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|. Introduction

Statement of problem

Rapid population growth, urbanization, fast growing economy, tourism development and
iIndustrialization are the main drivers of groundwater overexploitation in Bangkok and its
vicinity (Lorphernsri et al., 2016)

Large scale groundwater degradation may lead to other environmental problems like land
subsidence, groundwater contamination and continuous lowering of groundwater table
(Wattayakorn et al., 2016)

Climate change might add immense pressure on groundwater by affecting the groundwater
recharge rates and change the availability of groundwater.

Modelling and investigating the temporal and spatial variance of different climatic parameter
like rainfall, temperature and human development scenarios and their impact on
groundwater recharge and groundwater level in Bangkok and its vicinity is needed for long
term sustainability aspects.
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|. Introduction

Objective of Study

Main Objective:
To assess the groundwater resilience to climate change and human development scenarios in Bangkok

and its vicinity, Thailand. Objective 1

To analyze the future climate and project future
land use and land cover of study area.

Objective 2

To estimate the spatiotemporal distribution of
groundwater recharge to climate change and human
development scenarios of study area.

Objective 3

To estimate the groundwater level of the aquifers to
climate change and human development scenarios of
study area.

Objective 4

To develop groundwater resiliency indicator to climate
change and human development and to generate
groundwater resiliency map of study area.
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ll. Materials and Methods

Study area Bangkok and its vicinity
Province Bangkok, Pathum Thani, Nonthaburi, Samut Sakhon, Samut >
Prakan, Phra Nakhon Si Ayutthaya, Nakhon Pathom )
Catchment area 10,300km?
Country Thailand m
Population 11.3 million (2010)
Average precipitation 1146 mm/year .
Average high temperature 33.12°Clyear
Average low temperature 23.50°Clyear
Average annual Relative Humidity 72% £ ‘
Average Elevation 1.5 m amsl o v
Hydrogeological Unit Bangkok, Phra Pradaeng , Nakhon Luang, Nonthaburi, Sam dezj:’.:?::;slaﬁm
Kok, Phaya Thai, Thonburi and Pak Nam Aquifer d|=5 e e
Seasons Wet season (May to October) and Dry season (January to e . et
April and November to December) Figure: Location map of Bangkok and its
Tropical vicinity with meteorological stations and
ropica :
Region P river network
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ll. Materials and Methods

Aquifers Classification of Bangkok Aquifer System

» Unconsolidated and semi consolidated sediments interposed by clay
layers

» Containing large volumes of voids for water storage, forming several
confined aquifers, distinguished into 8 layers

Aquifer Zone Lithologs
Bangkok aquifer (BK) 50-m Dark gray to black clay
Phra Pradaeng aquifer (PD) 100-m Well-sorted sand and gravel Legend
H BKK: Bangkok
Nakhon Luang aquifer (NL) 150-m  Middle Pleistocene sediments 156 Segkata ; | At
% i;ﬂtghz(;';?)neqtac:galcklshSedlmenls) \ : ‘. <. N N:rI;huon :atr:;:‘n
Nonthaburi aquifer (NB) 200-m Middle Pleistocene sediments %‘ L \ & :K‘QK Ehé,s;% r
. , . 8 Middle Terrace D Pecee :Co in : aw:r -
Sam Khok aquifer (SK) 300-m Pleistocene sediments . w—— R I
Tortary N, Granule, Coarse Sand
Phaya Thai aquifer (PT) 350-m Pleistocene sediments T Pl o
Thonburi aquifer (TB) 450-m  Pleistocene sediments Figure: Hydrogeological setting in
Lower Chao- phraya River Basin
Pak Nam aquifer (PN) 550-m Pleistocene sediments along
with pre-tertiary basement rocks
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ll. Materials and Methods

Data and Sources

Types of data Frequency/Resolution Format Sources of data

Topography (DEM) 90m*90m Raster U.S. Geological Survey (USGS) website
(https://earthexplorer.usgs.gov)

Land use map 300m*300m Raster European Space Agency (ESA) website
(https://maps.elie.ucl.ac.be/cci/viewer/)
Soil Map 1:5000000 Raster Food and Agriculture Organization of

United Nations (FAO) website
(http://www.fao.org/geonetwork)

Meteorological data (rainfall, Daily (1976-2005) Text Thai Meteorological Department (TMD)

temperature, evapotranspiration,

wind speed)

Population density (per sg.km) and 300m*300m Raster Diva GIS

road network (https://www.diva-gis.org/gdata)

Well observation data and location Yearly (2001 and 2009) Text Department of Groundwater Resources,
Thailand (DGR)

Well abstraction rate and location  Yearly (2001 and 2009) Text Department of Groundwater Resources,
Thailand (DGR)

River discharge data Daily Text Royal Irrigation Department, Thailand (RID)
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ll. Materials and Methods

Overall Methodology

Objective 1: Future climate Objective 3: Future Objective 4: Mapping
change and land use change groundwater level groundwater resiliency
3 Baseline and future
Climate models | | Baseline land Geospatial Data: DEW, oounday - — I roundwater
(RCMs) data use map —| soil, slope, and land-use, ; recharge
l * groundwater level !
]
]
Aquifer '
RCP 4.5 and Land use Meteorological data: pro?)erties ] Future groundwater
RCP 8 5 change | Temperature, precipitation, | level
scenaribs scenarios windspeed, PET E
X i Groundwater resiliency
l Groundwater model ! indicator
l Dyna-CLUE dbf tables/file: Soil (GMS-MODFLOW) -
Compared with model setup parameter, land-use ) Groundwater resiliency
observed data parameter, runoff coefficient [* map
l Y Future groundwater
i abstractlon
1 Simulated land I-+ Hydrological model (WetSpass) -
5 » use map i |
ias correction
Guantie i i T Calibration (Grogndwater
quan : roundwater Recharge level comparison)
mapping) Validated Dyna- | | g 9 l
CLUE model i
l T i Future groundwater
: l level
Future climate Future land use |
change change i
scenarios scenarios i
I
i ! i
e b I
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ll. Materials and Methods

Land use change scenarios

Land use change scenario Remarks

High urbanization (HU) or Future land demand was assumed to follow the historical trend.
business as usual scenario

Medium urbanization (MU) The built-up areas were assumed to increase up to 25% of total land area by
scenario 2099 followed by small decrease in agricultural land, forest and grassland.
Low urbanization scenario The forest was assumed to increase up to 25% of total land area by 2099

(LU) or conservation scenario followed by small decrease in agricultural land and grassland.
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Il. Materials and Methods
Future abstraction scenarios

» Scenario 1: The pumping rate was assumed to decrease by 15%,25% and 35%
In 2030, 2060 and 2090 respectively (Business as usual scenario).

