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ABSTRACT

All nations share the fundamental responsibility to develop plans for securing
water resources and their equitable distribution among the population, so as to
sustainably maintain livelinoods as well as promote economic growth. The risk of
extreme events caused by global warming, population growth, and urbanization are
increasing at a faster rate than ever before. Over the past few decades, extreme
drought and flood due to El Nifio-Southern-Oscillation (ENSO) events have both
increased and intensified in the South Pacific region. Therefore, securing water
resources and managing them sustainably are of the utmost importance to Pacific

Island Countries, including the Kingdom of Tonga.

Background of the joint project

Given that fresh water supply systems are lacking and adequate manmade water
storage infrastructure is insufficient in Tonga, identifying and protecting available water
resources, namely, groundwater, in a sustainable manner are priorities for Tonga. To
confront this urgent issue, a joint project by the APEC Climate Center (APCC), the
Ministry of Lands, Survey and Natural Resources (MLSNR), and the Ministry of
Agriculture, Forestry, Food, and Fishery (MAFFF) was launched in 2017. The project
focused on development of a smart groundwater management system utilizing climate
information in response to water shortages in Tonga. The aim of the project is to
help stakeholders and decision—-makers in Tonga's water management and agriculture
sector to secure and manage water resources sustainably by providing optimal

alternatives to the current system. Both abovementioned ministries have actively



participated and collaborated with the APCC in the project activities. Notably, the
MLSNR has collected water datasets and assisted in the digitization of these datasets
as well as those from previously conducted climate and geophysical surveys. The
APCC analyzed the overall aspects of water resource management in Tonga, including
rainfall climatology, climate change impact, and water recharge for Tongatapu Island,
main island of the Kingdom of Tonga and the location of its capital Nuku‘alofa. In
collaboration with teams from Dong-A University and a private company called
HydroNET, the APCC installed a real-time groundwater observation system and
developed a web-based model for analyzing and predicting the use and recharge of

groundwater resources.

Prevailing conditions in Tonga with regard to water resources

The climate of Tonga consists of two seasons: a wet season, from November
through April, and a dry season from May through October. About 60% to 70% of
the annual rainfall occurs during the wet season. Average annual rainfall in Nuku'alofa
for the period from 1945 to 2016 is 1,838 mm. Increasing population and climate
change are exacerbating the vulnerability of limited freshwater and groundwater
resources in Tonga. A steadily rising demand for groundwater and possible
groundwater contamination are directly related to the rising population on Tongatapu

Island.

Possible effects of ENSO and climate change on water resources in Tonga

Recent changes in the precipitation regime due to climate change and sea level
rise have contributed to increased salinity of groundwater resources. The problem
is worsened by the fact that Tonga belongs to a climatic zone directly affected by
the ENSO. If a strong El Nifio event should strike, there will be less than normal

rainfall, and drought is very likely to occur. A composite analysis of precipitation



as per the Global Precipitation Climatology Project (GPCP) shows that average
monthly precipitation would decrease by about 90 to 180 mm during the El Nifio
wet season (December to February). The large-scale atmospheric environment is
closely linked with the local hydro—climate in Tonga, wherein precipitation and
Southern Oscillation Index (SOI) are positively correlated. If a strong El Nifio event
occurs, the extent of rainfall received by Tonga is likely to decrease. Therefore,
continuous monitoring of El Nifio is required to prepare for possible drought events
in Tonga.

Climate change scenarios predict that the uncertainty about groundwater recharge
is likely to increase in the future. Thus, it is crucial to analyze water balance in
the project area according to events associated with climate change. The WATBAL
model was applied to estimate the groundwater recharge rate for Tongatapu island.
The annual total groundwater recharge was estimated to be 141,584,597 per year

at a recharge rate of 30%.

Estimating soil water content in the project area

Since agriculture is the sector most vulnerable to rainfall variations in Tonga, we
focused on the smart use of groundwater resources based on climate forecast
information. The computer simulation model Soil-\Water-Atmosphere-Plant (SWAP)
was applied to estimate soil moisture content for ungauged areas, the intention
being to build a smart water management system for the agriculture sector in Tonga.
Soil moisture sensors (soil water content: SWC; soil water potential: SWP) were
installed in crop—growing areas in selected agricultural fields to observe how SWC
content affects crop growth. These sensors were installed at the Vaini Research
Station and the Fua'amotu Farm of the MAFFF to monitor soil moisture in taro and
vanilla cultivation areas, respectively. Statistical correlation between SWC and SWP

in each cultivation area during low rainfall periods was analyzed. The parameters



were found to be linearly and significantly correlated (R*> 0.9).

A soil moisture content model for crop—growing areas was then constructed using
information on soil physical characteristics, weather, and crop growth. Soil samples
were obtained using a spade and analyzed via hydrometric analyses. The results
served as inputs to the ROSETTA model, which was used to estimate hydraulic
parameters. Based on the physical characteristics of Vaini and Lapaha clay soils,
which are representative of those on Tongatapu Island, and the information on the
growth of taro, cassava, and yam (the main crops grown on the island), we devised
a soil moisture content model for the project area. Overall, the estimation results
from the soil moisture content model can be combined with groundwater modeling
information for different crop growth stages to support an effective water

management plan for the agricultural sector in Tonga.

Contribution of the project toward sustainable water resource use in Tonga

In conclusion, we found that both supply and demand of groundwater resources
are significantly biased depending on the locations in question in the project area,
and both the quantity and quality of these resources are at high risk because of
contamination and depletion of surface water as well as seawater intrusion.
Moreover, groundwater conditions in the project area are changing rapidly due to
climate change and growing demands for water. Therefore, establishing a systematic
and continuous monitoring and management system for groundwater is necessary
for ensuring water sustainability in Tonga. The results of this project should guide
the government of Tonga toward providing optimal solutions and establishing a
strategic plan toward securing sustainable water resources in response to future
water demand, climate change, and other extreme events. In doing so, this project

will help enhance the quality of life and water security of local communities.
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N.Z. Soil Bureau Map 81

SOIL MAP OF TONGATAPU ISLAND,TONGA
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Soil Name Vaini clay Lapaha clay
Horizon Ap Anp As By Ap Anp By By
Depth (cm) 0-13 13-28 | 28-41 | 61-76 0-13 13-30 | 33-51 58-76
Clay (%) 53.1 53.8 57.6 39.8 68.0 5 79.6 82.7
Silt (%) 20.3 20.0 18.9 23.0 8.6 6.6 2.7 2.7
Sand (%) 19.2 184 16.6 16.3 11.3 10.6 4.8 3.1
pH (H0) 7.6 7.2 6.4 6.7 7.7 7.7 6.8 6.8
N (%) 0.42 0.20 0.17 0.07 0.59 0.23 0.10 0.09
C (%) 4.9 25 2.3 0.8 5.8 2.7 1.3 1.1
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% 2.13. Rainfall summary for Pacific Island Countries (Tony Falkland, 2015)

i 2.2. Rainfall Summary and summary of main freshwater resources in Pacific Island Countries

Country Main Freshwater Resources Rainfall (mm) cv
Cook Island SW, GW, Rw 2,000 0.20
FSM SW, GW, Rw 4,700 0.12
Fiji SW, GW, RW, D (tourist resort only) 3,000 0.19
Kiribati GW, RwW 2,000 0.47
Nauru D (regular use), RW, GW (limited) 2,100 054
Niue GW, RW 2,100 0.24
Palau SW, GW, Rw 3,700 0.13
PNG SW, GW, Rw 1,100 0.24
RMI RW, GW (limited), D (regular & emergency) 3,300 0.15
Samoa SW, GW, Rw 2,900 0.20
Solomon Is SW, GW, Rw 2,000 0.20
Tonga GW, RW, SW (limited) 1,700 0.24
Tuvalu RW (primary), GW (limited), D (emergency) 3,500 0.20
Vanuatu SW, GW, RwW 2,100 0.27

* SW=Surface Water,

GW=Groundwater, RW=Rainwater, D=Desalination

* FSM=Federal States of Micronesia, PNG=Papua New Guinea, RMI=Republic of Marshall Islands
* Coefficient of variation (CV)=standard deviation/mean
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A7 7R moi7h BARE e ATEH AU ZHAR] Aol e
& 5= ok AUt EAYS At Adgesko] Bl Hlste] &yt 7o) EolEal
o]& Qlsto] Aot o] Aokl S FAYOR Qg A|okeAt g} ofF
YA, ol= Aot ATt oA 715 5101 S7TERRHOIA A|SkpA ] F o
2ot FEH0E S5t e AXRE White, 2009).

Mo 1o

2]

800 1
—di—— Mean
E 600 T
— ©
— 08 %=
E £
= - o
‘e - >
= <
T 400 — =
o c
> — 06 Q
= _ | £
prer) S
c (]
) i >
S 200 o
- — 0.4
0 L

1 1 I I 1 1 1 I I I I 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

2 2.14. Observed monthly rainfall and its coefficient variation (CV) at Nukualo'fa weather station in
Tongatapu
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Tonga Water Board

WHO/_ —_— Tonga WSP
| SOPAC & | Steering
_E_)_(__[:_)_e_rt_s | Committee
TWB - Urban MoH - Rural

T Trust, .
e Rural Pilot(s)

Urban Pilot TANGO,
Environment )
J d Piped systems
A major A
reticulated Town Ofﬂicers- &
system other projects Pk
& donors catchments

% 2.15. Tonga water board (Source: SOPAC, 2011)

T 23 2 5719 4419 ol& WY 2AF Aijoln], £Al9 b A|How TEI]
199043} 20159 5 A2o] 2A ol2of Atk E7ke Ui 4 Ao
How st Qoit, 18T SAL0RA Y] AYsHA] EHTL YSL

on, 2o e-&et ALErE YET Aokl 2Eeial e= &

T

I 2.3. Sensors of drinking water coverage estimates between urban and rural (Source. WHO/UNICEF

JMP, 2015)
Drinking water coverage estimates
Tonga Urban (%) Rural (%) Total (%)

