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PROJECT OVERVIEW

O Partner country : TONGA

O Period : Jan. 2016 ~ Dec. 2016
(12 months)

Kinegdom Come
5

Tonga

ntative budget : USD 150,000
O Participants : APCC, Dong-a Univ.,
Hydronet(Univ. of Seoul)



APCC Project Design

Title: ' Development of smart groundwater management
system in the Kingdom of Tonga: utilizing climate
information in response to shortage of water;

- Project period
15t Jan. 2016 to 315t Dec. 2016

- Project site
Tongatapu and other vulnerable areas in the Kingdom of Tonga

1St (2016_year) 2nd (2017-yeal’) 3I’d (2018_year)
Installing DB, Extending Development of
Modeling, GIS- Real-time tjfﬁﬁgff;y
baSsed Web Monitoring euidetiG, e
ystem System Manual




aoc  2016-year Project Design

APCC-Tonga

Hydronet

- GW
Monitoring
Equipment
and Server
System
install, DB
digitizing

APCC

- Drought Assessment

- Climate change impact
assessment

- Water Balance and
demand estimation

+

Dong-a University

- Groundwater Survey
- Groundwater

modeling(water level,
quality, seawater
intrusion)

Stakeholders

University of Seoul

- Web GIS-
based

system for
GW
monitoring



Work sharing

APEC CLIMATE CENTER

Main Activities

A. APCC

- Project design and review

- Data collection and analysis

- Climate change assessment

- Water balance analysis

- Water demand estimation

- Mid and long-term strategic plan

- Workshop and training

B. External cooperation (I)

- Hydrogeological groundwater survey

- Groundwater modeling (e.g., water level, temperature, water quality, and

seawater intrusion)

C. External cooperation (II)
- Install of the real time groundwater monitoring system

- Development of a web GIS-based groundwater information system

APCC

* Project leader:

2 Dr. Sunkwon Yoon
* Facilitator:

> Ms. Inja Jeon
* Participating:

= Dr. Jaepil Cho

e Participating:

> Ms. Eunjung Lee

Dong-a Univ.

» Project leader:
= Prof. Namsik Park

Hydronet
» Project leader:
2> Mr. Min-ho Hyun

University of Seoul

» Participating:

> Mr. Jimoon Ryuk



Project Team Members
APCC

APEC CLIMATE CENTER

Dr. Sunkwon Yoon Ms. Inja Jeon Ms. Eunjeong Lee

m Slo| ==11!

HydroNet Co.,Ltd.
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Dr. Jaepil Cho Mr. Kyungsuk Cho Prof. Namsik Park
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Status of Water Resources in Tonga

http://www.pacificwater.org/pages.cfm/country-information/tonga.html

Problems with Water
Resources and Associated
Environment Issues

» Exploitation and
consumption
 Wastewater management

and pollution control

2007
« Information exchanges on
2047
water resources
A0S =
Status of Water Resources
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Tonga Water Board

| Tonga Water Board

. WHO/ — Tonga WSP

| SOPAC & | Steering |

. Experts | Committee Mr. Taaniela Kula
TWB - Urban MoH - Rural

Tonga Trust,

Urban Pilot TANGO, Rural Pilot(s)
Environment .
- - P e
oLy il Town Officers, - s
system other projects i
& donors calchments

From, SOPAC
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2016 ROK-Tonga Water Management Project

Development of smart groundwater management system in the Kingdom of Tonga




Ongoing Project

Groundwater Monitoring
System / Web system



Groundwater Monitoring

Tele-communication System

:
TCPP

| eMun | _ .
GSM |
S
w =

I Server
1 Manitoring & Analysis
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System Manua

APCGC Demo version
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Monitoring System
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Location of SMB(s) for data logging SMB
Tongaz‘apu 2016




Site #1: SMB 15

ARCC Single-sensor

SITE#1
SMB 15
Location Description: Hihifo, Middie of Hihifo Well Field

Diameter: Outside casing {galvanize pipe) = & inches
Flerometers pressure pipe (PVC pipe) = 32 mm



Site #2: SMB 02

ARCC Single-sensor

Location is changed: SMB 06 > SMB 02

SITE®2
SMB 06
Location Description: Fualu [Royco) Guarry

T L TRk AT
e R

Diameter: Qutside casing (galvanize pipe) = & inches
Plezometers pressure plpe {PVC pipe) = 32 mm



