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Time

[tem

Person

Day 1 [June 27, 2018]

10:00 - 11:00 Introduction to ToGWIS Dr. Sunkwon Yoon
_ Dr. Sunkwon Yoon /
11:00 - 12:00 Hands-on session for ToGWIS _
Ms. Inja Jeon
_ _ Dr. Sunkwon Yoon /
12200 - 12:30 Q&A and Discussion _
Ms. Inja Jeon
12:30 - 14:00 Lunch
14:00 - 15:00 Introduction to Groundwater Modeling Dr. Sunkwon Yoon
15:00 - 16:00 Hands—on session for GM Dr. Sunkwon Yoon
16:00 - 16:30 Q&A and Discussion
16:30 - 18:00 Introduction to ToCSA Dr. Kwanghyung Kim

Day 2 [June 28, 2018]

10:00 - 10:05 Opening Prayer Maka Matekitonga (PUMA MLNR)
10:05 - 10:10 Welcome Message from the APEC Climate Dr. Jinho Yoo
) ) Center (Repr. Dr. Sunkwon Yoon)
10:10 = 10:15 Welcome Address from the Ministry of Ms. Rosamond Bing
: : Lands & Natural Resources (CEO,MLNR)
10115 = 10:25 Introduction video on APCC-Tonga Groundwater | Ms. Inja Jeon
Management Project (Project Manager,APCC)
10:25 — 10:45 Brief research outcomes, focused on Dr. Sunkwon Yoon
' ’ groundwater management (Research Fellow, APCC)
AE 1A Ms. Inja Jeon
10:45 — 10:55 Showcase of ToGWIS (Project Manager,APCC)
1055 - 11:15 Brief research outcomes, focused on Dr. Kwanghyung Kim
) ’ agriculture sector (Research Fellow, APCC)
11:15 - 11:25 Q&A Session
11:25 - 11:35 ToGWIS Handover Signing
11:35 - 11:40 Closing Address
11:40 - 11:45 Closing Prayer
11:45 - 12:00 Group Photo
12:00 - 14:00 Luncheon at Chef Zero Restaurant
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Smart Agricultural Water Management

Agriculture status in Tonga

Agricultural land use Tonga major annual crop area
1% )
12,000
§ 10,000 1+ hoa
| Fallow _E_
5 8000 1
O Annual crops 0
@ Pasture < 6000 1"
. B 8315
B Perennial corps S 4,000 1
M Livestock E
3 2,000 1 f,555| m l,sz?l
. L . . . | .

Cassava Yam Yautia Sweet Swamp
potatoes taro

Agriculture contributes about 19% of GDP in Tonga
Rural households occupy 86% of all households

Annual cropping area is 36% of all lands

Major annual crops: Cassava, Yam, Tarua, Sweet potato, Swamp taro etc.
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Major annual crop plantation situation

Swamp taro

Smart Agricultural Water Management

Agriculture status in Tongatapu Island

Annual crop planting area in Tongatapu

Unit: Acres
Crops Cassava Yam Tarua igteaetz ,[S;fﬂimp
Tongatapu | 8,160 4,248 1,956 1,408 1,216
Kolomotu’'a 844 (10%) 426 (10%) 222 (11%) 99 (7%) 215 (18%)
Kolofo'ou 890 (11%) 353 (9%) 181 (9%) 84 (6%) | 183 (15%)
Vaini 1,809 (22%) 726 (17%) 356 (18%) 301 (21%) 301 (25%)
Lapaha 917 (11%) 1,023 (24%) 267 (14%) 235 (17%) 48 (4%)
Tatakamotonga 945 (12%) 699 (16%) 233 (12%) 222 (16%) 78 (6%)
Nukunuku 1,727 (22%) 673 (16%) 545 (28%) 264 (19%) 280 (23%)
Kolovai 1,028 (13%) 348 (8%) 153 (8%) 203 (14%) 111 (9%)

Source: Tonga national agricultural census (2015)

In Tongatapu, cassava has the largest

cultivation area followed by yam and taro,
sweet potato

Lapaha

Main cultivation area: Vaini, Nukunuku,




Smart Agricultural Water Management

Research Purpose (Agriculture)

In this study, we aimed at strengthening the capacity of Tongan farmers to deal with
drought through the development of Smart Agricultural Water Management technology.

The Smart Agricultural Water Management technology includes soil moisture
monitoring to come up with climate smart irrigation for selected crops.

Collaborative activities between APCC and MAFFF were implemented:

Activity 1 : Installation of Soil Water Content and Soil Water Potential sensors /
Monitoring of soil moisture condition

Activity 2 : Development of soil water content model

The Smart Agricultural Water Management technology will be able to contribute to
minimizing the damage by enhancing preventive capability against extreme weather
events such as drought.
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Research Materials — Meteorological Data

Y
X
APEC CLIMATE CENTER

o —————
Vaini Weather Station ToCSA (Tonga Climate Service for Agriculture)

Windspeed Insolation ToCSA 5 Login
Home  WeatherService  AgroMet Service

Solar panel Weather Analysis

Home
Station Type Date Range
'I;mperature Research station v iy OIEELY 11/01/2014 - 09/30/2017 m m
HUmldIty % Click each column title, to draw a graph
Min Max Wind Wind Ground Soil Leaf

Rainfa" Time Temperature(*C) Temp(*C) Temp(*C) Rainfalllmm) Humidity(%) speed(m/s) direction(®) Insolation(M]) Temperature(*C) moisture(%) wateri
09/30/2017 20.55 132 2637 0 72.69 0.01 200 24.72 2214 2141 1
09/23/2017 21.84 17.34 26.73 69.86 79.7 0.07 238 2267 2268 282 1
09/28/2017 2502 2219 28.67 3098 82.66 0.51 28 18.76 2519 138 1

Data logger
09/27/2017 2419 2147 28.18 0 8252 0.1 80 17.64 2417 144 1
09/26/2017 2247 20.11 2527 0 80.27 032 104 14.86 2256 146 0
09/25/2017 2059 16.55 2353 0 8298 013 115 9.89 21.57 1456 1
09/24/2017 19.51 15.25 2352 075 83.98 0 153 543 21.99 15.1 1
09/23/2017 19.92 14.34 2639 0 76.54 0.02 186 2255 2349 16.2 1
09/22/2017 20.26 1434 27.14 0 74.21 0 201 243 2366 17. 1
09/21/2017 20.89 15.26 2653 0 69.46 0.01 175 2064 2346 17.7 1

Siol moisture ,

12|34 5 6 7 8 9 10 NEXT END
Vaini Research Station AWS

Automated Weather Station in the Vaini Research Station

Temperature(°C), Relative humidity(%), Rainfall(mm), Solar radiation(MJ/m?), Wind speed(m/s), etc.

