, expanding
impervious surfaces, informal settiement growth, and

inagdequate stormwater management infrastructure

These pressures threaten urban resilience, public safety,
and sustainable develogpment. Despite Rwanda's strong
commitment to ciimate adaptation and resilient urban
growth, limited empirical evidence exists on how effective
climate-smart urban planning approaches are at
reducing filood risk in Kigali's rapidly expanding urban

environment.

OBJECTIVES

-Analyze land-use change patterns and their
relationship with flood-prone areas

-Evaluate the effectiveness of existing urban planning
poiicies and climate-responsive interventions

Jdentify climate-smart planning strategies with the

greatest potential for fiood risk reguction
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METHODS & APPROACH

A mixed-methods design combining GIS spatial analysis,
policy document review, and key informant interviews
with urban planners, environmental authorities, and

community stakeholders.

PRELIMINARY / EXPECTED FINDINGS
Uncontroiled lang-use change, wetland degradation,
coordination

and fragmented institutional

significantly increase filood vuinerability in Kigali

Oreen infrastructure, sustainable urban drainage
systems (SUDS), and ecosystem-based wetland

conservation show strong potential to reduce fiood
risk and improve resilience

Createst impact is expected when these measures
are Integrated intc planning and land governance

frameworks

CONCLUSION & POLICY RELEVANCE

The study will provide evidence-based

recommendations for integrating climate-smart
planning into Kigali's urban develcpment strategies
supporting policymakers, urban planners, and climate
adaptation stakeholders in strengthening flood risk
management, promoting sustainable urban growth,

and advancing Rwanda's climate resilience cbhjectives.

Scan for the full report
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When Climate Shocks Collide with Grid Failure

Measuring the value of distribution-level data for predicting climate-driven grid vulnerability

Kwame Donkor, june Lukuvu

Department of Electrical & Computer Engineering

Background & Motivation

Climale change s laading % an horeased
frequancy and soverity of &xtrame
weather events on the continent.

Afrdca wit naod robust power grids
adapt to cimate change, eid
whantzation, and Incraasing aloctrification

in Accra, relatively mild weather events are significantly
associated with grid disturbances Research Ob;“ﬁv.

To characterize how the performance of grid

analysis at coarse resolutions can miss such nuances in " e e

Representation of Neighborhoods
in Accra as a Graph Network
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1. INTRODUCTION | ERESPET e

« Climate change poses increasing risks to 4.1. Current Observing Network
Rwanda’s development gains, affecting Weather Stations Rainfall Stations Hydrological Stations
agriculture, water resources, infrastructure,
health, and ecosystems.
» High-quality climate data and effective
monitoring systems are essential for
evidence-based decision-making, early
warning, adaptation planning, and Automatic Weather Station
sustainable development. (Meteorological Station)
» Rwanda has made progress, but gaps
remain in data density, timeliness, integration,
and accessibility. R
= This study highlights current progress, = ,
key gaps, and priority actions to strengthen 4.2. Data Availability 4.3. Key Findings
climate data and monitoring systems. —_— e — — - :
Variable Siatiins Data Availability  Timeliness @ Increasing temperatures across
Hydrometeorological itoring (Operational) (%) (%) | Rwanda (~0.3 °C per decade).
(Matters for water and climate resilience) Rainfalt -160 78 70 € High inter-annual variability in
= < | —— : — — — - rainfall with more extreme events.
T ture -~50 72 62
2. STUDY AREA & DATA — f & Data gaps in eastern provinces
Humsidity | ~35 65 60 and high-altitude areas.
N . - —— - -
« Study Area: Entire Rwanda : . ¢
A i River Discharge -45 70 65 & Timeliness and data sharing
(30 districts) - = > | = need improvement.
« Cli D - e L) =
(_: ';:::‘ d: th:est:::::; sgy Koncy ‘ & Strong potential of satellite data
Tariaite (Meteo Rwanda) to complement in-situ networks.
-~ Rwanda Water Resources 4.4. Extreme Events (2000-2024)
Board (RWB) - r " " 152
— Remote Sensing Data -O)- o
(CHIRPS, MODIS, Landsat, e =
Sentinel) ¢ .’ Ty W
~-Data Period: 20002024 Flood Events Droughts Heat Waves Landslides
= Variables: 41 7 1 2 > 300
Keget . = 5"'"'.:'." Twpgra‘“'e’ Major floods Drought years Significant heat Landslides linked
® Weather Stations umidity, Win recorded identified wave events to extreme rainfall
A Rainfali Stations - River Discharge, Water Level ) L L A '
B Hydrological Stations —~ Land Surface Temperature, e
= i By Vegetation (NDVI), Soil Moisture 4.5. System Gaps ldentified
———— —— — —~ _
[ Lakes fre o] - @
| | District Boundaries o 5 ' = :‘.‘
" . i ey £ 4 | =7
™ i ~ =
: Sparse station Aging equipment | Data management Delays in data Limited human
3 ” M ETHO D O LOGY An:;a: l::;:?ol:'a(::“) distribution & maintenance ‘ systems need availability resource capacity
: gaps strengthening | |

Gw .
| ? Data Collection & Integration - 1200 y — :
A | e e e o o 5. CONCLUSIONS & RECOMMENDATIONS
" 408 3 . -
o-1 5.1. Conclusions v

Q . Quality Control & Gap Filling : Ctiman { briznenation
Apply standard QC procedures and 2000 2005 2070 201S 2020 2024 « Strengthened climate data and monitoring systems are vital Rerttor
statistical methods to ensure data for climate resilience and sustainable development in Rwanda. & Services
. — J quality and completeness. an Temparatine ) Sianifi has been i |
22.0 - National Average « Significant progress has been made, but gaps in coverage, 4B
(" ) . data quality, imeliness, and integration remain. I iannad
/\) Analysis & Assessment 51 | « Leveraging technology, partnerships, and capacity STRONG CLIMATE Eacciadids
f l l Evaluate data availability, trends, 20.0 4 development will improve climate services and decision- Reduction DATA SYSTEMS Planning
| extremes, and spatial coverage. 19.0 | making. g
- 1 18.0 - . pomm——s . ,
9 System Assessment 2000 2008 2010 2005 2020 2024
Assess observing systems against 5.2. Recommendations
53;,& WMO standards for density, timeliness, Rainfall T"‘“:e?:’oo' 2024)
e accessibility, and sustainability. (v - e) ) Expand and modemize observing networks, especially in data-scarce areas,
F 4 > SO
\ .{:? k--"/ _ ’k}}‘ ! g 50 Q Improve data quality assurance, management, and timely dissemination,
/ . Recommendations R B T | e : : = 2 _
O Propose actions 1o stiengthen INfrastiuctirs, B P R [Jo-2s @ Enhance integration of in-situ, satellite, and model data.
- capacity, data systems, and partnerships. ) s i O : "\? . = S @3 Invest in capacity development and institutional strengthening.
: ol S e N~ 2t < 25
o} “ : ;V"/ = €3 Promote data sharing, open access, and multi-sector collaboration.
< ’\.':--_.‘;;/' 2 T D Q Ensure sustainable financing for climate data and monitoring systems.
S B W
. S S J
3 ™ N
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| The Role of Faith-Based A
RCID .. | Organizations in Tackling \ i
wgos wesancene | 1000 LOSS and Waste in Rwanda:

orimeyeibesrre | A Preliminary Study

Jules Kazungu
Regicnal Resaarch Centre for Integrated Dewalopment (RCID, Rwanda)

www.rcidcentre.com

= o
Y7 | BACKGROUND ((@) ) OBIECTIVE

Rwanda loses approximately 40% of its food
supply annually, undermining food security,
economic prosperity and dimate resilience.

Reseavch | Inovation | Sustanatie Devslopment |

Desk review
Literature, polices and reports

To investigate the current and potential
contributions of FBOs to FLW reduction

Faith-based organizations (FBOs) are integral in Rwanda, ide"“‘?i"g "eV ba“_i'f'? and
to Rwandan society, managing 75% of schools opportunities to align their activities /\/ Quantitative survey
and 30% of heaith facilities, yet their potential with national food system sustainabiity .“l 236 FBO representatives
role in addressing food loss and waste (FLW) goals. {Kigali & Rwamagana)
remains largely underexplored. ‘
¢3 m Key informant interviews
e . . a¥a .o » _ 20 stakeholders {govermment,
B B H mﬁ " private sector, NGOs)
7 5% 30% ~40% Stronger FBOs Case studies
of Rwanda's of health of food supply for a food-secure, 1 farmers’ cooperative
schaols facilities lost or wasted resilient and prosperous (Gwiza) and 1 faith-based hotel
annually Rwanda (Seinte Famsic)
. e 7 ! N J

@ CASE STUDY EVIDENCE

gz ) CLIMATE & FOOD-SYSTEM
~# / RELEVANCE

|
,
:

LS
" Gwiza Farmers' Cooperative
83% 049 . 73% B _ Reduces GHG emissions
..'4:;'.‘ 370 ' SRRSO | Tining on post-harvest (froem vrasted lood)
) - SR 1anding and storage

of FBOs recognize  lack formal cite imited siils, | | EEIREORMNENARE - Roduced food losses g;m'?:&“
FLWasarelevant  FLW reduction knowledge and B sty 2o - Irmproved farmer incemes i

probiem programmes awarenessasthatop | |

bariet | Strengthens food and
nutition security
Other barriers identified:

» Lack of best practices
v Need for investrment capital

« Efficiont food purchasing ") Supports a circular and
« Inadeguate enabling food policy (

went food system
and storage practices Rt ooe

« Reduced waste in kitchen

® FBOs have unique mission-driven Spryoms Less food (oss and waste
}.‘ infrastructure and trusted networks » Community awareness today, & more resilient
that can facilitate community behavior and engagemmt : RS
change and improved post-harvest handling. I SR
“ - - 7 B3 i S —— j
~ \
| A ) CONCLUSION
P - ole FBOs can serve as powerful agents for
15 '.‘ food system transformation in Rwanda.
— . With the right support, they can reduce
Integrate FBOs Strengthen Establish multifaith | implement & monitor foad loss and waste, .enhar}'c.e fOOdnS:c”"ty'
ot the Dation WEmAON Sy R raC-led AW actions gx?;;hf::?mm ::s'tainab:i als
food systems apenda n FLW management to bridge religiouws with clear indicators IO,
l missions and national Empowered FBOs.
targets 34 Reduced FLW. A Sustainabie Rwonda.

Rwanda
Rennny Research Ceantre e N Ny A
foe Integrated Development . ree - c0d Secure
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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 Spatial distribution of Seasonal and annual rainfall
' 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 MAM: high values (370-250 mm) in southwestern, medium values (315-

' February (JF) and June to August (JJA). The district's topography is 370 mm)in central to northern and low values (260-3515 mm) in

characterized by hills and valleys, influencing its rainfall distribution. JJA: high values (55-65mm) in eastern, central and northern and
. Predominantly an agricultural region, Kirehe's livelihoods are heavily Jow values (25-45 mm) in central to southern

- No statistically significant btrends observed for all seasons and on annual timescale
- Positive trends are observed in northern areas

JF: high values (200-425 mm) in southwestern, medium values(150-200 - Negative trends are observed in central, southern and southeastern areas

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

N

(e) Annual

. . . . . . . CV (%) CV (%)
rellgnt.(.)n fallies] g, meldng It [peiied iy vulnerablg (e ra!nfall SOND: high value (330-410 mm) in southern, western and P — R N
+ variability and extreme weather events. Understanding rainfall

northern and low value (250-330 mm) in central and eastern N o 4 N @sonn

patterns and extreme indices is therefore critical for informing
' climate-resilient agricultural practices, water resource management,
and disaster preparedness in this drought-prone district.

N (a) JF " N (b) MAM

MAM (mm/decade

-40 -20 0 20 40

N

(d) SOND

Annual (mm/decade)

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.

: [ 0 -100 -50 0 50 100

| 0 Rainfall (mm) 'Rainfall (mm) CV (%) CV (%)

I " 100 150 260 315 370 425 BT

l ] (c) JJA _ N EEp— 53 83 73 83 93 103 22 27 32 37 42 47

: Elevation (m) J / ) o

: 1738 — - Southwestern and Central to southeastern parts

: 1478 —i_lJ:— northern areas are the  are the areas with high variability: = A

| - hi - - - - I | . I | .

: : hlghthvalute (1 080 1180 mm) JF. 38 46% MAM. 33-41 % |3 0 3 6 9 12 40 20 0 20 40 50

| | ; 4 || Tygp— s K| N ediurm value (8801080 MAM: 25-33% JJA: 73-103%

| 0o 15 60 90/ 120 e — ——— : . - o . _ (o]

| v m\ 3 T:FE' B |~ intatt (o) Tl mm) in southwestern and SOND : 2.2 37 A)o SOND : 37-47 A’o

: km |9 T — northeastern Annua”y : 20-28% Annua"y : 28-36%

| BFE e o . S == = == - Low value (680-880 mm) in : o , : : .

. Geographical location of Kirehe district in Rwanda (a) and central and eastern Areas with low variability present reliable rainfall while areas with

' administrative with elevation map of Kirehe district (b) | | _ high variability present more erratic rainfall.

: . ' » CDD: shows high value (76-86 days) in southeastern and low (66-76 days) in other areas N () CDb DD (%) N () CWD CWD (%) T (¢) PRCPTOT %)

! Objective: » CWD: high values (7-9 days) in southern and western and low (5-7 days) in other areas ) 43 11— : 51 7L

. Spatial analysis of variability and trends for seasonal and annual > I(36R8>E)3F;'(I;(8T h)igh vtat:ues (900-1120 mm), in southern, western and northeastern and low values 40 45

1 c c . c . - - - c - mm) In other areas

E rainfall and their related extreme rainfall indices in Kirehe district. » R10mm: high values (30-38 days) in southern, western and northeastern and low values (22-30 B w9

i Data: days) in other areas 34 - 33 & Statisticallv sianifi t . rth i !