Site #3: SMB 13
APCC

Multi-sensor

SITER3
5MB 13

Location Description: Next to TWEB pump 313

Diameter: Outside cosing (golvanire pipe) = & inches
Flezometers pressure pipe [PVL pipe) =32 mm



Web-based Groundwater
MRS Management System

= Benchmark Page - USGS (United States Geological Survey) Groundwater
DB system

Active Groundwater Level Network

Monday, Decemnber 14, 2016 401703101294801 -4N 38W3OBCC 1 ENDERS 401703101334801 - 4N 38W3DECC 1 ENDERS
T T T T T T T 3280
L~ lUSGS
g - 3210 g
T %
: £ 3
£ 130 g 3
% 60 2 38
B
5 s 2
3
g w0 52
(]
H 3 s
[ [ s
¥ ’ % 28
4 3240 §

g @ ] &
= w £
H :

a # 33

90
i 1 1 1 1 1 1 L
: 5 2 ™ o 0 % 12 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
=USGS .. . . a1
Years Plot created: 12/12/2015 18:16
L .
\ + Approved water-level measurement Pht created 12/14/15 14:43

Explanation - Percentile Classes

Explanation - Percantibe classes sme oo tawd on ros et swurwnasiy sl Spms * Provisionalwater-level measurement . e o0 o0
. L ] | - | 1] [ [ ] | . - ] §49° Pk ers | Data Paint £l0 1034 .75 Te-90 90 Nonthly hedian
' ' ' ' H a2 { 0 Cotrean 5l
law |10 | 1024 | 2578 w0 | W0 | L | e
L ] T e e e M a
| | devw | "™ | el hewd | Mk | " wnenrns
Active Well Count
Raal-Time; 1,471 Dally: 1,137 Persadic: 15,436

USGS, http://water.usgs.gov/ogw/data.html



- Web-based Groundwater
AERS Management System

= Monitoring DashBoard

gly AUTD SALES DASHBOARD
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Web-based Groundwater
RS Management System

= Monitoring Management System
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BTATES

Tasmania 32.8%

| BN i L PR FEAd 1901 ML 3 31T B A.::IH-I:II:IB
. 48 Bu/ LAT VEAN
! O __Bofimm " oouh Wees 383%  anthony
E = S TGASTE L
3&3.'3.- 7—{355 BAL o 3 Victoria 37.1% Argyle (Ord River)
= i 1 kil | rd E25 A
i, iy BGs ML Arthurs Lake
Sl Western Australia 75.2%
Gueensland 76.4%
{1404 T4 ML "R Australia
South Australia ~_B6.8% Australian Capital Territory

ETATES NANEED B¥ CAFADITY

Tasmania 12.8% Northern Territory a0.7% Avon




Tongatapu GW Data
Monitoring System

NAT IP: 202.134.25.68
Internal IP: 192.168.2.6:2081

ID: tgadmin
PASS: tgadmin



Ongoing Project

Groundwater Modeling



= Monitoring of Groundwater

APEC CLIMATE CENTER

Groundwater Mo

U Seven Salinity Monitoring Bores (SMB) clustered ' (White,2009)
around the Mataki’eua/Tongamai wellfield and
three salinity monitoring bores located in Kolonga,

Fua’amotu and Niumate (White , 2009) /
O Two additional SMBs at Mataki’eua/Tongamai 7%
and four SMBs in the Fua'amotu and Houma N LIYRGH R
regions (Hyland, 2012) P L og
O Total Salinity Monitoring Bores : 16 J
SMB1 Monitoring Results
0 + == 15-Feb-13
=== 26-Mar-13
5 === 8-Apr-13
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Location of Wells
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TONGATAPU LOCATION OF WELLS

7522

-21.05

-175.37 F1-75-17 r17512 -175.07 -175.02

-211

-21.15

-21.2

e Village Wells
* TWB Wells : Tonga Water Board (Public Wel
e SMB :Salinity Monitoring Boreholes

* TWF GMW :Tonga Waste Facility Groundwater Monitoring Wells

-21.25

-213

O Well coordinates of 56
village wells (White,2009)

O Well coordinates of 39
public wells (White,2009)

Q Well coordinates of 16
SMB (White,2009)