Automatically transmitted to ToCSA through the regular communication via bluetooth transmission
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Research Materials — Soil Data

/\PCC
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Soil sampling in Tongatapu

-175.3 -175.2 -175.1

Cultivation status at soil sampling site

(s = T s

1753 1752 -175.1 Fua’ amotu (Vanilla) Alaki (Squash) | utoua (Bare soil)

In order to develop a soil water content model, the ratio of Sand, Silt, Clay contents (physical soil

property) is required.
Sampled the soil in current weather observation area (Fua’amotu, Vaini, Utulau) and future planned

AWS installation area(Alaki, Niutoua, Kolobai)
Referenced the physical characterization results of Vaini Clay and Lapaha Clay by Gibbs (1976)
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Research Materials — Crop Data (Cassava)

- Unique starches

{ Stem
}, - Planting material
. < - Lignocellulose
Foliage N\ material for biofuel
+ Human food e A
- Livestock feed
- Protein supplement
- Biofuel
- Fertilizer
7 AN - % Roots
J *& {

LAI variability during Cassava growth

6.0 -

50 A

Leaf Area Index
w »
(=] o

g
o

1.0 A

0.0

T
50

-A-Cascuda

—+—Fepagro

Source: Tironi et al., 2017

T T T T )
100 150 200 250 300
DAP(days after planting)

To estimate soil water content, length of crop cycle,
LAI, crop height and root depth are required.
Cassava generally has a growth period of about 250 days
LAl is highest around 180 days after sowing

(Cascuda: 5.5, Fepagro: 5.1)
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Flowers

Leaves

Smart Agricultural Water Management

Research Materials — Crop Data (Yam)

LAI variability during Yam growth

6.0
—A—Forest

+ +-Savanna
50 -

Leaf Area Index
w #
(=] o

[
o
I

1.0 A

0 50 100 150 200 250
DAP(days after planting)
Source: Diby et al., 2011

Widely grown in the temperate and subtropical regions
In Tonga, traditional mixed cultivation method is used
Yam generally has a growth period about 220 days
LAl is highest around 140 days after sowing

(Forest: 4.45, Savanna: 5.28)
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Research Materials — Crop Data (Swamp taro)

Swamp taro

LAI variability during Taro growth

w
5

A-Oawe ni Urau

—+—Hawai

w
o

B

B

A —e—Tausala ni Samoa

Leaf Area Index
= N [
wu o w
>3
B

=
=}
L

o
wn

o
[=]

0 8 16 24 32 40 43
Age(weeks)
Source: Sivan, 1979

Widely grown in the Midwest Africa, Northeast Asia,
and South Pacific regions

Growth period differs depending on varieties. Swamp
taro has a growth period of about 336 days.

LAI is highest around 112 days after sowing

(Oawe ni Urau: 2.9, Hawai: 2.3, Tausala ni Samoa: 1.9)
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Installation of Soil Moisture Sensor
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Soil Moisture Sensor installation site Observation sensors and installation situation

-175.3 -175.2 -175.1
Soil Water Sensor Connection

J

1000 Series

Tongatapu

-175.3 -175.2 -175.1

- Installed in three sites (\Vaini Farm, Fua’amotu Farm,
Nishi Farm) with cooperation of MAFF

- Soil Water Content(SWC), Soil Water Potential SWP) swc1 swcz T

- Automatically stored in data logger every one hour

Nishi Farm
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ROSETTA model flow chart and execution

Output Data

Model C2 - Ko L

Input Data

Basic Soil Data

Smart Agricultural Water Management

ROSETTA Model

Input and Output data of ROSETTA model

ROSETTA input data

[

Hierarchical
6,8, an
TXT, SSC, BD, |[EEE) AN E—)
(TXT, SSC, BD, Models
TH33, TH1500)
— K
Input : - Output: ‘
. >
BBEX|K AP [+ -5t u 28R
Ihput Data Output Data
Code |1 of 2 Used model jssc
|vaini )
Model Output Uncertainty
Rl Class :] Thetar | 0.0955 | oor2g cm3/em3
Sand % 212 Theta.s | 04774 | 00165 cm3/om3
Silt % 227 log10{Alpha) [-17033 | 01514 log10€1 /om)
Clay % 551 log10(N) ["oo8a7 ["00204 s
Bulkd. er/cm3 Jog10(Ks) | 12744 | 03234 log10{m/day)
33 kPa WO log10(Ka) | 06711 | 02652 log106em/day)
1500 kPa WG L [~20504 [1.4004 -

" Textural classes
(¢ % Sand, Silt and Clay (SSC)
" %Sand, Silt, Clay and Bulk Density (BD}

<

" SSCBD+ water content at 33 kPa (TH33)
" Same + water content at 1500 kPa (TH1500}

(" Best possible model

Item Explanation Unit
TXT Soil textural class (12 soil class) -
SSC Sand, Silt and Clay percentages %
BD Bulk density glems3

TH33 Water contents at 33 kPa cm3/ems3

TH1500 Water contents at 1500 kPa cm3/fems3
ROSETTA output data

Item Explanation Unit
0. Residual water content cm3/fems3
O, Saturated water content cm3/fems3

a Curve shape parameter l/cm
n Curve shape parameter
K Saturated hydraulic conductivity cm/day

For Help, press F1

Source:https://www.ars.usda.gov/pacific-west-area/riverside-ca/us-salinity-
salinity-laboratory/docs/ROSETTA-model/
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SWAP Model
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- rgaan - Simulation of SWC estimation of SWAP model
EEBIE
* Tmin(C)

b L - Soil-Water-Atmosphere-Plant(SWAP) model is used to

=¥

- Rh(%)

gass estimate soil water content in each site
A
+ Wind(m/s)

b o - Inputs: meteorological data, soil characteristics, and

o1

crop information

seepage/

[ soil information ] SWAP Model
(SSC, BD, ezwm.u B1500504) - A28 PN A I
ASCl e o - K;(ecm/day) Atmosphere
: 2 EHLRHES iterogiion "
Ky(cmy/day) at Y W N waters
e EX3lEs Unsaturated -’
- 8,(cm?/cm?) zone
E-3- PN T
) (cm’/cm’) .
UF-2E8Y Saturated 0 -t
zone i
“W“”“ b s
¥

[ Soil hydraulic parameters

- RBUKAY -
- Crp

+ LCC(days)
HEHEFD|

. LAl(mZ/mz)
SO IR

+ CH(cm)

Soilwater content (m® m3)

- Length of crop cycle(LCC)
- Leaf Area Index(LAl) 250 | -
- Crop heigh(CH) + RD(cm) RSP o

s2120l

- Rooting depth(RD)
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Observation Results (Vaini Farm)

