A
G‘ P Groundwater
Assessment
Platform
gapmaps.org
GIS-BASED GROUNDWATER QUALITY

ASSESSMENT AND PREDICTION WITH THE
GROUNDWATER ASSESSMENT PLATFORM (GAP)

Joel Podgorski, joel.podgorski@eawag.ch

e awa Schweizerische Eidgenossenschaft Swiss Agency for Development
aquatic research 000 Confédération suisse and Cooperation SDC
Confederazione Svizzera
Swiss Federal Institute of Confederaziun svizra

Aquatic Science and Technology



: : : GaP
Geogenic (natural) groundwater contamination g e

Platform

e Geogenic contamination is widespread, affecting up to 10% of wells worldwide
e Over 300 million people globally are exposed to high levels of arsenic (As) and fluoride (F)
e Little is being done to combat the situation in low-income countries

Arsenic (~¥140 million) Fluoride (~200 million)
causes skin lesions, causes dental mottling

_ pulmonary disorders, & decay and crippling
internal cancers skeletal deformation

WHO: 10 pg/ WHO: 1.5 rng/} .
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2008 gIObaI arsenic Mmap (Ravenscroft et al., 2008) Voo

Platform

Various regions discovered in recent years
But large areas are still uncharted
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Global risk map for As >10 ug/L e

Platform

Modeled global probability of geogenic arsenic contamination in groundwater for reducing and for high-pH/oxidizing aquifer conditions

Probability of
As >10 ug/L

* || Poor estimation
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Amini et al. 2008b, Environ. Sci. Technol. 42, 3669-3675.

Eawag (www.qu.ea;vag.ch) . o

e - ‘ Amini et al., ES+T 2008
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Probability modeling

GaP

A= 4

Groundwater
Assessment
Platform

Arsenic probability modeling at different scales:

China

Probability
As >10 pg/L
- <20%
= 20 - 30%
£> | 30-40%
F | [140-50%
[71 50 - 60%
= 60 - 70%
. 70 - 80%
- > 80%

South East Asi

Red River delta, Vietnam

Probability of
As >10 ug/L.
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Concept of geostatistical prediction modeling g &

Platform

Concentration data

Groundwater data
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GaP

Logistic regression | = ey

Platform

Gives the probability of a binary (0 or 1) target variable

being "positive" (i.e. true or 1) for a linear combination
of predictor variables:

1
1 + e (BotBix)

P(zx) =

where P is probability, B is a regression coefficient, x is
an independent variable.
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GaP

Groundwater Assessment Platform =
Www.gapmaps.org

Free, interactive online GIS platform for mapping, statistical modeling and
dissemination of information on geogenic groundwater contamination

GAP Maps GAP Wiki Help About 0 Hello joel.podgorskil Log off

Groundwater Assessment Platform %

Introducing the Gron_ﬂmwaler Assessmgm Pla§f01:11‘| GAP) @ [ M ap p i n g
el _
\ = Modeling
= Sharing
= Wiki
Mapping and information platform for geogenic groundwater contamination
GAP Maps GAP Wiki
Display maps and upload, Find and shareinfoon
analyze and share data geogenic contamination
Groundwater Assessment Platform (GAP) WWWw.gapmaps.org joel.podgorski@eawag.ch eta.wah.g
aquatic researc 000



GAP Wiki — help to expand the compendium

Ga

Groundwater
Assessment
Platform

GaP

Groundwater
Assessment
Platform

>
>
B
Ul

Page Discussion

GAP Wiki-

Here you can find information about geogenic

www.gapmaps.org/GAP_Wiki

¢ O | O

Create account & Log in

Q

Read View source View history |5€2rch

Features the
Geogenic

GAP Wiki contamination and contribute your own articles. We

GAP Help invite all users to use GAP Wiki as a platform to

GAP Feedbacks exchange information about geogenic contamination. C M M

v Tools Adding and editing articles is quick and easy to learn. O n tam I n at I O n

Please visit the page Creating and editing GAP Wiki
articles for more information.

What links here
Related changes
Special pages
Printable version
Permanent link
Page information

Handbook

Table of contents

The GAP Team has started the GAP Wiki with
chapters from the Geogenic Contamination
Handbook. The table of contents is periodically
updated with new articles. You can download the
complete "Geogenic Contamination Handbook"
here &.

Read/add/edit
pages on the
subject of
geogenic
contamination

+ Geogenic contamination
» Geogenic contamination - Arsenic (Handbook
chapter)
« Geogenic contamination - Fluoride (Handbook ¢ Al
chapter) Woman collecting fluoride-treated water at the community filter in Wayo &1
« The development of probability maps Gabriel, Ethiopia (Terms of use: Cite original source from Handbook)

« Nutritional intake and health risks
« Nutritional intake and health risks - Arsenic (Handbook chapter)
« Nutritional intake and health risks - Fluoride (Handbook chapter)
« Quantitative health risk analysis (Handbook chapter)

+ Water sampling and analysis
« Water sampling and analysis - Arsenic ((Handbook chapter)

éawag
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GAP core functionality

GaP

A= 4
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Platform
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Groundwater Assessment Platform (GAP)

