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OVERVIEW

1. Mapping hotspots for present and
future water pollution in Africa using SDG
indicator 6.3.2
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OVERVIEW

2. Remote sensing for water quality
monitoring
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OVERVIEW

3. Using remote sensing and in-situ
observations to investigate climate
change responses in African and South

American lakes
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Sofia La Fuente
Postdoctoral researcher
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SUSTAINABLE DEVELOPMENT GOAL 6

Goal 6 recognizes the need for access to
water and sanitation for all by 2030.

CGLEAN WATER
ANDSANITATION

Indicator 6.3.2 monitors the proportion of
bodies of water with good ambient water ﬁ
quality.

Records of 2017-2019, for 97 countries
showed that only 60% of the world’s
monitored water bodies have good
ambient water quality (SDG indicator
6.3.2, 2020).
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GLOBAL CHANGE
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48%

wastewater

released to

the

environment

2020.

Climate change accelerated in 2011

Land use changes
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DATA GAP

e adnr - Reporting status: Only 97 countries have reported on
' / this indicator so far.

Il Reported
Il Not reported

In Africa, the density of stations is 100 times lower
than elsewhere in the world.

In-situ monitoring Modelling

Remote sensing

Land use change
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MAIN OBJECTIVE

Using models to evaluate the percentage of water bodies with "*good ambient water quality”

according to thresholds set for 2030 by SDG 6.3.2 indicator
SDG indicator 6.3.2

Reporting

Level

Data

Collection

Type

Data
Source

jue

Level

In-situ only

National
monitoring

programme h
S
* Private sector
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1

Academic
sector

&

Level 2

In-situ or remote

Physico-chemical

7
Fis _-"5%'
E Biological /

Ecosystem

)
9

Private sector Ts

National
monitoring
programme

x

Earth observation

Academic
sector

Citizen

Pathogens

A

i

Citizen

Measured/simulated values of a parameter
are compared to respective targets.

If at least 80% of all monitoring data
comply with the respective targets, then,
the water body is "GOOD".

Together, these parameters = “water
quality index” (WQI) generated at country
level.



TARGET VALUES

Parameter Parameter Target Value References
Group (upper) - mg/lI

Level I Parameters

Salinity Total Dissolved Solids (TDS) 335 Conversion from EC (Chapman and Kimstach,
1996; Fipps, 2003)

Carr and Rickwood (2008); Srebotak et al.,
(2012); UNEP (2016); WHO (2011)

Nitrogen Total Nitrogen (TN) 0.7 UN Environment (2017)
Phosphorus  Total Phosphorus (TP) 0.02 UN Environment (2017)
Oxygen Biological Oxygen Demand 4 UNEP (2016)

(BOD)
Level II Parameters
Pathogens Fecal Coliforms (FC) 200 (cfu/100ml)  UNEP (2016)

Daily data (2010-2019) from global surface WQ models; DynQual (Jones et al., 2023) and SWAT+
model (Nkwasa et al., 2024)
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LEVEL I REPORTING CO“;:;';id(;:\llgfgzg;?litv

BOD TDS

Percentage of assessed
water bodies with good
water quality (%)

Il o-20

[ 20-40
[ 140-860
[]60-80
[ 80-100
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WQI from in-situ measurements

Percentage of assessed
water bodies with good
water quality (%)

Bl 0-20

[ 20-40

[140-60 A: South Africa - Higher
Egg:?go B: Nigeria - Higher

C: Ethiopia - Lower
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Percentage of assessed
water bodies with good
water quality (%)

Hlo-

@20
40
60
B s0

20
-40
-60
-80
- 100

WQI from modelling
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Gauge stations
@ TDS
® TN
@ TP

Percentage of assessed
water bodies with good

water quality (%)
Bl o-20

[ 20-40
[140-60
[1e0-80

I 80 - 100

Country level comparison - South Africa

2010-2019 Data Points (Daily) |[Mean Water Quality Index -
wal (%) Correlation
In-situ gauge Coefficient
Parameter stations Measured | Simulated | Measured Simulated
TP 62 4714 226424 0-20 40-60 0.21
TN 58 4806 211816 0-20 60-80 0.28
TDS 5 112 18260 60-80 80-100 1.00
‘ |
| I
Data source: GEMSTAT database
13
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COMBINED - Water quality index
(2010-2019)