/\PCC
I
Soil Water Content(SWC) observation in Vaini Farm Relationship between
55 0 SWC and SWP
TSWE —sWR 0 Hourly Data
® 4/13-5/20
L T - 40 - 35 o I 'l.l
%—E- o 30
< = i
_,E 45 - 30 '.E gzs lI
S 2 a0 .
5 < . Il
E 40 - 20 § o 1 I °
3 E 5 8fe
35 + r 10 0 . . ! ° .
35 40 45 50 55
SWC (%)
* 4/13 4I/20 4I,’27' I5,’4 5:/11 5I,’18 ° 0 Daily Data
2017 ® 4/13-5/20
35 | ® o.
- - 30 L]
The SWP sensor begins to react from April 13 . ‘®,
] 7 [ ]
. . ] )
Sensors deviate from data logger due to heavy rain of 92 mmon ‘i
=
May 23 “® s
10 - L]
Correlation between SWC and SWP from April 13 to May 20 is 5 - A
Rz=0.91 e

SWC (%)



Soil Water Content (%)

SWC observation in Fua’amotu Farm

55

Smart Agricultural Water Management

Observation Results (Fua’amotu Farm)

—SWC —SW°P

50 +

45

35 +

30/\

af1 5I/1

6/1

2017

200

r 160

r 120

r 80

When SWC is greater than 51%, SWP is close to 0 kPa

When SWOC is less than 36%, SWP is close to 160 kPa
Correlation between SWC and SWP from April 1 to August 3 is

R2=0.93

Irrigation is recommended in the 60-100 kPa range for high-

density clay soils

Soil Water Potential (kPa)

SWP (kPa)

SWP (kPa)

Relationship between
SWC and SWP

Hourly Data

® 4/1-8/3

.

35 40 45 50 55 60

30
SWC (%)
Daily Data
‘ ® 4/1-8/3
®
[
[]
°
%
e
®
°
°
o. .,
o o,
° ‘..
o
[
30 35 40 4I5 50 55 60
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Analysis of soil physical properties

Smart Agricultural Water Management

Soil Physical Property Analysis Result (in Tonga)

Soil characteristics of Tonga soil

Soil depth Soil Texture (%)
Region (cm)

Sand Silt Clay

Vaini clay 13-28 20.0 21.7 58.3

Lapaha clay 13-30 12.0 7.4 80.6

Performing partlcle size analysis test in Tonga
~<—— Sand (%)
Soil hydraulic parameters
Region 0, 6. a K, K
n L
(cm3/cm3) (cm3/cm3) (1/cm) (cm/day) (cm/day)

Vani clay 0.097 0.484 0.020 1.216 18.652 4.789 -2.353
Lapaha clay 0.102 0.497 0.020 1.150 16.665 3.734 -4.488




Smart Agricultural Water Management

Soil Physical Property Analysis Result (in Korea)

APCC
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LS Particle Size Analyzer H 1 LS Particle Size Analyzer
eBECKMAN Vaini Farm SBECKMAN Fuaamotu Farm

i G 3 L 5 1 2
Beckman Coulter LS 13 320 Beckman Coulter LS 13 320
133 _— o S— i , T CALS 13320\ 01 £1'2017-04782 moto 01.Sls o
File name CALS13320\0I 01 £1\2017-04782_Vaini_01.$is | File name (me;;)inf\U Al ),:}f):,,7 (L)A’USM‘ Pourumoto_01.5ls
2017-04782_Vaini_01.8is 2 4782 Uru 5
File ID 2017-04782 File ID 2017-04782 |
2 < : Sample ID Pourumoto |
Sample 1D Valini v
PN number > z“n ml‘mbm | F hofer.r{780f
Optical model Fraunhofer.r{780f ptical mode raunhofer.r{78
Residual 0.58% Residual 0.66% ‘
LS 13320 Dry Powder System LS 13 320 Dry Powder System
Start time 17:54 7 Nov 2017 Run length 28 seconds Sl.ul»l»nm !:) \:, 8 Nov 2017 Run length 23 seconds ‘
Average Vacuum: 25.1" H20 ?);'efd&e‘Vchum ZA‘J 1"H20
~ 59 yscuration %
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Volume Statistics (Arithmetic) 2017-04782_Vaini_01.Sis Volume Statistics (Arithmetic) 2017-04782 Pourumoto 01.$ls
Calculations from 0.375 um to 2000 um Calculations from 0.375 um to 2000 um
Volume 100% | Velime: 100%
Mean 248.4 um sSD 151.7 um Mean 287.2 um sD 160.0 um |
Median 233.0um cv 61.1% | Median 276.4 um cv 55.7% ‘
Mode: 3244um Skewness: 0.447 Right skewed Mode 356.1 um Skewness 0.354 Right skewed
Kurtosis: -0.384 Platykurtic Kurtosis: -0.438 Platykurtic
dio:  55.38 um dso:  233.0 um deo: 461.4 um dio: 8143 um deo:  276.4 um de:  507.7 um
<10% <25% <50% <75% <90% <10% <25% <50% <T5% <00%
55.38 um 131.1um 233.0 um 352.5 um_ 4614 um - 1 81.43 um 163.2 um 276.4 um 398.5 um 507.7 um |




Soil Water Content (%)
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Smart Agricultural Water Management

Soil Water Content Estimation Results

SCroE Cultivation Area In Tongataeuz

APEC CLIMATE CENTER
Vaini Farm
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2017

SWC estimation for Vaini Farm soil

Comparison of soil water content and simulation
results for Taro cultivation area of Vaini Farm
Use physical information of Vaini clay, not
actual soil information, in the model

SWC estimation for Fua’amotu Farm soil

Comparison of SWC observation data and
simulation results on Vanilla cultivation area of
Fua’amotu Farm

The simulation results are generally lower than
the observed values

Significantly similar patterns since the large
rainfall on May 23 and 24.