! gridded rainfall at 4kmx4k resolution from 1983 to 2021 obtained » R20mm: high values (14-18 days) in southern and northeastern and low values (10-14 days) in ¢ oo o [IRE — te w 27 N * austuically signi |ca/n S [LHEIERGSURNIOIEIE HIRE ROl :

' from the Rwanda Meteorology Agency. SMENEICES | . - CWIDs [0, SL0] cEielEeere :

! Method: » R95pTOT: high values (195-245 mm) in southern and western and low value (145-195 mm) in othe - PRCPTOT: [45, 90] mm/decade :

e - .y areas ¥ (@ Riomm RO5PTOT (%) _ : :

| i) Variability: Coefficient of variation (CV) » RX1day: high values (60-70 mm) in southern and northeastern and low value (50-60 mm) in other jL' . FALOINR WSy, o3| CEVEE ERs !

i) Trends: Mann-Kendall test and Sen’s slope. - R S X S 1 ) = | Cosidecade) | OO (dayaidecade) + PR i |

. iii) extreme rainfall indices: Computed following the methodology oday: high value (91-106 mm) in southern and northern and low value (75-91 mm) other areas o p ([ | ' 10 | oo

! _ _ _ » SDII: high value (12-13 mm/day) pin northeastern and low value (10-12 mm/day) in other areas 5 :

. of the Expert Team on Climate Change Detection and Indices _ : ,,.. 82 o

X 2 (a) CDD CDD (days) N (b) CWD CWD (days) (¢) PRCPTOT PRCPTOT (mm) - ) !

- (ETCCDI). 86 + 9 I 1120 - ‘ . |

! 8 1010 E -7 -45 :

| Rainfall extreme indices Units 7 900 sz o || 10, LRSI —_ EVN

: 6 0 ;L o Rx;d ay (%) (I Retsdny .Rng ay (%) " (d)R10mm R10mm () R9SPTOT R95PTOT |

: C i d d CDD D 5 o 5 f ) (days/decade)| | ). ) b (mm/decade)| !

'| Consecutive dry days ( ) ays AP 680 3 54 e | 4 i

/| Consecutive wet days (CWD) Days _ 41 = s0 i

: .. . ] (d) R10mm N (e) R20mm R20mm (days) Rggg'gOT (mm) . -~ 46 20 :

'| Total annual precipitation (PRCPTOT) mm 7L 18 ' " N :

| 16 220 —— | 3 ——— | h |

|| Heavy precipitation days (R10mm) Days 14 165 <+ CDD: vary highly in southern and central areas (37-43%); o

| Very heavy precipitation days (R20mm) Days ] 12 170 s CWD: vary highly in the.southe.ast','so.uthwest, and north (39-51%); o ] [RToAY e E— S5 i

i Y : ee o |10 2 | 145 < The southeast shows high variability in: -+ (@ | o jL (mm/decade) (maess ) |

|| Precipitation from very wet days (R95pTOT), mm - R10mm (30-40%), - R20mm (53-67%), ’ pE ., / 05 | !

: - R95PTOT (95-121%), - RX1day (41-51%), ?3 02“; o |

| Maximum 1-day precipitation (RX1day) mm j @i g | Rxtdey (om)[ ] aomxsay g | [Rxday (mm) DI (mmiday) _ SDII (42-58%), y o R, o

: 65 % RX5day varies highly in central, eastern, and northern parts (50- 3 7.5 R
. . . . 99 12 ) Z T L g : s 5y :

| Maximum 5-day precipitation (RX5day) mm i . 58%); other areas show lower variation. ] T o o

| Simple daily intensity index (SDII) mm/day 55 = ¢ o o 1%0051((3353

: 50 g g | IS e oo oo |0 » Remaining areas show low variability =10.001 {68.9% !
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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

« TP . : S atial distribution Of observed Seasonal rainfall : : : Warming dominates across all seasons and scenarios. The magnitude of warming is stronger under
Rwanda, often referred to as “the land of a thousand hills,” is situated in P Projected changes in maximum RCP8.5 compared to RCP2.6, and greater in late-century (2066-2100) compared to mid-century (2026-2060).

rainfall occurs in April and November (Ntwali et al., 2016). These patterns Values (100-300 mm) in central and eastern

Eastern-Central ~ Africa  between  1°4-2°51'S  and  28°53-30°53E, JF: high values (200-300 mm) in southwestern, western and northern, and tyres—= 1|, e ], e b — .
encqmpafssmglan Iare; 0‘; 26’3I38 k.mz.h R\;]vlancéa’s 'i”dscaﬁf_’t 'Sd hlgr:clygc(ljlz)/ersg, low values (0-2000 mm) in central and eastern e J= = :
ranging from lowlands to volcanic highlands, at an altitude o m in L : " o
Bugarama Valley to 4507 m at Mount Karisimbi. This complex terrain strongly MAM: ngh- values (600'700 mm) in southwestem,'northwestem and RGN J‘ :
influences the geographical variations in rainfall and temperatures (Ntwali et northern highland, medium values (4OQ-SOOmm) In central plateau, s S R A "
al., 2016). The western highlands are wetter and cooler than the lower, drier Central parts of southern and western regions and low values (300-400 L e ] [ ] 3y [PEEEEmLl. !
and warmer eastern plains (Siebert et al., 2019; Sebaziga et al., 2023; JJA: High values (100-200 mm) in western and northern and low : " | " 'iL W E w W W e P O N B awe o
Sebaziga et al., 2024). Rwanda has four distinct seasons, comprising two wet y/3|yes (0-100mm) in eastern, central and southern 1K 91" | V| " Em 5 =
seasons (March-May, MAM, and September-December, SOND) and two dry g st i b\ alues (500-600 mm) in southwestern, medium values ao N A L I :
seasons (January-February, JF, and June-August, JJA) (Siebert et al., 2019; ’ . ! e == == e
Kazora et al., 2021;Sebaziga et al., 2023; Sebaziga et al., 2024). Peak (300-400mm) in western, southern and northern highland /ow 28 T R o ¥

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.
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 align with the country’s climatology and agricultural calendar (Siebert et al., [@== ] [ +] oz 4] [ |.[==] Spatial distribution of observed : - g |
1 201 9) Seasonal temperatures 19.‘31 1993 2003 2013 ‘7073 2033 v?;’i:ﬂ 2053 2063 2073 083 093 1983 1993 200?: 213 ‘7073 2033 VX.Y%’, 2053 2063 2073 083 093
1 - n » ) »
1 . . . . o g 0 15 30 60 80 |20Km s o 15 30 60 90 WEDM P s | P tt c
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Title: Spatial Variability of Seasonal Rainfall Onset, Cessation, Length and Rainy Days in Rwanda
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Rwanda, widely known as the “land of a thousand hills,” is located in Eastern-  Climatological zones in Rwanda Observed mean onset (OD) and Cessation Variability of Observed onset (OD) and Cessation
Central Africa between 1°4'-2°51'S and 28°53'-30°53'E, covering an area of 7a7=Y P

26,338 km2. The country’s terrain is highly diverse, ranging from the low-lying Six climatological zones: % Onset exhibits west-east (W-E) & Areas with later OD and early CD exhibit higher
Bugarama Valley at 900 m to the volcanic highlands, with Mount Karisimbi progression variability

reaching 4,507 m. This complex topography exerts a strong influence on 1 ke Kivu climate zone: located to the coast of Lake Kivu, —«_Cessation-exhibits east & Areas with early OD and later CD exhibit lower

spatial variations in rainfall and temperature (Ntwali et al., 2016). The western o e oﬁ?x ' ooam ooow | Onset (OD): . . _

and northern highlands are characteristically wetter and cooler, while the . 2 Now - [omovariabIlity ). o v e e Onset (OD):

s Early inthe

eastern plains are drier and warmer (Siebert et al., 2019; Sebaziga et al., I Mountain climate zone, located in the area over Congo-Nlle.: divide WP uo obven| > Il;]oxvvg/;r;?:lgr%
2023; Sebaziga et al., 2024). Rwanda experiences four distinct seasons: two extended to the mountain areas of the northern volcanoes highland, and northern
wet seasons (March—-May, MAM, and September—December, SOND) and two : ; i northern highland and

09 Mar

25 north-eastern

dry seasons (January—February, JF, and June—-August, JJA) (Siebert et al., 1i1i. Mountain forest climate zone: located on the southern and southwestern
% Laterin

2019; Kazora et al., 2021; Sebaziga et al., 2023; Sebaziga et al., 2024). parts of Nyungwe National Park | > High variability
9 I I central and l in eastern,
_ o _ : cs e e | i wa |- - eastern central and
Rainfall characteristics in Rwanda have been the subject of several recent Temperate climate zone of the central highlands: located in the central - 1 19 Feb = 5 11 Sep LI : : couthern

studies (Muhire et al. 2015, Ntwali et al. 2016, Siebert et al. 2019, Kazora et mountainous part extended from the southern region to the northern

al. 2021, Umutoni et al. 2021, Umuhoza et al. 2021, Zhou et al. 2021, Safari ) _ c tion (CD):
et al. 2022, Sebaziga et al. 2022, Uwimbabazi et al. 2022, Sebaziga et al. feston e Cessation v SRR,
2023) with a converging result indicating a general variation in seasonal and . ' (F_DL . variability
annual total rainfall. Rainfall Onset Days (OD), Cessation Days (CD), V. Central plateau: located between the temperate climate zone of the < Eerly ”? q eastern and
Seasonal Length (SL), and Number of Rainy Days (RD) are crucial for crop central highlands in the west and, cenLrelen . T
. o . . 22 May eastern 13 3 .
production and food security in Rwanda yet scantily documented. This study : > High
aimed to analyze the spatial patterns and variabilities of Seasonal OD, CD, +vi. Eastern low land : located in the eastern part of the country. & lLener fn e Varl?bllhty In
SL, and RD in Rwanda using an observational data set from 1983-2021. The ' western and Ce“t;]a '
study also aimed to classify Rwanda into near-homogeneous climate zones. s (I o northern SO S tarn o
Climate Zones N o —- ’ Westhern an
- o . . 0. . Nnortnern
- o] Objecti + = Mean onset(OD) and cessation (CD) from 1983- Variability of onset(OD) and cessation (CD) from
' jective: -
: - Classify Rwanda into near- 2021 1983-2021
homogeneous climate zones — Observed mean seasonal length (SL) and rainy days Variability of Observed seasonal length (SL) and rainy
/DN)
- Analyze the spatial patterns and o =3 o n days (RD) Seasonal length
variabilities of Seasonal OD, CD, | T o v seasonal length | <+ e ks A+t ravenl (SL):
m SL, and RD in Rwanda » SL): 350 31 LR:
" Data: = o< Longer SLin the I ' > Lowtvariability in south-
Z2daid. g western
= & = : | Weitf ' and - .| > High variability in
Gridded rainfall (4kmx4km) and & 5% horthern ‘ southern, northern-
tempertures (5kmx5km) resolution o | N highland, central and
_ from 1983 to 2021 obtained from I I ’ Cer?trr;ram;“ ' I SR.eastem
the Rwanda Meteorology Agency. 5 ’ " eastern _ _ 2 u 100 _ Is > Low variability in
= & > i o~ & eastern and south-

Rwanda’s location within Africa (a) and its

" ; western
administrative and elevation map (b) . / Climate Zones [RD (Day) . RDV (%) . .
i ' Sisacar: I Lake Kivu climate @ RD(D::" Raan daVS (RDI: 0 Ra’nv davs {RD)'
M th d 1 = : » B Mountain Forest climate LR: -
C 0do Ogy . o B Mountain climate Py, < More RD in the 4 LOV\::;]/arlabI“(;y Wetsr;tern,
Temperate zone of Central highlands A southern and northern
Burundi C:lmral p:atcal: S . 46 . WESEENN ANt 245 il o b 5 ¥ High variability in
01530 60 90 120 LS e [ » | O # northern central, south-central
km “|d and eastern
N 29°E 30°E 31I°E ; % FewRD incentral |* I \S;R: ot
W(Eg) = Z € Eg (t; — ug)? K K . : : . ; . and eastern TTTYTAN 5 Low variability eastern,
t TWCSS = Z W(E,) = Z Z (t: — e Climatic classification of Rwanda, based on data from 1983-2021. ettt o |24 o P - " v High variability in
k=1 ko1 L€Ck i ”" i . central, southern,
D(n, m) 1 Z"" Z"‘” (t ; ) Mean seasonal length (SL) and rainy days (RD) from 1983- western and northern
nm)= . . .. . g . .
Mpmp iz ajmr t;is i * data point of cluster k (E}), and p is the mean Trends of mean onset (OD) and Cessation Mean seasonal length (SL) and rainy days (RD) from 1983- 2027 .
;I"Ell/ll}lgSS : tot;)lfwithinpgtlrg['cser sumltr)lf squarceluSter . , 2021 Trends_.m ean seasonal Ieng th (SL) and rainy day S
' 2 . {5 SRDOD w ) oot ; () LRSI X | Trend i\)l:rpv: (day/year) vy SR SL A Nag—— e
D(n, m): is distance between cluters n and m, and n, m, = | et Sloperjdaydatade) : “@’ * | Thenf5lone (day)/cecati) : : X b | = irend siope (@syyear

LR: LR:

are the nuber of elements in those cluster

00

SL.: statistically significant positive trend in
northwestern and northeastern
RD: statistically significant positive trend in central

OD: get late in western, central-southern, southern
and central eastern and early in south-eastern,
north-eastern and north-western

2. Rainfall characteristics

I-3

Start of counting:

R o 3 . i i - | SliigrTTTenE| - western, central and northeastern and negative trend 1in
- February for LR and September for SR. e w wow e | e w e o |, CD: getting later in north-western and early and B = = ’ g
29 E a0 e arE 29°E W E M'E remalnlng areas eXtreme Southem
% Onset day (OD): Accumulation (25mm in § days), rainy v W e 4 | e [ |- s
(&) LR GD = ‘*‘4{5‘“ 2 Trenéi slope (day/decade) @ SRCD @ dé_r #|Trend slope (day/decade) SR: £ & - _SR:
g [ g 3

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

" Trends of seasonal length (SL) and rainy days (RD) from 1983- extreme southern
2021

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

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

~ | B8 0.0 0.0

¢ Cessation day (CD): Accumulation (10 days) < % PET

04

¢ Seasonal length (SL): =CD - OD

% Number of rainy days (RD) = days with rainfall >= Imm
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Development and Evaluation of a Prototype Climate-Soil Decision Support Tool
for Beans Production in Karongi District

Benitus NIYOMPANOT" Tibebu Belete!