Percentage of assessed
water bodies with good
water quality (%)

Il 0-20

[ ]20-40
[ ]40-60
[ ]60-80
B 80 - 100
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LEVEL II REPORTING

FC - basin | WQI with Faecal Coliforms WQI without Faecal Coliforms
- ST - (2010-2019) (2010-2019)

Percentage of assessed
water bodies with good
water quality (%)
Hlo-20

[120-40

[ 140-60

[160-80

I 80-100
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DRIVERS

Land Use - 2015 Population Density - 2015 WQI - level I

WS 99 G

Persons (in thousands)
per square kilometer

0
10-2

Land Use types 2 ‘Z : fo
["] Agriculture B 10 - 20 Percentagg of a-ssessed
Il Forest . 20 - 50 wa:er bodll_es vrllth good (g

water quali o
= g;zsrglea :ggetation W 50 - 109 Bl o -?20 bl
[ ] Wetlands B 100200 20 - 40

B 200 - 500 =
I Urban B 500 - 1000 []40-60
[ Bare areas B > 1000 [ 60-80
[ Water [ Country Boundary [ 80- 100
(ESA Land Cover CCl product) (CIESIN, 2017)

VRIJE
UNIVERSITEIT
BRUSSEL 16



WQI - level 1

Untreated wastewater flows to the Environment - 2015

Untreated it A R
(million m® yr ) NN i, 3 TY
<0.1 S r” - w3 4
0.1-0.5 : ;v' o) o [ : Percentage of assessed
0.5-1 s L 5o 4 water bodies with good
; 3 water quality (%)
® 1-25 7 . Elo-20
® >25 [J20-40
[ 140-60
[Je60-80
(Jones et al., 2021) I 50- 100
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Remarks

1. Modelling can complement in-situ monitoring for reporting progress on SDG 6.3
2. Gridded reporting of the WQI provides more detail than country-based reporting
3. Need to further expand the reporting to level II parameters

4. Anthropogenic activities greatly influence water quality

Next steps
1. Evaluate WQI under future scenarios (up to 2100) and assess if established thresholds

would be met

2. Expand study to the global scale
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MOTE SNSING FOR
WATER' QUALITY -
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LAKE TITICACA

Largest lake in Latin America
Indigenous communities living on its
shores suffer from poor water quality
Pressures for water quality:

« Mining

- Wastewater and solid waste from

rapid urban growth and industry

« Agriculture and farming
Importance:

« Fishing

« Irrigation

« Sociocultural importance

Goal: Determine whether citizen science
water quality data is good for remote
sensing calibration/validation




Trajectories

No Change
Water

I Buit up

I Vegetation
Barren Land
Shrubs/Grass
Snow Cover

Natural Changes
I Bare Ground

| Flooded
Grass/Forest

Man-Made Changes
Urban Growth

« Remote sensing has been used to detect land cover
changes and relate them to eutrophication

« 123% expansion of urban areas [2006-2018] with an
increasing trend (p < 0.05) at a rate of 8 km?2/year

« Increase of 1.7 km?2/year of eutrophicated areas was
calculated at the outlet of the basin

Legend

lKata(i River Basin ‘

xtent of :

utrophication
2006

2009

0 2012
M 2015
M 2018

Baltodano et al. (2022) https://doi.org/10.3390/w14071021
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« Water quality monitoring campaign [March 2024]
« In situ water quality measurements (multiparameter)

« In situ water surface reflectance measurements
(spectrometer)

« Citizen science component
« High school students involved in the campaign

« Use of water quality apps to measure reflectance
(HydroColor)

« Use of conventional methods for water quality
measurements (multiparameters/test strips)

P
L2




PRELIMINARY RESULTS

Maximum concentrations reached due
to very turbid waters
Not so strong correlations

Q
More sampling campaigns still ongoing <
o
©°
Better outcomes with reflectances, which g
is crucial for proper atmospheric *
correction and subsequent water quality
calculations
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LAKE NICARAGUA

Largest lake in Central America
Water quality is poorly monitored
Pressures for water quality:
« Tourism
- Wastewater discharge
+ Pesticides/sediments from
agriculture
« Fishing farms
Importance:
« Irrigation
- Drinking water source for some
cities