1990 2015 1990 2015 1990 2015

Piped onto premises 73 80 78
Other improved source 97 100 99 100 9 100
Other unimproved 3 0 1 0 1 0
Surface water 0 0 0
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220mm) TheFob, 7t Axst &2 6 4 W 7 4 Aro](eF 80mm)oltt. 1971dA
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Ha} AleE Bk 19909914 20954 713 B9t QB 9] ST 0.20014]
1.3mm/year Alo]o]thWhite, 2009). $712] 7Fd 29] 3 71x] 9 7H+-2 1983
W, 19984, 2006\d°] FIFCH(NAP, 2010), dYke AT} 24207 Ayt o]
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Groundwater J & ol Rainwater
Pipe Line System Nuk’alofa Pipeline System Harvesting

2 2.16. Water distribution system between urban and rural in the Kingdom of Tonga. The urban water
supply system has concrete reservoir and pipe lines (left) and the rural water distribution
system has elevation header tanks with well pump and rainwater harvesting from the roof
(right).
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Ak 57 8 AA 859 shHE GDPY oF 19%F AAstaL Atk F7telA 5
h5-2 FRIok Sl 7HFE = Bt sol A AANA AR ske vl Hlsl AT
3] =2 A 79 oF 86%(13,944 7HME AHART) HAREOR] AR A}
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EXolg 935 E?i FAA7E AA 5AY 51%E AL gle] ltﬂ ol8-E0] A
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M Fallow

O Annual crops

O Pasture

H Perennial corps
B Livestock

J2 2.17. E7KY S0 EX0I2 &2KSource: Tonga national agricultural census, 2015)
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Cultivated Area (acres)
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Cassava

SIBHAIO|XZ0]| CHSH XHHHH&(Source: Tonga national agricultural

T
Yam

Yautia

Sweet
potatoes

Swamp
taro

census, 2015)

H 24, St XN9E FQ SHH0IAE KT S (acres)
Crops Cassava Yam Yautia ﬁomgte; S\;\;a}r;wp
TONGA (total) 10,208 5,315 2,565 1,901 1,627
Tongatapu 8,160 (80%) | 4,248 (80%) | 1,956 (76%) | 1,408 (74%) | 1,216 (75%)
Vava'u 800 (8%) 585 (11%) 248 (10%) 154 (8%) 130 (8%)
Ha'apai 815 (8%) 197 (4%) 136 (5%) 127 (7%) 70 (4%)
‘Eua 290 (3%) 164 (3%) 160 (6%) 166 (9%) 155 (10%)
Niuas 43 (1%) 121 (2%) 65 (3%) 46 (2%) 56 (3%)
Source: Tonga national agricultural census (2015)
H 25 SEEY K9S FQ ooi0] 2= Mo (acres)
Crops Cassava Yam Yautia ;S)oV\’::f(;[ Svtva:ar?p
Tongatapu (total) 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%) 83 (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)
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19 2,182 E7F A HofA] A= = SHsflAto] A=of thet ARl AR E HojE
th. &7F A4 A=l Q= $HsfAto] AHER+= Cassava, Yam, Yautia, Sweet
potatoes, Swamp taro?] 5 £0] F& o]F 1l L 2.19). Cassavars S7F4=
TAAo A ghofjato] A& FolA 7P W2 10,208 oflo]AL] Auf W& XA|skar et
ChE 22 Yam Afeid2{o] 5,315 oo, Yautia AfEfE2{0] 2,565 °f°]7], Sweet
potatoes AuHZ]0] 1,901 ofjo]# 18|31 Swamp taro AujHZ0] 1,627 o°]AZ
UEFHTE Squashe 2 580 = Aol 376k Qe d= A== AHiHa
84 ofolAR ofF] WA= %Uth /M= =Y A AR FA 5 A9
(Tongatapu, Vava'u, Ha'apai, ‘Fua, Niuas)92 U+o] AA|E| Q=Y Tongatapu
A AL 11 FolM Lk ghsfao] A= AulHAo] WA =EE o] JITHFE 2.4). Tongatapu
A2 17 2.2014F o] ThA] 77 YR Uss 4= U=t 2.5 S A H
w2 £ Q9 AuiRtE EEXE g9l & = Ut} Cassava?l Swamp taros= Vaini A0
A 242+ 1,809 oflo]#et 301 ofolA= 7 WA A=Al ew Yam Lapaha
A|HoflA 1,023 oflo]A, Yautia®t Sweet potato= Nukunuku Z|of|A Z+z}F 545
ofo]A et 264 oflo]A o] AjuiHAS K.
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J2 2.20. E7IKY FQ CHM XS0 Cish XHHHHZE(Source: Tonga national agricultural census, 2015)
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H 26, &7t A9E 2 Y &M= MuiTHE(acres)
Crops Kava Paper mulberry Vanilla Pineapple Pandanus
TONGA (total) 1,257 757 632 454 77
Tongatapu 141 (11%) 586 (77%) 159 (25%) 208 (46%) 9 (12%)
Vava'u 805 (64%) 4 (1%) 341 (54%) 226 (50%) 8 (10%)
Ha'apai 7 (1%) 92 (12%) 6 (1%) 7 (1%) 22 (29%)
‘Eua 249 (20%) 73 (10%) 104 (16%) 10 (2%) 1 (1%)
Niuas 55 (4%) 2 (0.3%) 22 (4%) 3 (1%) 37 (48%)
Source: Tonga national agricultural census (2015)
H 27, SIEEY XGE £ O &= THITE (acres)
Crops Kava Paper mulberry Vanilla Pineapple Pandanus
Tongatapu (total) 142 587 160 209 10
Kolomotu'a 17 (12%) 12 (2%) 4 (9%) 16 (8%) 1 (10%)
Kolofo'ou 20 (14%) 20 (3%) 12 (8%) 19 (9%) 0 (0%)
Vaini 30 (21%) 76 (13%) 15 (9%) 80 (38%) 6 (60%)
Lapaha 21 (15%) 253 (43%) 67 (42%) 19 (9%) 0 (0%)
Tatakamotonga 6 (4%) 174 (30%) 26 (16%) 38 (18%) 1 (10%)
Nukunuku 42 (30%) 8 (5%) 14 (9%) 18 (9%) 1 (10%)
Kolovai 6 (4%) (4"/) 12 (8%) 19 (9%) 1 (10%)

Source: Tonga national agricultural census (2015)

71 AolA A= Sl= 8 thaA
Vanilla, Pineapple, Pandanus’} QITH1H 2.20). ¥ 2.6 57} A FGojlA Auli=] L
A= thAAY ZEO] AHA S A GHE ZARRE Z9E Kava®}l Vanilla, Pineapple
= Vava'u X904 242+ 805 oflo]#, 341 oflo]#, 226 ofo|A= 7HY \A AHl= U
1! Paper mulberry:= Tongatapu A ¥of|A] 586 ofo]AH=Z 7 WA 8= o
Pandanus® Niuas A|€oA 37 oo]AR 7P WA A=l oy ®E 2.7
Tongatapu A9 77] ol gt thadAy =2 AuiddS Yefa ok

=2 Kava, Paper mulberry,

2.7 9+ 2 3N

B7H= 17670] Mo F4slo] 9lont o] 5 367 MMt Aol A3k 910
o 20119 AF2AIA $7h A7 % 103,2529.02 2AHICHIH 2.21). 57
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U2} °F 70% ool E7F @] 7ME & A< Tongatapu© 755kl 3l o
A]o] B& Zolo] 923t £719] =% Nuku'alofaoll= oF 24,5009 A7} AF3kaL
tt. I 2.22% B7F 38 Aol tigt 7 @38 UERRIL 9121 Tongatapu
A o] 12,824 7FE7F AFSIAL Th-C& Vava'u Aol 2,81371, Ha'apai A Fo]
1,260 7Ht, Eua A9 863 7+, Niuas Ao 282 7HE =02 Aol Q= A0
2 Yepgrt EA oz WapdAloHAZ 23 EejvlAloRld sidshs BRI &
7b FR19] OF 98% ol AFAFITE. QIFRAL BAO] WEH BT} Qe A&HoR
S7FIL Qe ACE Uegon AgsS B Q19 389 1 olio] 154] H|Tte]]
I 9F 8%Rto] GOAl o]l AR Yeht AR FS Fol B2 A & & Ut

£719] 1999 GDP= 198049 572 USDOfA A37gste] @A 2016H]%& 3,688 USD
7125k ItH™ 2.23). 57H9] Eokd GDP HA| 7+4& AHEH 201149 &
Holr} 18.9%, AFJEOR} 22.0%, AH|IAROEZL 50.1%S ZFA|5lAL Qlo] AFGHEo]
o] TFAAES THOE Sh= AH|A ARE Boll TS e A & S Yk
AEOop7} AHA 5= GDP Hl&-2 19764 o|&ollE 50% ol4dol9iout 1 Hlgo] A

£0] 19944 o]¥2= 30% olstE FolEo] dAl= 20% olsk= Yehtal .
7 ARoAE BAEY 52 5207] s d5Htolu videl 22 dF2HEC] gt
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282

B Tongatapu
O Vava'u

I Ha'apai

M Eua

B Niuas

J% 2,22, E7F XYH 71924 348K20159)(Source: Tonga national agricultural census, 2015)
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Temperature
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Rainfall

Data logger

Siol moisture

Vaini Research Station AWS
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APCCOlA= &7t 5hAI G0l thiet 7|$4E AH|IAS fI8] 2014 &7 7ol AFs
71AEAH](Automatic Weather Station, AWS)E 7|50l 22 df 1195 H=S
AL Qtk. % 3.12 57 58E 4249 Vaini 59 A8 Wl AXE AWSS]
A78L YetiaL glow AX|E 715 Ao dis Aigstal Sty #SEA Qs 714
HHEZ= 71(0), BE=®%), 5B mm), BARFM/m?), (), T5m/s), EF
TEH%), EF2E(C) 5°] 2™ Solar panel& &9l A& AEE& Fgotal Sl
E2F Data loggerell 8E Ame F4E4 AHE &6 A522 57t 7130l 5
%o} 1= ToCSA(Tonga Climate Service for Agriculture, http://met.gov.to:201
6/index.do) AIA¥I9] DB AHZ HEHch APCCE B71 599 A& 7Hs3t T
710517] ffsl 714 AH|A AY AR 2015ERE 201649 24 $8P3H o
71 A=Y SR ToCSA AlAEE 55 EA] 571 7137 0lA g5t it 14
3.2+ ToCSA SA71 BE AulA AAR] IX AHof| tigt Mu|A shHog &
57§ A9(Tongatapu & 'Bua, Ha'apai, Vava'u, Niuafo ou, Niuatoputapu)°l tist
I FHE} Research Station(Vaini &4 AE4 W AWS = )9 IX] JEHE

