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Small Reservoirs

* Tens of thousands of small reservoirs <100 ha in
Africa qwwmi 2019, Kibret et al. 2021)

* Inexpensive, easy to construct, decentral community
management

 Farmer-led irrigation and aquaculture development

- Resilience, food and water security
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Water Quality

* Underrepresentation in regular water

quality monitoring networks

- Applicable water quality assessment

- Transferable and scalable approaches
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Approach

. . Turbidity = Water Cloudiness
« Sentinel-2 & C2RCC processor in SNAP (rockman et al. 2016) oY o

« Turbidity - light availability; suspended detritus and
non-algal sediments (Nechad et al. 2010)
* Measurement in Nephelometric Turbidity Units (NTU)

» Indicates overall water quality
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. « Study site: Central Kenya
StUdy SlteS e ~3,700 km?2, 34 reservoirs
d StUdy Site: Northern Ghana ° Ag ricu|tu re development

+ ~165,000 km?, 3,079 reservoirs

« Aquaculture development

0 100 200 km
|

- Develop EO-based turbidity assessment
- Scale turbidity assessment and prediction workflow
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Kenya: Workflow

« Turbidity assessment:
« Sentinel-2 MSI 1C 2017-2023 to monthly turbidity dynamics (C2RCC)
» Turbidity prediction:
« EO-based predictors covering meteorology, topography, volume, land cover,
land use (Wetland Use Intensity, WUI*)
» Aggregated for annual and long-term analysis (only sufficient coverage)

* Machine learning-based predictions and variable importance
*Franke et al., 2012, Steinbach et al., 2023.
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Turbidity Exceedance 2017-2023

Kenya: Results

 Exceedance of safe turbidity threshold Months >25 NTU
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A Annual Analysis (n = 186) B Long-term Analysis 2017-2023 (n = 29)

Random Forest Random Forest
R*=0.46, RMSE=35.36, nRMSE=0.18 R?=0.88, RMSE=27.71, nRMSE=0.22
mitry=4, ntree=100, train/test=0.75 mtry=4, ntree=100, train/test=0.75
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Annual Analysis (n = 186)

SHAP wind_max

* Identify problematic patterns

SHAP Value (phi)
=3

SHAP Dependence Plot: wuiskm

« Targeted interventions

* Inform (agricultural) land management

Maximum Windspered [m/s]

SHAP Value (phi)

160 200 240 280
(Wet)land Use Intensity (WUI)

A Annual analysis-based SHAP dependance plots.
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Ghana: Workflow

« Small reservoir water extent survey 2017-2023

(IWMI 2023)

* Default C2RCC parameters
« Matching data with closest date from survey,

extraction with 20 m inside buffer

 Filtering out insufficient data reservoirs o T R
B Value Extraction RS ;
Water Extent 5 .y

Small reservoir extent and value extraction area.
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Reservoir Size Density

Average Turbidity per Reservoir
Grey = low coverage (<25%)
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Average Turbidity per Reservoir
Grey = low coverage (<25%)
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Reservoir Size
O 220 ha
(O 5-20ha
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Scaling for >1,000 small

reservoirs

Identification of clusters

Next steps:

Close gaps for non-covered

reservoirs

Defining suitable turbidity

indicators to match

aquaculture requirements




Conclusions & Recommendations

©Martin W. Chege
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EO workflows to identify patterns and inform
management

Complement water quantity and water quality
assessments, adapted to water use

More in-situ information necessary: Water
quality (Ghana site) & socio-hydrological
information (Kenya site)

Acknowledge the complexity of small

reservoir systems
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Thank you for your kind attention!
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Approach

* C2RCC processor in SNAP (Brockman et al. 2016)

* Inverts radiative transfer simulations using
neural networks to derive Inherent Optical
Properties (IOPs)