Smart Agricultural Water Management

ToGWIS

/\PCC
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& ToGWIS

Soil Moisture Estimation

Crop Type Soil Type Search
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Bridging the Gap Between Climate Science and Applications
to Sthart water use in the Kingdom of Tonga

-by Dr. Younghee Shin, Dr. Sunkwon Yoon, and Dr. Kwanghyung Kim
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Development of smart water management
system using climate information'in
response to shortage of water in the
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Background of Water Project

Background

0 The Kingdom of Tonga face diverse and difficult water challenges

O For example, the supply and demand of water resource in Tonga is
regionally biased and the quantity and quality of it are at high risk due
to the pollution and depletion of surface water as well as seawater
Intrusion

O These facts affect Tonga, putting it in a very vulnerable status in
obtaining sustainable water resources

QO By developing climate-smart groundwater information system for water
resources, Tonga community members and decision makers will be
better understanding and implementation for sustainable water use

and management



Background

% Project Outline

Water Project Overview

O Title : Water Resources Forecasting and Risk
Assessment in the Kingdom of Tonga

O Partner country : Kingdom of TONGA

O Period : 2016 ~ 2018

O Potential Participants :

APCC, Dong-a Univ,,
Hydronet(Univ. of Seoul)

% Technical Road Map (TRM)

15t (2016-year)

Installing, GW

Modeling, and

Web GIS-based
Monitoring System

2nd (2017-year)

Extending Web-
based System and

Developing GW
N:ENeE]
Forecasting System

Niuatoputapu Niuafo'ou

Late Island

Tofua Island

Kotu Group
Nomuka Group
NUKUALOFA®

s
&
N
&
*
‘Fua Island &
&

31d (2018-year)

Development of
Smart Tonga Water

Information System
& Funding from
KOICA




Background of Tonga Project

History of Tonga Water Project and MOU

APEC CLIMATE CENTER

2016 ROK-Tonga Water Management Project  Jun. "15: APCC-Tonga Delegation Meeting @ Busan
peveopment o smart orosmauelermansoement ystem n fhe nosom ef onoe « Dec. "15: MOU Discussion and Field Survey — 15t Visit
Feb. "16: Project MOU between APCC and Tonga
Mar. '16: Start the Tonga Water Project
Jul. "16: Installation of Sensors and Server — 2nd Visit
Mar. “17: APCC-Tonga Joint Workshop and Agri-Water
Project MOU @ TONGA - 3™ Visit
Jul. "17: Installation of Sensors and Server — 4t Visit
Jun. "18: Final Workshop @ Tonga -5t Visit

Tonga MLSNRyoffice:



Background of Tonga Project

Tonga Agri-Water Project Design

Stakeholders

Climate

* Improving Seasonal
Prediction Skill
* Enhancing Dry Season
Forecasting
Water « Development of Web System
Seasonal Forecasting
Development of System Development
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Background of Tonga Project

Tonga Agri-Water Project MOU

Agro-Water Project MOU at TANOA
Hotel, Tonga

- MOU with APCC-MAFFF-MLSNR
- Periods: 2017~2018




Background of Tonga Project

Tonga Agri-Water Project Joint Workshop

v' Tonga Agro-Met Project (2014-2016): APCC-TMS-MAFF
v Tonga Groundwater Project (2016-2018): APCC-MLSNR
v Tonga Agri-Water Project (2017-2018): APCC-MAFFF-MLSNR



 Climate Change in Tonga
« Water Resources in Tonga

« ENSO and Drought in Tonga




Background

Status of Tonga and its Water Resources

/\PCC

APEC CLIMATE CENTER Source: (http://www.pacificwater.org/pages.cfm/country-information/tonga.html)

Tonga Problems with Water Resources
Home = Country Information = Tonga +
* Wastewater management and pollution control

Geography * Information exchanges on water resources
Total Area 748 kme
Land 718 km LAND USE
Water 30 km? M Arable Land M Permanent Crops

" M Permanent Pasture Farest
Highest 1,033 m
Elevation W Other

% [MEe)
Land Use
Arable 20%
Perm. Crop 14 67%
Other £5.33% (2005)
People
Population 116,921 (July 2007 71%
est.)

Population 1.847% (July 2007
Growth R t. .. .

“ e Drinking water coverage estimates
Economy Source of Water Urban (%) Rural (%) Total (%)
GDP per capita$2.200 (2005
(PPP) est) 1990 2015 1990 2015 1990 2015
Water Statistics - 3 - 80 o 78
o Vanss frem nerl e =0 Other improved source 97 100 99 100 99 100

g
Rainfall of Tonga with an estimated

aversge of 2500 mm per | Other unimproved 3 0 1 0 1 0
- 0 - 0 - 0




Groundwater
Pipe Line System

Water Resources in Tonga

Tonga Urban & Rural Water Distribution Sy 3ge#fs

RESIDENTIAL AREAS AND CONDUCTIVITY (WL) OF VILLAGE PRODUCTIION WELLS OF
TONGATAPU (MARCH 2016)

® 0-5001]
500 - 1000 [34)
1000 - 1500 [24]
1500 - 2000 [4]

* 2000+ (3]

[ ResidentialArea
Roads

— Coastiine
Island

March 2016 Survey (Conductivity) (73] P
.

wwwww

A

Nuku’alofa Pipeline System

ol g -"."

A, oy
4 oy 'L_..HI._I-

Rural

Rainwater
Harvesting



Temperature (°C)

22

Weather and Changing Climate

Annual

y=0.04 x + 23.27
R?=0.51

1981 1986 1991 199 2001 2006

O Annual Temperature: 23.9 °C

- Max: Feb. 26.5 °C
- Min.: Aug. 21.3 °C

Last 30-year: Temperature was
increased about 1.2 °C

Climate: Historical Observation Data

Rainfall (mm)
E

o

O

@ Nuku'alofa

Annual
y =30.52 x + 1,281.27

1981 1986 1991 1996 2001 2006
Annual Precipitation: 1,754 mm

-Wet Season: Nov. to Apr. 1,057 mm
-Dry Season: May to Oct. 697 mm

Last 30-year: Precipitation was
increased about 900 mm



Weather and Changing Climate
Sea Level Rise under Climate Change

Observed and Projected relative sea level change

(PCCSP, 2014)

Observed and Projected Relative Sea-Level Change Near Tonga

o | econsieton . - Observation:
j :’J:;g | Sea Level Change: 6.4 mm/year
£, (1993 to 2007)
? 30 ” - Climate Scenario Projection:
f 2 I 2030-year: 5-15cm increased
; ‘ - @.wvzﬂ H 2090-year: 20-60cm increased
’ oAt e w [l : 5
al
0 200 050 2100

Year



Weather and Changing Climate
Sea Level Rise under Climate Change

/\PCC
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Monuafe Island

25 years ago, Monuafe Island was a healthy
Island supporting diverse plants.