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

@ NnTRODUCTION

|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

Ocean

€) RESEARCH OBIJECT!

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.

€© METHODOLOGY

1. Literature Review & Data Collection
2. Data Analysis & Decision-Rule Development
3. Excel Dashboard Development
4. Testing & Refinement
5. Finalization & Reporting

9

€@ List of Varieties

" You've selected S cal¥e
\: 4 2 >
\
\
b,

4 £
MBC23 RWV3316 / Vuzimpundu ?ﬂ’ ‘
RWV2350A-2 RWV3317/Mpanguhe /IR
Rwibarura RWV2887 / Girubuzima [\ Sa% | ¥
MBC71 RWV2269 / Kazeneza Ll ol
RWV2361 / Rukundo
RWV2872 / Zanisuka
RWV2352-1A RWV2070 / Kaki
RWV2352-2 RWV1129 / Kiryumukwe
RWV2357-B-3 Gasilida
RWV3347 MAC42

G el
RW-CB185 A "1

RWV2365-2

Thank you. The selected day is: Monday, 5 October 2026
YES, Now you can Plant as the current conditions are suitable to support early beans growth

= e = = e e m et e —

_____ _____________________________________________________ Injamane MAC49 / Gikundiro 2

ER MAC9 / Gikundiro 3
LONG-CYCLE VARIETY MAC44 / Gikundiro 1
As you prepare to plant this climbing bean variety, ensure that y RWV3006 / Inshutinziza G2331 / Mamesa
Apply properly CA & bean planting practices, prep king materials and complete planting within 7-10 days after the date for crop

—————————————————— - — — — — ——— = ———————

Prepared by
Benitus NIYOMPANO

i VE ‘\\N\\G‘z\\.\g?m“es
| : C : : S b !
‘| The main objective of this study is to develop s .

E ¢ o o ( 0 Activity Navigation 9 Page description box 6 Date selection 0 Variety type selection 1
E Sup p ort TOOI that Integrates these Informatlon e Tool Title 0 location selection 0 Recommendation output 0 Beans Variety list
| sources to support timely decisions on planting,| - = : 2
- L The decision rules were developed using
W%E published agronomic guidelines by RAB and
. validated climatological data, providing the
prototype with a strong scientific foundation.
Sector Boundary |
Study sectors / Confidence in Applying Agronomic Recommendations
[ Gishyita from the Tool
[ Rubengera 100% -

[ Rugabano 90% -
E TWumba < 80% 4

Western province
60%

50% 50%

Percentage of People (%
3
2

Additional Good
Agronomic Practices
advices

weeding period
Agronomic Recommendations

Confidence Score

- 1 (Not confident) . 2 3

. 4 . 5 (Very confident) ‘ i

Participants demonstrated generally high
confidence in applying the tool’s agronomic
recommendations, particularly for planting
and harvesting decisions.

For Example,

{©) KARONGI DISTRICT

Choose Location ’Ceﬂ'- '

Choose Date -

y Monday, 5 October 2026
YES, Now you can Plant as the current conditions are suitable to support early beans growth

beloct Variety Type
As you prepare to plant tNs dimbing beon variety, ensure thot you
Apply property CA & bean pic g pr n, prepore staking and i g within 7-10 days after the recommended dote for optimal crop performance

Prepored by
Benitus NIYOMPANO

Table 6: Mecan Onset and Cessation Dates for the short rains season from 1981 to 2017 over

all delineated zones (Lon: Longitude and Lat: Latitude)

Zones Stations Lon Lat Mean Onset | Mean Cessation | Rainfall
Names Dates Dates Duration
1 Ntendezi 29.05 |-2.43 | 19%of Sept | 24% of Dec 97 days
1 Kibuye " [2935 [-205 |2 ofOct 7% of Dec 67 days
1 Tamira 29.35 | -1.56 | 13" of Sept 5™ of Dec 84 days
v Save Paroisse | 29.76 | -2.55 | 5™ of Oct 15" of Dec 72 days
Vv Cyinzuzi 30 -1.76 | 7™ of Oct 10" of Dec 65 days
Vi Rugobagoba | 29.88 | -2.05 17" of Oct 4™ of Dec 49 days
Vil Rwamagana 30.43 -1.93 20" of Oct 4" of Dec 46 days
Vil Gabiro 304 -1.55 23" of Oct 4™ of Dec 42 days
IX Busoro 29.91 -2.28 147 ofOct | 4™ of Dec 151 days
X Bukora 30.78 | -2.3 26" of Oct 3% of Dec 39 days

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).

Percentage of Participants

Percentage of Participants

100% -

80% -

60% -

40% -

20% -

0%

89.5%

81.5%

Most participants rated the tool positively,
with 81.5% reporting ease of use and
89.5% indicating usefulness and
confidence in its recommendations.

Usefulness &
Confidence

Ease of Use

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

© concLusiON

advisory services in Rwanda.

© WAY FORWARD

< Transform this prototype into a|
web or mobile-based decision|
support platform using real-time |
climate and soil data for timelyé
and accessible advisory services. |
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The Impact Of Maize Farming Support on Food Security Of T2DM Smallholder Farmers In Eastern Rwanda
Dushimimana D' <, V Mukandayisenga? P Hagenimana?, C Bigirimana’, E Mutamuliza’, JA Manirere!, A Karangwa'’
'School 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

' l.Introduction: The Rwandan GDP per capita increased from US$ 235 in

1 2002 to US$ 1,004 in 2022, and agriculture has contributed to 33% on average,
1 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
' 549 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

1. Districts of Kayonza, and
Kirehe (Fig.1).

2The area of 1954 km? and
11185 are the key economic

activities km?, and altitude of

Contributions (%)

Contributions (%)

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

\N 2 1,400 to 1600 m, with the participants. The analysis has shown that none of the personal characteristics were
S X Kayonza average annual temperature is associated with food security status.
) L District 19.4 °C, with an average rainfall
—af 1 WA ' of 898 mm. : : : : R

1 fw \J, U s 7,| Kirehe District | 3The fertile soil and agro Food security analysis by dimension of food availability
) l Con ecological conditions are Non-support recipients 63 (49.6%) are food secured against 13(10.23%) of supported
4 & suitable for maize production. participants. Age, district of residence and number of clinical visits per month are
W) 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%,
3.Methodo|ogy: Data on T2DM patients was accessed through NCD 95%ClI: 0.28, 0.86) and (p-value=0.014) influences a decrease of 5% in likelihood of being

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.

4. Results

Scree plot

S 1

Peroentage of explaned varances

mensions

Scree plot for the overall ex,o/allj'ned components of food access

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 0O(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%Cl: 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: 814, 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%ClI: 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

12 14
\

Percent Variance Explained
10

Component

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
INn the support.
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Multi - temporal LULC detection for climate impact assessment: Bird as bioindicator in Karago lake

ecosystem, Rwanda
Josiane NIYONKURU' - "University of Rwanda, 2Rugezi Ornithology Center

supplemented by eBird records. 5. Reference

eLaure, M., Jesus, 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

-LULC composition within 150 m of

:KaragoLake]Cyamabuye:Kadahenda 0051 2Kiomets each p|ot was linked to bird data,
eQuispe, M. J,, Callirgos, N., Sanchegz, S., Sandoval, H., Coronel-Bustamante, D., Pérez-Delgado, L. J,, ... & Fernandez-Zarate, F. H. (2025). Land Use and

e — and all correlation and regression Land Cover CH 10982024 in the Shumba Watershed Perd: A Remote Sencing.Based A .
| | l [ : analyses were perfOI’med ih dan over dange irom — IN e umpa atersneaq, reru. emote >ensing-base ssessment.
UMENMEOBWE MWE WM ool Acknowledgement
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| o 29°28'30"E 29°31'40"89°28'30"E 29°31'4020°28'30"E 29°31'40"E . :
; 1. Introduction - ke ik - 3. Result ;
E g @ % LULC 2025 @ " 0 | | Bird Community Response to Grassland and Lake Shore Proximity, Karago Lake (10 plots) i
LULCchange is degrading ecosystem health and biodiversity across 07 LULC 2005 e 3 E Net Gain and Net Loss in LULC, Karago Lake, 2005-2025 Grasond coer T ——— |
| Rwanda's lake waterland, challenging NBSAP(2025-2030). - - o 3 | I P ol e
i " 3 y T Waterbodies 10.0% ) i
| « At Karago lake,Northern Province,Agricultural expansion, wetland % —-rf i ‘ A ) |
| encroachment, and vegetation loss are compounded by climate - "..:,’ | R . S
variability, weaking ecosystem's capability to buffer climate impacts. e o ‘ e e e = %k |
 Birds are sensitive indicators of ecological change, their mobility, g g % ﬁ ;";ﬁz&,;& e - R L T e m al e e e  SI
i habitat specificity and rapid response to disturbance make them ideal i o -5 v W |5 Lo | B ] s Ll L] el
for tracking LULC driven ecosystem stress. bt - e - |
| Yet relationship between LULC dynamics and bird population Rwanda 0 07515 3 Kiometers | | Grass A% i
: Crr ot Lyt 0 0.751.5 3 Kilometers g | g : _-e .
| lake ecosytem. Ll ii1] ‘ foge e ;
.+ This study aim to map the multi- temporal LULC change (2005-2025) REIE 2D IRPRSECEE SRS Rials ) o L
; at Karago lake and evaluate the bird commmunity composition as - Forestland Grassland Cropland - Urbanized — |
| bioindicator for ecosystem based monitoring. e G _ JETEIE T WA JETNE VO T |
i Wa ter bO dieS et Change in Land Cover (% of total area), 2005-2025 :
| - Wader birds like African Pipit and Wood Sandpiper, both recorded |
| 2 Methods « Forestland declined from 43.3% to 15.4% (a net loss of 27.9 percentage INn high numbers in earlier surveys, showed a marked decline in
| ° points), while grassland remained comparatively stable (15.0% to observation frequency by 2025 consistent with the near-total 5
14.3%). Cropland the primary driver of change expanded from 24.8% conversion of forestland to cropland and the associated loss of |
i to 58.3% (a net gain of 33.5 percenta.ge points), and built-up area rose muddy, open shoreline habitat. |
v - v - e -Five land cover classes (Forestland, from 0.5% to 1.9%, together accounting for nearly all of the area lost .Plot-level analysis (n=10, 150 m buffer) showed a moderate negative
T ' ' ' ' Grassland, Cropland, Built-up, ffm forestland. . association between cropland cover and both bird species richness (r i
| _ . pproximately 2 acres of papyrus vegetation was cleared for - _ . :
" StUd A['ea ... Water bodies) were mapped across agricultural expansion, leaving only the legally mandated 50 meters - '0‘4,4) fand abundance (r =-0.48), anc;l a modera!te pOSItlve_ |
L y _\ L three Nyabihu District cells lake buffer zone intact. association between water body proximity and richness (r = 0.50), |
enclosing Karago Lake. using .Despite compliance with the buffer requirement, on-the-ground though none reached statistical significance at this sample size ;
i LN /o - ’ habitat quality within it has declined: bird nests within the remaining |
| Landsat imagery from 2005, 2015, buffer were destroyed, and muddy shoreline habitat previously used by |
| et and 2025. wader species is no longer present. |
i DU I . |
5 4. Conclusion 5
: NI .Supervised classification and post- : i
. AL

LTS / ™ a_\ 1S classification cha nge detection « 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
| A LA e _ quality and reduced abundance of wetland-dependent bird species, despite formal compliance with Rwanda's 50 m lake buffer regulation. !
| | quantlﬂed land cover transitions « This finding demonstrates that legal buffer compliance alone is insufficient to protect wetland ecosystem function, underscoring the need for stronger climate i
| A% across the ZO—year period. data and monitoring systems bird community monitoring offers a practical, low-cost, and replicable indicator capable of detecting ecological degradation that |
| o Opnebe satellite-based LULC mapping and policy compliance checks alone cannot capture.
. Bird abundance and richness Were° By linking remote sensing-derived land cover trajectories with field-based biodiversity monitoring, this study contributes a scalable climate monitoring i
: ) framework applicable to other lake ecosystems across Rwanda and the wider East African region. i
S recorded at 10 pOiﬂt—COU Nt p|OtS « This work supports the translation of scientific evidence into practical climate resilience solutions, positioning integrated LULC-biodiversity monitoring as a tool i
o \ s arou nd the lake (2010, 2015, 2025)’ for strengthening evidence-based climate action and the science-policy interface in Rwanda.
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Title: Idiosyncratic effects of climate change on co-occurring threatened Afromontane damselflies
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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).

| Co-occurrence

Larvae
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1.000+0.000
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0.140+0.589
0.334+0.036
0.429+0.117
0.401+0.048
0.999+0.002
0.960+0.042
0.926+0.044

Adults
0.915+0.061

0.971+0.032
1.000+0.000
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0.504+0.497
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P. amboniensis

P. bicoerulans

Stage
@’ Adult
' Larnvae

Distributional map (left), point range diagram of daily abundance (mean + SE) (top) and Estimates of occupancy (), detection
| probability (p and r), and species interaction factor (SIF or y) for Platycypha amboniensis Martin, 1915 (second right), and
| Pseudagrion bicoerulans Martin, 1907 (first right).
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OBJECTIVE
« We aimed to establish the variation in abundance of larval damselflies in
wet and dry seasons in Mt. Kenya forest.

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.

©Anthony M. Karani (2020).

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).

CONCLUSION AND PRACTICE RELEVANCE

* 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.

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
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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* ' Ishimwe Denyse, Dr. Munyaneza Janvier’ Elyse Dushimirimana?
'Rwanda Polytechnic-Musanze College
2Genius Environmental Ltd, Rwanda

____________________________________________________________________________________________________________________________________________________________________________________________________________________________ 1

5. Preliminary assumptions 8. Results Analysis

Assumed Monthly Solar Resource and PV Potential

Global urbanization has resulted in increased municipal solid waste generation, Because actual Nduba measurements are not yet available, we developed a Assumed Municipal Solid Waste Composition — Nduba
creating severe environmental and public health challenges. Landfills contribute transparent baseline scenario.

significantly to methane emissions, one of the most potent greenhouse gases

responsible for climate change.

