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Part 1 :Motivation &
Introduction to SWAHILI
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African Surface Water under Increasing Pressure

O Flood & drought buffering
O Pollution

O Encroachment

O Restoration

O Water security

O Climate impacts

O Transboundary systems
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Monitoring African Surface Water : In-situ measurements

LAKE LEVEL @ ©
MONITORING PROJECT
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Satellite-based Surface Water Information
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Other Surface Water products
« SARL
« DW_Water
« ESALandCover
 Global Lakes and Wetlands Database

Not dynamic (availability until 2022)
Update frequency (every few years)

Miss small water bodies (limited resolution
Only extent




Satellite-based Surface Water Information

Water Extent

2k oy T . ‘\‘}v&f" 2

Euthopian lakes : Shalla (left), Abiyata
(center), and Langano (right). Source CGIAR
and Landsat
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Satellite-based Surface Water Information

Water Quality

Lake Valencia, Venezuela [August 12, 2022.
Source PlanetScope
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Satellite-based Surface Water Information

Water Depth

Lake Bhavani Sagar, Tamil Nadu, India,

Source (Medium)



https://medium.com/@kavyajeetbora?source=post_page---byline--ef36b842fa2a---------------------------------------
https://medium.com/@kavyajeetbora?source=post_page---byline--ef36b842fa2a---------------------------------------

Satellite-based Surface Water Information :

SWAHILI Aims to :

Fully remote

Automatic

Transferable

Including small lakes

Water Quality (TSS, Chlorophyll),
Water depth

Reliable and accurate
Sub-monthly frequency

Any Lake in Africa (and worldwide)

Water Extent
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Satellite-based Surface Water Information :

SWAHILI Aims to :

Fully remote

Automatic

Transferable
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Water depth
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Any Lake in Africa (and worldwide)
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Part 2 :Surface Water Extent

Shagun Garg
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Spectral Signature in Multispectral Satellite Image
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Major Challenge in Optical : Clouds
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RADAR Image for Surface Water Mapping
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Challenges in Surface Water Mapping (Optical)

Cloud Cover Sun Glint
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Does Optical & RADAR fusion improve Surface Mapping ?

‘ SAR-onlypredoctlon B TVL e = - Sentinel-2  Sentinel-1 ~ S2+S1

’?

40 00| 20000000 0008

Radead ol l L L S e R L L L e Ll Ll

3 Feb'23 Jun’23 Oct’23 Feb'24
| Each point marks an image date; Red = Same day S1&S2. ;

Zarg, 5., Borgomeo, E., Motagh, M., Selvakumaran, S. (2025): Multi-sensor Integration of SAR and Optical Data for
iobust Surface Water Mapping. - Talk presented at the ESA Living Flanet Symposium 2025 (Vienna, Austria 2025)
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Fully Automatic Multi-temporal Water Surface Monitoring

. STAGE |: DATA PREPARATION ¢ Python 3.10
% Sentinel-2 )
& MSI Level-2A Resampling & Masking Scene Normalization Index Computation
€Y | (EO Africa VRE)J (Bands, SCL) (Brorm = Braw/Pos) (MNDWI, NDWI, NDVI)
|
Water

f:’t formula Physics-Based Spectral Gate Candidates &

STAGE II: (MNDWI > NDVI) n (MNDWI > 0.05) Exclusion| Stratified Sampling

LABEL GENERATION (MNDWI <—0.10) N (NDVI > 0.15) Buffer (k scenes)

Exclusion Buffer Land Candidates

# Python 3.10
STAGE IlI: Feature Extraction RF Model Training I)Infe(;e‘}nxﬁm Binary Mask
RF CLASSIFICATION (8 variables) (100 Trees, Balanced) A o Stack

FINAL OUTPUTS  Python 3.10

STAGE IV:

Temporal Water Object Size A_ha Harmonic Water W
REFINEMENT & Gap Fill Occurrence Mask Filter Time Series Regression Frequency
AREA EXTRACTION | (-1, t, t+1 logic) (WOF > 0.08) (< 25 pixels) (ha) (Seasonality) Map
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Results : Water Extent End-to-End Pipeline

Water Area Trend 2023-01-01 | Refined Boundary
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Python Package : SWAHILI Lake Mapping

“« & 2z swahilivre.innovation-lab.eoafrica-rd.org/user/sg2009@cam.ac.uk/lab/tree/Untitled 3.ipynb
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Python Package : SWAHILI Lake Mapping
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Python Package : SWAHILI Lake Mapping

File Edit View Run Kernel Git Tabs Settings Help

B + c & Y ("] Untitled.ip X H| Untitled2.i X | [®| s2_lake_pij X " Vizualize_£X " 01_AOI_frc X "] 02_data_di X M| 04_Waterh X M| Untitled3.i X "] lake_exper X A scl_weak_s X | S2_Workin X W Untitled-CX + | &
B + XD B » m C » Makdown v - B O =i & Python 3 (ipykernel) O

B8 / lake_mapping / notebooks /

a
Modified ® b & P 8
¥ loading the Dat - X
- [ 01_AOL from_mapipynb Downloading the Data
= 2
« [®] 03_viz_data_and_preproce... last mo. AOI using an interactive map T
0 « M| 04_WaterMapper.ipynb 20 days ago
= - 2 20 import sys
| Untitled.ipynb days ago import ipywidgets as widgets
= widgets.IntSlider()
sys.path.insert(@, ‘/home/eoafrica/lake_mapping/src/') # adjust if needed 9 o
£
7~ from lake_mapping.aoi import get_aoi_from_map
state = get_aoi_from_map(center=(28.6, 77.2), zoom=5)
* . ,“ Prala = Sénéqgal T M. a
+ ‘ . L ® :
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Rort Harcourt Yaoundé ®
O Malabo
= Ebolowa .
L) GUINEIECUDLONION il s i i i -
AOI = state["bounds™”
print(AOI)
{'bounds’: [50.537334, 28.0871677, 56.029639, 30.90193], 'aoi’': None}
[56.537334, 28.071677, 56.029639, 30.90193]
v
Simple 13 £# 4@  Python 3 (ipykemel) | Idle Mem: 1.07 / 24.00 GB Mode: Command @ Ln1,Col1 01_AOlfrom_mapipynb 0 [\
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Python Package : SWAHILI Lake Mapping @esa

_: File Edit WView Run Kernel Git Tabs Settings Help

- + Cc ¢ Y (A Untitled.ip X | 8] Untitled2.i X | [A] s2_lake_pijX | [8] Vizualize $X | B 01_AOI_frcX | [ 02_data_diX | [W 04_Waterh X | [A] Untitled3.i X | [H] lake_exper X | [A] scl_weak_sX | [A S2_Workin X | [H Untitled-C X | +