» Scenario 2: The pumping rate was assumed to decrease by 20%, 40% and 60%
In 2030, 2060 and 2090 respectively (Safe yield pumping rate as per Department
of Groundwater Resources, Thailand).

» Scenario 3: The pumping rate was assumed to increase by 20%, 40% and 60%
In 2030, 2060 and 2090 respectively (Pessimistic scenario).
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ll. Materials and Methods

Groundwater resiliency indicator
» Resilience Based on Groundwater Level (Shrestha et al., 2020)

Here groundwater resilience is defined as percent recovery over total

: . : Where,
depletion of groundwater level at a given time
n represents the base year
Rlgya) - GWRm+1) 4100 Rl is Resmency Indicator
GWLy—GWL (1 1) GwR is Groundwater Recharge

GwL is Groundwater Level

Resiliency Indicator (RI) or Percentage of

Resiliency Class Interpretation
Recovery (%) y P
0to 1 Not resilient Less groundwater recharge, higher reduction of
groundwater level
: . L roundwater recharge, fair r ion of
1103 Fairly resilient ess groundwater recharge, fair reduction o
groundwater level
. Moderate groundwater recharge, moderate reduction
3t0 5 Moderately resilient oderate groundwater recharge, moderate reductio
of groundwater level
: . Higher groundwater recharge, less reduction of
5to 8 Highly resilient gherg g
groundwater level
>8 Very highly resilient Higher groundwater recharge and very less reduction
of groundwater level
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l1l. Results and Discussion

Projection of future climate _ RP 85
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Figure: Change in basin average annual precipitation for three future period; Near Future (NF), Mid Future (MF) and Far
Future (FF) relative to the baseline period under RCP 4.5 and RCP 8.5 scenarios
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l1l. Results and Discussion

Projection of future climate

b. Seasonal analysis of future precipitation

Far Future (FF) relative to baseline

BACCESS OCNRM mMPI
Figure: Change in average wet and dry season precipitation in three future periods; Near Future (NF), Mid Future (MF),
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RCP 4.5, Wet
5 1500 ¢
2 98.7
§_ 100.0 * e
S ]
) L oo 31
£ 500 20.7 268 i 318 16
£2 o0 — ReR | S -
SE gl ¢
g -50.0 + .:. 46.5
O . A T -
> -100.0 | 680 [
2 -91.7
8 -150.0 - -115.5
2 NF MF FF
DACCESS BICNRM mMPI
S 1500 | RCP 8.5, Wet
= 98.4
g 1000 | g
S 500
a al
= 0.3
o £ 0.0 RRS ;
O£ e 1o ‘]
& 500  bedpsd 4
5 542 |4 L
o -100.0 f -84.1
5 -95.9
® -150.0 - -132.2
2 NF MF FF

Wet season (May-Oct) and Dry season (Jan-Apr and Nov-Dec)

(mm)
3
o

20.0
0.0

Absolute Change in Precipitation

Absolute Change in Precipitation

period for RCP 4.5 and RCP 8.5 Scenario
Baseline: 1976-2005: NF: 2010-2039: MF: 2040-2069: FF: 2070-2099

160.0 [
140.0
120.0 |
100.0 r

60.0 r
40.0

RCP 4.5,Dry

67.1 73.8 66.3

BACCESS ECNRM mMPI

RCP 8.5,Dry 145.1
68.5
48.3 195.0
38.5 41.9 40.9
108 s % I b
= [ ] o] [
NF MF FF

OACCESS ECNRM mMPI




l1l. Results and Discussion

Projection of future climate RCP 8.5
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Figure: Variation of annual T, under RCP 4.5 and RCP 8.5 scenarios in three future periods; Near Future
(NF), Mid Future (MF) and Far Future (FF) relative to baseline period
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l1l. Results and Discussion

Projection of future climate
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Figure: Variation of annual T,,, under RCP 4.5 and RCP 8.5 scenarios in three future periods; Near Future (NF), Mid

Future (MF) and Far Future (FF) relative to baseline period
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lll. Results and Discussion
Projection of future climate

e. Performance of bias corrected precipitation and temperature

> RZ?for precipitation ranges from 0.104 to 0.422

> R?for maximum temperature ranges from 0.124 to 0.682

> RZ?for minimum temperature ranges from 0.611 to 0.792

» RZ?for bias corrected RCM data is always higher than raw RCM data

» RMSE for bias corrected RCM data is always less than raw RCM data
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l1l. Results and Discussion

Projection of future land use change |
a. Past land use analysis e ke ¥
80 - Percentage of each land use type : ;

70 - E
60 - '
9; 50 - Land use 2012 Land usc 2014
S 30 B 1
% 20 - P ’]_,‘ IS0
1l '
0 amnnn HRECR I T R
Agricultural land Grassland Forest Built-up-area Water bodies ) '
Legend
m2008  ®2010 2012  =2014  ®2015 Y ——
- Built-up-area
Figure: Percentage of different land use classes T I
in 2008, 2010, 2012, 2014 and 2015 in Bangkok _ 0 |
and its vicinity, Thailand (Source: ESA) Figure: Observed land use map in 2008, 2010, 2012 and

2014 in Bangkok and its vicinity, Thailand (Source — ESA
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l1l. Results and Discussion

Projection of future land use change
b. Validation of Dyna-CLUE model

Observed land use 2015 Simulated land use 2015

Table: Area of land use class for observed period (2015) and
simulated period (2015)

Area (Km?)