According to international estimates, landfill methane accounts for Parameter Assumed value Purpose
approximately 11% of global anthropogenic methane emissions. Simultaneously,

w
[N]

D
o
1

)]
o
1
ok
o

B~
o
1
b
)

GHI (kWh/m?/day)

b
o

w
o
1

Share of MSW (%)

renewable energy demand continues to rise as countries seek pathways toward Dty MW intake 650 t/day baseline 20 N
low-carbon development. Organic fraction 58% feedstock 10, '
Rwanda has demonstrated strong comm_it.ment to climate resilience and CH4 yield 120 m? CH4/t organic  FOD input proxy 0 : Jn Fb Mar Apr May Jin I Aug Sep Oct Nev Dec
renewable energy development through Vision 2050, the Green Growth and L _ : RC P
CH4 fraction in biogas 55% midpoint of proposal range

Climate Resilience Strategy, and Nationally Determined Contributions (NDCs).
The Nduba Municipal Solid Waste Landfill presents a unique opportunity to CH4 capture efficiency 55% screening case
transform environmental liabilities into productive energy assets through

lllustrative Methane Generation and Recovery Trend Preliminary Annual Renewable Energy Potential

) : : PV area 4 ha available-area proxy . —— Generated CH.
integrated landfill gas recovery and solar energy generation. ~=~ Recoverable CHa (5% capture) 25
Mean GHI 5.0 kWh/m%day solar resource proxy L 3
ES £ 201
PV efficiency 20% module conversion £ g
. : 0 z =
Overall airm: Performance ratio 80% system losses £ 0 g
To develop, optimize and validate an integrated biogas and solar photovoltaic = ‘\\.\1\\1 5 ]
. o, . . 8 1 c
energy system for renewable energy generation and greenhouse-gas mitigation £ )

2028 2030 2032 2034 2036

at Nduba Municipal Solid Waste Landfill.

Biogas Solar PV Hybrid total

methane-generation potential and solar-energy resources.
an integrated biogas-solar PV system.
loT-enabled monitoring and digital-twin capabilities.
environmental, economic and social sustainability and develop
replication strategies.

Screening of PV Area and Methane Capture Scenarios

CHa capture
—8— 40% capture
1 —®— 50% capture
—8— 60% capture
—e— 70% capture

Illustrative Climate-Mltigation Potential from Methane Recovery
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Where: W,: waste quantity, DOC,: degradable organic carbon, MCF:

50
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Avoided emissions (kt COze/year)

fraction of DOC dissimilated and F: methane correction factor and
methane fraction. 0

25 A

3. Problem statement 9. Conclusion

EPV=AXT'XHXPR

1. Large quantities of biodegradable waste at Nduba generate methane. where: = Preliminary modelling indicates that Nduba Landfill Hill could support a
2. Asignificant proportion of landfill methane remains uncaptured. : ' : - . - significant hybrid renewable-energy system combining landfill methane
3. Solagr-energylcc))pgortunities at landfill surfaces remain unerutiIized. A= available PV area , r= PV conversion efficiency , H= solar irradiation and regcovery andysolar PV generation. > °
4. Environmental monitoring is currently limited. PR= performance ratio. = Under the assumed baseline scenario, approximately 28 GWh/year of
5. There is no established integrated landfill-to-energy optimization framework renewable electricity could be produced. Sensitivity analysis indicates that
for Rwanda. methane-capture efficiency and PV capacity are key determinants of
6. Scientific evidence is needed to determine the technically, economically and system performance.
environmentally optimal configuration. = The proposed research will replace these assumptions with field
measurements and apply multi-objective optimization to identify the
7. Preliminary Results technically, economically and environmentally optimal configuration.
Stage 1 — Resource Characterization 650 t/day :Assumed MSW input 10. References
Waste quantity » waste composition » organic fraction » moisture/volatile solids 377 t/day: Estimated organic fraction |
gﬁgriza:uﬁeragi?:fsssgzmz:: s = (1B | e st [Dresessty el 45,240 m3/day: Illustrative CH4 generation [1] IPCC, 2006 IPCC Guidelines for National Greenhouse Gas Inventories,
“ P PINgG Y 24,882 m3/day: CH. recovered at 55% capture Volume 5: Waste, Intergovernmental Panel on Climate Change, 2006.
SELLE —Solar Asses;ment o : : 16.35 GWh/year: Biogas electricity [2] Republic of Rwanda, Green Growth and Climate Resilience Strategy
Global Horizontal Irradiance » temperature > humidity » wind -» satellite/ground ) ’ s L : : ' ! g ’
A 11.68 GWh/year: Solar PV electricity Ministry of Environment, Kigali, Rwanda, 2923. . .
Stage 4 — Hybrid System Optimization 28.03 GWh/year: Combined hybrid electricity [3] IRENA, Renewable Power Generation Costs in 2025, International

Renewable Energy Agency, Abu Dhabi, 2026.

[4] U.S. EPA, Feasibility Studies: Renewable Energy on Contaminated Lands
and Landfills, U.S. Environmental Protection Agency.

[5] UNFCCC, Methodological Tool: Emissions from Solid Waste Disposal Sites,
United Nations Framework Convention on Climate Change.
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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.

Integrating Climate Risk Knowledge & Adaptation Research
into SME Entrepreneurship Support

EE—T - E—— T EE— e e—
(%))

The research took a mixed methods approach using a combination of (a) Al-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.

Spectrum of Adaptation & Resilience Entrepreneurship Support Programmes

An overview of programme types ranging from early-stage venture formation to market creation, resilience support and ecosystem development.

Programme type

[y

. Adaptation awareness and ideation Identify climate problems and generate business ideas

N

. Pre-incubation and venture formation Turn ideas or informal activities into structured enterprises

W

. Adaptation-focused incubation Develop and test early-stage adaptation solutions

»

. Cohort-based acceleration Prepare established ventures for growth and investment

. Sector-specific or value-chain support Address adaptation challenges within a particular economic system or value chain

o

. Place-based innovation clusters Build innovation around the climate risks and needs of a specific geography

~

. Market access and demand creation Create customers, procurement pathways and deployment opportunities

00

. Finance-linked acceleration Connect enterprise development directly with suitable forms of capital

9. Technology validation and demonstration Prove solution performance under real climate and market conditions

© 10. SME business-resilience support Increase the resilience of ordinary SMEs to climate shocks and stresses

11. Inclusive and community-enterprise support Reach entrepreneurs and enterprise forms excluded from conventional accelerators

12. Ecosystem-intermediary development Strengthen the organisations and institutions that support adaptation entrepreneurs

The programme types are not mutually exclusive: integrated A&R entrepreneurship support initiatives may combine several of these functions.

From climate knowledge
to resilient businesses
and stronger futures

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

< CLIMATE RISK KNOWLEDGE & ADAPTATION RESEARCH INFORM AND SUPPORT THE ENTIRE SME JOURNEY 4

Local and user knowledge Context-specific and decision-useful Integrated with business development

Supports inclusive and resilient outcomes

1. the sophistication of climate knowledge should be
proportionate to the enterprise and decision being made. A

Source: author's own elaboration

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.

Rwanda: Sectors and Ecosystems for
Adaptation Entrepreneurship

Strength of ESO programnning and integration of climate risk knowledge

Strength of ESO / | Integration of climate-risk
innovation ecosystem & adaptation knowledge

From climate knowledge
to innovative businesses
for a more resilient Rwanda

Key observations

3? Agriculture & agrifood QO @® stong @O®@® stong Most mature adaptation entrepreneurship ecosystem.
o ; oo . y Strong innovation infrastructure;
Agritech / digital agriculture St Moderate - st . : G
g / dig g ®8 TORE | SmErging ®e SOSIEng adaptation increasingly explicit.
. : Important enabling ecosystem around
Agricultural finance & insurance Moderate - stron Stron
é s ee & Al g risk transfer and finance.
S Strong sector programmes, but relatively weak
Water / WASH / irrigation ; g :
O / & ®® Moderate ®¢ Mogesile adaptation-enterprise integration.
Forestry, landscapes & - Strong (knowledge), L y
(1,5 i e Y | Emerging (Y X ) Sl G e Significant potential for SME development.
Urban resilience / flood management Emergi Strong (risk), i i
/ g @ g merging @ @ Gk - G S Interesting new frontier.
A Innovation ecosystem exists, but predominantly
Circular economy / waste Moderat Weak - moderat e et
Q v/ oe SRRl @ P green-growth/mitigation oriented.
Energy / productive use / Strong entrepreneurship support,
S St Weak - moderat : ST
g clean cooking e Xone ® SR RRETES but mainly mitigation/access focused.
o 3 < Climate vulnerability recognized
Tourism Weak - Weak : ; R / ;
& ® Sat = EISTE0R e = little adaptation-specific ESO programming.
% Construction / resilient infrastructure @ Weak - emerging e Weak - moderate Significant adaptation need but limited
SME innovation support.
N7 Climate information / : e L Major opportunity; still limited dedicated
E Very strong (in principle; :
Tz weather services o MEIge eee i & {in principle) entrepreneurship ecosystem.
Strength / level of integration: @ @ @ Strong @ @ Moderate & Weak @ Greater innovation. Stronger businesses. A more climate-resilient Rwanda.
Source: author’s own
elaboration

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

o e e o e o ° small agricultural enterprise usually does not need a testing facilities needed to validate a concept, a service or a product before it becomes a
@Jil 000 @ e £ Bp complex climate model. It may need a robust business. Where this information gap exists, it does not just slow entrepreneurs down — it
> aae > > anll > > > understanding of changing rainfall patterns, farmer constrains which adaptation problems get identified and pursued at all, since climate
Understanding Identifying who Deloning Hefor Assessing whether Avoiding maladaptation e L Measuring adaptation vulnerability _ and plausible future scenarios. information services sit alongside finance, tegh nqlogy ar\d policy as one of the external
the adaptation is vulnerable Brbos Sakitibne the solution contributes and unintended T S g and resilience Entrepreneu I’Shlp programmes should therefore translate factors that enable or constrain adaptatlon action in the first place.
problem and why to adaptation impacts outcomes

climate science into decision-useful knowledge; 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

Track whether the solution
delivers meaningful
resilience gains for people,
businesses and ecosystems.

Quantify the economic
consequences of climate
risk and inaction, identify
demand and exposed
customers, and strengthen
the value proposition to

Articulate what climate
risk is reduced, through
which mechanism,

for whom, and over
what timeframe.

Understand which
populations, sectors,
assets or value chains
are most at risk, and the
social, economic and

Use climate projections,
scenarios and local
knowledge to ensure
solutions work under
changing climate

Screen for potential
negative effects, such as
shifted risks, increased
inequality, resource
pressure, lock-in or

Identify the climate
hazards, exposure,
vulnerability and
adaptive capacity.

2. climate knowledge needs to be combined with local and
user knowledge. Adaptation is unusually context-
dependent. Scientific risk data can indicate increasing

institutional factors conditions. future ineffectiveness. : T clegs . . . . . .
that shape vulnerability. | gl | icﬁsslfeTseari'ér;ﬁf?;zencies drought probability, for example, but farmers, water utilities university-industry linkages, and inadequate technology transfer mechanisms. The more
: . iy o Risk shifti o Avoided losses or local businesses may know much more about how that effective models move researchers beyond this narrow function into orchestration
:—jlazarii (g'g‘ I;.eat. ® People and places @ Climate projections ® Clear theory of change R'.Sk ?h'ft‘mg ) e Costs of inaction o Hiduced sensint . . . L. . . oy . . . . . .. L
) E;ngur; ooding) o kgl e e and scenarios ¢ RiskiediicHorpathway ° slstnbutlonal |mdpacts Tt mardend demandl. |5 Greaterpreparedn"ess risk actually manifests, existing coping mechanisms and facilitation and co-production — working directly with entrepreneurs and communities in
® Vulnerability i e e e T O S B environmentaltrade-offs  © VAEPIOPOSIton e Watefood secuity why previous interventions have failed. Effective innovation climate adaptation contexts to co-design and validate solutions against local risk, for
o Adaptive capacity Usal b delivery models P ® Lock-inand future proofing St - L';Z‘:;’:f:iﬁ:‘;ymershocks therefore often requires co-design and iterative testing. instance in Living Labs.
I e R WS e 3. adaptation SMEs frequently operate where there is a gap
| —— ' ' between social value and private willingness to pay. The Chmate Ada tatiOH
Viable busi Great ili Inclusi th Lasting i t . . . .
R 090 . e i s populations that benefit most from an adaptation solution \ p _
Products and services that axn More resilient communities, Opportunities for A more climate-resilient \ 2 i
meet real adaptation needs economies and ecosystems vulnerable groups and regions and sustainable future may ResearCh & (-/ (‘” }b k‘i l in{}

Source:

author's own

elaboration
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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

Intwarinkase Mutaganzwa Dorine”, Uwizelimana Jean de Dieu? lan Gordon% Gashumba Damascene®, lan Gordon, Andrew Stainback?