ARPES] B dd9E AlSskal A

EFTEAT AdSEES TS50 HsiAe 71 ER 2A712(C), Fa7](0),
BHEE%), $50/s), - mm)ol gt de+e] FE7F 5P ToCSANA AlE
H1 = VR Y 718EE A9 Tongatapu & 'Eua A3} Research
Station®] At&E ©|-&3tt. AT Tongatapu & 'Eua A4 = YARES #55)
I QA 7] ol Research Station®] A&} T3 AREATt Tongatapu &
'Eua A2 71 71370l 283kl Q1= Fua'amotu =AIE A Woll AR 714
= ™S 9ulsttt. Tongatapu & 'Fua A3} Research Station A7 Z 2
oF 7.5km EolA Qo] IAF BEE IRl ARESh=tl & ZAE 9k A= wkd
T} E3F Research Station®] 7142 Abzo] sl HI S| RARY & 23 393 A
2o A7 st Q= As EIFch I1¥ 3.32 Tongatapu & 'Eua A| 83
Research StationoA] #ZH 7-93F AR E H|wgE 210 F 201649 9E7HA]= A=
H|3h 5 23S YeER AL 9o 20169 10 ©]F= Research Station®] -2
TS oA AHiSA HAY S780] HA| g 59 A Sl 20174 84

57t 28< 0 A AME AL JHEE S 21 D ¢ QU] FEEH 2
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Research Station ZAH=2E 085t AW Research Station®] 7-9-% AllA] 24 2 S
2 Q8] AHF A=+ Tongatapu & Eua A|A-Q A=RE o]&slYct 19 3.4=
Research Station®] A7]2(C), Fa17](C), FHEZ(%)ol gt € B 29 &
2 YErL e 119 3.5% 9 74 GARFM]/m)T 10cm Zl°]e] ¥+ EY
FESH %) W= 7S YER AL Qlth Research Station® EgEsH #= ZHe
Research Station& WO F5EE EGSELT IS 239 AlEdold 219
A58 = &gdrt.

ToCSA 5] Login

Weather Analysis

Home
Station Type Date Range
Research station v Hourly (1@ Dalky 11/01/2014 - 09/30/2017
X Click each column title, to draw a graph.
Min Max Wind Wind Ground Soil Leaf

Time Temperature("C) Temp(°"C) Temp(*C) Rainfallmm) Humidity(%) speed(m/s) direction(°) Insolation(M]) Temperature(°’C) moisture(%) waten
09/30/2017 20.55 132 26.37 0 72,69 0.01 200 2472 22.14 21.1 1
09/29/2017 2184 17.34 2673 69.86 79.7 0.07 238 2267 22.68 28.2 1
09/28/2017 25.02 22.19 2867 30.98 82,66 0.51 28 18.76 25.19 13.8 1
09/27/2017 2419 21.47 28.18 [} 8252 011 80 17.64 2417 14.1 1
09/26/2017 22.47 20.11 2527 0 80.27 032 104 14.86 22.56 146 0
09/25/2017 20.59 16.55 2353 0 82.98 0.13 115 9.89 21.57 14.6 1
09/24/2017 19.51 15.25 2352 0.75 83.98 0 153 543 2799 15.1 1
09/23/2017 19.92 1434 26.39 0 76.54 0.02 186 2255 23.49 16.2 1
09/22/2017 20.26 1434 27.14 0 7421 0 201 243 23.66 1741 1
09/21/2017 20.89 15.26 2653 0 69.46 0.01 175 20.64 23.48 17.7 1

I8 3.2, ToCSA =271 HE MHIA AAH
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3.1.2 ofl=HH 2k A K=

q7]-sFt A2 u]=2] National Oceanic and Atmospheric Administration
(NOAA)E 340 & 339 Bureau of Meteorology Research Centre, §=+2] The
Royal Meteorological Society 5°] S % efHFY] oW 2%=(Sea Surface
Temperature : SST), 3§ 42l(Sea Level Pressure : SLP), 3f5~H E¢KSea Surface
Wind : SLW) & th7]et a9l B2 2= 94 7|02 st ok a4
NOAA9A AZsh= ¥ AFEEL Ninol+2, Nino3, Nino4, Nino3.5, Ship trackl,
Z12]4L Ship track6®] 671 A FollA HSEHIL Q1o o] A FojlA AYdYT}
7P 7St S Hol= 32 Nino3.5x 902 d&#A AL, Trenberth(1997)9
o5t o] A ofA TEH SST %2 5719 olsHwto] 671 o} 0.4 TE 24
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o= 714432 Nifo 3.4 A9(5°S~5°N, 170°W~120"W)ollA 37§¥ o|F Bt
2= o] B 0.5 T ol4H-0.5 € oJsh Ueits 2ol 57/1€ ol A&d o
3 A EE AYEL) TEY Ao R wdsta gloH, di 714gS Nifo 3
AA(°S~5"N, 150"W~90°W)ollA 571 o5 Bt shede=e] |7E 0.5 T o
3(-0.5 T ofsh Heht= 2ol 57id ol A o 11 A g2 AYk(Ehy) wee
Aoz Boh E3F Ut 712 v=e] B9et "RVIARE Nifio 3.4 A9
(5°S~5°N, 170°W~120"W)9] sj$HE 74| ATHs AR8sIL, 5714 o5 Bt o
FHEE BA7F 0.4 T o)d(-0.4 T oJsh Hehhes go] o/l1E o A48 1 1
A e AUREHY T AFor Eot

a9 3.62 dd HEIA Y feEE FAFGES Ui gloH, 7 299
A& /A= NINO1+2(0°-10°S, 90°W-80"W), NINO3(5°S-5°N, 150°-90°W),
NINO3.4(5°S-5°N, 170°-120°W), NINO4(5°N-5°S, 160°E-150°W)o|ct.

30°N \Q\ N = ‘\}

A . = | T
.
0N

120°E 150°E 180° 150°W 120000 90°W 60°W

T2 3.6. Map of NINO Regions (Source: http://www.bom.gov.auy/).

202 ENSOE ZUEHSH| ¢t 7P ZZAQ] X HE2 5= i ENSO
A4(Multivariate ENSO index, MED7} 9JoH, o] ojg] djofits] LAR A HEE

Y% A0 ok 4 ()3 Zo| EAL

MEI= f(SLP, SLW, SLT, SST, Cloud) 1



TS DYk ZHA]f ] AREERE 8 A HE F PRl FRIEA9(Southern Oscillation
Index : SOD+= HEHB Gl AT BFslE H(149°W, 17°9)3} 25+ E5.0] thobdd A
(131°E, 12°9) *}01—4 Aot Gl s o4y Z}O] HEEH, ol 4] 2)=FH
A o Sl

SOI = SLP(Tahiti) - SLP(Darwin) )

Kiladis and Diaz(1989)%= SOI ko] 371 oJ4} -1.0 oJ3lY W& dYFAloz
TSt oH, FHEAIS #hol 29 b= 7L A&EE 7 B9t AGEE Ay
L@igo] WdFolH, ojeks WA O R EolE Ao siH o
¥l T 7AW UV @4o] gl AoR RS up Qlth

2 AoA AFH oY G 7FAS F 57 A Fo 4TS Hol
™ ¥55h= SOI A& 8 A5 AR ARSIt AA SOI A9 A2
S7PF 91 A9 ZAF sigete] AHAQ JFS T 4 A2H, White
et al. (2009) HaAo] w2 B719] FeaFiasd) dido] A4 B71ERRALY] Aot
$AH T 8 ¢ Q= 8 7|FAFE a6t ik SO
AUk, S 5 ol71F Wl e 7He/35 Ak oﬂé—?ﬂ 3 571 Al

N
ol
[T
s
o
of
St

Al 1%51}&5 E/\lﬁi 7§3’+°1E}.
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Nino4
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J2 3.7. Time series of some SST indices derived from the Tropical Pacific Ocean. The indices are
area—averaged SST anomalies: NINO1+2 (0°-10°S, 90°W-80°W); NINO3 (5°S-5°N,
150°-90°W); NINO3.4 (5°S-5°N, 170°-120°W); NINO4 (5°N-5°S, 160°E-150"W).

3.1.3 7|2t} A K=

57} Ajele] 7l 5slo] whe nlg) /1% WslE 4wy fisio] NASAYIA] AEsk
NEX-GDDP(The NASA Earth Exchange Global Daily Downscaled Projections)
Aw7F ARRE UL o714 ARR-El NEX-GDDP Ahg= 7|5Hslo]] #at AR o)A



(IPCC, Intergovernmental Panel on Climate Change)?] AA7] S+ T2 13
(WCRP, World Climate Research Programme) AF129] 43kl 5ttA] 24 A4S
H|w ZZ2AE(CMIP5, Coupled Model Intercomparison Project Phase 5)°f Z+ojgt
TEE 5 21709 =g dis] BCSD(Bias-Correction/Spatial Disaggregation)<
ol-gsto] F7HH o2 AASHDownscailing)® AF=olty, CMIP59] 2A7EA HiESTF A
U 29l ti#E 5% ZZ(RCP, Representative Concentration Pathways) % 274
(RCP4.5, RCP8.5) Al44e]20]419] GCM(General Circulation Model) A}&of tisiA]
T 31 AGAIREE sto] AlEsh, AlE e A B9 ARE GE Sl 7 B
1950958 210097FA19] 717tof tigh o 21 72, o A 7|2, A ==l gt
=S ASR. NEX-GDDP #4=29] 3= 0.25°(SF 25kmx 25km)°| .