Q Well coordinates of 7
GMW (White,2009)

O Tongatapu has a total of
about 240 wells in use
(Velde,2007)



Monitoring of Groundwater
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Urban Water- Tonga Water Board- Nuku’alofa and Village Monitoring

Salinity Monitoring Bores . Depth to water, Total Depth of well Monthly
Mataki’eua/Tongamai and Hihifo . Electrical Conductivity, Temperature

SMB01-SMB07, SMB12, SMB13,

SMB1-SMB3 (Hihifo)

Salinity Monitoring Bores . Depth to water, Total Depth of well Quarterly
(Regional) . Electrical Conductivity, Temperature

SMB08-SMB11

Mataki’eua Production wells . Depth to water, Total Depth of well Bi-annually
. Electrical Conductivity, Temperature

. Quantity, General Maintenance

Village Water Supply Monitoring . Depth to water, Total Depth of well Quarterly
. Electrical Conductivity, pH, Temperature

. General Maintenance
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Pumps and Pum-péia rates

Pumps in Mataki’eua/Tongamai well field: Mostly Electric Pumps
Extraction Rate of Public Wells: 10.4 ML/day (Hyland,2012)
Pumps in Village water supply: Diesel helical, solar pumps
Extraction Rates of Village Wells: Less data; approx. 5.4 ML/day
(White,2009)
Future water supply plans

s ADB project of 12 additional wells at Mataki’eua/Tongamai well

field
s To develop groundwater at Fua’amotu Region

Production & consumption (MLday)

a - (X (%] = (L] L] =~ e
N L L s i
T t

Pumps, Pumping rates and
Hydraulic networks

Nuku'alofa Water Supply Statistics, 1995-1998

~=- Total average daily production
~#- Average daily metered use
- age daily 1 water

Aug-85 Feb-96 Aug96 Feb87 Augd7 Feb98 Aug88 Feb-85
Date

Average daily groundwater production
and use for Nuku’alofa, 1995 - 1998

Nuku’alofa Water System

Pumping Rate (ML/day)

[
=

5 [ ]
f/
\ e

S i

g

1370 1980 1350 2000 2010 2020

Year

Estimated increase in pumping rate from the Mataki‘eua/Tongamai wellfield



APCC

APEC CLIMATE

Preliminary Model Results

Two Phase Model
Quasi Three dimensional Model

Steady State Model of freshwater lens of Tongatapu
Sharp Interface Model Finite Element Method
61693 nodes, mesh size 100 m X 100 m

OO0 0O0Q0O0

Assessment

DUSWIM

Objective: Groundwater Flow Model Development and Groundwater Resources

ax,

. . _ b2
Governing Equations - 3 [Kyf b c‘;i] N e N W

%

I
= bfs,fa—h'-—aag

P ;.o
T, TS o (i,j=1,2)

3| .. 0 . s .
L& b __-] A LS SN
a):,.[ o, T g

ah* i}3

= b'S;
ot ot

+0— -0°  (4,j=1,2)

(1)

(2)

EL s}

o

Dispersion

E s Sem i

- o TOOOD 40000 60000

Advection

ECTmm o b

] o EN000 40000 BN




APCC

APEC CLIMATE

Input Parameters
Porosity of Aquifer layer: 0.30

Recharge Rate: 2 mm/year
Permeability: 4371 m/day

Unconfined Aquifer

o 0O 0O 0O O

Aquifer thickness: 45 m

Assumptions in the preliminary model

O No pumping
U Homogeneous and Isotropic aquifer
U Uniform recharge rates

U No tidal effects

15000

10000

5000

0

Tongatapu Island and FE Mesh

5000

10000

15000

20000

Preliminary Model Results

25000

30000



Calculated water table elevation on finite difference grid
Hunt, 1979
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Freshwater Influx and Water table contours

r 1 1000
P i
>-400 m3/day 2
-300 to -400 m3/day

- ao0o
-200 to -300 m3/day \1
-100 to -200m*/day '

0to -100m*/day

600

400

200

Capture zone simulation

Preliminary Model Results




= Preliminary Model Results
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Visualization Models




Ongoing Project

Climate Change / Water
Budget



Data Source

» Date Use

« APCC MME data: APEC Climate Center (URL: http:// www.apcc21.org)

o SST data: NOAA (http://www.esrl.noaa.gov/psd/data/climateindices/list/)