Center of Excellence in Biodiversity and Natural Resources Management (CoEB) 34, University of Rwanda 3, Rural Environment and Development Organization (REDO)?, School of Earth and Environmental Sciences, Baylor Science Building?
*Intwarinkase.Mutaganzwa@gmail.com

. | Introduction Results and interpretation Conclusion and recommendations |
i | » Climate change is increasingly — » The positive attitudes toward conservation, ||
: affecting Rwanda, especially o Stromol disagree- I * o - @ cooperative traditions and prior experience |!
! . 40- 7] Strongly agree - . 9 @ @ . - n . . . . . . 1
smallholder farmers and agriculture. 2 S omewhat disagree I I Y o with similar livelihood projects, create a :
| » Affordable and practical adaptation £ - £ Somewhat agree - . . . . ® 5 favourable environment for butterfly |
options are needed for smallholder Em_ 2 | e I A - farming
farmers,these include  Ecosystem- 3 st sz s3  ss  s5  so » Weaknesses such as technical knowledge !
based Adaptation (EbA) 210 Pereeptioncode gaps, and dependence on external support |
. | » EbA are adaptation techniques to o - 8l S1:Risimportant to protect the wilife in the forest must be carefully addressed
climate change through the R A I T PR & * S2 Rules should be enforced to prevent resources damage » Success will depend on participatory !
1 . . N > o"k 3 . 3 - & ® 53 Too much emphasis is put on forest protection H H H H !
: conservation, sustainable S AP N & & Perceptioncode T - 10 MUeh emehasisis putonforest training, accessible markets, and consistent |
\ . \c?‘ ® 354 Less land should be devoted to conservation . . . . 1
management, and restoration of & R institutional backing
: > eCOSyS.‘FlerT:f]S b h Crop raiding frequency this month B e SB6: Conservation of the forest creates more problems that it solves > TO addrle.?s tg.e Weal?fness Of debplendehnceldon :
! Butterfly farming is an EbA approac external funding, self-sustainability shou !
that incentivizes farmers to conserve Contradiction |Protecting biodiversity is Conservation brings economic be the primary goal
existing butterfly species for income important vs Reducing benefits vs Conservation creates > Given the complexity and novelty of this
and plant indigenous host trees . conservation land problems intgrvention, we recom.mend that the
! needed to sustain them - - N 47 49 2511 project adopt an adaptive management !
! Photo: American Museum of Natural History aF Z : a : approach :
: > Adaptive management: A structured,
. | Research objectives —— p_value < 0.00] < 0.001 iterative process of decision-making that :
% Strong 45.8 7.5 involves implementing actions, monitoring | !
. | Rationale: Understanding the local ecological, economic and social context before L% Moderate 12.5 1 i outcomes, and adjusting strategies in
establishing an EbA project helps tailor its design and improve long-term success. response to new information and changing |
! conditions |
1 ° . trongly disagree - . ® ® . ® !
: ObjectlveS: § ’ Stroln;\yagree- . . @ ® . ] n i
.| » To assess the willingness of communities surrounding Ibanda-Makera Forest to B [ —— EbA Butterfly Farming Project: Implementation Pathway !
i pgr‘gupate in an EbA butterfly farming project and identify factors influencing their § oo N N N N ::ﬁ Community-led implementation following adaptive management principles !
! willingness. | dort know - . . = :
| ee e . . . o L s . r ) r [
| » To gather community insights on project implementation Perceptioncode |
! i _ | - ° Secnre Funding o BEuild Partnerships o Form Cooperatives X
' | Study area ~JA— J |
| S Obtain financing to cover training, ——| Partner with ecotourism operators, —| Mobilize interested community members !
i . : Percentioncode T | crovah land avalatie for materials, transport & project startup costs butterfly exhibits & local sites (e.g, identified through the study into butterfly !
: > Commur.]ltles SL,! rrO.U nd | ng |ba nda_Ma ke 'a P ¢ P4 Too difficult or time-consuming N}'ﬂilduugl” to dE‘VEle domestic & E'::I.fl]liﬂg CUUPE[E“‘-’ES :
: Forest, Kirehe District, Eastern Rwanda * PS5 Sounds enjoyable and ineresting international markets :
i > The forest actively Conserved by |Oca| + P6: Other projects would be more beneficial N > . " L - E
! communities r N N [ Y :
' | » support rich tree diversity, including . 80- o Train Members ° Begin Farming & Sales o Monitor & Adapt E
potential butterfly larval host plants. i !
" | » Home to at least 112 butte rﬂy species = challenge level £ :‘eﬁt fevel Provide comprehensive, in-depth training —| Start active butterfly rearing and —| Ongoing follow-up, updated training, new |
. ) g ) 1 'g i challenae -g A lot of benefit i o e & i i s 5 Beties E ¢ 1
| maklng Ibanda-Makera a suitable site for S0 = Abg. halleng 5 B contiow on rreal {u?. host plants, markets & I:':Dﬂll'ilEll‘jCE sale S_Gf pupae to domestic and Iew_:lmgloge:: & u?um auqnlls continuously !
. butterfly f ) o n | don'tknow 8, B 1 ont know conservation international buyers tailored to emerging realities i
: utter y armlng ‘s Neutral v . Neutra :
: . E . Nao challenge ;‘;’ e " . v " y. N o :
| » Surrounded by smallholder agriculture land In — P = ot
: 0- 0- :
| c1 2 ' ' ' | ' Adaptive Management: Monitor outcomes at every stage — learn — adjust — improve :
| challenge benefit X
1 C1: Sufficient land ) B1iMonet\i"oiargﬁgfigr;]?“ge:ﬂ;i :
E Methodology G2 Identiying markets for beherfies % B nresingncyabl cctuly !
— - References :
' | Step | Method Participants Purpose/ Data obtained :
L Preliminary | Farmers, beekeepers, To understand the local ecological, and » The proposed butterfly farming project does not require| |7 selje T, Schmid LA, Heinz B. Community-Based Adaptation to Climate Change: Core Issues and Implications
: workshops |traditional healers, local socio-economic context & gather communities to surrender any land. Instead, participants will be for Practical Implementations. Climate. 2024 Oct 3;12(10):155. :
o leaders and REDO community perspectives on project ]EJrOV||dei| WAFh seeds of indigenous ftr|eecsj to plant on their existing | | 2. Uwizelimana JDD, Sibomana C, Nzarora A, Gordon 13. Butterfly diversity (Lepidoptera: Papilionoidea) within
: : >3 and 17 ol : armland, this represents a meaningrul advantage the lbanda Makera forest remnant, Eastern Province of Rwanda. Metamorphosis. 2025 Aug 21;36(1):56-63. :
representatives (23 an Implementation » Smallholder farming communities in rural Rwanda, like many across doi10.4314/met.v36i1.9 |
. participants) . . . Sub-Saharan Africa, often lack technical capacity to implement| |z Berkes F. Rethinking Community-Based Conservation. Conserv Biol. 2004 Jun;18(3):621-30. Gordon |, Ayiemba | !
2 Sampling [96 farmers Purposive selection of farmers adjacent to f:onventlonal climate adaptation measures such as irrigation W. Harnessing Butterfly Biodiversity for Improving Livelihoods and Forest Conservation: The Kipepeo Project. J | !
! the forest, followed by random sampling infrastructure , Environ Dev. 2003 Mar;12(1):82-98 i
for gender and age representation » Butterfly farming represents a suitable Ecosystem-based :
: Adaptation strategy for this case because it is accessible and low- Ack led .
3 Pilot survey |16 farmers Survey testing and refinement cost, adaptable to rural plots, and valuable for income diversification cknowledgmen !
4 Semi- 80 farmers Forest use, perceptions, attitudes, Dri £ partici ts' willi . ricinate in th ot We thank smallholder farmers around Ibanda-Makera
: structured expected benefits/challenges & rivers or participants’ willingness to participate in the project. Forest for accepting to be part of this study, Rwanda
survey willingness to participate i (E:)eep.corynectlon.to Ihbanda—[\/lakera Forest Environment Management Authority (REMA) for funding
! 5 Dat 96 N I ative dat Descriptive/comparative statistics. chi > Ner;unge interest in tbe ZCUV'W the project, Rural Environment and Development :
: ata surveys + qualitative data P P : T ©lang or resource burden Organization (REDO) for their help on the field, and CoEB !
: analysis square tests and thematic analysis;, mixed- L .
: methods triangulation for bringing us all together. :
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IMPACTS OF LANDSLIDE DISASTERS ON COMMUNITY LIVELIHOODS IN RUTSIRO DISTRICT, RWANDA

Salim Kabanot* | Thompson Faraday Ediagbonyal.2 | Christopher Mupenzi?
1 Faculty of Environmental Studies, University of Lay Adventists Kigali, Kigali, Rwanda - 2 Department of Chemical Sciences, Olusegun Agagu University of Science
and Technology, Nigeria |

o~ L | e 1 1 ~ 1~ .

BACKGROUND & RESEARCH OBJECTIVES KEY FINDINGS

_andslides are recurrent geomorphological 5§39y feporteo 72% reported farmland Community-led mitigation

nazards in Rwanda's Western Province. In Rutsiro SXPETIENCIng loss . |
District, steep terrain, intense rainfall landslides annually Afforestation/tree planting was reported by 63%; bench

terracing by 18%. Community measures also included

MITIGATION, IMPLICATIONS & RECOMMENDATIONS

' ' ' reported water- .
dgfore;tatlon and unsustamable land use |n.teract 81% P reported No post- drainage channels.
with high dependence on agriculture, creating Souice - disaster assistance
. . . contamMmination
repeated livelihood and environmental losses. 2s0-] SRR
- Assess the frequency and perceived causes of Preparedness & institutional reach el
- 98% perceived community preparedness - 97% reached by =007 .=
landslides. e =P
tify socio-economic, health and Jovernmen oufreac
® uan - ° ° ° 1 S0
Q . . ’ Household livelihood impacts E

environmental impacts on households. o vt e e o O
- Examine community coping and mitigation SOEEEE o
strategies. e co]
- ldentify gaps In preparedness, institutional support =
and recovery. . T o ree o eI e

STU DY AR EA & RESEARCH DES'GN Community mitigation actions and reported policy awareness (n = 400).

29°10'0"E 29°20'0"E 29°30'0"E . . o . WHAT THE FINDINGS MEAN
e ——— : ZRTZOLE 29 20008 29 ZROIE 220 226U 2 2WOIE 2 I00IE, 29250 ¢ Farmland loss was the dominant reported livelihood impact.

f: E’g’ GEOSPATIAL ANALYSIS OF LANDSLIDES SUSCEPTIBILITY IN RUTSIRO o Post-dlsaster support . Landslides have evolved from |Oca|ized physical hazards
g ® 250 g did you cope. into chronic socio-economic disruptions.
5 SRS o other income - Agricultural dependence amplifies food-security and

200

Income vulnerability.
- Water contamination adds a public-health burden to
property and livelihood losses.

30"S 1°52'30"S 1°50'30"S 1°48'30"S 1°46'30"S

1°50'0"S
1°50'0"S

sector 1=07

R

°

Count

2°30"S  2°1'0"S  1959'0"S  1°57'0"S  1°55'0"S  1°53'0"S  1°51'0"S  1°49'0"S  1°47'0"S

d busasg ™"y : Legend - High awareness and preparedness do not necessarily
: P T ——— - translate into effective, maintained mitigation.
% ;::::ar:::),l::dssEI::Yl:c::::nl\:ANIHIRASECTOR Atfthor:SaIim. KABANO s50— PRIORITY ACTIONS
v"° g’emm - Scale regenerative land management and agroforestry
: I seneacor o o o Finandial e Food sstistance Asricuiiural inpuis using deep-rooted native species such as Alnus acuminata
o 5:3:-22,,,-,.;‘,‘52‘?25522,.-.5-29-02;2;22°-zéoza.o;?:‘f‘;’;ozé.o;.e-ZZT,’E‘-E:Z-ZS;,:,‘-,.O;E- wane  Relief agricultural inputs 56% - cash assistance 1% - food support 5%. and Grevillea robusta. . : : :
. - Strengthen land-use zoning and combine terracing with
METHODS AT A GLANCE Infrastructure link engineered drainage. | | |
- Localize bilingual early-warning systems and integrate risk
- Concurrent mixed-methods, cross-sectional design. Household impact was education into farming cooperatives.
. 0 I
- 400 randomly selected household respondents. oositively correlated with f_C|OS@ the 38% support gag tthcthgh f}eCT.ﬂ]Erallzed recovery
c - - INan r INSuUran Nar I reliert.
.12 key informant interviews and 3 focus groups (24 water-source impact: r = 0.148 Anee, Lrop Insurance and rapld cash Tefle
participants). = 0.003 (n = 400) - . CONCLUSION .
: . P : - Rutsiro's landslide burden is simultaneously environmental, economic
- Fleldwork: September—December 2024. and public-health related. A coordinated disaster-risk-reduction
- SPSS 26 quantitative analysis; two-cycle thematic coding. framework linking sustainable land management, resilient
. — , _ infrastructure, community education and equitable recovery is required
Figures and findings are derived from the supplied to build long-term climate resilience.

article.
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Assessing the Impact of Community Awareness and Adoption of Climate Adaptation Strategies on Flood Risk Reduction in
Rusizi District, Western Rwanda

Esaie Siindi!, Jonas Nzabamwita?l, Christopher Mupenzil, Thompson Faraday Ediagbonya®:?”

IFaculty of Environmental Studies, University of Lay Adventists Kigali, Kigali, Rwanda. 2Department of Chemical Sciences, Olusegun Agagu University of Science and Technology, Okitipupa, Ondo State, Nigeria. *Corresponding author: thompson.faraday@unilak.ac.rw

0 Introduction o Respondent Profile (n = 399) e Adoption of Adaptation Strategies e Regression Results

Climate change increasingly threatens developing regions through flooding, droughts Most respondents were economically active (37.6% aged 31-45), slightly Tree planting/reforestation (60.2%), crop diversification (50.1%) and Community awareness and adoption of adaptation strategies jointly

and erratic rainfall, with Sub-Saharan Africa especially vulnerable due to limited more female (52.4%) and married (57.6%). Over half farm for a living drainage systems (42.6%) were the most widely adopted strategies; costlier ~ explained 58.1% of the variation in flood risk reduction (R = 0.762, R? =
resources and low adap_t've capacity (IPCC, 2022). Rusizi District, Western Rwanda, is (52.6%); household incomes are largely low (37.6% earn <50,000 measures, raised housing (23.8%) and relocation (21.3%) were far less 0.581, F(2,396) = 45.76, p < 0.001). Both predictors were significant:

highly exposed to flooding because of steep slopes, proximity to Lake RWF/month), and 54.9% have resided in the area over 10 years. common. Most efforts (37.6%) have run for just 1-3 years. adoption (B = 0.368, p < 0.001) had a slightly stronger effect than awareness

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

(B =0.321, p < 0.001).