NEX-GDDP AFaAl2: defA 7 A9 FEo|Ale] 713 ¥st G2 Avohketl ke
< 31, N ZA|, TA] 2 AR 22 B 320 oA doid & e Tl

15 #3} sfigof] gt tig9] Q141 Alarstr] flsh AlSETHNASA NEX-GDDP @A}

|E https://cds.nccs.nasa.gov/nex-gddp/). 2170 NEX-GDDP &&of sl ++
=5 Az A & Historical A& 9 RCP4.5, RCP8.5 Alua] 0] digh ¥ 7353,
A FHA] 712, 9 HiL 7]2oltk. APEC 7| FAIE oA 53 AF=9] 852 °F 11TB
o] S 7H= iRt 4] A A Amoltt. 17 3.8 & A tidAIgl
$7F9] NEX-GDDP 7|53 AR 374 HeRaL §low, # 3.1 & A+ofA
AR 30709 GCMs B3 9] 33t d® 9 mdg 152 geiste] Ushigich

N

O

N

(a) Global region (c) Tonga region

/

(b) Pacific Islands
LB

I3 3.8. 7t XI%2] NEX-GDDP 7|S2% Zixt S7H
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I 3.1. GCMs in use and BCSD CMIP5 projection ensembles provided by NEX-GDDP

No. Model name Resolution Modeling Group
. o Commonwealth Scientific and Industrial Research
! ACCESS1-0 025" (25x25km) Organization an Bureau of Meteorology, Australia
2 BCC-CSM1-1* 1 0.25° (25x25km) Beijing Climate Center, China Meteorological
3 | BCC-CSM1-1-m | 0.25° (25x25km) | Administration
o o College of Global Change and Earth System Science,
4 BNU-ESM 025" (25x25km) Beijing Normal University
5 CanESM2* 0.25° (25%25km) | Canadian Center for Climate Modeling and Analysis
6 CCSMm4* 0.25° (25x25km) | National Center for Atmospheric Research
7 CESM1-BGC* 0.25° (25x25km) | Community Earth System Model Contributors
8 CMCC-CM 0.750"x0.748° | Centro Euro-Mediterraneo per | Cambiamenti Climatici
9 CMCC-CMS 1.875°%x1.865° | Centre National de Recherches Météorologiques/
- Centre Européen de Researche et Formation Avancée
10 CNRM-CM5* 0.25° (256%25km) | en Calcul Sceintifique
Commonwealth Scientific and Industrial Research
1 CSIRO-MK3-6-0* | 0.25" (25x25km) | Organization, Queensland Climate Change Centre of
Excellence
_ o o | Laboratory of Numerical Modeling for Atmospheric
12 FGOALS-g2 2813 x1.659 Sciences and Geophysical Fluid Dynamics, Institute of
. . | Atmospheric Physics, Chinese Academy of Sciences,
13 FGOALS-s2 2813 x1.659" | 3nd Certer for Earth System Science, Tsinghua University
14 GFDL-CM3* 0.25° (25x25km)
15 GFDL-ESM2G* 0.25° (25x25km) | NOAA Geophysical Fluid Dynamics Laboratory
16 GFDL-ESM2M* 1 0.25° (25x25km)
17| HadGEM2-AO | 1.875°X1.250° | 1ot Office Hadley Centre (additional HadGEM2-ES
18 HadGEM2-CC 1.875"x1.250" | realizations contributed by Instituto National de
19| HadGEM2-ES | 1875'x1.250° | Fescuisas Espacials)
20 INMCM4* 0.25° (25x25km) | Institute for Numerical Mathematics
21 IPSL-CMBA-LR* | 0.25° (25x25km)
22 IPSL-CMBA-MR* | 0.25” (25x25km) | Institut Pierre-Simon Laplace
23 IPSL-CM5B-LR 3.750°x1.895°
24 MIROC-ESM* 0.25° (25%25km) | Japan Agency for Marine-Earth Science and Technology,
on " o Atmosphere and Ocean Research Institute (The
25 | MIROC-ESM-CHEM" | 0.25" (25x25km) University of Tokyo), and National Institute for
26 MIROC5* 0.25" (25%25km) | Environmental Studies
27 MPI-ESM-LR* 0.25° (25%25km) Max-Planck-Institute fiir Meteorologie (Max Planck
28 | MPI-ESM-MR* | 0.25° (25x25km) | Institute for Meteorology)
29 MRI-CGCM3* 0.25°(25x25km) | Meteorological Research Institute
30 NorESM1-M#* 0.25°(25x25km) | Norwegian Climate Centre

(*) indicates BCSD CMIPS projection ensembles in use provided by NEX-GDDP.
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2 AFNNE SRR AskeRUEES flste] 9], =2, EC(Electric
Conductivity) & &2 2 ST & U= Aoty BSAIAES 290 24 75519
o Aok AEAS Arle SUe @stol=zulolA iRt MK-217841E5 AR5
o GSM(Global System for Mobile commumcauon) A A WHAE ARE-SHo]
AA] BAAE &8 YAE Alol 7hsstH, ¥AA0] 75 AL SOl ¥ EVV}
23 @0l 714 %1% Data Loggers Alofg 4= Utk 5 AAF 02 ALS A

J:r_

st lﬁ e AU BUIF P QA0 ef B D 1—2— 3

TCPIP

pee |
=

Server
| Monitoring & Analysis

2 3.9. Structure of the mobile telecommunication based real-time groundwater monitoring system

S7FERR Yol 245k Aok XU EE #3(Salinity Monitoring Borehole,
SMB)2 % 1671 oH, o|% 67 A&((2016% 33, 20179 3399l Data Loggeret ¥



Q= ulely] of| o} Erlatol(Mataki ‘Fua and Tongamai) Well Fieldol= thil®

HAE 3320 F71H02 HA3le] S4lo] w2 Asks W SHL shelskat strk
7% 3,103 1% 3112 201693} 201790 2z A A5k AEwS A
A 4 u HAE, XA A U Aok ol mHIY B4 AshAE 5 A
4 %

JEE Yeha ot EsF 19 3.129F 19 3.132 Mataki 'Bua Tongami
Well Fieldol 91215 SMBO2AH @74 ARzl AX|H A5k RUEH AAE e
I Atk

SMBs | svB 02 | smB 13 SMB 15

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

Lat/Long 5 - 21153897 W - 175241717 50 - 21154274 W: - 175.253035 5 - 21139717 W: - 175.316732

Photo r

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

Cable Length = 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

2 3.10. Installation of the real-time groundwater monitoring sensors and data loggers in 2016.

SMBs | sme 01 | sme o8 SMB 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 5 - 21158825 W: - 175.234643 50 - 21154315 W: - 175.291506 § - 21229317 W: - 175171285
Photo

Tube No.2/N.3 MNo. 4

Cable Length = Tube #2: 19.79m = Tube #5: 19.00m = Tube #4: 38.00m
(DSP) = Tube #3: 1470m

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

3 3.11. Installation of the real-time groundwater monitoring sensors and data loggers in 2017.
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% 3.12. Group photo in front of the real time groundwater monitoring borehole located in Mataki
‘Eua well field in Tongatapu.

ImSmeen — 25

0.5m Bentonite

1.0 mof 89 mm
steel protective casing

1m of steel protective
casing

€ Sand and gravel

Cable

Length
(DSP)

Gravel sands—

1m Sump

Location of sensing

T2 3.13. Location of the sensing in salinity monitoring boreholes
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3.1.5 EYE K=z

7R A5-2 Atox M35 flofl shitAl7E Aolal FatEo] F4H HEE
ol EGo g F=oIqU. 7R EY AA SHEA oA {ef=)= Vaini Soil
I} Lapaha Soil 15 T12]al AFS HEf7} vlt7lof] o] A% Nuku alofa Soil 1
&, 183 2A9F Ft 7PgAE ol |4 2E B mARE EYQI Sopu Soil T1ES
2 MJEH. Gibbs(1976)= New Zealand Soil Survey Report 355 &3f 571E+4
EQof tigh 2AF 23S A7skar Qlok. Gibbse] EilAofl= Vaini Clay?t Lapaha
Clayoﬂ EHT‘)J— EOJ@;,E;_ o]_Q_ﬁl- Eookg %a]x% 1:1.1 _6,].6‘1-;(—1 E/ﬂ E_/\q 7331,}(& 2.1)7].
A=A B7FERRE Ao oist B EET7F APPENDIXO|| FHEE oAt TH
2.11).

71 sA= AR
Azt T BEF] =94 E4
2 7. &2 AFoA = A 7]’8”’&'%0] ]-1—011]—1— 9&1: Fua'amotu A3}
Vaini A9 12|31 A2 5421 Nishi trading 2199 EYo| tigt =P A5}
AL FF 57 7130 AWSE HAI5) -8 a9 A] 291 Alaki A9, Niutoua
A9 71831 Kolobai A1¥] et EF AETd= AAISHT. 11 3.14= S7FEHRA
o] o7l i EF HET XX fAE AR Aol AR Aoz 7HA AEH
Aol A9 g LAY 5 YrF Ve Aol L=A x5 AH
Sklth. 18 3.15+ 8¢ 2 71 804 ES AEE TA F9T AED
o= &Y Ao A=A A% A HEt AL ok AEFR Bl gt =7
A EX BAS 571 EXRAF 2 AL (Ministry of Lands, Survey and Natural
Resources, MLSNR)S] =20 & 2A|5l1A} gio}; EH 71| AgAH| o] Bz &7}
o= Ado] E7Fsste] B50] sHlE EQe HHs) 23] 54 &4 A4S 4
AlStH. Sz RE Ege BHIs] A Aol s3SAF gE5ol 4% &
PS7HIFAE AlEstal SA1F] tigt HelsEo] oA He A 1Y 2 A+
AloflA AHEe] JIIste] o] F7HE Y& tEolloF dde 4 L=
AFoM= 57 ST Bl gt 214 54 #4 A4dS &S] =5k

Bobo] By B4 AHE A

st EokrESl) o= pdy L2 QA= 71} =
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Alaki (Squash)
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Fua’'amotu (Vanilla)
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3.1.6 2= 4=]T=

A Aol et EFrERET ASEY 752 AsiAe 7R, B E}
A e ASPE7E Q7 2] w ASYS 9 A A]G(Leaf Area Index,
LAD), 2+ 0], #2%l0] 59 A& E40] 27| v=7] fgo] EYL=HHO| & AR
7 E5H Ao ue} th2A YEtL ol EGESF Hsts JFE vA A "ot
2 AFtolA= SRR CIA AEiE L Qe 8 SHefiolAHER] Cassava®t Yam
T18]31 Taroo] Hi3t 2 ASHEE o4 ES-ET dE523Y dHA=ms &8
St

i

Ol

{Cassava)