 NOAA GPCP (URL: http://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl)
* NOAA CPC Climate Index data

(http://www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml)

GIS data: ASTER (http://asterweb.jpl.nasa.gov/)

Local data: From Tonga




APOC ENSO Teleconnection

DJF Season
El Mifio and Rainfall La Nifia and Rainfall
i .
" ' -.w'\.ﬂu_
AL W =
= B
.8
L
=

Tonga: Dry Tonga: Wet

Source: http://iri.columbia.edu/our-expertise/climate/enso/



GPCP Precipitation
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El Nino years La Nina years

GPCP Precipitaten GPCF Precipitatcn
Pracipitotion (mm/day) Composite fnomaly 1981-2010 climo Pracipitotion (mm/day)] Cornpeeite Anomaly 1981-2010 climo

MOAASESRL Physleal Selances Dldzlon HOA ESRL Physleal Selances Dlvislon

pali]

190E 180E 1ME 1ar 17 160 150

130E 180E 17E 1an 170 T ' 3 '_"
Dec te Feb: 1989,2000,2011

Dzc to Feb: 1982,1968,199%,1994

Data Source (http://www.esrl.noaa.gov/psd/cgi-bin/data/composites/)



Drought in Tonga

SPI (Standardized Precipitation Index)
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SPI1 3-Month

SPI 12-Month

SPI Drought Index, Nuku'alopa, Tonga
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Drought in Tonga

SPI (Standardized Precipitation Index)
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Climate Change Impact Assessment

Scenario dataset

« NASA Earth Exchange Global Daily Downscaled
Projections (NEX-GDDP)

e Variables : pr
« Spatial resolution : 0.25 x 0.25 degrees

« Time resolution : Day

 Period : 1950-2005 (Historical)
2006-2099 (RCP scenario)



CMIP5 models in GDDP

Table 1. CMIP5 models included in GDDP dataset

Climate Change Impact Assessment

ACCESS1-0 CSIRO-MK3-6-0 MIROC-ESM
BCC-CSMI-1 GFDL-CM3 MIROC-ESM-CHEM
BNU-ESM GFDL-ESM2G MIROCS

CanESM2 GFDL-ESM2M MPI-ESM-LR
CCSM4 INMCM4 MPI-ESM-MR
CESM1-BGC [PSL-CMS5A-LR MRI-CGCM3
CNRM-CM35 [PSL-CM5A-MR NorESM1-M




Climate Change Impact Assessment
RCP4.5(2020s) — Historical(1976~2005)
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Model Rainfall Change (%) for 2020s