. Income <50k RWF (37.6%) 38 e Y ( N \
not been empirically assessed. Relocation
Age 31-45 (37.6%) 38 2
R“=0.581 F=45.76 B=0.368
e ResearCh Obiectives Female (52.4%) 52 . Variance explained p <0.001 Adoption effect
Raised homes
Married (57.6%) 58 - 7 7 g
» Assess community awareness of climate change and flood risks in Rusizi District.
+ Examine the adoption of cimate adaptation strategies among residents Farming (52 6%) =8 Wetand restoration predior | ¢ | ¢ | S|
* Determine the impact of awareness and adoption on flood risk reduction outcomes. Community awareness 0.321 6.08 0.000
) Adoption of strategies 0.368 6.63 0.000
e Communlty Awareness Early warning
: : Conclusion
80.2% of residents had heard of climate change and 77.7% were o
Methodology Dykes/embankments . . . . N - .
aware Of ﬂOOd risks yet depth Of understa nding va ried only Community awareness, adoption of adaptation strategies and institutional support jointly play a critical
Design: D iti ti | ith Ivtical lation/ . ’ ] ’ . role in reducing flood risk in Rusizi District. Yet effectiveness remains constrained by socio-economic
esign: Descriptive cross-sectional survey with analytical (correlation/regression) 35.1% re pOrtEd moderate and 12.3% ve ry hlgh understandlng of Drainage systems limitations, weak technical capacity and inconsistent institutional response — strengthening these areas
components. . . . i tial for durabl it ili :
Sample: 399 households in flood-prone sectors, selected via stratified random Impacts. RadIO/TV (55'1%)' local leaders (45'1%) and community S T e
sampling (Yamane, 1967; 95% Cl, 5% error) from ~95,247 households (NISR, 2022). meetings (40.1%) were the leading information sources.

Crop diversification
Data: Structured questionnaires + key informant interviews (Klls) with local leaders,

district officials and disaster management practitioners; secondary rainfall data from
Meteo Rwanda. Tree planting
Analysis: SPSS v26: descriptive statistics, chi-square, correlation and multiple
regression; Klls analysed thematically.

Key Recommendations

Diversify awareness channels beyond radio/TV to reach under-informed
Main sources of flood/climate information households.

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

Social media » Address financial and technical barriers to adopting structural measures.

120000 220000 320000 420000 520000 = Strengthen consistency of institutional/disaster response during flood events.

i} STUDY AREA MAP OF RUSIZI DISTRICT " o o Institutional Support & Impact
/’“’Z Institutional support was uneven: 52.6% knew of government programmes
2] . /;l:: ‘ Ny atar'lkk\_‘ 8 . . o . ” .. o . -
: / y;mg\ oSl 2 Community meetings but-only 40.1/? had received flood r.|sk training, e.md 12.3% never re.celved @ Selected References: |PCC (2022) Ch.6, Cambndge
ubavy Gakenkeyd o 7 assistance during flood events. Barriers to adoption centred on limited )

9 T pmaagdhamoryt. Tvamagana 4/ F o finances (57.6%) and lack of technical support (45.1%). Despite this, 72.5% Univ. Press  Gebrechorkos et al. (2018) HESS 22(8) ¢
S - Karon S S ocal leaders . . . . . . .
B| iy’ T e, e 5 of households reported some reduction in flood impact (slight, moderate or Havugimana, Ediagbonya & Mupenzi (2025) ¢ Jannat

maga e - . oo . .

uy f f . .
s BsCL s significant) after adopting adaptation measures & Kusakabe (2024) Soc. Sci. 13(7) ® Kumaresen, Tan
E S M usL|Z| Klls ric ounNzry E Radio / TV o
ecors W o o N & Rahman (2025) Water 17(15) e NISR (2023) Rusizi
=3 - Butare - Gikundamvura - Mururu - Nyakarenzo =] . . .
g' B sveyeye M Gitambi B Ncanka -szthaha g D|Str|ct PrOflle
- - Gashonga - Kamembe - Nkombo - Rwimbogo @ s ~ - N p - p .
ﬁ District_Boundaries o o5 s 100 150 o0
— - 0 0
120000 220000 320000 420000 520000 80.20/ 0 77.70/ 0 Limit §f7'.6| / 0 ] k4f‘ t5 ;1 I/ 0
Aware of climate change Aware of flood risks imitedfinanciairesources ack of technical support
Figure 1. Rusizi District, Western Rwanda (Source: NISR, 2023) - 7 g ~ S o
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Risk Assessment and Seasonal Variation of Greenhouse Gases in Agricultural Farmland in Nigeria

Thompson Faraday Ediagbonyal2" and llemobayo Ifedayo Oguntimehin?

IDepartment of Chemical Sciences, Olusegun Agagu University of Science and Technology, Okitipupa, Ondo State, Nigeria. 2Faculty of Environmental Studies, University of Lay Adventists Kigali, Kigali, Rwanda. *Corresponding author: tf.ediagbonya@oaustech.edu.ng

o Introduction

Greenhouse gases (GHGs) like CO, and CH,4 regulate Earth's energy
balance but pose health risks at elevated levels. While CO, is
abundant, CH4 has ~25x the global warming potential over 100 years
(IPCC, 2021). In Nigeria, limited studies investigate seasonal GHG
variations and associated health impacts in agricultural settings. This
study assesses atmospheric concentrations of CO, and CH4 across six
locations in Ondo State and evaluates non-carcinogenic health risks
using Hazard Quotients (HQ).

e Research Objectives

= Assess atmospheric concentrations of CO, and CH4 in diverse land-
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).

e 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
Detector (NDIR for CO,, Catalytic for CHa).

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
concentrations: CO, (1,800,000 pg/m?3), CHa4 (3,280,000 pg/m?3).
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Figure 1. Map of Study Area: Ondo State, Nigeria

° Spatial Variation (Combined)

Significant spatial differences observed (p < 0.05). Agricultural sites
recorded highest emissions. Rice Farm (Ogbese) had the highest CO,
(2.44x10° pg/m?3) and CH4 (2.24x10° ug/m?3), driven by anaerobic
decomposition in flooded soils and microbial activity. Cattle farms
followed due to enteric fermentation.

CO, Concentrations by Location

Residential

Oil Palm (Okit)

Cattle (Okit)

Cattle (Ondo)

Rice Farm

0 500000 1000000 1500000 2000000 2500000 3000000

e Seasonal Trends

Dry season concentrations were generally higher than wet season
for both gases (p < 0.05). CO,: 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. CHa: 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.

( ) (

p <0.05
Statistically Significant

Higher
Dry Season Levels

e Meteorological Correlations

Strong positive correlation between CO, and CH4 (r =0.797, p <
0.01), suggesting common anthropogenic/agricultural sources.
Temperature positively correlated with both gases (CO, r=0.573; CH,4
r=0.701), while humidity showed negative correlation (CO, r=-
0.522), indicating complex dispersion dynamics where heat
enhances emission rates but moisture aids dispersion or dissolution.

Key Environmental Correlations

-1 Humidity vs CO,

Temp vs CO,

CO, vs CH,

-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

a Health Risk Assessment

Hazard Quotient (HQ) > 1 indicates potential health concern. CO,
HQ: Exceeded threshold only at Rice Farm (HQ = 1.355). Other sites
ranged 0.62—0.92. CH; 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)
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o 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 on microbial activity. The strong CO,-CHg4
correlation confirms shared source profiles in these
agrarian landscapes. Health risks are localized but
significant for occupational groups.

O 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.

@ Recommendations

= Adopt sustainable farming: Alternate wetting/drying in rice fields
to reduce CHa.

= 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 (2021) Climate Change 2021 e Azuma et
al. (2018) Indoor Air ® Zhao et al. (2020) Atmos. Ocean. Sci. Lett. o
Ediagbonya & Olabiyi (2023) Discover Env. ¢ USEPA (1989) Risk
Assessment Guidance.




FLUORINATED GREENHOUSE GASES AND CLIMATE CHANGE: A CRITICAL REVIEW OF EMISSIONS, IMPACTS, AND REGULATORY GAPS

=

Thompson Faraday Ediagbonya'**, Omolayo Ayoola Otusanya?, Ifeoluwa Marvelous Ayodele?, Isaac Olajide AREQ"?, Christopher Mupenzi'
'Faculty of Environmental Studies, UNILAK, Rwanda | *Dept. Chemical Sciences, OQAUSTECH, Nigeria | *Geography & Env. Mgmt, Univ. Abuja, Nigeria

*Corresponding: thompson.faraday@unilak.ac.rw | tf.ediagbonyva@oaustech.edu.ng

o Introduction

e Sources & Emission Trends o Regulatory Frameworks

Fluorinated gases |F-gases|—including HFCs, PFCs, and 5F;—are synthetic 'super greenhouse F-gases are entiraly anthropogenic, Key sectors include: While COy is governed by UNMFCCC/Paris Agreement, F-gases fall under Montreal Protocol
gases' with Global Warming Potentlals [GWPs) thousands of times higher than CO;. Unlike natural * Refrigeration & AC [HFCs): Leakage during use/disposal (Kigali Amendment) and regional laws like EU F-Gas Regulation 517/2014.
GHGs, they have no significant sinks and persist for centuries to millennia ® Electronics, Semiconductors {PFCs, SFy): Plasma etching
= Magneshum Production (SFs): Cover gas,
_ _ : p : : -erical ST F. b s , Palicy Target Status
Decpite their potency, F-gases remain underrepresented in climate policy compared to C0;. This . Eircaricel Truneodosion (3] Insulas o
review synthesizes scientific and policy literature to evaluate their radiative properties, emission UNFLLL/ Parts COr-centric Global NDCs
i
trends, and regulatory gaps, advocating for integrated mitigation strategies. = Montreal /Kigal HFC Phase-down Binding Schedule
e - BB ' >
o - EU Reg 517,/2014 All F-gases Strict Quotas
o Research Objectives Mational Policies Variable Often Weak
1. Characterize comparative climate impacts of COy vs. F-gases {molecular properties, atmospherit =
behavior). Pokicy Loverage Gaps:
Evaluate sectoral emission trends and regional patterns. Country F-Gas In NDC? Monitoring
BS5E5S J;:I.c:bal rt'HnJldlmjl*..- frameworks and id-:‘rﬂifj.-' enforcement gaps. Figure 2: Sectoral Distribution of Global F-Gas Emissions LISA Partial Strong
Propose integrated mitigation pathways combining technology and policy. ; T
Global Emissions Trend (Mt CD.e): China Yieg Moderate
o Methodology Year Co; F-Gases India Mo Weak
19490 21,000 ~50d EL Yoy Strong
Systematic narrative review of 156 peer-reviewed articles and technical reports (2000=-2023] from F . .
Y P F B Pt J 2005 29 000 ~75(] Brazil/Russia Mo Weak
Web of Science, Scopus, IPCC, UNEP, and LISEPA,
2020 34, 000 ~1,2040]
Data extraction focused on GWP values, atmospheric lifetimes, emission inventornes, and paolicy ° Mitigation Strategies
efficacy, Thematic synthesis was used to organize findings into comparative analysis, regulatory -
hall i it Lalk ; ‘ Atmospheric Behavior 1. Recavery & Destruction: Incineration/plasma arc for end-of-life equipment.
challenges, and technological alternatives, _
. : o : _ _ Low-GWP Alternatives: HFOs, CO:, Ammonia, Hydrocarbons,
Comparative Properties Unlike OO, which mixes globally and has natural sinks {aceans, bicsphere), F-gases lack remaoval

. k Leak Detection: Mandatory checks for industrial users,
mechanisms, S5Fy persists =3 000 years, CF; 250,000 years, They accumualate Hnaarly with

S : - Energy Efficiency: Co-benefit of madern refrigerant systems
emissions, making every ton released a permanent climate liability.

F-GRas Lifecycls

PP TRy i 1 Wil

I:-.r"-l coduszlien _1I_.| —om,
Figure 1. Radiative Forcing from CO; and Selected F-Gases, THT0-20240 .
1 . [- i } |.- Subrtibution J
3 |I ”I |: BT FEETETY
a4 -
Figura 1. Gilobal Warrning Potential {GWP) of Selected Graenhouse Gases A S : ’
100 ¥ear -.llll": Fikyrimtan = [ Heraooms ¢ _II l-l_ Clsruiruz—tizan 3
:
Lo :‘ &
- v Figure 4: F-Gas Lifecycle & intervention Points
z g
B 1 o e Conclusions
; : 3 F-gases are "silent but powerful® climate drivers. Current COz-centric policies are insufficient.
g - Lrgent actions needed
_;g 1. Integrate F-gas targets explicitly into Paris Agreement NDCs.
: e 2. Strengthen monitornng infrastructure in Global South,
. a4 - e — . 4. Accelerate transition to natural refrigerants.
A ] 1930 1060 g 220 4. Harmonize international regulations to prevent illegal trade.
1if : E
ems O D HeCad4s 0 CRe o 3R
Elaure 3: Cumulative Radiative Forcing Contributions Without integrated action, F-gas growth will undermine global warming limits

Figure 1! Global Warming Potential {100-yr] of Selected GHGS
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NATURE-BASED FLOOD ADAPTATION MEASURES
IN MPAZI SUB-CATCHMENT

Tuyikunde Gloria Divine

Rwanda Young Water Professional (RYWP) - with support from Rwanda National Commission for UNESCO (CNRU)

o THE CHALLENGE

Mpazi is a densely settled, highly urbanised tributary of the Nyabugogo
River that floods heavily and regularly. Since 2014, flood control has relied on
enlarging the channel — research shows nature-based solutions can
meaningfully complement this grey infrastructure.

8.45 km? High

Rate of urbanisation

Mpazi Catchment

Country

j wegah
E Catchment boundary
Land use / land cover
I Forest

Cpon Aroas of grass

] AgncuttureiSeasonal)
- Settiements and Buildings
[ sparse Forest

i] Agncuiture perennial)

0 0.5 1 2 Km

Rwanda

MpaziSub-Catchment — Nyarugenge District, Kimisagara Sector

OBJECTIVES

Conceptualize nature-based flood control measures for Mpazi, grounded in the
catchment's hydrological behaviour.

Model rainfall-runoff to estimate upstream runoff

Produce flood maps across the sub-catchment

Conceptualize NbS measures affecting flood mechanisms

Assess NbS impact via hydrological-hydraulic modelling

000

RWANDA YOUNG WATER PROFESSIONAL - www.rywp.org

13 METHOD & DATA

Upstream inflows were estimated with a rainfall-runoff model. Extreme
rainfall events were derived by combining a Gumbel distribution with rainfall
IDF curves at sub-daily timesteps.