Goal: Determine which combination of
algorithms provides the most accurate

results when applied to satellite data to
monitor water quality continuously




[mg/m?]
&

Chl

erophyll-a concentrations

LAKE NICARAGUA

Mean Chlorophyll-a concentrations - Lake Nicaragua

Tl | | | |
M mw PTERAYE O

Products show a good agreement in magnitude
through the years

Concentrations have decreased through time
[hypereutrophic — eutrophic]

Spatial resolution of the product affects its ability
to capture hotspots of high concentrations

MODIS Agua [4 Km]

GLS [300 m]

CCI[1 Km)

MODIS Terra [4 Km)




Product MAE MSE RMSE MAPE PBIAS r R’

CCI1 7,60 98,39 9,92 64,09 64,09 0,48 0,23
MERIS_OC 2,77 10,71 3,27 36,95 -25,78 0,21 0,04 H h d th th I t d .
MODIS_ A _OC 4,60 32,15 5,67 28,50 15,74 0,11 0,01 Owever’ W en Compare Wi € limitea 1n
MODIS T OC 7,02 77,93 883 41,88 36,53 0,27 0,07 situ data, results are not that good.
OLCI S3A_OC 1249 159,39 12,63 35,69 10,16 0,23 0,05
OLCI_TSI 17,00 308,71 17,57 45,16 45,16
S2A T 20,45 449,90 21,21 56,76 56,76 0,40 0,16
VIIRS S OC 5,72 56,19 7,50 33,78 12,23 0,25 0,06
In situ vs. RS values comparison Residual plot
Legend
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- Water quality monitoring campaign [February 2024]

- Water samples for the lab

- In situ water quality measurements
(multiparameter)

- In situ water surface reflectance measurements
(spectrometer)

- Use of water quality apps to measure reflectance
(HydroColor)

Next steps...

Two-step calibration/validation

» Atmospheric correction algorithms comparison with
water surface reflectance

» Water quality algorithms with lab/in situ
measurements

Application of best performing algorithms to satellite data
that provide best spatial/temporal resolution for the
case study
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Analy Baltodano Martinez

QUESTIONS?

baltodano.martinez.analy@vub.be
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USING REMOTE SENSING AND IN-SITU OBSERVATIONS
TO INVESTIGATE CLIMATE CHANGE RESPONSES IN
AFRICAN AND SOUTH AMERICAN LAKES
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BACKGROUND

100 million lakes in the world

* Hold 87% of the surface R Tk ,
freshwater available on earth 5. I A ) s

* Provide essential ecosystem LT Uy, NN
services to society Yol e oY) o Wy

. HydroLAKES

(" ) 1.4 million global lakes (10 ha or larger)
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Enabling

i | Transboundary Cooperation
Integrated Water Resources Mancgement
a u I n g a e rl inthe extended DRIN RIVER BASIN

Foog
5.8 miy

https://www.gwp.org/e n/GW'PiMe'kditerranea n/WE-ACT/News-List-Page/2021/valuing-lake-ohrid/




INTERNATIONAL EFFORTS
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glnl)al lake eculogica] ol)servatory network

ISIMIP

Inter-Sectoral Impact Model
Intercomparison Project

— e —

ﬁIAG LR International Association

for Great Lakes Research
i i LACAN

RED LATINOAMERICANA Y
CARIBENA DE LIMNOLOGIA

VRIJE
UNIVERSITEIT
BRUSSEL 24-5-2024 | 34

Many more...



Table 4. Common output variables reported by local (L) and global (G) models participating in the Lake Sector of ISIMIP2a/b. The variable
walertemp is a full water temperature profile. Naming of lake models and variables are ordered in an alphabetical order (see Table $4 for a
list of full variable names).