« 2012: Only a few plants
are living in the Island

« 2014: Sea level rise and
erosion progresses
enough to show only
sand at low tide

Image © 2014 DigitalGlobe
2014 DigitalGlobe e © 2014 DigitalGlobe je © 2014 DigitalGlobe
< 2014 Google © 2014 Google © 2014 Google © 201 gle
Googl d the Google logo g t dt ademarks of Googl
75°08'33.43" W _elev (O 175°08'29.73" W_elev_ 0 75°08'26.60" W S 175 l 0 m [



Water Resources in Tonga

Soil Texture

/\PCC

APEC CLIMATE CENTER

I
Tongatapu

Fua'amotu

Picture of the exposed limestone aquifer
in a quarry 5 km south-east of the
Matakieua well field

Soil mantle of variable thickness developed in volcanic
ash deposits



Water Resources Assessment

Underground Water

APEC CLIMATE CENTER

Location of a North-South
elevation profile through the
Matakieua public water supply
well field area

we_II field

o -

N Well field S
30 - 30
20 ,»——/ \f/ //’\' 20
12_/%/"\/\___,/—/‘_‘“/* Unsaturated zon:\—ﬁ 12
-10 Fresh water -10
-20 Lk -20
_30 Sa“ll: watet '30
DRR-Team Mission Report, 2016



/\PCC
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Time series of (a, b)
precipitation, (c, d) maximum
and (e, f) minimum
temperature during historical
and RCP 4.5 (left panels) and
RCP 8.5 (right panels). Blue
solid line is 21 MME(Multi-
Model Ensemble) and shaded
sky blue area is range from
minimum to maximum among
21 models.

Climate Change in Tonga

Climate Change in Tongatapu

( ) Precrpltatlon (RCP4 5)
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Climate Change in Tonga

Climate Change in Tongatapu

/\PCC
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(a) 21 MME Precipitation (Dry season) (b) 21 MME Precipitation (Wet season)
10

Time series of precipitation of
historical and RCP scenarios averaged
among (a),(b) 21MME, (c),(d)
I4AMME and (e),(f) DAMME,
respectively. Black solid line is
historical variation, blue and red lines () MMME Precipitation Dry season) __(d) AMME Precipitation (Wet season)

are for RCP 4.5 and 8.5 scenario.

Wet season precipitation (mm/day)
M w s 0 o ~w ® ©

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090
(e) DAMME Precipitation (Dry season) (f) DAMME Precipitation (Wet season)
10 10
> >
9
E 8
7
6
\Y
Q 5
4
% 3
H
2
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090

—RCP4.5 —RCP8.5 —RCP45 —RCP8.5



Observed Rainfall

GPCP Precipitation in Tonga

/\PCC
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> ENSO teleconnection Impacts of El Nino and La Nina
Episodes on Rainfall

GPCP Precipitation GPCF Pracipitaticn
Pracipitotion [mm/day] Compoeite snomaly 1981-2010 climo Pragipitotion (mm/day) Compoeite Anomaly 1881-2010 climo

patli]
. NO2A/ESRL Phreleal Selances Olvslon . HO2ASESRL Physlcal Selances Dlvislon E
(a) El Nino years + (b) La Nina
- '. F'
: - =
=
1.5 :
0.5
I—D.5
H-1.5
-
1TIE 1 170 184 [E '_4' 140E 1ME 1an 1704 18 1t
Oec to Feh: 1282,1968,199%,1994 Dezc te Feb: 1283,2000,2011

Wetter and Drier regions associated with El Niho and La Niha episodes



strong El Nino years

Nuku'alofa (Station #3098), Tonga
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Groundwater Recharge Calculation using
WATBAL model in Tongatapu

» WATBAL model » Groundwater Recharge
_ 4000 ‘ ‘ ‘
= P— + — ‘ ‘ ‘ . Recharge Rate: 0.30
R=Fr E]Zl_év = 4 ' Rainfall 77L777\777%777+777
£ 3000_,,-R3Charge,,L,,,L,,J,,,i,,,
3 ] | )
- | |
'@
'> x
'
>
c
-
<
Freshwater Lens
(Outow, Biapersion) 1940 1960 1980 2000 2020
By Falkland and Woodroffe, 1997 Year

» Hamon(1963) Potential Evapotranspiration

€s

T+273.3

[" 17.277

PET = k><0165><216?><;\;>< €, — 6.108e" T=237.3 ]

!
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*Tonga GW Monitoring System
*Tonga GW Flow Model
*Tonga GW Information System (ToGWIS)




Tonga GW Monltorlng System (ToGWMS)

| <

Wireless Telecommunication System for Real-Time Groundwater Monitor

> I < > | < > |
SERIAL(RS485) TCPIP
GSM
| . 1. é f‘ :f' I )
-~\ : ; N l /,/ ) 3 /‘ .\\ </.
Tonga
Telecommunication
Company

17///4

Telecommunication Frequency, Start/End Time, Firmware Upgrade

Wireless
Transform

14

Server

9 -

Monitoring & Analysis

W



Water Level (depth),
Temperature, Electrical
Conductivity (EC), Flash
Memory (4Mbyte),
Internal Lithium Battery

Tonga GW Monitoring System (ToGWMS)
Real-Time Groundwater Monitoring System

Data Logger

High performance, Low
Power Consumption, LCD
Monitoring System, and
Inner Battery (14.4V Lithium
19Ah)

Solar Charging Device,
Wireless Communication,
Saving Space, and
Comport Install and
Maintain System



Tongatapu Well Locations

LOCATIONS OF WELLS IN «
TONGATAPU ISLAND @
@) X@ X
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Locations of the data loggers and sensors

Muitoa
O

Fotua
o

3 SMBs + 3 SMBs Carusi TOTAL

Tongatapu

- 6 SMBs
- 6 Data Loggers

- 9 Sensors

————

Single Sensors

08 T 16 installed
( £7.we ) ‘17 installed
\\ s
\~ ’/

————————

The Real \Tlme Groundwater Monltorlng System



Tonga GW Monitoring System (ToGWMS)

C ) o,
AP v ov

APEC CLIMATE CENTER

Lewvel{GLm) TempiC) EC{mS) Cepthim) Sensor YoltagelV) Charge currentima) 2nd Battery Woltage() < E
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Tonga GW Monitoring System (ToGWMS)
Real-Time Groundwater Monitoring System
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The sensors and data Loggers are installed in 2016

Address Beside pump station 105, Next to pump station 313, Mataki'eua-  Middle of Hihifo well field
Mataki'eua Tongami

Lat./Long. S: - 21.153897 W: - 175.241717 S: - 21.154274 W: - 175.253035 S: - 21.139717 W: - 175.316732

Photo : g !

Tube No.3/N.4 No.3/N.4 No. 2

Cable Length e Tube #3: 16.50m » Tube #3: 30.00m » Tube #2: 17.00m
(DSP) * Tube #4: 22.50m + Tube #4: 26.82m
Tel. +676-841-5229 +676-841-5231 +676-841-5230

« The sensors are located in the middle of screen slot in each tube.
« The cable length indicates Depth of Sensing from the top edge of Piezometer (DSP).