Land use type Observed Simulated
2015 2015
Agricultural land 6868.62 6853.5 &
Grassland 435.33 410.2 %‘Lﬁiﬂ?mm
Forest 695.7 687.3 —1
1 Grassland' ﬂl:sll-“():m-ml(m
Built-up areas 1529.82 1562.99 T el
Water bodies 424.08 439.2
k = M Kappa (k) =81.84% Figure: Comparison of the observed land use map of
(1-F) 2015 with simulated land use map of 2015 by Dyna-
CLUE
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l1l. Results and Discussion

Projection of future land use change e~

c. High urbanization scenario

Table: Area and percentage of land use classes in 2015, 2020, 2035,
2050, 2065, 2080 and 2095 in Bangkok and its vicinity, Thailand for
high urbanization scenario

Area (Km?2/%)
Landuseclass 5415 2020 2035 2050 2065 2080 2095

:A Gcultural lang  6868:62 66308 59627 5294.6 46265 3958.4  3200.3 |
g (69%) (66.61%) (59.90%) (53.19%) (46.48%) (39.76%) (33. 05%).

Land use 2080 Land use 2095

435.33 434.03 430.13 426.23 422.33 418.43 41453

Grassland (4.37%) (4.36%) (4.32%) (4.28%) (4.24%) (4.20%) (4.16%)
Forest 6957 6905 6749 659.3 6437 6281 6125
(6.98%) (6.93%) (6.78%) (6.62%) (6.46%) (6.31%0 (6.15%)
Fu = e mm mm mm Em Em Em e Em Em Em Em Em Em R Em Em Em Em Em Em R Em Em Em Em Em Em Em Em R Em Em Em Em Em Em Em Em e Em Em e oy Legend
Lo 1529.82 1759.02 2446.62 3134.22 3821.82 4509.42 5197.02 ' class
1 BUI't-U p'area | :\Agncultural land
| (15.36%) (17.67%) (24.58%) (31.48%) (33.39%) (45.30%) (52.2%) | —
Lo o o o o o e o e e o e o e e o e o e e e o o o — — -Forest

[ ] Grassland 01020 & 6 0
[ =
I Water bodies

Km

42408  439.2 4392 4392 4392 4392  439.2
(4.26%) (4.41%) (4.41%) (4.41%) (4.41%) (4.41%) (441%)  Figure: Future land use maps of high urbanization

scenario for year 2020, 2035, 2050, 2065, 2080 and 2095
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l1l. Results and Discussion

Projection of future land use change

Land use 2020

d. Medium urbanization scenario

Table: Area and percentage of land use classes in 2015, 2020,
2035, 2050, 2065, 2080 and 2095 in Bangkok and its vicinity,

Thailand for medium urbanization scenario Landuse 2050 Landuse 2063
2
Land use Area (Km*/%)
class 2015 2020 2035 2050 2065 2080 2095
| Agricultural 6868.62 68135 66935 65735 64535 6333.5 62135 ! :
, land (69%) (68.45%) (67.24%) (66.04%) (64.83%) (63.63%) (62.42%) Landue 2080 Landuse 295
Grasslang  435-33 43033 41533 40033 38533 370.33  355.33
(4.37%) (432%) (4.12%) (4.02%) (3.87%) (3.72%) (3.56%)
Forest 695.7 68395 6487 61345 5782 54295  507.7

(6.98%) (6.87%) (6.51%) (6.16%) (5.80%) (5.45%) (5.10%)

Legend

. 1529.82 1586.57 1756.82 1927.07 2097.32 2267.57 2437.82 1 Qus

 Built-up-area I [ Agricutural tand

: (15.36%) (15.93%) (17.65%) (19.36%) (21.07%) (22.78%) (24.49%) — Jm—

. ! Ef}tzzmd 01020 40 60 80
Water 424.08 439.2 439.2 439.2 439.2 439.2 439.2 I e bodies ————

bodies  (4.26%) (4.41%) (4.41%) (4.41%) (4.41%) (4.41%) (4.41%) Figure: Future land use maps of medium urbanization
scenario for year 2020, 2035, 2050, 2065, 2080 and 2095
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l1l. Results and Discussion

Projection of future land use change T ———

e. Low urbanization scenario

Table: Area and percentage of land use classes in 2015, 2020,
2035, 2050, 2065, 2080 and 2095 in Bangkok and its vicinity, e
Thailand for low urbanization scenario

Land use 2065

Land use Area (Km?2/%)

class 2015 2020 2035 2050 2065 2080 2095

| Agricultural 6868.62 6753.5 64535 61535 58535 55535 5253.5
- land (69%) (67.85%) (64.83%) (61.82%) (58.80%) (55.79%) (52.78%)

Land use 2080 Land use 2095

Grasslang 43533 42383 38033 354.83 32033 28583 251.33
(4.37%) (4.25%) (3.91%) (3.56%) (3.21%) (2.87%) (2.52%)

i Forest 695.7 802.2 1121.7 1441.2 1760.7 2080.2 2399.7 I
; (6.98%) (8.05%) (11.26%) (14.47%) (17.68%) (20.89%) (24.10%) :
L | Legend
Built-up-  1529.82 1534.82 1549.82 1564.82 1579.82 1594.82 1609.82 I gt end
area (15.36%) (15.41%) (15.57%) (15.72%) (15.87%) (16.02%) (16.17%) e

Km

[ | Grassland 01020 4 6 0
[ =
I Water bodies

Water 42408 4392 4392 4392 4392 4392 4392 _ o
bodies  (4.26%) (4.41%) (4.41%) (4.41%) (4.41%) (4.41%) (4.41%) Figure: Future land use maps of low urbanization

scenario for year 2020, 2035, 2050, 2065, 2080 and 2095
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1. Results and Discussion

a. Water balance of WetSpass model

Table: Water balance of Bangkok and its vicinity obtained from WetSpass model
Annual Water Balance

Precipitation (mm) Recharge (mm) Actual Evapotranspiration (mm) Surface Runoff (mm)

1146.5 115.3 625.8 405.4

Wet Season Water Balance

997.19 63.6 557.99 375.6
Dry Season Water Balance

67.81

[VALUE]%

149.31 51.7 29.8

[VALUE]%

[VALUE]%

= Recharge (mm) = Actual Evapotranspiration (mm) = Surface Runoff (mm)
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1. Results and Discussion

b. Estimation of groundwater recharge under all urbanization scenarios and climate change scenarios