Cassavas GriA|HolA] B} 844 Th&0% S5 Zoln] ErloAE At
#o] 7HF We FOIAER 20159 B2 AAHOR 10,208 ol A WA
AW T 5 BIFEREACIAE B7b A Cassava A@A] 80%0] shgohs
8,160 ololA9] welA AHEIglct 19 3,168 FrbeRgol AET ol
Cassava ARIAI9] 1733 2912 B3 B 2171] 2917} oA BGH T Y=A] o)
o 4t 9tk Bl Cassavals F Ao o] §EA|ut vlole elgzo]
o181 H5leh. Cassavas 7H9] YRS Fehy Wol o] alahel chA] Bel7h whAs)

F=Zoz A =k

Cassavai= #5°l Wt AS7|7ko] H2A9F dutz o g oF 2509 A=zt &
Atk 19 3.172 Cascudazh= E%3} Fepagroghs= £3£9] Cassava] gt A4S~
b5 LAI ke A9 &3 YERHAL 9leK(Tironi et al., 2017). 7HAIE A2
309 = AU Slo] Y7 AlAbstaL 42 F| 60Ye] A|UHA LAZL $435] S7F
o} Tironi® AgolAe= + F5Y LA 7HAE A2 F 180¥2 A% 7 =4
YEPt o H Cascuda 5359 45 2 5.5, Fepagro £52 4% &t 5.1& 7153
th. & AFolA= Fepagro 5359 AB57|70] WE LAl ¥ 32 EGTES o

299 4BEY YRR olgHrt

oA N

==

Ol

i
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Stem

- Planting material
- Lignocellulose

Foliage material for biofuel

+ Human food
+ Livestock feed

: Protein supplement
- Biofuel

- Fertilizer

Roots

- Unique starches

- Carotenoids

+ Protein

- Biofuel

- Extended secondary
product uses

T 3.16. Cassava S92 MH(?]) L Cassava KHH{R| ZZ(0r2H)
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6.0 -

—#—Cascuda
—+—Fepagro
50 4
=
= 40
©
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m
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Y
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30
1.0
0.0 & o T T T T T 1
50 100 150 200 250 300
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J% 3.17. Cassava M7\t M2 EZH | Al H=(Tironi et al., 2017)

Yam)

e o YamS o8] 20 2 otde] X[HoflA A= Q= FeitEs
20159 &7F AAA o g 5,315 oflo]ANA A= loH 11 F F7FERRHCIA =
B7F A Yam AuiHA Q] 80%0l siFok= 4,248 oo]A2] WA oA Auf=|rt. 1
g 3,182 S71EREAOIA A= Q1= Yam AEiA|e] AT 29 o] i3]
Agshal Qltt. S7FERR A= ARIE o] Bt IS Y U Atolof thefRl 2t

=2 Alishs &9 Aol H82 02 o]ojx|al Sttt Yam HA| F50l etk A=

17to] thEXNE gubA oz oF 220U =] AS7IZEE At 19 3.19% 4R
Aol A A== Yam¥t LA oA A== Yameol Hiet F571t 5 LAl ¥sk=
AYS 5ol e AL ItHDiby et al., 2011). DibyQ] AdojA AFHA]HS] Yam
ZUAY9] Yamith 27] 44 271 HE A2 & 5 AL 29A 9] YamS B0]
=715 A2 F °F 100€0] AUA F43] LAIF 571k Ao = YERgth AFAIY
9] Yam¥t 2¥A 2] Yam EF Fo|E7E At F oF 1409 el 242 LA}
4.45, 5.28% 7P A YERdTh £ dAFollA = AR GollA AEliE= F50 S
ol W2 LAl W% 2 EYTEds dSE3Y AEEA YA EE o] &3tk

N
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Flowers
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T8 3.19. Yam MS7|7H0| M2 E2% LAl #5(Diby et al., 2011)

(Taroy

Egtolgt E8&= Taros YOJAZOME HIRESE ofe|7t SARA AR S, &9
BEOMAOMAY T12|al mpFrobRr|Y FAA F2 A=l glon FUloAE Fa
AlFAEE A= ok 20156 sHEARAR] OEW B/ AAH SR Swamp
tarox= 1,627 ofle]A oA AuiE 1L Jom 1 & F7IEEAoA= $7F AA Taro
A Q] 75%0] k= 1,216 oA 9] A4 Aui= ]It 19 3.20<> S71Eh
ol A A= AL Sl Taro AR A7 x F-o1d gAoll s Awgstal Slet. Taro
= U2 A& Hlgl Yol o] FHel &5t Giant tarod] ¥ 1 49 Zol7t
1.8 m o] 1.2 mf €sP]%k 2ttt S7FERFFdOIA A=Al Q= Taro= F+2 Swamp
taro® Vaini A9¥ Nukunuku A9 S4CZ A=l ot Tarow= 52+ wf
U=7](Corm)E AL F=2 £7(Top) T= EE71°1A4 U2 7HA1 EA(Sucker)E
CHA] o]l Alo] AHE st A= 25 F% AU A= o] el oF 85 o]}
AAshd LAY 245 S71eich a9 3.212 Al 579 Taroo] gt A<717F LAI
HIkE Ags ATE 485719 5717t 5F9] LAI WHeks YehdHtK(Sivan, 1979).
Taro €715 24 16571 H¥ LA} {7} B 2082 YePdaL o]F 24571 Alut
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WA G277 AXEA LAE FASHE A0 Yehdeh 2 A70AE Hawai E59)
R0l THE LAl W3S EYSEIE o|Sngo] 2EEy Jeigre o8t

=

lau or I0'au
(leaf) ‘a0 li'au or mahola
(unexpanded, rolled leaf blade)
mahae
(leaf sinus)
a'alau
{midrib and veins)
piko
(junction of
petiole and
blade on
upper surface)
ha
ka'e lau (petiole or
{edge of leaf) leaf stalk)
= lihi mawae
{sheath edge)
miwae
{peticle sheath)
kdhina ———————————————— [
(top of corm; ‘oha
cut to form huli) (bud of corm)
kalo
ili kalo lcorm)
{skin of corm) haibihasty
(roots)
‘i'o kalo
(flesh of corm)
‘a'a'a
(fibers)
cross-section
kalo © 2004 Eliza K. lewett

T2 3.20. Taro 29 HA
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3.5 1

A-Oawe ni Urau
- —+—Hawai
=] A Ay —e—Tausala ni Samoa
25 4
=
[]
o
£ 20
(1]
]
B
< 15 -
[T
(]
a
|
1.0 A
0.5 4
0.0 T T T T T |
0 8 16 24 32 a0 18

Age(weeks)
J7 321, Taro MS71710| M2 EZY Al B5(Siban, 1979)

3.2 g4 UH

3.2.1 48 @7
3.2.1.1 S7IEHRY 7I58st ALRIQ. 24

321.1.1 87t 715¢Hst AlLRIQ 2 QU Az A2

715 HS}F AU @ Ak A2 W wit FARt A/ AR |2 A7t Aolgt B¢
7h AR, web #E0bE 7| AU A A4t dijt Aol B

of B3 T BT AREShe A Bt tefet GCMs 23 E-85to] 7|55} AluE
L8} 7|%Rgo] 7L Q= Bl HisiAE Agsh & BoA4o] AUt & A7l
Ae B71EREEA 719Hs) AU @ AdAIeE Am B4kE f1ste] Cho(2013)7F 7idet
R-CMIP5 #7]A& Ar&3itt. R-CMIP5Ol| 23t GCMsA R A2 dabe o3t
Ztt. (1) Earth System Grid Federation(ESGF, http://pcmdi9.llnl.gov/esgf-w
eb-fe/)olAl Al&F3sk= CMIP5 GCMs ¥ Atm AFs5%, (2) ARAPE 48t 94

HEE 7€ 08 Dok A9l dFoHs NetCDF 1= F&317] 9I5t9] NCON



etCDF Operator) 7|5 3 9 Shell 2ATHEE 0] &3 At=w9] &3, (3) CMIP5
GCMs A&l Histe] NetCDFERS] T=|E Aol EAjsh= #5429 &S o185t
AME GAE 2] AAE Atm 2, (4) AE SRS} R 299 gmap
7] A (ftp://ftp.gr.vim.org/mirrors/CRAN/web/packages/qmap/qmap.pdf) &
ol-gsto] XHE At W oA H AU Zm 4O &A= o]FojAint.

32.1.1.2 S/t Vet ALe|2 HO[ Y

g omne YA AAE ARl 7 WIS e Bt ohieh sk =G
& thgAe] e BB Sl AT o] § Rl 1%—7&%401

o
)
oz

H 715Rgo] A7t T 7|79 I ZX}E-@P] H S ]’01 GCMs9] AeA=
B =1 o]& Ho|E(Bias Correction)°]2tal g}, GCMs2] 7|93} Alvte]
Q Am Ro] Aol thgt Aol S H &, mlHo] gt A AREE g
T UoH, & AFoA= BS7|7o] it #SI 2O|9] Al A} HolHAS f5to]
EAAMIH(Quantile Mapping)= AR5t Cannon et al. (2015)°] 2Jshd U=t
ARl BEAHS g gAlS o2 4] 3)3 Zo] yERd 4= Utk
2 = M E [ 0] ) 3)

A7IA x,, () B AL tollAQ] oW Mo ghg ofulshH, «, (1) W]H
A7t to| A 9] Ho|HA F9] 7S oJu|gict. ESE F, = A 7]|7HHistorical Period)
<t GCMsS Bl Bojd A= o] FASEUERE UstiiH, £, ) &= A7 5919
TSE AR FASEEENRY AkE UERAL Qi 3 p= A {(Projection)=
h IA(historical) 717, m2 GCMsE 8, o= Z(observation)& 2Ju|gich,

gtz oz Je-Fo] 49 HolEAS ffste] w4 W2 Gumbel 223
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2 28 4 glom, 7|27kt nlEIzie] et Weke-e Agstel nld Aol £4)
g %

of tieh HolH g2 v 4 (4)2F ol

She 2412 Wreele WS AFSRIT 7S
Uehd % o}
~ — m,h *m (t) Em.')(t)
xm,p(t): E},lz{lp’m,h, — £ } — ! (4)
X mp(t) € m,h

A71H 7,9 T, GCM 23] o) molg 37Kkt wlel7|zio] Hhet W
2 ouigit.