) B+ X O 8 » m C »w Markdown v __ ® & Python 3 (ipykernel) O
M / lake_mapping / notebooks /
=) : B
Name A Modified Download the data
x
01_AOI_from_map.ipynb
import sys
sys.path.insert(@, '/home/ecafrica') # adjust if needed
= [W] 03_viz_data_and_preproce... last mo. from lake_mapping.download import download_all 5]
‘) « (M| 0D4_WaterMapper.ipynb 20 days ago
) pRErpy vee9 result = download_all(
[A] Untitled.ipynb 20 days ago ah - AOL,
= start "2822-81-91",
end "2024-86-38",
output_dir "/home/eoafrica/Bangalore_Hebbalgodi”,
ﬁ\;&' 52_bands ("BB2", "BO3", "BE4", “"BO8", "B1l1", "SCL"), # pick what you need
s1_bands = ("wW", "WVH"),
cloud_cover = 38, # generous — we filter clouds ourselves Later
* overwrite = False, # skip existing files
print(result["s2_scenes"])
print(result["sl_scenes™"])
AODI: {'minlon': 77.671251, 'maxlon': 77.678976, 'minlat’': 12.827221, 'maxlat’': 12.834523}
Dates: 2822-81-81 - 2824-86-38
out: /home/eoafrica/Bangalore_Hebbalgodi
--- Sentinel-2 ---
S2: found 75 total, 75 on local disk
2822-01-83 tiles=['43PGQ'] cloud=2.2%
B@2: saved shape=(82, 87) pixel=9.9x18.1m walid=6,966
B@3: saved shape=(82, 87) pixel=9.9x18.1m wvalid=6,266
Be4: saved shape=(82, 87) pixel=9.9x18.1m wvalid=6,266
B@3: saved shape=(82, 87) pixel=0.9x18.1m walid=6,966
B11l: saved shape=(42, 44) pixel=19.8x28.2m valid=1,8239
SCL: saved shape=(42, 44) pixel=19.8x28.2m valid=1,8239
Done - 28228183_43PGQ
2822-981-13 tiles=['43PGQ"'] cloud=24.3%
BEA7? + cavad chana— 27 27h nival-0 Ovi1@ 1m walid—A OARA v
Simple 13 {2 (} Python 3 (ipykemel) | Idle  Mem: 1.07 / 24.00 GB Mode: Command & Ln1.Col1 02_data_download.ipynb 0 D
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File  Edit View Run Kernel

Git

Tabs

Bl e + c ¢ 7

M / lake_mapping / notebooks /

Mame -

« (A 01_AOI_from_m ap.ipynb

- [A] 02_data_download.ipynb

Modified
1 sec. ago

last mo.

Python Package : SWAHILI Lake Mapping

Settings  Help

] Untitled.iX | W] Untitled2X | W] s2_lake X | [A] Vizualize X | [ 01_AOI_fX | A 02_data_ X | M 03_viz_d:X | [M] 04_Wate/® | (W] Untitled3X | (W] lake_exp¢X | (A scl_weak X | [A] S2 WorkiX | M| Untitled-X | +

B+ X

o
[+
D » m C » Code v ® & Python 3 (ipykemnel) O
a
import sys %
import ipywidgets as widgets

widgets.IntSlider()
sys.path.insert(®, '/home/eocafrica/lake_mapping/src/') # adjust if needed @

from lake_mapping.water_processor import WaterMapper
import matplotlib.pyplot as plt

# 1. Initialize Module

mapper = WaterMapper(
region_name="/home/ecafrica/Ghana/",
s2_dir="/home/ecafrica/Ghanas52",
output_dir="/home/ecafrica/Ghana/outputs_check"”

# 2. Run the Workflow
mapper.train_master_rf(sampling_rate=12)
mapper.run_temporal_stack(prob_thresh=8.4, mndwi_thresh=8.8)
mapper.apply_temporal_filter(occurrence_thresh=g.e8)

# 3. Analyze a specific date

sample_idx = 1

final_mask = mapper.get_final mask(sample_idx)
meta = mapper.meta_list[sample_idx]

# 4. Quick Viz

plt.figure(figsize=(18,5))

plt.imshow({meta[ ‘mndwi’], cmap='gray")
plt.contour(final_mask, colors="red', levels=[8.5])
plt.title(f"Final WQ Mask: {meta[ 'date"]}")
plt.show()

Master RF Trained Successfully.
--- Building Temporal Stack ---
Initializing Master Shape... o

B ommand ] 4 ipynt 0 [\
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Dynamic Water Extent (Automatic)

Hydrological Surface Dynamics: /home/eoafrica/Ghana/

Final WQ Mask: 20230111
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Reliability and Viﬁ§ual Assessment
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Part 3 : Water Quality (Field
and in-situ collection)