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Oct | Nov | Dec
ACCESS1-0 -41.0 -6.9 -2.3 0.7 -20.5 7.9 7.3 -18.2 19.6 -17.9 26.6 -32.1
bcc-csm1-1 2.0 -10.0 5.1 37.0 5.7 -0.5 -13.3 -13.7 -13.9 -144 -14.0 -7.3
BNU-ESM -14.3 -46.1 -5.1 3.9 30.8 14.3 0.8 -5.9 0.1 -18.7 -1.1 19.9
CanESM2 -30.0 -14.2 11.0 2.2 33.3 -5.7 -0.5 9.2 -5.4 -7.8 -13.5 -8.7
cCcsM4 -16.6 -25.0 1.3 -5.2 15.9 0.9 6.5 17.8 17.4 -14.0 6.1 -20.1
CESM1-BGC -46 -109 -27.8 55 -19.4 25.6 29.4 -9.2 26.0 16.1 15.0 6.5
CNRM-CM5 24.7 5.9 -17.3 5.3 22.9 -8.4 8.2 -6.7 -5.4 -29.3 -11.4 1.7
CSIRO-Mk3-6-0 -7.4 33.7 21.8 -7.9 59.1 -3.5 -15.3 -16.7 3.6 -4.2 11.6 -1.2
GFDL-CM3 223 -21.8 -4.5 43.6 77.8 15.7 2.9 -4.7 3.4 17.9 26.3 -10.6
GFDL-ESM2G 23.9 -36.0 19.6 25.4 26.1 5.2 -14.4 0.3 6.1 0.4 2.0 -10.2
GFDL-ESM2M -5.7 -11.1 -25.6 -23.2 -13.7 -16.0 9.5 15.0 27.4 -14.1 3.0 -34.2
inmcm4 6.0 -16.4 19.1 4.2 -3.9  -15.7 2.4 -246 -0.2 -2000 -10.0 -25.9
IPSL-CM5A-LR -18.8 -19.3 18.2 22.7 23.6 -0.7 4.2 -14.4 -9.4 -3.2 -11.5 35
IPSL-CM5A-MR 19.1 29.4 0.6 -0.8 70.0 -13.6 -3.3 11.8 8.8 -154 0.8 18.3
MIROCS5 22.5 12.3 7.5 141 -15.0 -11.1 16.1 -2.6 6.4 10.3 10.8 -6.1
MIROC-ESM -1.2 2.5 -10.5 -6.0 -0.2 -17.6 -3.8 -16.2 -3.7 -28.6 -9.7 -2.1
MIROC-ESM-CHEM| -14.7 121 -145 -11.0 19.3 3.9 0.0 -1.3 39.6 -10.6 -6.0 -12.2
MPI-ESM-LR 14.4 27.7 5.2 6.8 30.9 20.2 22.9 21.0 29.9 -54  -189 2.8
MPI-ESM-MR -21.3  -10.4 1.7 -16.0 6.1 -22.0 -8.3 -6.1  -13.3 -8.4 2.0 12.3
MRI-CGCM3 -16.4 -14.4 -6.4 -8.6 53.7 6.2 -23.1 -10.9 0.1 -15.2 -7.8 13.0
NorESM1-M -33.8  -31.6 -6.5 5.6 -4.7 -8.5 15.0 0.2 -23.1 -12.9 -4.5 -1.7
Mean -4.3 -7.2 -0.5 4.7 18.9 -1.1 21 -3.6 5.4 -9.3 -0.2 -4.5
StDev 20.0 21.3 14.1 16.5 28.7 13.1 12.9 12.6 16.1 12.6 12.7 15.0
Max 24.7 33.7 21.8 43.6 77.8 25.6 29.4 21.0 39.6 17.9 26.6 19.9
Min -41.0 -46.1 -27.8 -232 -20.5 -220 -231 -246 -23.1 -29.3 -18.9 -34.2




Climate Change Impact Assessment
RCP4.5(2050s) — Historical(1976~2005)
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Model Rainfall Change (%) for 2050s