@ Rainfall — Gitega station time series, 1981-2019
@ Topography — DTM & channel geometry via GPS

@ Land, soil & geology data across the catchment

Study area Conceptualization w@k
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Kowve Unit
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Mpazi lower outhet Linit
- Mpaz upper niddla Lnit
Mpazi upper cuthet Uinit
é‘ - Mpazi upstream Unil
ML Kigal Gusty Unit
- Umikoki Uina
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ITIIILH
T
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i
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Hydrologicsub-unitsoftheMpazi catchment

9 PROPOSED SOLUTIONS

Reforestation
961,571 m?

Conservative agriculture
290,784 m?

Bio-retention basins
37 sites 7 sites

Green spaces

River buffer zones
467,267 m?

Permeable paving
48,532 m?2

Rainwater harvesting Flow control structures

all settlements

Net-Tech filters

all drains

8 sites
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Simulated flood extent along the Mpazi channel

The bridge at Avenue de Nyabugogo is overtopped, with flood extending onto the
road. Flooding at Nyabugogo Bus Park is attributed to the Mpazi-Nyabugogo
confluence, outside the study area.

Q IMPACT OF NBS

~8 m3/s

Reduction from
infrastructure-related NBS

~28 m3/s

discharge effect

~20 m3/s

rainwater harvesting

@ CONCLUSION

The Mpazi Upper Middle Unit was the highest contributor of runoff, followed by
the Upstream Unit. Modelled NBS reduced discharge by almost 28 m3/s across
the catchment.

@ Establish a 5-10 m buffer zone on both channel banks

@ Study the Mpazi-Nyabugogo confluence to clarify flood origins

@ Apply new LIiDAR DEM data to refine future flood modelling

Training Workshop — Efficacy of NBS4DRR in Africa




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

KELVIN AHUMUZA
CIVIL ENGINEERING, KABALE UNIVERSITY

\_
6.POLICY AND PRACTICAL RELEVANCE 7.SYSTEM ARCHITECTURE

/3 OBJECTIVES

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

‘_. »@_,

Heavy Delayed
rainfall warnings

Rising
water levels

Flooding
& impacts

v" To design a low-cost loT system for real time
monitoring of rainfall and water levels in urban
drainage

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

v To enhance community and authority response

trough accessible and actionable information

/

For Communities
Timely warnings enable earlier evacuation
and protection of lives and property.

For Local Authorities
Real-time, localized information supports

For Urban Planners
Data-driven insights inform climate-resilient
infrastructure and land-use planning.

For Climate Resilience

adaptive capacity in rapidly growing cities.

SYSTEM OVERVIEW - HOW IT WORKS

— . -
@) DATA TRANSMISSION |
Data is transmitted

wirelessly via LoRa / 4G
to cloud server

— .
& -
A -L
€ RAIN GAUGE
. Measures rainfall
intensity (mm/hr)

e
@ DATA & RISK ANALYSIS
Data is stored, analyzed

and flood risk is predicted
using models & thresholds

I
|
|
I
|
|
|
vor 1
Collects sensor data 8% (o : : ST
and processes it =

(ESP32 + LoRa) -

P

234

FLOOD WARNING

A

HIGH RISK

Timely alerts and

Site Selection
Identify flood-prone drainage points

Sensor Deployment
Install rainfall and water level sensors

Data Acquisition
Continuous real-time data collection

Data Transmission
Wirelessly send data to cloud platform

Risk Assessment
Analyze data & classify flood risk levels

Alert Generation
Trigger and disseminate alerts

warnings are sent 7y
to communities and

Nyabugogo Catchment
Water level: 1.65 m

Response & Feedback

evidence-based decisions and resource allocation.

A scalable, affordable solution that strengthens

authorities Time: 14:30 | 21 May 2026 |

@) WATER LEVEL SENSOR

Continuously monitors
water level (cm)

8.STUDY AREA FOCUS

@) RESPONSE ACTION

Action by users; feedback for system improvement b

EXPECTED RESULTS / IMPACT

Communities and
authorities take

. : ' !
timely action to L Y - ole
reduce risk and 24/7 )
prevent losses
REAL-TIME EARLY WARNINGS IMPROVED COMMUNITY REDUCED FLOOD DATA-DRIVEN SUSTAINABLE &
MONITORING & ALERTS PREPAREDNESS RISKS & LOSSES DECISIONS SCALABLE SOLUTION

Reliable real-time data
supports authorities in
planning, resource
allocation, and effective

Communities have more
time to prepare and
evacuate, reducing

exposure to flood

Continuous monitoring
of rainfall and water
levels enables timely

detection of rising

Timely and accurate
alerts are delivered to
communities and
authorities via SMS/

Early intervention helps
minimize loss of lives,
property, and
infrastructure damage.

Low-cost, energy-
efficient, and scalable
system that can be
replicated in other

flood risk. mobile notifications. disasters. flood management. urban areas.
f=)
(1 1] SAVES LIVES {_\ REDUCES DAMAGE [. \ EMPOWERS .‘J LOWERS ; SUPPORTS SMART BUILDS CLIMATE
l.‘ —— . COMMUNITIES 55 ECONOMIC LOSSES - GOVERNANCE RESILIENCE
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SENSORS TRANSMISSION PLATFORM SYSTEM & VISUALIZATION MAINTENANCE
] » i ] ;
| Upstream water Control Center Management §‘ Drainage Density 5 Affordable, low-power Reliable long-range Scalable cloud server Automatic alerts and Interactive dashboard Modular design for easy
| level monitoring g - Low sensors (rain gauge, LoRa and 4G connectivity stores, processes and warnings are sent in provides real-time installation, low cost
AL 8 ek [ ] Moderate water level) powered by ensures continuous analyzes data in real-time real-time via SMS and visualization of data, maintenance and scalability
Nsah; : B o solar energy for real-time data transmission from using Al/threshold models mobile app to communities risk levels, GIS maps to other urban catchments
¢ monitoring in urban field nodes to the cloud, to predict flood risks and authorities for quick and trends to support and cities.
. % channels. even in harsh conditions. early. action. decision making.
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Assessing the Climate Mitigation Potential of Shared Commuting in Kigali ONGOING 2540 300

STUDY . '\
. . tCO:elye: delled dlot partic ts
Evidence from the GreenCommute Rwanda Pilot UTERULLEIELY  pilot participan

Hirwa Francois Reégis'.* * University of Rwanda - College of Science & Technology (UR-CST) * Rwanda

'SDG Coordinator, UR-CST | 7 President, Rwanda Young Generation in Nuclear (RYGN)

1. BACKGROUND & RESEARCH GAP 3. METHODS / APPROACH

Kigali’s rapid urbanization is increasing congestion, GREENCOMMUTE RWANDA PILOT + ~300 PARTICIPANTS
fuel use, greenhouse-gas emissions and demand for - . - . 25_A4() tCO:elyear  single-occupancy travel
. . 1 -
parking infrastructure. Commuter —  Route ~—— Parking —— Fuel-use — GPS mobility Preliminary modelling v Expected reduced
s _ surveys mapping occupancy analysis monitoring estimate raltance
Rising fuel costs add pressure on households, students and public
institutions. Yet limited local evidence exists on how shared Comparative analysis will examine travel patterns before and
. R ey ; bl , fuel per passenger arking demand
commuting can reguce trans.pprt-rel.ated emissions while improving during implementation of a peak-hour shared transport system ! Expc,‘;oc gﬁ,c_-.emf,’ G ¥ gxpectcgti e e
energy and infrastructure efficiency in the Rwandan context. along selected commuting corridors. | = benofi '

Study status: Ongoing

Thass aiw wapecied imodelindg culcomes not complete dpd O msasurwests,

RWF 2,938/L 90% 34%

fuel price in Apr. traffic-volume private-car indicator®

= = 4. INTERVENTION DESIGN 7. IMPLEMENTATION & EVALUATION
"Inccators and fuee-pnce rguras are af the currend stalus

2. RESEARCH QUESTION & OBJECTIVES

M1-2 Research Surveys, route mapping, parking audit

PEAK-HOUR SHARED MOBILITY MODEL

, _ 06:30 - 08:30 16:30 - 18:30
Can synchronized shared commuting reduce the

. . . o S M3-4 Development Ppjatform + route design
resource intensity of daily travel in Kigali?

M4-5 Launch prep Awareness + participation

Fuel & Assess changes in fuel consumption and
emissions transport-related greenhouse-gas emissions, . | | . ) .
: | . . Five buses from local transport providers operate during peak hours. M5-8 Pilot Operate + monitor

Eangestion Ev.aluate ERARIER N SO PARATTS A Routes are pre-mapped to residential clusters of the 300-person

reliance on single-occupancy travel. cohot. M8-9 Outreach Reinforce adoption
Parking Assess whether shared commuting reduces parking Outside peak periods, buses return to normal commercial service,

demand and improves space use. Existing UR-CST / City of Kigali light vehicles provide an emergency ia eperng Evaluate + policy recommendations
Policy Generate evidence for sustainable urban mobility mobility buffer.

and climate-smart transport planning.

5 PILOT CORRIDORS 8. POLICY & PRACTICE RELEVANCE
PRIMARY POLICY LINK Rwanda NDCs + sustainable urban transport '

m Kuryanyuma UR-CST / Kigali City Office Evidence for low-carbon and climate-resilient urban mobility.

R . Operational mobility data for future transport regulation and planning.
m Kanombe UR:CaT / kagaR Laly Qi Potential contribution to Rwanda's NDC implementation and
m Gikondo / Rebero UR-CST / Kigali City Office sustainable urban transport strategies.
Selecled as high-demand commuting corridors in the pilot design. A targeted commuter intervention can link emissions reduction with

better use of urban land,

zND RWANDA CLIMATE SCIENCE SYMPOSIUM 2026
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EcoWatershed Intelligence Platform

A Unified Geospatial Decision-Support System for Watershed-Scale Ecosystem Management

NDACYAYISENGA Noa

GIS & Remote Sensing Engineer | University of Rwanda | Kigali, Rwanda

@ Contact: [youremail@ur.ac.rw] | @ Google Earth Engine Platform | & RCSS 2026 — 22-23 September 2026, M Hotel, Kigali

ko
Ve

EarthWater source

¢,

1. Background / Problem Statement 5. Methodology & Platform Architecture

Rwanda's watersheds face compounding threats from deforestation, agricultural encroachment, and
unplanned infrastructure development. These pressures jointly reduce freshwater availability, degrade water
quality, and weaken ecosystem resilience — yet monitoring tools typically address each issue in isolation.

The EcoWatershed Intelligence Platform integrates three satellite-based analysis modules within Google
Earth Engine, sharing a common data infrastructure and deliverina outputs throuah a unified aeospatial
decision-support interface:

This fragmentation limits evidence-based catchment management and undermines Rwanda's national & Module A — Forest Change

commitments to climate resilience, low-carbon development, and the 30% forest-cover target under Vision Ana|y5|5
2050. Data: Hansen Global Forest Change Vv1.10 (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

=ldentifies links between land-cover loss and .
downstream water quality degradation '

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

2,000

Met Forest Change in Bugesera District (2001-2023)

2. Objectives

Forest Loss in Bugesera District (2001-2023)
18,000

Develop a cloud-based, integrated geospatial decision-support platform for watershed-scale ecosystem
mManagement

16,000

*Quantify forest cover change (2001-2023) and identify deforestation hotspots

10,000

8,000

Fores! Loss (hal

=|dentify optimal sites for water infrastructure (irrigation, boreholes, solar pumps)
Monitor water quality (turbidity, chlorophyll, TSS, pH) via satellite time-series

*Reveal causal linkages between upstream land-cover change and downstream water health

2050 20175 2,020.0 20225

20025 2,006.0 20075 20100 20125

{ Module B — Water Infrastructure
Planning

*Data: SRTM DEM (30 m), CHIRPS rainfall (0.05°), MODIS
land cover

=Multi-criteria suitability analysis: slope, flow
accumulation, rainfall, soil, proximity to settlements

Outputs: ranked siting maps for irrigation schemes,
boreholes, and solar-powered water pumps

*Engineering recommendation reports generated per
district with hydrological scoring

*Supports SDG 6 (Clean Water & Sanitation)

3. SDG Alignment

SDG 6

SDG 13 SDG 14
Life Below

Water

Climate
Action

Clean Water
& Sanitation

Irrigation Suitability

4. Study Area — Rwanda

) Permanently not suitable
Bl Temporarily not suitable

Rwanda — "The Land of a Thousand Hills" — covers 26,338 km? at altitudes from 950 to 4,507 m a.s.l., with Meirgineliy sutable

three major drainage basins: Nyabarongo, Akagera, and Rusizi. Moderately suitable

Il Highly suitable

£ Module C — Water Quality
Monitoring

Altitude range: 950 - 4,507 m a.s.l.

Major basins: Nyabarongo - Akagera - Rusizi

=Data: Sentinel-2 MSI (10-20 m), MODIS LST (500 m),
cloud-masked time-series composites .

«Retrieval of turbidity, chlorophyll-a, total suspended 0
solids (TSS) and pH via empirical band ratios o

Outputs: seasonal trend charts, animated change o
sequences, water-body health profiles

»Detects downstream water quality responses to
upstream deforestation events ' ,

=Supports SDG 14 (Life Below Water)

Chlorophyll over Time (pg/L)

5 Provinces - 30 Districts analysed

=+ Chloraphyll

National-scale coverage; district disaggregation supported
Annual rainfall: 800-1,600 mm (CHIRPS)
Target forest cover: 30% (Vision 2050)
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Platformm Data Flow — Architecture

Hansen FC (2024) SRTM - CHIRPS

@ Google Earth Engine — Cloud Processing

Forest Loss Maps WQ Time-Series

Sentinel-2 MSI

wyakiri Infra-Siting Maps

1,

GEE - Hansen FC v1.10 - Sentinel-2 - MODIS - CHIRPS - SRTM - JavaScript API
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6. Key Expected Results
§ Deforestation Mapping

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

{ Infrastructure Siting

Ranked maps of viable irrigation zones, borehole locations, and solar pump sites with hydrological
suitability scores; district-level engineering briefs.

i

£ Water Quality Profiles

Seasonal time-series of turbidity, Chl-a, TSS and pH; animated sequences revealing post-deforestation
water quality deterioration events.

Ecosystem Linkage Insights

Causal linkage maps connecting upstream deforestation pulses to downstream turbidity and TSS spikes,
quantifying watershed vulnerability.