High urbanization,RCP 4.5 High urbanization,RCP 8.5 Medium urbanization,RCP 4.5 Medium urbanization,RCP 8.5
Annual Dry Wet o Annual Dry Wet 4 = 4 - 3.08

—~ 0 T 1S
£ E 5. E ]
e o 0.4308 0.55 o
2 s > ® 0 - f;5 0 -
5 5 :
8 o o
= 10 -10 + £ 27 £ 27
= [} (O]
83 2 -4 4 % -4 -
§ -15 -15 g g
@ g 61508 £ 67
5 E -5. E
é 20 -20 - § 5 1 -5.84_6'76 -6.41.5 6 a1 é 8 | -6.5 -6.49¢ g 715
o < 7. g 1 .
< ] ®2030 ®2060 =2090 m2030 ®2060 =2090 8. m2030 ®2060 = 2090

25 - =2030 =2060 =2090 -25 -10 - .10 -

g Low urbanization, RCP 4.5 € 25 - Low urbanization, RCP 8.5

~ £

Q _ -~

& 20 5 20

< ©

o S 15 . 14.02

< 2

o -g 10 9.572

g =2 | 7.28

£ g 5.54 40 6.02

o S 54 ' 2.23
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3 2 -
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Figure: Combined impacts of climate change under RCP 4.5 and RCP 8.5 scenarios and land use change under all urbanization scenarios on groundwater recharge during
three future period; 2030, 2060 and 2090 relative to the baseline period (2001)
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l1l. Results and Discussion

Groundwater modelling
a. Calibration and Validation of Groundwater model

Observed groundwater level (mbgl)

D

Observed groundwater level (mbgl)

— . —9 4 3 3 25 20 A5 10 5 )
-90 -80 -70 -60 -50 -40 -30 -20 -10 _(I)% 515
o | e o a0l
y = 0.7418x - 7.6024 13 y = 0.8004x - 5.645 o T
Rz =0.8044 1o R2=0.7533 ® . ----- -15 -+ %
------------ 15 0.‘.’.. o N :o ° -25 - g
............ .. -60 A _g ..‘.-' [ J ' -30 A B
........ 70 = e ® 3
2 e ° 35 1 8
o -80 15 40 2
. -90 - . . .
Figure: Relationship between observed head (mbgl) Figure: Relationship between observed head (mbgl)
and simulated head (mbgl) for steady state condition and simulated head (mbgl) for steady state condition
for calibration period 2001 for validation period 2009

Table: Final value of hydrogeologic parameter obtained after calibration

o | e e L ey Loy Spesiio Storage (U

Bangkok (BK) 0.0005
Phra Pradang (PD) 100 100 10 0.0005

Nakhon Luang (NL) 59 59 5.9 0.0005
Nonthaburi (NB) 30 30 3 0.0005
Sam Khok (SK) 16.1 16.1 1.61 0.0005
B Phaya Thai (PT) 10.8 10.8 1.08 0.0005
Thonburi (TB) 3.7 3.7 0.37 0.0005
R Paknam (PK) 17.5 17.5 1.75 0.0005
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l1l. Results and Discussion

Groundwater modelling N N
b. Estimation of future groundwater HURCPAS. 205051 RGP 45 206051 HU.RCP45, 090,51 A HURCPRS 05T U RGDES 20608 HU.RCPE5,2000,51 A
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Figure: Absolute change in future groundwater level with respect to observed groundwater level
(2001) in 2030, 2060 and 2090 for PD, NL and NB aquifer layers under High Urbanization
scenario (HU) and RCP 4.5 and 8.5 scenario for pumping scenario 1
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l1l. Results and Discussion

Mapping groundwater resiliency

a. Groundwater resiliency mapping for high urbanization
and pumping scenario 1 N N

Phra Pradaeng aquifer (PD, 100 m zone) Phra Pradaeng aquifer (PD, 100 m zone)
HU, RCP 4.5, 2030, S1 HU, RCP 4.5, 2060, S1 HU, R(P4§ 2090, S1 HU, RCP 8.5, 2030, S1 HU, RCP 8.5, 2060, S1 HU, RCP 8.5, 2090, S1

Percentage of area under high urbanization
scenario and pumping scenario (S1)
Resiliency Class Phra Pradaeng Aquifer (PD, 100m Zone)
RCP 4.5 RCP 8.5

2030 2060 2090 2030 2060 2090
Not ReSI|Ient 1.2 1.2 1.2 21 1.2 1.2 Nakhon Luang aquifer (NL, 150 m zone) Nakhon Luang aquifer (NL, 150 m zone)

HU, RCP 4.5, 2030, S1 HU, RCP 4.5, 2060, S1 HU, RCP 4.5, 2090, S1 HU, RCP 8.5, 2030, S1 HU, RCP 8.5, 2060, S1 HU, RCP 8.5, 2090, S1

Fairly Resilient 39.9 33.3 296  40.1 445 28.1
Moderately Resilient 6.3 12.4 10.3 8.3 1.7 1.9
Highly Resilient __ 43 _ 04 _ 07 _ 23_ 00_ 34

| Very Highly Resilient ~ 48.3 52.6 58.2 47.2 52.6 65.4 |

Nakhon Luang Aquifer (NL, 150m Zone) HU, ch4_s.zo;o.5|Nonmab:lT ;g:i‘tfesljgb‘igfszloomwga RCP4.5,2090, S1 HU, RCP8.5,2030.51N0nthabrl;lT:g:g?z(?ol;‘szloomwm’. RCP 8.5, 2090, S1

Not Resilient 4.9 4.2 4.2 54 4.2 4.2

Fairly Resilient 21.7 18.8 18.8 24.8 20.3 174

Moderately Resilient 10.3 3.6 6.2 6.7 8.3 14

ﬂgh-l\‘ Réllleﬂt - = 1—1 -— 8—2 -— 0—0 -— Al -— —52— —00— I::i:l)‘d :fi:?d
| very Highly Resilient 620 652 708 620 620 77.1 | — el —h el
NN I - - - - - S - S - - - - - - - - (3 to 5) Moderately Resilient 0 20 40 80 120 I()?(m (3t05) Ni.odcralwl_v.l?csilicm 0_30 40 80 120 IO(I)(m