3.2.1.2 S7IEfRY SPI 7t &4

2 dFoA= RS €4 B1E AR E B CR TEEAS AAIsH] 9
ol HE7F5A|4(Standard Precipitation Index, SPI)E ARE-5l3tt. SPI+= 7Hao]
ddider 29 90 vls| &9 52 FUshe dEe A4l s AlRET=
7o ZRteto] McKee et al. (1993)°] Q& L= ALt =, o] B0t 8¢
SEERl Askrd, ALT, ATA AR, BEY S oFd 159 50l 47l v

K

iy

S A th= A0 R HE B2k A4S WS Aot £5], SPIE WMO(World
Meteorological Organization)oll 28l 7[/43H 7Fa2 HAIT = U= HEAQ] 7H=
242 HE T QciHayes et al., 2011).

ool

SPIE AR | fsiMe 41 Al G918 F7PdeAl A ES F+/d5toiof s, ol=
ol 7ol ofgt WHog o Fde ]7 rE9lof wet ALA oz S5k 3t
= 7|02 sto] ARt &9 st FrEdS Al
ol 7 E4E Yol AHsiE dof mE ofF Hat A5 Al
AEAIZPE AAIFo] = o] AAES R BAsto] A4 dEEEFS A8
o gutd o2 g EHls GammaREZE WEL] uebi] AFER Faeifo] BiE
Gamma &g Uk g2 FAok= o] H oty ¥ (maximum likelihood
method)}E &3 HAHE F5to] =AAQl IS Sl AR sHARE AA
SPI 342 Atk o2 A 5)~8)3 &2 ZAMS ol8sto] 4HgRitt.



co+clt2
SPI = —|t— - - for 0< H(z)< 0.5 5)
1+d t+dyt” +dyt
¢yt t?
SPI = (t 0 12 5] for 0.5 < H(z)< 1.0 ©)
L+dyt+dyt> +dyt

o714, ¢,=2.515517, ¢,=0.802853, ¢,=0.010328, d,=1.432788, d,=0.189267,
d,=0.0013080°|4, H(z)=q+ (1—q¢)G(z), ¢=m/no|t}.

_ : [ r z) < 0.
t= /hm((H(:r))Q) for 0 < H(z) < 0.5 )

_ 1
t= \/hm( 0_H@) for 0.5< H(z) < 1.5 ®

o7|A, H(z)E ¥71E, G(r)E Gammad<:, me F4FAs, nd =]

% oltt.
SPIoj ofgt 7He ERAAL the E 3.29 2tk

H 3.2. Classification of SPI drought

SPI Value Moisture Conditions SPI Value Moisture Conditions
2.0 over Extremely Wet -0.99 ~ 0.99 Near Normal
1.5 ~1.99 Very Wet -1.0~ - 1.49 Moderately Dry
1.0 ~ 1.49 Moderately Wet -15~-1.99 Severely Dry
-0.99 ~ 0.99 Near Normal -2.0 below Extremely Dry
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J8 3.22. EUE HEMM MX| XF(Nish Farm, Vaini Farm, Fua'amotu Farm)

S7TERRA ZHEAE] A1 Bl Higt 7 AdE WS ERIshl F5EE EYTE
I A& 139 AlEdold 2aE HFSH] Al 57 sERMAFFPY] @25 &
of 118 3.229} Zo] Al 39 =%H(Vaini Farm, Fua amotu Farm, Nishi Farm)°]
EGTEAAE AR Vaini Farme 571 S#EFOIA &F5taL U= A=l
A lom A=A T sto] thefRt AEo] Al E] =iz et Fua'amotu
FarmZ &7F 58T &% 52AEA] 719l 574 2% Fua'amotu SAIEY A9
912)5f 9t} Nishi FarmE Nishi Tradingo]#hs A J%3A S95ks 545 R

o 9118} ghom AAHOE AWSE 283k Yol 7VUSARL] EREF oS

(o)
)= el



P
OII
i3
ol
ol

3. g A=

Hgof ol& 754 5= s dF dIAHeE AFEHAH.

ZF Aol AR Ee EYeE BSAAEE v E] 7140] AEstal A7) HE
gt WatchDog AR] Al&o] ol-&=3itt. & AtolA= EGT=e(Soil Water
Content, SWC)& &A= AA 9t EQFFEILHE(Soil Water Potential, SWP)& =
gok= AlA 22 2708 di g BRI 1" 3.233 o] oF 20cm zlelofl AXst
Acth. WatchDog A2 0~200 kPa H919] SWPE 4% 4= itk E¥4E tlolH
= AR AR AFo g 2A0 AFEHES AAFoH 571 5] §XE ot
7t sEE 250 FEAEAPT A RERS ol8d] vl 1Y HlolE A =ARR

El HloJgE treRtol ojfde F3 F7|F o= APCC A7AlAl AEs ot

Soil Water Sensor Connection

1000 Series

p—

M ey

R e
M yiannseds

oni ey s

i\Q{E?SHE.LY
1nGpSaIw.

[ —

SWP1 SWP2 e
SWC1 swcz2 Nishi Farm

JE 323 EYeE BEMM 3 OHX| XY MY
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322 EY 2aH £4 24
EQREIE olEnge 75| s XA tet Bore] Beld S47
w7} Waste] Boo] Bel 4G BAS] Sshas EAel Aulel AEle] A
o] a7ET. 58] B A4S tiEe] Eoo] Ardw Ho] o] 7

Q.

[

EpgE
o st 2t F4o] ZikE e Bt ohlet 57} ol Eoko] Beld B4 BAY

2 ot
w3l guiet AP RESi B AlE 97 YA geH AEYE E%S
W wlsh |2 293 Betstel WS Slat A Fulek £og) that 2l
2 B4 E 710 AP BABGEEDANE =R ABS 5} Y=EE

=
S 2t B Sand, Silt, Clay Hl& HES F=390H

Q.

=
E
=

Y
ox

L

33 A8 Y

3.3.1 2AIE0F 0

33.1.1 AAY KB A8 2M 05

2 QAFolx AefeEer Auiie o) ALBEE SOIAIet B71Ey U253
AmzRe AT SPUIEAGE o2 AALARS 2R 328 B FATY
AHE

SfznEe TE57] oto] AALARY] AMERH] F2 ALGHE T
£24(Singular Spectrum Analysis, SSA) 7|¥HE& o]&3t FAHEEA(Principle

Component Analysis, PCA)Z AA|sAtt.

SSAS] 7|29l g2 EAEAA H|ZSPdE(Non-harmonics)& AATC =N <
Amo)A DA Fohe F7141 AF S (trend)y= HA ot & Q= oIt Moon
and Lall, 1996; 3433k 2001). SSAE= A4 A wg(Empirical Orthogonal
Function; EOF) W& 583 ACE, AAE AR X, (1<i<N)o| thste] AF=2]
B FIE G 2EE ¢ Al 5= FHH AuerE olgste] S & dRmE

A< EOF 13} EOF 291 H%%(Orthogonal) A7) oItk 1 3-24)-



Y EOF2
EOF1

~
P
X

7 3.24. Conceptual view of Singular Spectrum Analysis (SSA) by Empirical Orthogonal Function (EOF)

EOF 13} EOF 25 N2 #2078 ARESHH, Amrl 7HA 1L Q= AA BAF A%
2 gL & 31dT 5 o, HEY IHofA 19X (eigenvalue)] Z7]°) wet A=
9] BRI E-S Eelotal ReRe] siFths RS o3 of T F 1w ol FEGT
5, 915 xeF vo g-SAIA AF/d 84 (reconstructed component, RC)QI
R'3t B2 ZZsto] AR} 7L Qe IREHETET AP gt A
NG HFS Y 5= AUtk ol 4 OF A AF/dste] dAtas AT & glo,
o|FA FH Ame 2ol AlAE LE% F719 FFE 7 AAE AmE A

of it}

(R, X), = % 1 kZA al_; B} ,l<i< M—1 )
q= =
1 ! M
(R4 X), = 57 al ; Bf , M<i<N—M+1
j=1 kEA .
1 : k ,
R, X a EFf N-M+2<i<N
( 4 )l N—i+1 j:1ZA7+11[ ke A P

AN e FIAS Efe BYAH A4S < k< M), ME smoothing
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3.3.1.2 EJEILA 2AX| EM DY

Falkland and Woodroffe(1997)= AERE0] TAYSHA] b= A2 EAA 9] 4
A BA4E floto] WATBAL 2 7Hdstitt. WATBALEF Q] 7143 8 =i
S T €870, EGSENA s E EYEALS T 28 7
< ARESITE WATBAL E30) 93t Asleghaf= 4 412 thg 4] (1003 2t

R=P— BT,V (10

7|4 R Aok U Recharge to groundwater, mm/t), Pv 5T
(rainfall, mm/t), E7,+= AASEA K actual evapotranspiration, mm/t), 6 V+=
EofBgleichange in soil moisture store, mm/t)S 2Ju|gtth oS 18 3.25

L WATBAL 2389 mAZE Yehjx 9}

MODEL
F-IT P
Interception
Storage
Es? /T
Soll = —
Moisture
Storage
Moisture
Zone n
Unsaturated Net
e 10‘_.".-‘;1‘_,\_&::!1#90
Capillary = ML -
Zone -2 tor o=
Freshwater Lens T /‘7‘_‘ r ’\/ :
Losses
(Outflow, Dispersion)

7 3.25. Conceptual diagram for WATBAL model, which is water balance model for surface zone on
a small island with no runoff (Falkland and Woodroffe, 1997).

ol

WATBAL 2ol 23t AAIS AR Ak YBwt7]2 sidesAHo] $=7t
o o

o), 7k 4]0 2 AE % 9l Hamon(1963)9] RIZEHAIE 418 A18s}

oL

o
=
paS)



(11), (12)} 2t}

eS
PET = kx0.165X216.7 X Nx (W) (11)

e, = 6.1086(%)

(12)