* Improved transferability compared to purely

statistical models

False-colour Sentinel-2 image of a Kenyan dam with

3x3 pixel window. * 45 match-ups from an averaged 3x3 pixel

window
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Kenya: Workflow

Earth Observation Data Model Input

C2RCC

Sentinel-2 MSI 1C : Turbidity
Processing
Sentinel-1 GRD IW Bare soill
Sentinel-2 MSI 2A ) Tree cover
CHIRPS Processing, Built-up area
ERA5 Windspeed Aggregation Water volume
TanDEM-X DEM Rainfall
GEDI Global Forest Canopy Windspeed
Topography

(Wet)land Use Intensity (WUI)*

*Steinbach, S., Hentschel, E., Hentze, K., Rienow, A., Umulisa, V.,
Zwart, S.J., Nelson, A., 2023. Automatization and evaluation of a
remote sensing-based indicator for wetland health assessment in
East Africa on national and local scales. Ecol. Inform. 75, 102032.
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A Annual Analysis (n = 186)

SHAP wind_max

Identify problematic reservoirs
T s Improve reservoir siting
SRS g e

S Inform (agricultural) land management

Maximum Windspeed [m/s]

™,

160 200 240 280 320 175 200 225 o250
(Wet)land Use Intensity (WUI) (Wet)land Use Intensity (WUI)

B Long-term Analysis 2017-2023 (n = 29)

A Annual and B long-term analysis-based SHAP dependance plots.
Eﬁon;aticts
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Ghana: Workflow

IWMI small reservoir survey 2017-2023:

W Small EMedium B Large

2500

Sentinel-2 based detection, maximum

2000

extent (median = 0.5 ha)

MUMBER OF RESERVOIRS

~50% at very high risk of drying up

3,079 reservoirs

(IWMI 2023)

Number of reservoirs by size at the beginning of dry year.
Source: IWMI 2023.
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SHAP Value (phi)
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(Wet)land Use Intensity (WUI)
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A SHAP Values for RF Model 2017-2023 (n

SHAP Dependence Plot: wuiSkm
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SHAP Dependence Plot: wuiSkm

Conclusions

Turbidity Exceedance 2017-2023
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ynoptic water quality assessmen N "

« Temporal variations, identify clusters

* Prediction at medium to good accuracies
» Scaling possible with small reservoir survey

dataset, but challenge of data gaps s, -
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RS Indicators

Model Input

Predictor generation

Re-

Sentinel-2 .
MSI1C gression Turbidity
> MASD WUI
Cloud- Thre- ”
i masking holdi Bare soil
Sentinel-2 SIAC sholding
MSI 2A
SWI
Cloud- Vegetation
GEDI masking Indices, .
Global Forest ENDISI Classi- Tree cover
Canopy fication Built-up area
GFCH
(VV+VH)/2
Sentinel-1
GRD IW
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RS Indicators

Machine learning-based turbidity prediction

CHIRPS Daily
Aggregated N Aggregation Annual
= 2017-2023 aggregation
Train | Test r
-] o~ 10 run: R
o
£ . A
< ERADS Daily .
3 Windspeed Recursive Feature
= Elimination *
Random Forest | | XGBoost
Hyperparameter
tuning
TanDEM-X
| 1
\\ ,I

b,,; = Total scattering

C2RCC = Case 2 Regional CoastColour

CHIRPS = Climate Hazards Group InfraRed Precipitation
with Station data

ENDISI = Enhanced Normalized Difference Impervious
Surfaces Index

GEDI = Global Ecosystem Dynamics Investigation
GFCH = Global Forest Canopy Height

Results

Identified predictors

Median predictor
importance

Median model
accuracy: R?2, RMSE,
nRMSE

GRD = Ground Range Detected SWI = Sentinel-2 Water Index

IW = Interferometric Wide Swath

MASD = Mean Absolute Spectral Dynamics

MSI = Multispectral Instrument

NBR2 = Normalized Burn Ratio 2

NDVI = Normalized Difference Vegetation Index
nRMSE = Normalized Root Mean Squared Error
SIAC = Sensor Invariant Atmospheric Correction

B6, B12)
V-A = Volume-area

WUI = Wetland Use Intensity

Vegetation Indices = NDVI, vegetation brightness (B2, B3,

VH = Vertical transmission, horizontal receiving
VV = Vertical transmission, vertical receiving
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