Nonthaburi Aquifer (NB, 200m Zone) s ol - BB %) oy oy nestin

Not Resilient 2.2 1.2 1.2 2.8 1.2 1.2 '

Fairly Resilient 165 175 150 173 175 147 Figure: Groundwater resilience mapping of Bangkok and its

Moderately Resilient 275 93 111 261 104 03 vicinity, Thailand for three different time period 2030, 2060 and
I“"g”*R“““G‘“‘ = =0 =185 e QD = B3 e 267 -1-1-3—| 2090 for Pumping scenario (S1) under High Urbanization (HU) and
=enuliighly Resilan wm 538 wm S04 26w 485 282w 26 RCP 4.5 and RCP 8.5 scenario of aquifers PD, NL and NB

26-28 January, 2022



l1l. Results and Discussion

Mapping groundwater resiliency

b. Groundwater resiliency mapping for high
urbanization and pumping scenario 2
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Figure: Groundwater resilience mapping of Bangkok and its vicinity,
Thailand for three different time period 2030, 2060 and 2090 for
Pumping scenario (S2) under High Urbanization (HU) and RCP 4.5
and RCP 8.5 scenario of aquifers PD, NL and NB
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Mapping groundwater resiliency
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c. Groundwater resiliency mapping for high I oo o,
urbanization and pumping scenario 3
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V. Conclusion and Recommendation

Conclusions
Following conclusions are drawn from the study:

» Future precipitation is not uniform and varying throughout the future. The annual average future precipitation in
dry season is projected to increase under both RCPs scenarios. Whereas the annual average precipitation in wet
season is projected to decrease in near and mid future and increase in far future for both RCPs scenarios.

» Temperature is projected to increase in Bangkok and its vicinity, Thailand during all future time period in both
RCPs scenarios. The increase in minimum temperature is higher than increase in maximum temperature.

» Three land use scenarios were developed in order to analyze its impact on groundwater, and they are high
urbanization, medium urbanization and low urbanization scenarios.

» Future groundwater recharge is projected to increase in low urbanization scenario and both RCPs scenarios. The
groundwater recharge is projected to decrease in future for high and medium urbanization scenarios and both
RCPs scenarios. The decrease in future groundwater recharge is significant in wet season.
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V. Conclusion and Recommendation

Conclusions

» The average groundwater level is projected to increase in pumping scenarios S1 and S2, all land use scenarios
and both RCPs scenarios. Whereas the average groundwater level is projected to decrease in pumping scenarios
S3, all land use scenarios and both RCPs scenarios. Spatially, the decrease in groundwater level is higher in

central part as compared to eastern and western part of the study area due to less recharge and more
abstraction.

» The area classified as “very highly resilient” is projected to increase for pumping scenarios S1 and S2 in future.
Whereas, for pumping scenario S3, the area under “very high resilient class” decreases and area under “not
resilient” class increases as we moved to future. Most of the area in central and north-eastern part of the study
area falls under “not resilient class” and the area in western part is likely to be “resilient” for pumping scenario S3.
However, for pumping scenario S1 and S2 majority of the area are “resilient”.

26-28 January, 2022



V. Conclusion and Recommendation

Recommendations

Based on the results of the study conducted, the following are the recommendations:

» The precipitation pattern is expected to fluctuate seasonally causing seasonal imbalance in water. Therefore,
different structural and nonstructural measures should be implemented for efficient management of water
resources.

» Land use change by increasing built-up area has caused vast impact on the groundwater recharge. So, urban
planning must be done properly in order to manage the haphazard increase in built -up area in Bangkok and its

vicinity.
» Reduction in recharge rates generate large runoffs and results in urban floods which can be devastating for
Bangkok and its vicinity.

Recommendations for further research are given below:

» The groundwater model GMS-MODFLOW for this study was developed and analyzed in steady state condition,
further work can be done in transient state to simulate the groundwater flow.

» Studying the impact of climate change and human development on the groundwater quality in Bangkok and its
vicinity can be important research topic.
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Figure: Absolute change in future groundwater level with respect to observed groundwater
level (2001) in 2030, 2060 and 2090 for PD, NL and NB aquifer layers under Medium
Urbanization scenario (MU) and RCP 4.5 and 8.5 scenario for pumping scenario 1
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Groundwater modelling

b. Estimation of future groundwater

level for medium urbanization and
pumping scenario 2
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Figure: Absolute change in future groundwater level Wlth respect to observed groundwater
level (2001) in 2030, 2060 and 2090 for PD, NL and NB aquifer layers under Medium
Urbanization scenario (MU) and RCP 4.5 and 8.5 scenario for pumping scenario 2



V. Appendix

Groundwater modelling
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N

A



Groundwater modelling

d. Estimation of future groundwater
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Figure: Absolute change in future groundwater level with respect to observed groundwater
level (2001) in 2030, 2060 and 2090 for PD, NL and NB aquifer layers under Low
Urbanization scenario (LU) and RCP 4.5 and 8.5 scenario for pumping scenario 1
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Figure: Absolute change in future groundwater level with respect to observed groundwater
level (2001) in 2030, 2060 and 2090 for PD, NL and NB aquifer layers under Low Urbanization
scenario (LU) and RCP 4.5 and 8.5 scenario for pumping scenario 2

26-28 January, 2022



Groundwater modelling

f. Estimation of future groundwater level

for low urbanization and pumping
scenario 3

Low Urbanization and Pumping Scenario (S3)
45 8.5
2030 2060 2090 2030 2060

EPD ONL BGNB

26-28 January, 2022

B

k) 15

g 1t

S 05| I
g O || - =

s o2 I Y
£E 17 -

) -15 Ll

S -25 ¢

& 3

§ -3.5 -

<

%3 %.‘4 %2

to-1 7.4

-29t0-23.2
232

V. Appendix

N N

Phra Pradaeng aquifer (PD, 100 m zone) Phra Pradaeng aquifer (PD, 100 m zone)
LU, RCP 8.5, 2030, S3 LU, RCP 8.5, 2060, S3 LU, RCP 8.5, 2090, S3 LU, RCP4.5,2030,S3 LU, RCP 4.5, 2060, S3 LU, RCP 4.5, 2090, S3

r

) - 13 1B
’slvu\»& Vit VL R

Nakhon Luang aquifer (NL, 150 m zone) Nakhon Luang aquifer (NL, 150 m zone)
LU, RCP 8.5, 2030, S3 LU, RCP 8.5, 2060, S3 LU, RCP 8.5, 2090, S3 LU, RCP 4.5, 2030, S3 LU, RCP 4.5, 2060, S3 LU, RCP 4.5, 2090, S3