7. Conclusions & Policy Relevance

*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

8. Technical Specifications

Platform Google Earth Engine (GEE)

Forest Data Hansen Global Forest Change v1.10 (2024)

Water Quality Sentinel-2 MSI —10/20 m resolution

Temperature MODIS LST — 500 m resolution
Rainfall CHIRPS — 0.05° spatial resolution
Terrain SRTM DEM — 30 m resolution
Period 2001 -2023

Coverage National (Rwanda) — all 30 districts
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INTRODUCTION & PROBLEM STATEMENT

Zimbabwe faces a major adaptation-finance challenge. While
the country is highly vulnerable to climate change climate
vulnerability is not evenly distributed across its 60 districts.

The few figures available at national or sector level mask
critical local differences in needs. This study maps district-level
climate vulnerability examines the spatial distribution of
climate-finance flows and compares the two to identify areas
where adaptation finance is most needed but least available
and where finance is relatively higher but vulnerability is lower.

By providing a clear data-driven picture the study offers a simple
and transparent basis for directing scarce climate-finance
resources to districts with the greatest needs.

2. RESEARCH OBJECTIVES

¢ To map the spatial patterns of climate vulnerability across
Zimbabwe's 60 districts.

¢ To identify districts that should be prioritised for climate-finance
investment based on vulnerability and finance needs.

* To develop a GIS-enabled decision-support system that improves
the spatial alignment transparency and equity of climate-finance
allocation.

| 3. RESEARCH QUESTIONS ;

¢ What are the spatial patterns of climate vulnerability across
Zimbabwe's 60 districts?

¢ Which districts should be prioritised for climate-finance investment
based on their vulnerability and finance needs?
¢ How can a GIS-enabled decision-support system improve the

spatial alignment transparency and equity of climate-finance
allocation?

| 4. METHODS

Data Sources

Secondary data were collected from the World Bank Climate Change
Knowledge Portal, ZIMSTAT (Poverty Atlas 2021), OpenStreetMap,
WorldPop and NASA.

Indicator Framework

Indicators cover three dimensions: climate exposure (drought, flood, heat),
socioeconomic sensitivity (poverty, population density, rural population)
and adaptive capacity (infrastructure, water access, literacy rate).

Data Processing & Analysis

* Data were cleaned in Microsoft Excel and spatially processed in QGIS 3.34.

* Indicators were normalised (0-1) in Python (Pandas, NumPy).

¢ AHP weights were derived using Expert Choice 11,

* Weighted overlay analysis was performed in ArcGIS Pro 3.2 to compute
the Composite Vulnerability Index (CVI).

Software: QGIS 3.34, ArcGIS Pro 3.2, Python (Pandas, NumPy),
Microsoft Excel, Excel 2016.
Analysis:  AHP weighting, Weighted Overlay (CVI), Spatial Analysis.

ND

2

!

Criteria Weight (W) | Consistency Vector (AW)
| OimeBennefcl: ||| G830+ | Xéx |
| Socioaconomic Senitivity (SS) | 0.297 0.89
| Adaptive Capacity (AC) | 0.164 0.49

5.1 AHP WEIGHTS AND CONSISTENCY CHECK

Consistency statistics: A = 3.07; Cl=0.035; CR =0.047 (< 0.10),

indicating acceptable pairwise consistency.

Climate exposure has the largest influence on the district vulnerability

score (0.539), followed by socioeconomic sensitivity (0.297) and
adaptive capacity (0.164).

5.3 FINANCE INTENSITY INDEX RESULT

5. RESULTS

5.2 SPATIAL PATTERNS OF CLIMATE VULNERABILITY

A ZAMBIA

|
|
| NAMIBIA

BOTSWANA

375 km
e — SOUTH AFRICA

MOZAMBIQUE

Index (CV1)

0.00 - 0.20
- (Very Low)
0.21-0.40
(Low)

0.41 - 0.60
(Moderate)

0.61 - 0.80
(High)

B 0.81-1.00

(Very High)

The vulnerability map shows a clear concentration of higher scores in

southern, south-eastern and parts of western Zimbabwe, especially in

£ | 0 125 250
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20 40% District
33%% 7.30 * : )
10 20% Mwenezi 0.872
Chiredzi 0.842
% Mut 0.583
> . utare ;
g Bulawayo 0.498
& & & N y
Harare 0.412

Harare has the highest finance intensity (38.45 per 10,000 people), followed

by Bulawayo (21.10) and Victoria Falls (18.30). Chitungwiza, Mutare, Gweru,

Masvingo, Kadoma, Norton and Chiredzi complete the top ten.

|
\

Mwenezi, Chiredzi and parts of Matabeleland.

FlIndex | Vulnerability-Finance |
(0-1) Gap (VFI-FI)
0.18 +0.692
0.21 +0.632
0.56 +0.023
0.78 -0.312
092 ~-0.508

5.4 COMPARING VULNERABILITY AND FINANCE

Alignment

Category
Critical Underfunded
Critical Underfunded

) Al
.[.I'J‘.,)-‘f ey anmont

Potential Over-allocation
Potential Over-allocation

Mwenezi (0.692) and Chiredzi (0.632) show the greatest potential

underfunding, while Harare (—0.508) and Bulawayo (—0.312) show
potential over-allocation. Mutare (0.023) is almost balanced.

5.5 GIS-ENABLED DECISION SUPPORT SYSTEM (GIS-DSS

Oashboard OVERALL VULNERABILITY

(Moan CVI)
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To fill critical gaps

The GIS-enabled Decision Support System integrates vulnerability and finance data to support
transparent, evidence-based and equitable climate-finance prioritisation across Zimbabwe's 60 districts.

RWANDA CLIMATE SCIENCE SYMPOSIUM 2026

Climate Vulnerability

6. DISCUSSION, CONCLUSION & CONTRIBUTION

6.1 DISCUSSION
* Vulnerability is spatially uneven across Zimbabwe reflecting differences

in climate exposure socioeconomic sensitivity and adaptive capacity.
¢ Comparing vulnerability with finance reveals potential mismatches
between adaptation need and finance concentration,
¢ Districts with high vulnerability but low finance are at greater risk of
climate impacts and require urgent attention.

* The GIS-DSS enhances transparency and supports evidence-based
prioritisation of scarce climate finance.

6.2 CONCLUSION

This study provides a practical data-driven approach for aligning
climate-finance with vulnerability realities at district level. The results
highlight critical underfunded districts especially Mwenezi and Chiredzi
where adaptation finance should be prioritised to reduce climate risk
and build resilience. The GlIS-enabled decision-support system offers a
replicable tool for continuous monitoring, scenario analysis and equitable
resource allocation.

6.3. KEY CONTRIBUTIONS

¢ Comprehensive district-level climate vulnerability map for Zimbabwe
using a Composite Vulnerability Index.

e Empnical evidence of spatial mismatches between climate vulnerability
and finance allocation.

* Development of a GIS-enabled Decision Support System (GIS-DSS) for
transparent data-driven climate-finance prioritisation.

* Practical tool for policymakers donors and planners to target resources
to districts that need them most.

* Investment options and insights to attract climate investment and
mobilise resources for priority districts.

* Support for clear investment options and project pipelines aligned to
district needs.

6.4. LIMITATIONS

* Some datasets are outdated (e.g. ZIMSTAT 2021) and may not capture

recent changes.

* Not all relevant vulnerability and adaptive capacity factors could be
included due to data unavailability.

¢ AHP involves subjective judgment in pairwise comparisons.

¢ Climate-finance data is limited to reported flows and may not capture
all private or informal financing.

¢ Spatial analysis is at district level intra-district variations are not captured.

7. REFERENCES
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ASSESSING THE IMPACT OF SOCIO-ECONOMIC FACTORS TO THE ADOPTION
OF LIQUEFIED PETROLEUM GAS AMONG HOUSEHOLDS
IN THE CITY OF KIGALI - KIMIRONKO AND BUMBOGO SECTORS
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1. INTRODUCTION 4. METHODOLOGY 6. FACTORS INFLUENCING LPG ADOPTION

« 2.3 billion people globally rely on traditional o ; ’ ; : _
esearch Design Samplin 6.1 CHI-SQUARE TEST RESULTS 6.2 BINARY LOGISTIC REGRESSION
biomass for cooking (IEA, 2021), causing household A g & pPiing E Data Collection | lﬁ Data Analysis
air pollution (WHQO, 2023). Q : . , Factor B Exp(B) value Effect
% W : Mixed-methods | @ Multi-stage sampling | « Structured questionnaires |  Descriptive statistics Chi-Square (') df  p-value = Association el
e LPG is a clean, efficient, and practical transitional : ' : . .
: ss-sect | . | i Income 0.843 2.23 0.000 +
fuel for developing countries. ::fo s-sectiona 787 Households Key informant interviews » Chi-square test Education Level 42.315 4 0000 Significant
escriptive + . » Focus group discussions Binary logistic regression i
* Rwanda aims to increase modern cooking energy ' ) 412 (Bumbogo) ) i . ; Ligrg °9 Gicora Lasa) 51 782 4 0.000 | Signi Education 0.621 1.86 0.000 ¥
and reduce greenhouse gas emissions by 38% by 2030 Qxpranahony « 375 (Kimironko) | * Direct observations - » Thematic analysis ‘ ‘ st ,
; < | Employment Status 18.467 4 0.001 Significant | -
¢ This study examines socio-economic factors ‘ ™ Electricity access 1,102 3.01 0.000 +
flening LPG adoption amang housshadsin | 5. HOUSEHOLD CHARACTERISTICS (N = 787) PN [ ] (P g == - -
imironko and Bumbogo sectors of Kigali City. onsta -2. B : -
i ? 9 )| 5.1LPG ADOPTION STATUS 5.2 EDUCATION LEVEL ! |
B ' .
2. OBJECTIVES No formal education | 7.1% 6.3 KEY INSIGHTS 6.4 COMMON CgA PRACﬂCEszADOPTED
To examine the current socio-economic factors Bri {Mean Scores.out of 5)
(household income, education level, household size, B Use LPG (490 HHs) Sotionat 4 Higher income and education increase Soil conservation techniques 4.90
infrastructure, and employment status) influencing LPG 37.8% Secondary the likelihood of LPG adoption. Crop rotation GGG 4.77
adoption among households in Kimironko and Bumbogo B Do not use LPG |
g Planting of drought-tolerant crops NN 4.64
SACLON of K0 SRy, (297 HHs) TVET/College 19.6% R T L T |
. . 2 arger nousenolq size reauces the Conservation agriculture e 4.58
e To determine the current proportion of househelds using N likelihood of adoption. ‘
LPG for cooking in Kimironko and Bumbogo sectors of Kigall City. University+ _ 13.3% Agroforestry | 4.38
" Crop diversification NG 4.25
To assess the relationship between socio-economic 62.2% of households use LPG 0 10 20 30 40 Access to e'ﬁ?gc‘g stfongly i , _ 4.08
characteristics and the level of LPG adoption among for cooking. Percentage (%) heiank " e SAOPRON. PR D e :
e househelds in Kimironko and Bumboge sectors of Kigall City. i R . A A Planting of cover crop ,_ 4.00
| 3 Fuel stacking still observed; full : ing I 2.7
3 STUDY AREA Y| 5.3 INCOME LEVEL (RWF) 5.4 EMPLOYMENT STATUS 5.5 HOUSEHOLD SIZE g nft S rter Ranveing &4
‘ [ y ' Irrigation (small-scale) 2.72
. 35.8%
KIMIRONKO SECTOR BUMBOGO SECTOR || <509 M 5.6% g8 wiomal/ seftemployed 1-3 members [ 9.6% & o 5w
0 ey L P e9Q'Q° o . 50,000 - 149,999 27.7% aliv | lo t 24.7% ) Scale: 1 = Not used to 5 = Frequently used
9 1°38'26"S, 30.1301°E 2 1°29'9°S, 30.1524°F [ | $8% Formal employmen 8- 6 membors MR 61.0% | - | - J
17,612 Households 30,892 Households 150,000 - 299,999 N 26.2% & Farming 19.1%
| 7 -9 members I 23.8%
THE STUDY AREA MAP G 300,000 - 499.999 [ 18.4% €) Unemployed 13.1%
, 5.7%
w+>—s: 500,000 + B 12.1% ° Other 7.3% oo - ‘l‘q' ee e
s 0 10 20 30 o i e
Percentage (%) | | Percentage (%) | 'FINANCIAL SUPPORT |  EXPAND SUPPLY AWARENESS & TARGET VULNERABLE
/ — = < NETWORK BEHAVIOR CHANGE HOUSEHOLDS
5 6 ACCESS To ELECTR'C'TY 5.7 ACCESS To CREolT Provide tafgeted Increase LPG |n(ens|fy education Focus on 'arge
subsidies, PAYG distribution points on benefits, safety families, low-income
Yes - systems and micro- and ensure reliable and correct LPG strategies. households and
Legend 0 0 credit for LPG supply chains usage women
) Study area sectors 0 2085 4 626 Kilometers 82.4% 17.6% adoption | |
[T District boundaries Bl S R T, '
S 7N\ A . (& J
N \ 3\ N
8. CONCLUSION | 10. FUTURE RESEARCH DIRECTIONS 8. REFERENCES (Selected)
Income, education and electricity access significantly increase LPG adoption, e Cross-sectional design limits causal inference. » Examine digital extension platforms in promoting LPG adoption. » [EA. (2021). Renewables 2021.
O/ while larger household size reduces it. Although LPG adoption is progressing * Restricted to two sectors; resuits may not generalize. * Investigate gender-specific barriers to clean cooking transitions. « WHO (2023). Household air poliution and health,
in Kimironko and Bumbogo sectors, affordability, infrastructure and behavioral e Self-reported data may be affected by recall or reporting bias. e Conduct longitudinal studies on sustained LPG use and fuel stacking behavior. « Karuld, V. et al. (2022), IJESM, 18(1), 577-595.
factors remain key b.amers. Integrated interventions aré needed to achieve e Future studies should use longitudinal and mixed-method designs. * Assess effectiveness of subsidies, financing mechanisms and market innovations. : At’:ha'ry:a, Do aftoul, I (2017 Eosrgy, 199 11361198,
universal clean cooking access and improve household well-being. AL L Ju « Nishimiyama, J. P. et al. (2024). £SJ, 80, 101441.
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