Tonga GW Monitoring System (ToGWMS)
Real-Time Groundwater Monitoring System

/\PCC
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The sensors and data Loggers are installed in 2017

E EV T VY™ M3 09

Address South side of track between Houma, Hala Vaea Road Toloa-End of Airport Runway, Fuaamotu
Mataki'eua and Fanga'uta Lagoon

Lat./Long. S: - 21.158825 W: - 175.234643 S: - 21.154315 W: - 175.291506 S: - 21.229317 W: - 175.171285

Photo h

Tube No.2/N.3 No. 5 No. 4

Cable Length * Tube #2: 19.79m « Tube #5: 19.00m » Tube #4: 38.00m

(DSP) > Tube #3: 14.70m

Tel. +676-884-8617 +676-884-8618 +676-884-8619

« The sensors are located in the middle of screen slot in each tube.
« The cable length indicates Depth of Sensing from the top edge of Piezometer (DSP).



APEC CLIMATE CENTER

Tonga GW Monitoring System (ToGWMS)

5  Schematic View of the Multi-Nested Piezometer
/\PCC Design (Not to scale)

P43 01

Cement bentonite

~

—

0.5 m hentonite seal

1.0 m of 89 mm
steel protective casing

1 m of steel protective
casing

Sand and gravel

backil Cable
Length Sensor
(DSP)
32 mm class 12
piezometer
—— 1mSump Location of sensing

*Base Map Source: Kate (2012), Expansion of the salinity monitoring network across Tongatapu, pp. 1-55.



Multi-Sensor

SM B 01 Tube #2, Tube #3

Location: South side of track between Mataki'eua and Fanga'uta

Lagoon
(S: - 21.158825 W: - 175.234643)

271008

21"150°

4 Proposed SMB

[ 2,500 5,000 10,000
— — Meters

I5MTIOW 175450W 17511230W 175*100°W

Location of sensors

Tube #2 Tube #3

® F 4 3 ¥ t 1
Cement bentonite 1.0 m of B9 mm
\ steel protective casing
L J
7_ y
} 1m of steel protective
0.5 m hentonite seal casing
W

L Sereen ——
2 m Screen

Gravel sands——

backiill
14.70m
N Cable 19.79m
piezometer
Sensor
——— 1mSump

SMBO1 to SMB07 and SMB14 to SMB16:
Leave 1 meter sump at base of screen and slot 2 meters



175"100'W T5TIW

Multi-Sensor
SM B 02 Tube #3, Tube #4

271008

Location: Beside pump station 105, Mataki'eua
(S: - 21.153897 W: - 175.241717)

2123

2111508
21"150°

4 Proposed SMB

0 2,500 5,000 10,000
— — Meters

I5MTIOW 175450W 17511230W

Location of sensors

I O 1 Tube #3 Tube #4
Cement bentonite 1.0 m of B9 mm
steel protective casing
=,
0.5 m hentonite seal 1m of steel protective
W
Sand and gravel
Backill 16.50m
EmSereen — Cable
22.50m
2 m Screen
32 mm class 12 Sensor
piezometer
0.5m Bentonite seal I
Gravel sands—— —— 1m Sump

SMBO1 to SMB07 and SMB14 to SMB16:
Leave 1 meter sump at base of screen and slot 2 meters



Single Sensor
Tube #5

SMBO08

Location: Houma, Hala Vaea Road
(S: - 21.154315 W: - 175.291506)

21"150°

21 » Village Well
4 Proposed SMB

2,500 5,000

Meters

115 T30W

17511230W

175450W

I5MTIOW

Location of sensor

" F 4 3 ¥ L 4 TUbe #5
Cement bentonite 1.0 m of B9 mm
\ steel protective casing
_ L J
/ ‘
1m of steel protective
0.5 m bentonite seal m::u
v Cable 19.00m
= Sand and gravel
backfill
Lm Sereen — Sensor
32 mm class 12
piezometer
0.5m Bentonite seal
Gravel sands— —— 1m Sump

SMB08 to SM13:
Leave 1 meter sump at base of screen and slot 1 meters
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175"100'W

Single Sensor
SMBOg Tube #4

271008

Location: Toloa-End of Airport Runway, Fua'amotu
(S: - 21.158825 W: - 175.234643)

2123

4 Proposed SMB

0 2,500 5,000 10,000
— — Meters

I5MTIOW 175450W 17511230W 1754100W 115 T30W

Location of sensor

® F 4 3 ¥ L 1 TUbe #4
Cement bentonite 1.0 m of 89 mm
\ steel protective casing
—7— N
0.5 m hentonite seal Q:MI
Sand and gravel

1 mSereen — Cable 38.00m

32 m class 12 Sensor
piezometer
0.5m Bentonite seal
Gravel sands—— —— 1m Sump

SMB08 to SM13:
Leave 1 meter sump at base of screen and slot 1 meters



Multi-Sensor
SM B 13 Tube #3, Tube #4

Location: Next to pump station 313, Mataki'eua-Tongami
(S: - 21.154274 W: - 175.253035)

Location of sensors

75"1Z30W

T5TIW

» Village Well
4 Proposed SMB

2,500

5,000 10,000

Meters

21"150°

I5MTIOW 175450W

Tube #3 Tube #4

17511230W

115 T30W

26.82m

30.00m

® F 4 3 ¥ t 1
1.0 m of B9 mm
\ steel protective casing
W
—7 N
} 1m of steel protective
0.5 m hentonite seal casing
W
= Sand and gravel
backiill
LmScreen —— Cable
32 mm class 12 S
ensor
piezometer
0.5m Bentonite seal I
Gravel sands— —— 1m Sump

SMB08 to SM13:
Leave 1 meter sump at base of screen and slot 1 meters



175°2320W 75°2140W 175°200W 175*1820W

2

1 Districts
Wells

Single Sensor £l e
SMB15 Tube #2 :

+ TWB Well
+ Village Well

1°50'S

Location: Middle of Hihifo well field
(S: - 21.139717 W: - 175.316732)

21°640°S

21920s

o 750 1,500

3,000
Meters

1752520 1752 T40W 175200 w

Location of sensor

® F 4 3 ¥ L 1 TUbe #2
Cement bentonite 1.0 m of B9 mm
\ steel protective casing
—7— A
/ 1m of steel protective
0.5 m bentonite seal m:-u
W
Sand and gravel
backfill
+m-Sereen ——
2 m Screen

17.00m

32 mm class 12
piezometer
Cable
0.5m Bentonite seal
Sensor
Gravel sands—— — 1mSump

SMBO1 to SMB07 and SMB14 to SMB16:
Leave 1 meter sump at base of screen and slot 2 meters
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Development of Tonga Groundwater Flow Model

Tonga Groundwater Flow Model (ToGFlow) %'

A
T a Ny 'f:p'l*"'

Model Characteristics Model Geometry

0 Objective: 0 Original Geometry
Simulation of Groundwater Flow O Coordinate Rotation and Translation are needed
Q DUSWIM O Non uniform mesh 100 m X 100 m;
O Two Phase 25 m X 25 m in well field
O Quasi Three dimensional O Elements: 89200 and Nodes:89824
Q Sharp Interface FEM 0 Coastal Boundary
O Steady state and unsteady
Governing Equations Dispersion Advection
i[xz b’ ﬂ] N B e N B
KA ax, ' B
R
= »' st aat a;; -0 G,j=1,2) (D k z
7] s E] ah‘ s S 5 's s
3E‘:[Kg.b _‘5‘;-' +ar AN R+ oz N R
T By L. S R @ o 4

ar “ar




o000 000000 Do

Darcy's law

Constant densities & dynamic viscosities

Flow in areal plane

Single porous continuum.