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Oct | Nov | Dec
ACCESS1-0 5.3 -4.4 39.6 -22.1 -26.2 -5.3 -20.8 -16.9 5.6 -7.2 18.2 28.3
bcc-csm1-1 -15.0 9.5 3.0 -4.0 -32.1 5.8 -18.4 9.2 -19.7 -254 3.4 -3.0
BNU-ESM 34.3 19.7 43 -268 -14.9 3.4 -1.4  -37.3 -232 -250 -7.9 1.6
CanESM2 32.4 34.5 -7.7 10.2 33.3 -10.1 8.0 -3.6 -17.7 -6.1 -1.8 325
ccsM4 2.9 11.0 13.4 2.0 7.9 15.5 9.1 -1.5 2.0 -4.6 4.5 10.9
CESM1-BGC 5.0 121 -32.0 26 -321  -222 30.2 -2.7 -9.2 -8.9 -9.6 15.0
CNRM-CM5 -15.8 8.8 -9.1 -2.5 4.4 -7.1 15.6 -10.4 -7.4 -13.4 8.2 16.3
CSIRO-Mk3-6-0 -8.9 -45.5 -18.4 5.7 -37.4 -19.3 -16.8 -21.9 -8.6 -18.0 -31.6 -39.8
GFDL-CM3 18.9 -2.6 -11.3 45.3 21.9 16.2 -8.9 -5.0 -8.3 40 -10.8 -13.6
GFDL-ESM2G 17.9 -14.4 -1.1 -1.6 -10.9 7.8 -3.2 6.9 -5.3 1.6 55.9 -10.8
GFDL-ESM2M 492 9.9 -356  -33.7 -8.8 31.4 5.5 31.7 7.0 -3.8 8.7 29.0
inmcm4 -9.4  -309 -41.9 1.4 8.8 -31.2 9.0 -22.9 100 -29.9 -12.2 -37.4
IPSL-CM5A-LR -15.6 13.6 -26.0 -18.1 -4.6 16.2 9.2 3.8 6.3 -18.6 -5.3 23.4
IPSL-CM5A-MR 51.2 31.6 6.8 32.5 11.4 29.6 14.3 9.1 19.8 2.6 77.4 59.6
MIROCS5 48.2 -2.0 18.2 3.1 -29.0 13.3 33.7 8.4 -9.7 13.1 -6.7 -2.5
MIROC-ESM 2.4 -32.8 -18.7 15.7 -13.7 -10.5 -17.1 -25.1 -12.1 -9.8 -2.7 -15.3
MIROC-ESM-CHEM| -26.3 -152 -31.8 20.3 -249 -3.6 -8.1 -4.3 9.9 -19.9 -2.8 -6.3
MPI-ESM-LR 3.3 286 -31.8 -36.8 -21.4 -20.2 0.2 -1.3  -124 -281 -24.4 -9.5
MPI-ESM-MR 2.5 11.4 5.7 10.6 1.3 0.1 1.9 -25.9 9.2 1.2 12.1 10.9
MRI-CGCM3 -10.7 8.2 -1.1 12.3 -5.3 -18.4 -0.3 10.4 -35.6 -12.2 25.2 -19.6
NorESM1-M 6.8 9.9 30.6 -8.0 -1.6 16.3 0.1 1.4 4.4 2.4 15.8 -8.1
Mean 8.5 2.9 -6.9 0.1 -8.3 0.4 2.0 -4.6 -4.5 -9.8 5.4 2.9
StDev 23.0 21.0 22.2 20.4 18.9 17.4 14.6 16.0 13.4 11.9 24.6 23.9
Max 51.2 34.5 39.6 453 33.3 31.4 33.7 31.7 19.8 13.1 77.4 59.6
Min -26.3 -455 -419 -368 -37.4 -31.2 -20.8 -37.3 -356 -29.9 -31.6 -39.8
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Climate Change Impact Assessment
RCP4.5(2080s) — Historical(1976~2005)

Rainfall Change (%) for 2080s

Model Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Oct | Nov | Dec
ACCESS1-0 13.8 -10.9 -28.8 -4.2 -6.7 -22.9 -17.2 -25.2 -19.9 -23.7 -3.0 -12.0
bcc-csmil-1 45.2 16.4 -15.4 2.8 0.0 234  -14.1 -2.3  -36.5 0.0 233  -20.3
BNU-ESM 0.4 142 -14.2 -4.2 -5.7 1.9 12.6 0.2 -4.1 11.7 -201 -25.9
CanESM2 22.0 33.1 1.5 15.0 -3.6 7.7 6.5 -12.4 -23.3 6.5 -9.5 2.4
cCcsM4 43.4 8.8 1.8 -9.0 1.6 -14.8 19.5 -8.0 0.7 -4.4 -23.2 -28.8
CESM1-BGC 5.0 -5.0 -41.2 -11.4 -336 -3.2 17.9 9.3 58.3 183  -13.0 4.1
CNRM-CM5 6.7 -2.0 -19.0 3.1 -5.0 4.8 19.1 8.3 14.7 2.7 28.8 44.8
CSIRO-Mk3-6-0 -31.2 -16.6 -271 -229 -20.2 -4.8 -49 -286 1.1 0.9 -21.9 -5.4
GFDL-CM3 2.8 -1.7 -24.1 36.9 49.2 27.1 7.2 4.4 -18.8 -0.3 -8.6 -14.0
GFDL-ESM2G 32.6 21.0 -40.7 10.3 21.9 -6.4 29.1 9.6 11.2 19.8 22.6 61.9
GFDL-ESM2M 31.3 3.9 -26.3 12.3 -26.8 11.2 36.3 -16.5 -4.3 34.7 55.9 24.2
inmcm4 -12.2  -10.3  -34.7 -25.8 33.1 10.2 -5.5 2.0 -13.2 -55 -243 55.0
IPSL-CM5A-LR 51.9 42.2 -12.5 -3.2 19.2 31.3 32.0 -10.7 9.6 7.0 16.7 15.0
IPSL-CM5A-MR 58.3 9.1 -11.3 21.0 2.0 42.0 2.9 18.7 -0.8 -10.9 51.7 70.8
MIROCS5 56.6 13.1 -17.9 -22.1 -3.6 36.8 -4.9 28.7 5.4 25.6 -4.2 26.8
MIROC-ESM -27.1 -3.5 -266 -19.7 -15.5 -8.9 -8.8 3.7 -17.8 -11.0 -145 -8.3
MIROC-ESM-CHEM| -40.6 5.9 -13.5 -2.3 7.8 -0.9 10.0 -10.2 -9.7 1.7 6.0 -41.4
MPI-ESM-LR 1.7 143 -451  -32.8 23.4 12.1 -9.4 -1.2 -2.0 195  -15.9 9.2
MPI-ESM-MR 426 -116 -21.5 -2.9 6.3 9.8 19.0 -16.7 -7.6  -11.7 2.0 22.4
MRI-CGCM3 -29.5 -3.4 -18.1 11.2 -10.9 -20.3 -5.2 -20.8 -26.9 -32.0 -5.3 -36.9
NorESM1-M -14.7 243  -33.4 12.6 7.9 23.9 15.8 22.2 14.2 49.9 16.6 25.6
Mean 12.3 6.7 -22.3 -1.7 1.9 7.6 7.5 -2.2 -3.3 4.7 2.9 8.1
StDev 31.0 15.3 12.6 17.2 19.7 18.2 15.5 15.4 19.8 19.0 23.4 32.2
Max 58.3 42.2 1.8 36.9 492 42.0 36.3 28.7 58.3 49.9 55.9 70.8
Min -40.6 -16.6 -451 -328 -33.6 -229 -17.2 -286 -365 -32.0 -243 -414