WWW.gapmaps.org

PUBLIC
» View existing
models and data

PRIVATE (login)

» Upload, display &
share own data

= Create own
predictive model

COMMUNITY

= Share data and
models with user-
created
communities
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GaP

Modify symbology and share data publicly S

Platform

Example: arsenic concentrations from Mexico
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GaP

Statistical modeling =0

Platform

GAP Maps GAP Wiki Help About

ACTIVE LAYERS o Statistical Analysis e

mlq

GAP layers L P —— . <
H Steps: :
B CLMATE Select the model type (default is logistic regression)
Select the base table (if the drop down list is empty, return to preprocessing tab)
I GAP PREDICTION MAPS : Select dependent/target variable
Provide threshold (if you select logistic regression)
I GEOLOGY - AGE Select independent/proxy variables
g Provide a name for the model (optional but recommended)
I GEOLOGY - LITHOLOGY
@ SOCIOECONOMIC
1. Model type: ‘ Logistic Regression ‘
B Soi
L]
= Toroouny Lo S Target variable
B WATER QUALITY 3. Target variable: | arsenic

o 1o ] Threshold

5. Variables: aridity,holocene,soH_ph,sIcH 3
B PACSTAN ARSENC STUDY e Independent variables

@ AQUIFER VULNERABILITY

Publicly shared layers @

@ UNICEF PREDICTION MAPS
I WATER QUALITY
OK | Cancel
Shared layers (2]
M@ JOEL PODGORSKI@EAWAG.CH
TANTELY1989@GMAIL.COM

MICHAEL. BERG(@EAWAG.CH

GEOGENICS{@WSSINFO.ORG

-

Terms of Use © Eawag
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Model output in GAP S

Platform

Coefficients of independent variables

Statistical Analysis |

DESCRIPTIVE STATISTICS Dara MoDELS m

ROC curve

Parameter Coefficient Std Wald Odds Lower Upper P-value

112 0 Intercept 738 1.49 494 000 0.00 001 0.000 Model Chart
113 0 holocene 030 015 195 07 055 1.00 0.051 100 v
= — e
113 0 slope -0.29 0.08 357 075 064 0388 0.000 2 r~ //
113 0 soil_fluvisols_pk_v2 0.03 0.01 6.33 1.03 1.02 105 0.000 b - //
113 0 soil_ph_mosaic_soilgrids_F 1.06 017 616 288 206 403 0.000 s v e
w60
113 0 soil_oc_soilgridsém_hwsd: . -0.58 0.16 -3.62 0.56 0.41 077 0.000 J @ 55 // //
2 50 4 P
g s % e
oap / /
g g g g 35 / /
Cutoff : Measured hi¢: Measured lov: — 30 . e
i i 25
113 0 835 415 835 0 1 0 1 0 20 AL
15 ‘ /
112 0.1 835 415 829 56 0.865 0.007 0.993 0135 0 f
5
113 02 835 415 828 72 0.827 0.008 0.992 0173 0 j"m P e e s s s e s e e
—_ — ™ ™~ m m <~ T u u o o P [ w o o (=] [=]
113 03 . 835 415 828 108 0.74 0.008 0.992 0.26 e posiive rare () -
113 04 835 415 807 136 0.672 0.034 0.966 0328
113 05 835 415 777 181 0.564 0.069 0.931 0.436 bR aldl s
112 06 835 415 723 239 0.424 0.124 0.866 0576
113 7 83 415 604 304 0.267 0277 0.723 0.733
113 08 835 415 374 366 0118 0.552 0.448 0.882

113 09 835 415 98 405 0.024 0.883 0117 W

Statistics with different cutoff values
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GaP

Modeling comparison: manual coding vs. GAP g s

Platform

Arsenic prediction map for Pakistan
created offline with the R language

Z
©
[3p]
Z
<
™
As measurements
> o <10 ug L-1
:q; e >10 pg L-1

£ Probability
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m <02

p4
% 0203
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- ] 0405
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z| 200km B 0708
] E— m >08
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Podgorski et al., 2017

Predictor variables:
slope, fluvisols, Holocene fluvial sediments, soil organic carbon, soil pH
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Modeling comparison: China S R

Platform

Arsenic prediction map for China Arsenic prediction map for China
created offline created in GAP
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Rodriguez-Lado et al., 2013

- Very similar results between modeling via manual coding and modeling with GAP
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- Can also export GIS layer of own data/models
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Communities Sroundvatse

Platform

Share data and models with a select group of users
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Groundwater
Assessment
Platform

page | [ discussion | | wiewsource | [ history

GaP GAP Help

Groundwater
Assessment
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m GAP Wiki
m GAP Help
m GAP Feedbacks

search
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What links here

Related changes

Map Layers
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Printable version
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Permanent link

|| Country borders

Page information
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Layer Legend
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The Groundwater Assessment Platform (GAP; www.gapmaps.org) & hests information on geegenic contamination of groundwater by arsenic and flueride. It provides tl
and field experiences as well as to interact with other users and create probabilistic maps for any area on the globe. The site has two main sections (Figure 1). In GAP N

g@=nic contamination.
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Additional functionality when logged in

GAP Maps GAP Wiki Help About Admin

Groundwater
Assessment
Platform
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