Unconfined Homogeneous and Isotropic Aquifer
Porosity 0.3; Thickness 40 m

Steady & uniform recharge rates

Steady pumping

No Tidal Effects

Fangauta Lagoon : coastal boundary

Annual average recharge : 570 mm

Development of Tonga Groundwater Flow Model

Tonga Groundwater Flow Model (ToGFlow) %'

iy iy T f:p'l:*"'

Groundwater Withdrawal

O Estimated steady pumping
Q 39 Public wells: 250 m3/day per Well
0 56 Village wells :125 m3/day per Well

1111111

= Village Wells e Public Wells
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Calibration and Validation

Q Freshwater-Saltwater interface

O SMBs with constant FW-SW interface
O K value 3600 m/day

O Validation - January 2015 data

Development of Tonga Groundwater Flow Model

Tonga Groundwater Flow Model (ToGFlow) W"

\.

SMB14

sMBc? .

SMBOS

# SMB15
% .
SMB16 @
L]
.
L]
.

SMBO4

+ SMB

SMBD3

\ — "f‘q K ""”--.

. . SME08, sSMB13 % ’%SN‘ g0z / ""N‘/ﬁq t"
‘\ sr:aus sz Shgat ) N "’\-— /
- ¢
-
r
. . ’ ,’ -
\ . \‘3 P e {
"~ - ‘ ‘ d . I
-,
\s \"\/\’ . /
"o u-.‘““‘\“ . o .
« Village Wells \
-~ g
« Public (TWB) Wells l,. e

------

111111

111111

222222

Water Table
Elevation

EC< 2500
microS/cm

A G
_'.r.. "-I'.I'-] 'L_.,Hl,_l-

12 34

GL

FW-SW
Interface

EC= 2500

‘microS/cm
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Development of Tonga Groundwater Flow Model

Tonga Groundwater Flow Model (ToGFlow)

0 Assumptions — lack of data

O Seasonal effects - not considered

O Tidal effects - not considered

Range Input values

Item Description Range of Values Default Value
1 Hydraulic Conductivity 1500-5000 m/day 3600 m/day
2 Recharge Rate 100-1000 mm/year 570 mm/year
3 Sea Level Rise 0-1m Om

4 Number of wells upto 450 95

5 Well Screen bottom elevation upto =10 m -50m

6 Well screen length upto 10 m 30m

7 Pumping Rates-Public Wells 50-450 m3/day 250 m3/day
8 Pumping Rates-Village Wells 50-450 m3/day 125 m3/day
9 Monitoring Wells 16




Development of Tonga Groundwater Flow Model

APCC Tonga Groundwater Flow Model (ToGFIow)

APEC CLIMATE CENTER

Steady state analysis results
Validation of steady state model
» Freshwater Thickness (m)

16 v
#
14
5 -,
S 12 N om
% __10 .,
EE o2
':l_ﬂ'. 8 ® .
o W #
TE e A
= i
= &
£E a 7
=
T 2 ;;’ CC=0.7
= 0

0 2 4 6 8 10 12 14 16
Observed average freshwater thickness (m)

(MLSNRE)




Development of Tonga Groundwater Flow Model

Tonga Groundwater Flow Model (ToGFlow) “"

Loy 'f:p'l:*"'

Freshwater —Saltwater Interface Elevations

Present Freshwater Resources
in Tongatapu Island

0.000 Average FW Maximum FW
-1.375 Thickness Thickness

2750 (m) ()

4125

5500 8.42 14.04

-6.875

-8.250

0625 Total Volume of Total Volume of
' Usable FW

-11.00 (m3)

-12.38

A375 193,800,000 2,123,000,000




Development of Tonga Groundwater Flow Model

o “ir
APCC Tonga Groundwater Flow Model (ToGFlow) W

APEC CLIMATE CENTER

Near future modeling (Unsteady)

STEADY UNSTEADY

TO ] year — T1 e |JSER =t T2 USER = T3
DEFINED PRESENT DEFINED
RECENT TIME NEAR
USER INPUT PAST FUTURE
Duration: 1 year before T1
USER INPUT

* Average annual rainfall

+  Average annual pumping Duration: Recent past (user specified) Duration: Near Future (user specified)

1. Monthly rainfall (observed values) 1. Monthly rainfall (expected values)
2. Monthly pumping [observed values) 2. Monthly pumping (expected values)

| |

l l' Final
Steady State | Initial Conditio> Unsteady State — Outputs

Model Model




Development of Tonga Groundwater Flow Model

Tonga Groundwater Flow Model (ToGFlow)

Average freshwater thickness (m) under the pumping wells (inset shows
the temporal variation) during the 3/2017 to 4/2018

-3

|

under well (m)
%]
B N

Freshwater thickness
=

=]

200 300
Time (days)




Development of Tonga Groundwater Flow Model

Tonga Groundwater Flow Model (ToGFlow)

APEC CLIMATE CENTER

250

Total freshwater pumping
rates (l/sec)
e = o =
= = = =

=

Number of saltwater intruded wells (grey lines) and rate of freshwater
pumping (black lines) for constant pumping rates

Locations and ratios of saltwater intruded pumping wells at Mataki‘eua and
Tongamai

0
@ 0.005 to 0.1
@ 01102
@® 02t003

=]
on

[ ]
[=1

E
—
=
MNumber of wells pumping
saltwater

7
z

oh

oo
L= ]
=

10 20 30 40 S0 60 70
Time (months)

f=]



Tonga Groundwater Flow Model

T _*
/\PCC Tonga Groundwater Flow Model (ToGFlow) W

APEC CLIMATE CENTER

ToGFlow allows ‘easy to run’ by adjusting parameters and model simulation

ToGFlow- Verl.0 :

iodel fun| Resut View | Dutabae

| Summary | Modeling |

Input
Recharge Rate; Hydraulic Conductivity Input
Sea Level Rise; Additional Wells
Pumping Rates

Calibrated (————————

Groundwater
Model

Hydraulic Conductivity
Sea Level Rise

Additional Wells

FW&SWhIds,FWBlSthMu&
Interface elevations at all nodes
& SW Rates, Saltwater Ratio -Pumping Wells

Files Additional Output

DUSWIM - Standalone exe; ickness
Coordinate Transformations; W e sw |m:vz|m: N &

at Observation Wells

...............................