> 4 | - »_
4 4
Nonthaburi aquifer (NB, 200 m zone) Nonthaburi aquifer (NB, 200 m zone)
LU, RCP 8.5, 2030, S3 LU, RCP 8.5, 2060, S3 LU, RCP 8.5, 2090, S3 LU,RCP 4.5, 2030, S3 LU, RCP 4.5, 2060, S3 LU, RCP 4.5, 2090, S3

3%

Difference (m) Difference (m)
| T | |
c + 9 -
= % o © = f,‘- S 0 20 40 80 120 160 P N s - D - 0 20 40 80 120 160
T P a2 g =8 e [ Km 87T 7 L aa =2 = o Q [ Km
e 8 = s g g = g 8 8 2 45 0 2 2 8 2%
T e 8sexQ o9 w2 g2 & 9w
S %S Z2ER FEELEE R

Figure: Absolute change in future groundwater level with respect to observed groundwater
level (2001) in 2030, 2060 and 2090 for PD, NL and NB aquifer layers under Low
Urbanization scenario (LU) and RCP 4.5 and 8.5 scenario for pumping scenario 3



V. Appendix

Mapping groundwater resiliency

a. Groundwater resiliency mapping for medium
urbanization and pumping scenario 1

Resiliency Class

Percentage of area under medium urbanization
scenario and pumping scenario (S1)

Phra Pradaeng Aquifer (PD, 100m Zone)

RCP 4.5 RCP 8.5
2030 2060 2090 2030 2060 2090
Not Resilient 1.2 1.2 1.2 1.2 1.2 1.2
Fairly Resilient 39.2 22.7 6.0 40.4 8.7 0.0
Moderately Resilient 7.0 9.1 19.9 6.2 23.5 6.0
Highly Resilient 0.5 0.7 2.2 3.8 7.1 15.3

Very Highly Resilient

52.1 66.3 70.7 48.3 59.5 77.5

Nakhon Luang Aquifer (NL, 150m Zone)

Not Resilient
Fairly Resilient

Moderately Resilient
Highly Resilient
Very Highly Resilient

4.2 0.0 0.0 54 0.0 0.0
20.3 21.6 4.2 191 21.6 4.2

8.2 14 16.1 124 14 145
4.2 0.0 0.0 11 0.0 0.0
63.1 77.1 79.7 62.0 77.1 81.3

Nonthaburi Aquifer (NB, 200m Zone)

Not Resilient
Fairly Resilient

Moderately Resilient
Highly Resilient
Very Highly Resilient

1.2 0.0 0.0 1.8 0.0 0.0
16.9 16.2 6.5 17.0 16.2 55

26.5 0.0 8.8 27.5 1.9 8.8
1.2 1.9 0.6 0.8 9.9 1.0
54.2 81.9 84.1 53.0 72.0 84.7

Phra Pradaeng aquifer (PD, 100 m zone)
MU, RCP 4.5, 2030, S1 MU, RCP 4.5, 2060, S1 MU, RCP 4.5, 2090, SI
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Figure: Groundwater resilience mapping of Bangkok and its vicinity,
Thailand for three different time period 2030, 2060 and 2090 for
Pumping scenario (S1) under Medium Urbanization (MU) and RCP 4.5
and RCP 8.5 scenario of aquifers PD, NL and NB
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N N
e . . Phra Pradaeng aquifer (PD, 100 m zone| g diiter —
b. Groundwater resiliency mapping for medium MURCPAS 052 MU RPN ACP45om, 2 e e P
urbanization and pumping scenario 2
Percentage of area under medium urbanization
scenario and pumping scenario (S2)
Resmency Class Phra Pradaeng AqUifer (PDv 100m Zone) MU,R(’P-‘S.:O}O\:;khon lgﬁngkﬁgl:lfe;éellszﬁomw\?te') RCP 4.5, 200, S2 Nakhon Luang aquifer (NL, 150 m zone)

MU, RCP 8.5, 2030, S2 MU, RCP 8.5, 2060, S2 MU, RCP 8.5, 2090, S2

WAl d

RCP 4.5 RCP 8.5 !
2030 2060 2090 2030 2060 2090
Not Resilient 1.2 1.2 1.2 1.2 1.2 0.0
Fairly Resilient 325 10.3 0.0 39.9 1.2 1.2
Moderately Resilient 7.4 1.2 0.0 6.8 23.9 0.0