Climate Change Impact Assessment

NEX GDDP Ensembles

Tonga Precipitation
RCP4.5
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Water Balance

APCC

APEC CLIMATE CENTER

Generalized flow pattern of an homogeneous island aquifer. Movement of
the zone of transition and water table shown for winter and late summer

Watar table.

Winter (January)
Late summer {Septombar)

Source (http://pubs.usgs.gov/fs/2000/fs-057-00/pdf/fs05700.pdf)



Water Balance
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Hypothetical hydrologic conditions before and after seawater intrusion
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well well
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L Soil

Moisture

T Zone

Freshwater Lens

Zone
Unsaturated
Water Table | Z°M®
¥ Capillary

Interception E%AKrla
Storage
G MAX

Soil
Moisture
Storage

Nat
Recharge
e

/o
? L
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Losses
(Outflow, Dispersion)

roundwater
torage

Water balance model for surface zone on a
small island with no runoff (from Falkland &

Woodroffe, 1997)

Water Balance Modeling
Using WATBAL program

Estimation of Recharge

R=P ET,+dV

where R = recharge to groundwater (mm/t)
P = rainfall (mm/t)
ET, = actual evapotranspiration (mm/t)

dV = change in soil moisture store (mm/?).

Parameters and Output

* RAIN: monthly rainfall (addition of daily values)

* ET: monthly potential evaporation

* EI. monthly interception loss

* SMCL1: soil moisture content at start of month

* ES: monthly evaporation from soil moisture store

* XCESS: rainfall minus evaporation losses above (EI + ES)
* AVSMDEF: average soil moisture deficit for the month
* SMC2: soil moisture content at end of month

* GWR: gross recharge to freshwater lens

* TL: transpiration due to deep-rooted vegetation

* EA: sum of all evaporation losses (EI + ES + TL)

* NETR: net recharge to freshwater lens (GWR - TL)
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Survey / Interview

Target Areas: 5-Village (2-Urban/3-Rural)
Interview: Tonga MLSNR Office

Contents:

- Total Water Resources(Loss rate, Groundwater,
Rainwater)

- Total Water Use (Household water, Agricultural
water, Industrial water, Environmental water)

- Leakage rate (Actual water use vs. Pumping)

- Pattern of Water use (Urban / Rural)

- Drought Measures in MLSNR

Mid-Long term Plan
Water Demand Estimation

Under Climate Change



Total Water Resources in Tongatapu

Water Resources Total

Example 1,276(100%) (Unit : million m’/yr)
Discharge Loss
731(57%) 545(43%)
Wet Season Dry Season

493(39%) 238(18%)