Integrated system for web based
groundwater modeling »

Well ID | Well Nam
. Twel 010 10 ¥ 1 5
[ v Tonga Gevernment Oficials




Web Based Groundwater Information System

Groundwater Information System (ToGWIS)

YIA MONITORING YZA  MODELING YE\  MANAGEMENT

\“ ONE STOP SOLUTION FOR GROUNDWATER MANAGEMENT



Water Resources Risk Management

Drought: Decision Support

APEC CLIMATE CENTER

Example: 1998-2001 Drought
Real-time

. o
mm. Monthly Rain (mm) e« 3 MTH RANKING 12 MTH RANKING AVE 36,48,60 MTH RANKING @——®10th Percentile =——=40th Percentile M on |t0 ri ng
100 600
2,
90
. ' 500
80 =

.. ALERT LEVEL 1 I
% ISSUED | AT

O . tee, P+ 400
\_\:’ . ... .
60 HEE

\ ALERT LEVEL 2
. AN ~ TRIGGER

) \ : 300
40 H=o—fo ‘ _.". ,-.: :.
i :.: :.: ..": ' ::::: |
\ Groundwater
20 % T : . ;=
'._. K . \ N K *

Groundwater
Recharge

PERCENTILE RANK (%)
RAINFALL (mm)

c
1 : : / : | I Modeling
. ',‘ .
: . :
10 o-o0-bl8 o0-bo0o0olbeo B-0-0 = ooool I °
OmOmm mOmO=mOm0m0 Omommm =D D000 o o =
| S | =
L AT HA
0 ‘ ‘I— Al e, "l‘l‘ ‘—‘I"" AL . i AL
5 5 6 0 3 8 8% 38 38333 888888883 3333388 8 8 38
R S A I R B S S A A A S T R T S Groundwater
2 08 & 2 2 08 & 3 30 ad¢& <3 3 o0oad8¢& <2 3 o s 2 < 23

Alert

Source: GOVERNMENT OF KIRIBATI (2011) DROUGHT RESPONSE PLAN FOR SOUTH TARAWA



Integrated groundwater management system

Climate Smart Groundwater Information
/\PCC System

APEC CLIMATE CENTER

% Climate Information for Management of the Urban % Smart-Groundwater Management System
and Rural Water distribution system I
SPI Drought Index, Nuku'alopa, Tonga -
- ¢ SPI SPI 6-Month, CC=0.287 20 4 21IMME 20 4 21MME :‘:::
s . b ™
= 2 WM“‘ 0 O s 8
: e o > : L |

)

1%
T T T T T T 1950 1980 210 20 200 W0 e 200 w0 20

:
1940 1960 Yl:ﬁaﬂr 2000 2020 i 1 I
p o1 § MONITORING j 02\ MODELING | 03\ MANAGEMENT
% Service: Tonga GroundWater Information system (ToGWIS)

Groundwater

AR Rainwater € C e P
Pipe Line System B o o

Harvesting

X/

% Real-Time groundwater monitoring system

The three monitoring systems are installed in the Island of Tongatapu

ToGWIS: http://202.134.25.68:2080






Short- and Long-term Measures

APEC CLIMATE CENTER

O Short-Term Measures 4 Long-Term Measures

1. Optimal allocation of pumping rates 1. Monitoring wells

2. Proactive adjustment of groundwater 2. Management of the Fangaua Lagoon
3. Mitigation of seawater upconing 3. Leak detection and reduction of water
4. Artificial recharge distribution pipe network

4. Water quality

Protection of Coastal Aquifers

Optimum Pumping - Fresh & Salt Water O Policy Recommendations

1. Inventory for and meter installations of

pumping wells and water users
2. QA/QC - field observed data
Freshwater

Interface — 3. Groundwater governance
- Opt. Fresh Water Pumping

Salt water
Interface

-No Well \\




Tonga Groundwater Monitoring System
APGC http://202.134.25.68:2081/

APEC CLIMATE CENTER

[} Groundwater Monitorin: X \ & Google X\

< C | ® 2tHstR] L5 | 202.134.25.68:2081 ¥

i ¥ S Bookmarks £ EF G Google [ ME

¢ Groundwater Monitoring System

Please enter User ID and Password

User ID
10CIN
Password
C Save Pa rd

P.O. Box 5, Nuku'alofa, Tonga
Tel. +676-25-508 | Fax. +676-23-216 | E-mail:tkula@naturalresources.gov 1o 3
Copyright©Ministry of Lands & Natural Resources. All Rights Reserved. APCC
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Tonga GW Information System (ToGWIS)
APGCC http://202.134.25.68:2080

APEC CLIMATE CENTER

@ ToGWIS  Home

Map Satellite
Ha'akili
Kolovai
Foui
Monotapu ,‘ ¢ Royal Palace @ Navutoka Kolonga
Beach ’/: Nu—(g\uku @otai @ F&(r» ¢
«®e & s Hinifo RS Nuku'alofa | g ¢ .
R M@ahau (Y Nukunukumotu [ Niutoua
aneie

1@ li.;‘i \; Island ¢

~\
e Nukuleka &
‘ (.? w\\\\'-\‘ N
¢ L ia"&( ' ¢
‘::,«,:.’ ¢ Nukuhetulu Hoi Finehika
Houma “ @ Pea ¢ Beach
¢ 4 ¢ Ha'amalo
Ha Ha@eiho Mugg, Beach
a'alalo Veltorso
L_Jt%lzzu 2 ¢ ¢ ¢ o Alak«‘ o
Liky, Ry Vaini HO[“‘)‘J“ 5
¢ Magpo @ e
Halafuoleva Haveluliku
Beach

Fa’!mu +
' Pelehake

Layer ® SMBRealtime ® SME Manual @ Vilage Well ¢ TWB Well Hufangalupe L‘a”'ea Sescy

Beach
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Video Clip

The development of smart groundwater management system in
the Kingdom of Tonga

The development of smart groundwater management systemint.. @

Running time: 10:47

https.//www.youtube.com/watch?v=zjvk95TtJIk



Bridging thejfééetween Climate Science and Applications
for Smart water use in the Kingdom of Tonga
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