nghly Resilient 6.3 0.0 0.0 3.8 3.7 0.0 MU, RCP 4.5, 2030, szNomhabr\I;lrji. :‘glll’ij?gclt}).’szzuo " wl:lfg, RCP 4.5,2090, 52 Nonthabi “q“if"(\m 200'""’“”
Very Highly Resilient  52.6 87.3 98.8 48.3 70.0 98.8
Nakhon Luang Aquifer (NL, 150m Zone)
Not Resilient 4.2 0.0 0.0 4.2 0.0 0.0
Fairly Resilient 18.8 4.9 4.2 20.3 5.8 0.0 - -
Moderately Resilient 1.6 15.4 0.0 8.7 14.9 0.0 B (s 1y N Rt 1
Highly Resilient 37 08 00 37 0.8 0.0 — s s 2w a B (ot R Do 6w
(5 t0'8) Highly Resilicnt (5 10 8) Highly Resilicnt — -
Very Highly Resilient 71.8 78.9 95.8 63.1 78.4 100.0 I (-6) Very Highy Resilient B -8) Very Highly Resilint
Nonthaburi Aquifer (NB, 200m Zone)
Not Resilient 1.2 0.0 0.0 1.2 0.0 0.0 . . .- . . ..
Fairly Resilient 150 143 00 175 65 0.0 Figure: Groundwater resilience mapping of Bangkok and its vicinity,
Moderately Resilent  11.8 00 55 263 94 43 Thailand for three different time period 2030, 2060 and 2090 for
Highly Resilient 5.1 16 88 2.0 0.0 0.0 Pumping scenario (S2) under Medium Urbanization (MU) and RCP
Very Highly Resilient  66.8 84.1 857 530 841 957 4.5 and RCP 8.5 scenario of aquifers PD, NL and NB
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N
. . . N Phra l‘radacngaqu:far(PD l00mzom)
c. Groundwater resiliency mapping for medium Phra Pradacng aquifer (D, 100 m z0nc
. . . ; MU, RCP 4.5, 2030, S3 MU, RCP 4.5, 2060, S3 MU, RCP 4.5, 2090, S3
urbanization and pumping scenario 3
Percentage of area under medium urbanization
scenario and pumping scenario (S3) —_— i ;
- Nakhon Luang aqul_er y, ) mzone, ) ——
ReS|I|ency Class Phra Pradaeng Aquifer (PD, 100m Zone) ‘ Nakbon Luang aquifer (NL, 150 m z0n6) MU, RCP 8.5, 2030, S3 MU, RCP 85, 2060, S3 MU, RCP 85,2090, S
RCP 45 RCP 85 MU, RCP 4.5, 2030, S3 MU, RCP 4.5, 2060, S3 MU, RCP 4.5, 2090, S3
2030 2060 2090 2030 2060 2090
Not Resilient 10.0 11.0 154 11.0 11.0 154
Fairly Resilient 42.8 43.4 39.6 43.4 43.4 39.3
Moderately Resilient 2.0 0.3 0.0 0.7 0.3 0.0
H|gh|y Resilient 04 0.0 2.7 1.3 1.5 0.0 Nonthabiurd squlfer (NB; 200 i zexi6) MU, RCP 8.5, 2030, s3xomhahx~|:3 3%.;2232'030:82?0,“10&3 RCP 8.5, 2090, S3
MU, RCP 4.5, 2030, S3 MU, RCP 4.5, 2060, S3 MU, RCP 4.5, 2090, S3
Very Highly Resilient ~ 44.9 45.3 42.2 43.6 43.8 45.3
Nakhon Luang Aquifer (NL, 150m Zone)
Not Resilient 23.7 26.9 31.7 25.0 28.5 26.6
Fairly Resilient 186 165 150 173 158 16.8 i ogend
Moderately Resilient 0.9 12.8 20.4 2.0 14.5 4.2 S — e e
Highly Resilient 130 7.8 41 138 7.7 198 e o w e S e e R
5to ighly c;i ient — Km Il (>8) Very Highly Resilient
Very Highly Resilient  43.8 360 288 419 335 326 — sl
Nonthaburi Aquifer (NB, 200m Zone)
Not Resilient 18.3 24.3 25.3 21.8 25.0 25.3 : . TF ; : ST
Fairly Reslient 373 395 422 407 389 397 Flggre. Groundwatgr re5|llence mapping of Bangkok and its vicinity,
Moderately Resilient 78 05 30 18 05 13 Thallqnd for threg different time pe_rlod 2030, 2060 and 2090 for
Highly Resilient 13 08 26 17 28 28 Pumping scenario (S3) under Medium Urbanization (MU) and RCP 4.5

Very Highly Resilient 353 349 269 339 328 309 and RCP 8.5 scenario of aquifers PD, NL and NB
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N
ih 1 LU, RCP 8.5, 2030, ll)hra P”:dac;gl’axqu;:()(l’? loomzo?g P 8.5, 2090, S1 A
d. Groundwater resiliency mapping for low e raiimeng e i o REREEELE MRS HACRREEO®
- - . - LU, RCP 45,2030, S1 LU, RCP 4.5, 2060, S1 LU, RCP 4.5, 2090, S1
urbanization and pumping scenario 1 : ,
Percentage of area under low urbanization scenario
and pumping scenario (S1)
Resiliency Class Phra Pradaeng Aquifer (PD, 100m Zone) LU,R(‘PS,S,:OJ(L:lakh(m Lti{lgkﬁggg,ezrogkllsumlofl?_)k('f’ss.zooum
RCP 45 RCP 85 LU, R(‘P4.5.2030‘§lakho" Ltt{lgk(?lt’l:l.i.{egu((z_lds.llsumzol’.‘l?.)k('PJ.i‘ZO‘)O.S]
2030 2060 2090 2030 2060 2090 !
Not Resilient 1.2 1.2 0.0 1.2 1.2 0.0
Fairly Resilient 0.8 0.0 1.2 18.3 0.0 1.2
Moderately Resilient 24.0 0.0 0.0 10.2 0.0 0.0
nghly ReSIlIent 74 205 OO 27 22 00 LU,RCP8.5, 2030.S]xomhahlil;.il?g:g?.-é(‘;g‘gloomzozg RCP 8.5, 2090, S1
Very Highly Resilient 66.6 78.3 98.8 67.6 96.6 98.8 LU RCPASI0SE o LRGP e T LOLRCP 45, 2090,5!
Nakhon Luang Aquifer (NL, 150m Zone)
Not Resilient 0.0 0.0 0.0 4.2 0.0 0.0
Fairly Resilient 19.5 4.2 0.0 5.8 18.7 0.0 Legend
Moderately Resilient 9.7 0.8 0.0 6.2 0.0 4.2 Legunid L
RI (%) d I (! t0 3) Fairly Resilient
Highly Resilient 1.6 15.8 4.2 0.0 0.7 0.0 =j‘f::;;§§;:i,';‘;‘:;j;;;,‘[ it i 0 20 % 80 120 160
Very Highly Resilient ~ 69.3 792 958 837 806 958 oy s iy —— — W oyl b
I (>8) Very Highly Resilient
Nonthaburi Aquifer (NB, 200m Zone)
E‘OFIReRS"'?I'_“ t 11421 gg fl’g 115-20 1(203 22 Figure: Groundwater resilience mapping of Bangkok and its vicinity,
airly Resilien . . . . . : . . . .
Moderately Resilent 0.6 Lo 0o 140 00 00 Thailand for three different time period 2030, 2060 and 2090 for
' ' ' ' ' ' Pumpin nario (S1) under Low Urbanization (L nd RCP 4.5 an
Highly Resilient 12.6 8.8 0.0 10.8 0.0 8.8 u p g scenario (S ) u de ow U ba allo ( U) a d C S>a d