Sea Loss River/Dam Rainwater Groundwater

400(31%) 161(13%) 133(10%) 37(3%)

Total Use

331(26%)




Total Water Use in Tongatapu

Domestic Agricultural Industrial Environment
Use Use Use al Use
(%) (%) (%) (%)



Total Rainwater Use in Tongatapu

Domestic Agricultural Industrial Environment
Use Use Use al Use
(%) ( %) (%) (%)




Total Groundwater Use in Tongatapu

Domestic Agricultural Industrial Environment
Use Use Use al Use
(%) ( %) (%) (%)




Distribution of the total supply from

cc sources of 22 L/s: Groundwater

Example 2.9 Lis (13%)

7.1 Lis (32%)

5.9 Lis (27%)

6.1 L/s (28%)

[ Loss - sources to tanks B Loss - tanks to consumers
M | oss - consumer plumbing O Actual consumption




Government interview on drought

« Do you have any experience of water
shortage during the drought?

* Do you have any policy regarding
drought season for supplying water?




Local Community Survey

1. How to access water
1) Groundwater(well)

- pipeline

- obtaining water from elsewhere
2) Rainwater(Water tank)

2. How to use water (annual use)
1) Groundwater(Well)
- Drinking
(purification filter, boiling, without any purification)
- Daily Use
- Agricultural Use
2) Rainwater(Water Tank)
- Drinking
(purification filter, boiling, without any purification)
- Daily Use
- Agricultural Use



Local Community Survey

3. What can be improved? (priority check)

1) There is not enough water

2) Water quality is low

3) Water bill is expensive

4) Maintenance of water tank(well/filter) is expensive
5) Etc. (please specify)
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Local Community Survey

1.How to access water .

1} Pipaline,

Flaase tick o weather you accsss waber fom pipslng, reinwaber tank or both.

§ APCC

-

RAINWATER TANK

2] Both pipeline and Rainwater tank.

3) Roinwoter Tank.
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Local Community Survey

3. What can be improved in terms of water usage?.

1Py T Dy IV o Pl P T DD 0 O PRl P 0 B LGt 3

1) Mot enough water

21 Low guality water-

AR
2. How to use water.
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4) Expansive maintenance cost
for waber tank(wallfRer).
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5} Etc (Please specify if any).




Business Trip Schedule
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e Periods: July 4 ~ July 14
Cooee  Tme | ot Garicpan

July 4(Mon) 13:30
flight(ROK -> Tonga)
July 5(Tue) 20:55
« Kick-off Workshop with MLSNR
: . - Introduction of stakeholders
Rz - Project discussion (Timeline, contents, etc.)
July 6(Wed) - Discussion on equipment installation
. « Site visit for equipment installation
15:00317:00 « Registration for simcard (3ea): Pre-test with 3 simcards MLSNR
. . APCC
« Server installation Hydronet
July 7(Thur) 09:00-18:00 « Equipment installation and Pilot Test(i) Y
« Training relevant officers for use of server and equipment
09:00-12:00 « Pilot Test for server and equipment(ii)
July 8(Fri)
13:00-17:00 « Pilot Test for server and equipment(iii)
10:00-12:00 « Internal Discussion I (APCC&Hydronet) APCC
13:00-17:00 « Site visit for survey designing and site selection Hydronet
July 9(Sat)
20:55-22:00 « Pick up at the Tonga international airport(Prof. Namsik Park) MLSNR
’ : « Departure at 7:00PM from the Hotel (21:55 flight) - Hydro team APCC
10:00-12:00 « Survey site visit and communication with locals APCC
July 10(Sun) X X X X . Dong-a Univ.
13:00-17:00 « Internal Discussion II for planning on survey and field survey (APCC&Dong-a Univ.) J :
July 11(Mon) 09:00-18:00 « Field Survey - Groundwater Volunerble Site
« Survey with a government officers on water resource usage
09:00-12:00 « Community based survey on water resources and water usage MLSNR
July 12(Tue) - Urban frs
Dong-a Univ.

« Community based survey on water resources and water usage

lanuaee - Rural (2-Villige)
(A5 « Meeting with Minister and CEO(8:30-9:00)
July 13(Wed) i « Prepare for flight
14:40

July 14(Thur) 17:45 flight(Tonga -> ROK)



Future Plan: Project Timeline

2015 2016
Activities
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