©]7]4, PETE A5 4K potential evapotranspiration, mm day '), k< Y|
A5=(proportionality coefficient = 1!, unit less), V& F7+40|(daytime length,
x/12hours), e+ E3E7|U(saturation vapor pressure, mb), 7+ HEHH7]|-<
(average monthly temperature, C )& 2Jufetc}. ESH X557 e, ) ThS 412 F319]
A 4= QIth Lu et al. (2005)2 "= EF A oNA AR I3l 67HA

AR AP A1 Hl@sIglon, Hamonle] BIAWE) 26 1.2 A8t ol ek

White(2000)= AT §&0] gl 22 ol st 247 24 A%E wEe A48
sto] X|3ks kgl AWF Aol 23~32%2] Wo] Yk AN Bkl
A4 SE B 2R AT A= ® 333 2t

H 3.3. Studies on estimation of Recharge Rates for Tongatapu

Investigator (Year) Method Recharge as % of rainfall
Peiffer (1972) Previous experience 10
Lao (1978) Water Balance Approach 25
Hunt (1979) Sharp Interface Mathematical Model 25-30
Kafri (1989) Chloride lon Concentration 25
Hasan (1989) Water Balance Approach 20
Falkland (1991) Water Balance Approach 30
White(2009) Water Balance Approach 23-32

T 3.4 WATBALE RS S3lo] mAIXA B4 42 gia) AMRE: 2a v
20} 22 AakEoIn, WATBALEY 752 9isto] 448 E7ekie] 27] vjrfjuis
Zke veria 9ot
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I 3.4, Parameters and output of WATBAL model

Variables Model parameters and output
RAIN monthly rainfall (addition of daily values)
ET monthly potential evaporation
El monthly interception loss
SMC1 soil moisture content at start of month
ES monthly evaporation from soil moisture store
XCESS rainfall minus evaporation losses above (El + 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)

* Description of parameters

. Interception Store Capacity (ISMAX) in mm

. Initial Interception Store (IIS) in mm

. Soil Moisture Zone Thickness (SMZ) in mm

. Field Capacity (FC)

. Wilting Point (WP)

. Max. Soil Moisture Content (SMCMAX=SMZ*FC)

. Min. Soil Moisture Content (SMCMIN=SMZ*WP)

. Initial Soil Moisture Content (ISMC) in mm

. Deep Rooted Vegetation (e.g. Coconut Trees) Ratio (DRVR)
10. Ratio of these roots reaching water table (DRWT)

11. Crop Factor for Deep Rooted Vegetation (CROPFD)

12. Crop Factor for Shallow Rooted Vegetation (CROPFS)

* Linear Relation of Ea/Et (actual/potential evap) ratio to SMC

© 00 N O o b W N —

ISMAXIIS SMzZ  FC WP SMCMAX SMCMIN ISMC DRVR DRWT CROPFD CROPFS

90 90 1000 055 040 550 400 500 03 O 0.8 1




3.3.2 SY=0F 2
3.3.2.1 ROSETTA 2

A3AGIE B7i(Artificial neural network)E 7]9FO.2 Sli= ROSETTA 232
o5 5739 YATA(USDA/ARS)N Q3 7=l om theet EK(2,0857 AY
=)9] ASAHHE vlgo 2 5= EAEA B0 F Pedotransfer functions(PTFs) 7]
¥lo] H-&HtHCarlos et al., 2012). ROSETTA 232 73 2hdsiAlE B9 1271
A EA(TXT: Clay, Clay Loam, Loam, Loamy Sand, Sand, Sandy Clay, Sandy
Clay Loam, Sandy Loam, Silt, Silty Clay, Silty Clay Loam, Silty Loam) JE9-&
7RI B9 eEIokd Wi, 6., K., K,, a, n, 1T FEL F A B
Azt EFY] oty miiiaE 55171 YsiAl= Sand, Silt, Clay H]&(SSC, %),
SHYE(Bulk density, BD), 33kPa T 1500kPaclAle] EFESIEHTH33,
TH1500% &2 JE7F 3718082 F QAT = AtoA= @AY EG MET
24 IoA Ego] wtEE A ue 4= glo] SSCol ditt Ad 2AyE 2E Y
Y A== o]-&5H3ItE. ROSETTA B2 19 3.269] 559 o] EYY =24
£/ AE(TXT, SSC, BD, TH33, THI500)5 4¥2& Sh= Hierarchical ANN
ModelsZ o8-8 EFTEIT ASEF e ESTHA Al a4 wifis=
FE3}. Model C2+= Hierarchical ANN ModelsollA] 4% s=2|gh3] wj7fH
0,, a, )& ¥ Am= Aolg§dor EXI} #YHAEE K, 9 van

S

(K,, 0.,
Genuchten-Mualem X9 w7 L2 5743ttt ROSETTA 2P o83t EY
o] srejshy u7fjsre] tiefiA= 418-51(2016)°] Hh ZpA3] A= o] St H 3.5+
ROSETTA EF9] YHAtm F&Ho) izt A8y &9E A2 Aol # 3.6
ROSETTA 23 %S &3l === =0l diet A8y 9495 4 Aot
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[t

Input Data Output Data

Model C2 - Ko L

Basic Soil Data Hierarchical h 06 an
ANN ey
(TXT,ssC, BD, EEEE) Models
TH33, TH1500)
\—/J— K,

Input: - Output: -

% 3.26. ROSETTA 2&9| EQF 2[5ty OfHs N SEL(AE3], 2016)

I 3.5, ROSETTA 2 ¢4 A=

°]
=28 ey

oot
i

Soil textural class (Clay, Clay Loam, Loam, Loamy Sand, Sand,
TXT Sandy Clay, Sandy Clay Loam, Sandy Loam, Silt, Silty Clay, Silty -
Clay Loam, Silty Loam)

SSC Sand, Silt and Clay percentages %
BD Bulk density g/om?
TH33 Water contents at 33 kPa cm?/em®
TH1500 Water contents at 1500 kPa cm®/em?®

Source: https://mwmaw.ars.usda.gov/pacific-west-area/riverside—ca/us-salinity-laboratory/docs/ROSET
TA-model/



I 3.6. ROSETTA 2 =4 A=

= A3 e
0, Residual water content cm®/em?®
0, Saturated water content cm/em®
Q Curve shape parameter 1/em
n Curve shape parameter -
K, Saturated hydraulic conductivity cm/day
K, Unsaturated hydraulic conductivity cm/day
L Tortuosity/connectivity parameter -

Source: https://mwww.ars.usda.gov/pacific-west-area/riverside—ca/us-salinity-laboratory/docs/ROSET
TA-model/

3.3.2.2 SWAP &2

2 AFoM= B7FERRE ZEAE A9l ittt EGEtE dSEIoR
SWAP(Soil-Water-Atmosphere-Plant) ¥ o|-&3tt. SWAP X8 5HA EYF
SOl gt & RIS Altshe 24840 713544 ARSAH(EY, 2 5= 19
o e = 71Vl 5A4-EsH ¥ (Agro-hydrological model) 2.2 HZHA

tigt = A9 I Holl 28 71t =R EEE I oW 55] M0 ASA
H EYRE T2 2T & Q= o] Ativan Dam et al., 1997; ZHY,
2009: ZJEHY 5, 2009; Ma et al.,, 2011; Huo et al., 2012). 1% 3.272 SWAP
HEE ol &S EYTEdT 4 Aol digt 7188 yetdle A= 2P
PRt m Aol gish HASIAL 9lom HFAog EYeidde 4 dyE Hole
q—' SWAP 1:!,_—6301]% ] ] = JE Eokgxgxqi X]—EJ‘1Z4]_.—E]_9,]- 7¥0 Qjaﬂ X}i
7b QFETHE 3.7). 7VRSAEES 999 HATIA(C), Ha7A(TC), 7%
(kPa), S<%(m/s), A5 (mm) BSARZF 275 ToCSA Al2HNA AEE= 5
ZHeREE AW 7174385 A14 %] Fua'amotu & 'Eua A3 Research Station A149] 3
SAE7} ol 8H Y. EYEAPEEE A thdAIF o] gt Sand, Silt, Clay Hl&(%)
2429 ROSETTA B30 2HE 245 Aasmglek(p )3 Lamaekp ), Lol
YAEE(K,), TR FH FHUAEEY] AT ot n #ho] ol&drt. 2544

2,

7]

FII
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Hes &s B=71ZHLCO), AS2ADVS), FHAAF(LAD, 222 £°I(CH), F2
Z°I(RD) 5ol tiet A&7} ol-§Ht.

~ osmana

8 &(MJ} mé/day)

& Wind(m/s)
2=

+ Hum(kPa)
Ner

" tioe
PR

Soil information
(5SC, BD, By3spar B1500ura) BTN h [ ES

- Ks(em/day)
2ol NEE
- Ky(em/day)
EZHSAHES
- B(em?/em?)

. B,(em¥em’)
mEsee

- u(1/em),n(-)
SYLESYIY DY
ol Ests RS 2

[ Soil hydraulic parameters

ZE4]IE

- Crp

R2BIR

+ LCC(days)
IEYRTD

+ LAI(m3/m?)
AR =

+ CH(em)
250l

+ RD(em)

=2/ 20|

Soil water cantent (m? m %)

- Length of crop cycle(LCC)
- Leaf Area Index(LAl)

- Crop heigh(CH)

- Rooting depth(RD)

LX) - - = E =
MOl IS MNGE0I  WWSIN NSOl  WISEO M0l

8 3.27. SWAP Z¥2 0|80t EU+E & £ ASH0M 71Q

37, SWAP 2¢ 29 A=

PIE PN =2 sz
EolE AR EYE=(Sand, Silt, Clay%)
OO0 O

EY 2 N0, , 0,, K,, a, n)

JEREE | ARKRAD), EERI(Tmin), 2L7[(Tmax), 7 IR(HUM), SHWIND), Z+Z(RAIN)

HEESEE | ASASTADVS), TEHRRNLAI, 2E=0I(CH), F20(RD)

Source: Kroes et al., 2002



4. G1ZL
4.1 $XI1 2O}

4.1.1 20 EfEY ol 2= H

=

ton
1z

B7HE v iR FEHiEY TAS A9 El Nifio Southern Oscillation
(ENSO)9| F3& AHA o= W= Ao, Yyt TAYSHA BAA| Bt 7J4wfo]
Zo] 7hgo] BT 7Fs/dol AAH, SUU Al7|ol= A Bot 2 AT BEE
Hol1l I35 ERlg 4= Qltt. wEhA e B YA s 5o = Qlste
TAYSH= ENSO S 45 Ws s Aol 4840 9= 0] HiEYd =

o

M= A9 Ao Faet 75 a4s A8 5 Qlrh

i

£ dFoMs A, 2015, APECYISAE A7HEALA 2015-12,9] A+E%E
HIRO 2 Ak AVdS E2otlth. AP El Nifio AMFE] -2 Nl A|4=e] ths}
of #3HH 3709Y o5 HwH(moving window)#kZ APg5L A&l (upper quartile)
0.45 ol 712 = s}o], El Nino7} s7] Al&sek= dli(developing year)2] 74l
A 1 o939l &, 2EsH] Al&bsk= dli(decaying year)2| 287H4] 871 &<t anomaly
7} 0.87 o4 A& = 717 7102 AASIAtHYoon et al., 2013). $19] 7=
met AeiE 7709] 73t El Niflo AMd=> 1965/66, 1972/73, 1982/83, 1987/88,
1991/92, 1997/98, 2015/16°]ct. T3t La Nifiadl2] 72 )=t NOAA CPC(http://
www.cpc.ncep.noaa.gov/)olA Al&dle 5 7|2 8519 o, 7St La Nifia

AV E AEH Si= 1973/74, 1975/76, 1988/89, 1999/2000, 2010/11°]tt.