Very Highly Resilient 715 84.7 98.8 59.0 85.7 89.9 RCP 8.5 scenario of aqwfers PD’ NL and NB
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N
e' Groundwater reSIIIenCy mapplng for IOW LU, RCP 4.5, 2030, sl;hm Praldnaekn(gntq:"ng(l:D Ioom?ﬁuR)(P-mznqo_y LU, RCP 8.5, 2030, sphm pn:dLae;(gpax‘.l.“,l_fgr:o(A[;D momz[DUmR)(PN 2090, S2
urbanization and pumping scenario 2
Percentage of area under low urbanization scenario
and pumping scenario (S2)
Resiliency Class Phra Sradaeng Aquifer (D, 100 Zone) NN, sy vt v S R N, R
2030 2060 2090 2030 2060 2090

Not Resilient 1.2 0.0 0.0 1.2 0.0 0.0
Fairly Resilient 16.6 1.2 0.0 14.4 1.2 1.2
Moderately Resilient 13.0 0.0 0.0 7.8 0.0 0.0
Highly Resilient 5.4 0.0 0.0 10.4 1.2 0.0 (onthaburi aquifer (NB. 200 m zonc

gnly LURCPA5i2030] SZN"“""‘I’L"S;‘g#ififz((‘;g'szzoo'“Z‘"EE)_ PT80S LU, RCP 8.5, 2030, s:NJ " IJLu. RCP sf.s, 2((:)552:00 LU). RCP 8.5, 2090, S2
Very Highly Resilient  63.7 98.8 100.0 66.1 97.6 98.8 L

Nakhon Luang Aquifer (NL, 150m Zone)
Not Resilient 0.0 0.0 0.0 0.0 0.0 0.0
Fairly Resilient 4.9 4.2 0.0 20.0 0.0 0.0 _—
Legend egen
Moderately Resilient ~ 16.7 0.0 0.0 2.9 0.0 0.0 R (%) B 00 1 Not Resin
- i ”N(?( Rcsiliéfl B l: 3) ‘F;:irh“l:c;]r;cm
Highly Resilient 29 0.0 0.0 7.8 0.0 0.0 -:i:Zj;i:‘:::ri:ih::;mm of 46 g7 ¥ A% 160 (3 10 5) Moderately Resilent 0 20 40 80 120 160
AN o [r— Km (5 10 8) Highly Resilient — km
Very Highly Resilient 755 958  100.0 69.3  100.0  100.0 — (ol I -5) very Highty Rsiin
Nonthaburi Aquifer (NB, 200m Zone)

Not Resilient 0.0 0.0 0.0 0.0 0.0 0.0 . - . . ...
Fairly Resilient 143 1.2 0.0 14.3 1.2 0.0 Figure: Groundwater resilience mapping of Bangkok and its vicinity,
Moderately Resilient 3.8 0.0 0.0 1.9 4.3 0.0 Thailand for three different time period 2030, 2060 and 2090 for
Highly Resilient 99 88 00 137 00 0.0 Pumping scenario (S2) under Low Urbanization (LU) and RCP 4.5
Very Highly Resilient ~ 72.0  89.9 1000 70.1 945  100.0 and RCP 8.5 scenario of aquifers PD, NL and NB
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N
f. Groundwater resiliency mapping for low A —— N wrcrss oS LR e 5 ™ I Reps 0.5
. . . . LU,RCP 45,2030, S3 LU, RCP 4.5, 2060, S3 LU, RCP 4.5, 2090, S3
urbanization and pumping scenario 3
Percentage of area under low urbanization
scenario and pumping scenario (S3)
Resiliency Class Phra Pradaeng Aquifer (PD, 100m Zone) _— B ga
RCP 45 RCP 85 Nakhon Luang aguifer (NL, 150 m zone) LU.R(PS.S,ZOJO“S; o :?ngk(?l"]:l\ego(bﬂﬁ’i : mloli\l?)k('PSS‘ZO‘)O.SJ
2030 2060 2090 2030 2060 2090 LU,RCP 45,2030, S3 LU, RCP 435, 2060, S3 LU, RCP 45,2090, S3

Not Resilient 1.2 1.2 1.2 1.2 1.2 1.2

Fairly Resilient 36.8 38.5 39.5 37.9 39.0 34.9

Moderately Resilient  10.0 3.5 9.2 9.3 8.7 115

Highly Resilient 2.2 115 8.5 0.0 4.2 7.6

_ Nonthaburi aquifer (NB, 200 m zone)
Very Highly Resilient  49.8 453 415 515 46.8 4438 e Nonthaburaauiter (B 00 mone)
Nakhon Luang Aquifer (NL, 150m Zone)

Not Resilient 4.2 7.1 15.8 5.6 21.6 24.2

Fairly Resilient 22.4 31.0 13.7 31.8 16.1 12.7

Moderately Resilient 108 05 29 30 21 21 ... ooend

% I (0 to 1) Not Resilient
Highly Resilient 24 3.7 9.9 1.1 1.1 3.4 m-(()oml)No[ Resilient -:lwmamy Rclsilicm
I (1 t0 3) Fairly Resilient (3 to 5) Moderately Resilient 0_:0 40 80 120 m?m
Very Highly Resilient  60.2  57.7 57.7 586 591 577 0105 Mty s b w0 B i e
(5 10 8) Highly Resilient — . (>8) Very Highly Resilient
Nonthaburi Aquifer (NB, 200m Zone) T -t ey gty Renllent

Not Resilient 56 76 111 55 90 111 _ - _ o

Fairly Resilient 416 317 360 416 400 329 Figure: Groundwater resilience mapping of Bangkok and its vicinity,

Moderately Resilient 6.6 140 95 58 71 138 Thailand for three different time period 2030, 2060 and 2090 for

Highly Resilient 79 49 00 63 40 33 Pumping scenario (S3) under Low Urbanization (LU) and RCP 4.5

Very Highly Resilient 38.4 41.8 43.4 40.8 39.8 39.0 and RCP 8.5 scenario of aquifers PD, NL and NB
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