PE—

Inter-Sectoral Impact Model H
Intercomparison Project . 2 B “ B = S =
=% 5333 3 $ 85 £ £ _ % g]:
Impact model = & m L L2 2 =85 =B =5 3 g 9 2 H 8 % 8 § = 2l =

- Multi-model (ensemble) approach to pr et i 3 pt
simulate key lake physical ALBM (L) ’ g8l 020 . x
properties under historic and A e e e e e e e A b
future scenarios AL e A b
GOTM (L) . . . .
LAKE (G) . . e o e e @ . . . e e .
. N!yLake(L) . . . o . e o ¢ o . .
- Water temperature is the most s S R A A . T
important property in lakes that has VICLake @) © o e . e © o e R

crucial role in the energy and
chemical budget of lakes.
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ISIMIP — LAKE SECTOR

- Free to download
- Easy to use

- Allows comparisson with
other sectors (Agriculture,
water, crops)
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SIMIP SEARCH

Dol METADATA CAVEATS & UPDATES DOCUMENTATION TERMS OF USE

| Search the ISIMIP Repository

‘ Enter search query

H Search Q H Reset X ‘

1 Carmndami immir Maes

([ Select dataset  Attributes v Files v Download file list Download all files
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| Sidebar view: ® Tree O Facets @ Show only the latest version O Show specific versions with date constraints [ show archived files |
[ IsiMIp2a Selection You selected 0 dataset of 0 B size. 78,840 datasets found. ‘
O IsIMIP2b
Search constraints tree = ISIMIP3b/OutputData/lakes_local x
O ISIMIP3a .
Download file list
ISIMIP3b
[ Input Data UELULECH OutputData [ lakes local | GFoL-ESM4 JEMITRN Fake-LER [ botcemp ) [ rerms of use ] €€01.0 ] 20231108
flake-ler_gfdl-esm4_w5e5_picontrol_2015soc_default_bottemp_allequash_daily
Output Data
([ Select dataset  Attributes v Files v Download file list Download all files
(O Agriculture B
O Biomes & EETE Outpucpeta Y lakes ocal | GroL £5ws JOATIES
O Fire B flake-ler_gfdl-esm4_w5e5_picontrol_2015soc_default_bottemp_alqueva_daily
Lakes (local) B [0 select dataset  Attributes v Files v Download file list Download all files
[ Floke e T ouvpuevata finkestoca L o i+ WO ke 28] sowcmo | frermactuse Jccoro] o216
0 GLM-LeR flake-ler_gfdl-esm4_w5e5_picontrol_2015soc_default_bottemp_annie_daily
() GOTM-LER [ Select dataset Attributes~ Files v Download file list Download all files
[ Simstrat-LER _—
L o conc Liokee oo L o st RO e 128 ocemo) frerm ot useY ccor] aas110e
O Fisheries and Marine Ecos... B y p
flake-ler_gfdl-esm4_w5e5_picontrol_2015soc_default_bottemp_arendsee_daily
() water (global) B




ISIMIP LAKE SECTOR

- Meteorological data

- Water temperature Doy
profiles

- Water transparency

- Lake bathymetry

@LM The General Lake Model

VRIJE
UNIVERSITEIT
BRUSSEL 24-5-2024 | 37




ISIMIP — LAKE SECTOR

Local simulations
- In-situ observations (water

temperature profiles, bathymetry,

water transparency)

Global simulations

- Representative lakes within a 0.5 x

0.5° grid
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“'Global

me
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ISIMIP — LAKE SECTOR

- ISIMIP 2b

jue

- > 60 lakes

- Very few tropical lakes
- One lake in Africa

- None in South

America
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CHALLENGES

- Lack of funding
- Very low in the agenda

- And on top of that...
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CHALLENGES

“Old Woman Creek hits all the high notes of an ideal
scientific location”

“BUT the tradeoff for that is an operationally
challenging location.

It takes a 20-minute canoe ride (or longer if the
lake-effect wind kicks up) to reach the tower. There
is no dry ground anywhere around the tower, with
water levels fluctuating between 30 and 100 cm
above the soft mud.”
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MIND THE GAP

Use in-situ observations of African and .
South American lakes \ / \
\ \

Use available satellite and open
sources to fill missing gaps (Sentinel2

/
and CCI lakes) & / \

With the completed time-series Time
simulate historic and future changes in

African and South American lakes —
GL —QN ISIMIP

4] l 1 l L l o I !) L Inter-Sectoral Impact Model
global lake ecological observatory network Intercomparison Project

LSWT

e — I e
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NEXT STEPS

- First meeting scheduled for the first weeks of June
- Call for in-situ lake water temperature observations
- Organising the project objectives, working groups

- Timeline of the project
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