Ebenezer Saibi

ESA UNCLASSIFIED — For ESA Official Use Only
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Study Area : Lake Bosomtwe
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The lake Bosomtwe is geographically located
in the Ashanti Region in the south-central part
of Ghana (Sanful et al., 2017)

Lies within the semi-deciduous forest
ecological zone of West Africa (Hall and
Swaine, 1981)

It is the only naturally occurring lake in sub-
Saharan West Africa

The lake is within a one-million-year-old
meteorite impact crater (Koeberl et al., 1997)
Inputs of water are from rainfall falling
directly on the lake surface area (80%) and
watershed run-off

while water losses are mainly due to
evapotranspiration (Turner et al., 1996).
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Workflow

1o27'W 1°26'30"W/ 1°26'W 1°25'30"W 1°25'W 1°24'30"W 1024'W 1°23'30"W 1°23'W 1°22'30"W

6°32'30"N

% Satellite data acquisition based on satellite
overpass

6°32'N

6°31'30"N

% Data preprocessing and quality assurance
(e.g. cloud contaminated sample points)
N % Data sources (Insitu and satellite derived

A indices @ overpass)

6°3|1'N

6°30'30"N

% Empirical algorithm development (Water

— 3x3 km Grid

e s leaving reflectance, Turbidiy (NDTI),
_ gzgtinel21mage(15/04/2026) Chlorophy”_a (NDCI), TSS)
. s 0 < Comparison with in-situ and other methods
] such as NDCI by Mishra 2012 and Soria-
Perpinya 2021; NDTI by Zhan et al. 2022 and
e e 1 TSS by Soria-Perpinya 2021

% Human activities impact (BSI, NDBI, NDVI)

s Impact assessment
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Field Data Collection
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Turbidity Index (TUR)
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% The results reveal Chl-a levels
above 0 in Lake.

% However, turbidity levels were
below 0 in certain areas of the
lake

% higher NDCI and NDTI levels

around the flanks of the lake

linked with ongoing human
activities
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Results -Regression Analysis (In-Situ Data and EO Estimates
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y=4.37x +-54.84
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14 16 18 20 22 24
CHLA_Mishra_Satellite

Relationship: Chlorophyll-a vs CHLA Mishra Satellite

y =4.77x + -59.45
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Relationship: Chlorophyll-a vs CHLA Soria High Satellite

y=4.28x+-77.10

R?=0.70

RMSE = 9.01
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/
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Regression analysis of Chl-a
before (Top figure) and after
(Bottom figure) removing

cloud contaminated samples

The regression model
revealed R2 of 52 %, 53% and
53% for in-situ data and NDCI
(Chl-a index), Chl-a by Mishra
2012 and Soria-Perpinya 2021
respectively before removing
cloud sample points

The regression model
revealed R? of 71%, 70% and
70% for in-situ data and NDCI
(Chl-a index), Chl-a by Mishra
(2012) and Soria-Perpinya
(2021) respectively

Performance of the model
improved after removing
cloud samples.
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Results -Regression Analysis (In-Situ Data and EO Estimates

Relationship: Turbidity (FNU) vs Turbidity Zhan_Satellite Relationship: Turbidity (FNU) vs Turbidity Index_Satellite
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Regression analysis of turbidity before
(Top figure) and after (Bottom figure)
removing cloud contaminated samples

The regression model revealed R? of 9 %
and 1% for in-situ data and turbidity by
by Zhan et al. 2022 and NDTI (Turbidity
index) respectively before removing
cloud sample points

The regression model revealed R? of
56% and 76% for in-situ data and
turbidity by Zhan et al. 2022 and NDCI
(Chl-a index) respectively
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Results -Regression Analysis (In-Situ Data and EO Estimates

Correlation Matrix of Satellite Indices
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% The correlation analysis as showed
strong relationship between BSI
% and NDTI as well as NDBI with Pearson’s
Correlation coefficient (r) of 0.80 and
0.85 respectively.
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