J9 4.1 El Nifio7} AlFER= 819] 129MDECNA 1 tha3l 2€(FEB)7HA 9] 3714
S el (Tropical Pacific) A|Fol|A Q] a2 (sea surface temperature,
SST) &= A=) ofgt 1981-20104 Climatology?] A HAHComposit Anomaly,
CAYE E43 Aot} s r9] F/dHA} 2442 NCEP/NCAR Reanalysis(URL:
http://www.esrl.noaa.gov) A5= ARESITE. AFPZQl El Nifio 3f9] 742 B0
H|sto] HIPASA 02 =2 s 27t Hopd2)7t HFeQte] s g golA FE A&

1) Noy A4 Ren and Jin (2011)°] &Jste] ARt N,y = N, —aN,(If, N, XN, >0 then o =2/5, otherwise
a=0¢2 22 o= Ak 4= glon, HPAQ AUk} FYHEY Ay S Foto] ARGHT



| 571 S8 (1SS ot 7SHTER ADIE S| AAH 1=

Sto] SYHFI7HA 27 5014 2L Usg TRIT 4= o, 22 sfofl HdHEn
2 S 2k SAREGA 9T GEHES
& 4 UeHE 4.1a). ¥FHC], La Nifia 319] 73-¢- dolH|27} HFAt2] FeB oA
HE AJZRRE SST cold anomaly”t SYEEY7IA] 271 5014 3okl 52 &A1Y

= = =
G glom, e dol WYBT} £ Sl Lul BejEAe Aret dejEe A

fu—

v

AA) A WYL JeL FAY 5 YHAF 4.1b)

(@) SSTA during strong El Nifio years

NCEP /NCAR Reanalysis
Surface Skin Ternperuture(SST} (K) Compasite Anomaly 19B1-2010 climo
0N = W"":_.. B o MNOAAESRL F'hyalcﬂl Sclencas Divigian

s
e PREEEE
105 l
ns
308 _ . Ky
v A
aps ¥ : . . . . .
100E 120E 1440E 160E 180G 160W 140% 120% 100

Dec te Feb: 1938.196615873,1082,1088,1302,19%8

-2.1 -1.5 -0.9 -0.3 0.3 0.9 1.5 2.1



(b) SSTA during strong La Nifia years

NCEF‘/’NCAR Reanalysis
Surface Skin Temperaturs(35T) (K) Compasite Anomaly 19812010 dimo

-"‘ NQAA,FESRL F"h}-'mcal Sclences Dlwsmn
A, '

120E 140E 160E 180 160N 140N 120N 100%
Dac to Fab: 1974, 1876,1889,2000,2011

J% 4.1. Composite sea surface temperature anomalies (SSTA) in the developing phases of El Nifio
and La Nifia during December-January. (a) and (b) show SSTA during strong El Nifio and La
Nifia years, respectively.

4.1.2 Al/2fU0| M2 STt d5Y HE &Y

HI

q

HEYG AR T Bis SRS foto] ml NOAAA AlEstal Sl=
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(a) GPCP during strong El Nifio years (Wet season)
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(b) GPCP during strong La Nifia years (Wet season)
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J% 4.2, Composite anomalies of GPCP precipitation during wet season (December to February) in
strong (a) El Nifio years and (b) La Nifia years over the South Pacific Ocean.
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(a) GPCP during strong El Nifio years (Dry season)
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(b) GPCP during strong La Nifia years (Dry season)
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J2 4.3, Composite anomalies of GPCP precipitation during dry season (June to August) in strong (a)
El Nifio years and (b) La Nifia years over the South Pacific Ocean.
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(a) RCP 4.5 scenarios
5000

Historical

=] —e— Observed Y=0.514 * X +714.20
e e = Obs. Trend

—_— 4000 b Fiitiire

o === Fut. Trend

AR I (L | |
w/ I 1 [\»/YV\ l\ "

T T T T T T
1980 2000 2020 2040 2060 2080 2100
Time (Year)



| &7 SRS HSE PRt 7R EEEE ADE 22| AXE 45

5000

Historical
<] —@— Observed Y =1.364 *X-1000.21
= «= == Obs. Trend
Future
= = = Fut. Trend

T T T T T T T T T T "1
1980 2000 2020 2040 2060 2080 2100
Time (Year)

% 47. Bias corrected annual rainfall projection and their uncertainty by CMIP5 29-GCMs during
historical and future. (a) and (b) show RCP4.5 and RCP 8.5 scenarios, respectively.
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J2 4.8. Calculation of SPI 3-month drought index based on observed monthly precipitation at
Nuku'alofa station in Tongatapu island.
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(b) SPI 3-Month
Nuku'alofa (Station #3098), Tonga
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J2 4.9, Comparison between SPI and SOI during different drought lag-time in Tonga. (a) to

SPI' 1-Month to 24-Month, respectively.
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H41. Perc)entage of eigenvalues with total variance for different indices (Embedding dimension: 120,
7=1
Variables 1-2 3-4 5-6 7-8 9-10 11-12 | 13-120
SPI-1M 6.0 45 4.0 3.6 34 33 75.2
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SOl 15.7 14.0 11.8 8.9 6.4 4.6 38.6
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J% 4.10. Time series of reconstructed components for SPIs and SOI using SSA
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J% 4.12. Annual rainfall and recharge of historical period in Tongatapu island
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% 4.16. Prediction of groundwater recharge by MPI-ESM-MR model
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Soil type Soil depth (cm) Soil Texurs (%)
Sand Silt Clay
Vaini clay 13-28 20.0 21.7 58.3
Lapaha clay 13-30 12.0 74 80.6
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Sail type Soil depth (cm) Soil Tedurs (4)
Sand Silt Clay
Vaini 10-15 0.8 46.7 52,5
Fuaamotu 10-15 0.6 433 56.1
Utulau 10-15 0 417 58.3
Alaki 10-15 0.2 49.4 50.4
Niutoua 10-15 0.9 46.1 53
Kolovai 10-15 1.7 453 53
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+ S ol = 247} 18.652(cm/day)@t 16.665(cm/day) = A Yeal
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Soil hydraulic parameters

Region 9, 6, @ K, K,
em*/em®) | em’/em®)  (1/cm) " (cm/day) | (cm/day)
Vani clay 0.097 0.484 0.020 1.216 18.652 4.789 -2.363
Lapaha clay 0.102 0.497 0.020 1.150 16.665 3.734 -4.433

Vaini 0.107 0.520 0.015 1.322 16.989 3.559 -1.073
Fuaamotu 0.107 0.523 0.016 1.295 20.594 3781 -1.277
Utulau 0.108 0.5625 0.016 1.281 23.014 3.927 -1.407

Alaki 0.107 0.519 0.014 1.342 14.962 3.459 -0.964
Niutoua 0.107 0.5620 0.015 1.318 17.508 3.5687 -1.100
Kolovai 0.106 0.518 0.015 1.316 18.075 3.577 -1.104
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[S1] MOU with APCC and Tongan Government
S1.1 APCC-Tonga MEIDECC MOU

Fupr 1ol A

D G

MEMOEAMIILM OF UNDERSTANDING
BETWEEN THE
APEC CLIMATE CENTER
AND THE
MINISTRY OF METEQROLOGY, EMFRGY, INIFORMATION,
MEASTER MANAGEMENT, ENYIRONMENT,
CLIMATE CHANGE AND COMMUNICATIONS

Article 1. Parties and Principal Institutions

WHEREAS the APEC Climate Center, hereinafter referred to as “APCC” is a non-profit
organization located in Republic of Korea that aims to enhance the socio-economic well-
being of the Asia Pacific region by wtilizing up-to-date sciemtific knowledge, applying
innovative climate prediction techniques, and promoting application of climate information
through various programs for capacity building and reducing climate risks in the region.

WHEREAS the Ministry of Meteorology, Energy. Informatien, Disaster Management,
Environment, Climate Change and Communications, hereinafter referred to as "MEIDECC™
of the Kingdom of Tonga is the government agency mandated under the rule of law to
exercise powers, perform functions, and discharge duties, when delivering core areas of
government concern within the sectors of meteorology, energy, information, disaster
management, environment, climate change, and communication.

Article 2. Objectives

The broad objective of this Memorandum of Understanding (“MOLU™) is to facilitabe
cooperation and coordination of activities between APCC and MEIDECC in the broad areas
of meteorology, climate forecasting and services: disaster management; and climate change
adaptation. These activities may include the propoesal and execution of projects, training and
capacity building, and other similar initiatives that will contribute to the socio-economic and
national development of the Kingdom of Tonga.

Article 3. Responsibilities

AL ard MEIDECT will shams knowledpe, cxperise, und duln pecessuy Doy caiiying o
the collubomtive aotivities Hach Party shall be responable o providing the instinirianal
supporl nevessay foi implamanting enllabosrive selivilivs, APCC will explore diffarant
avenues for the provision of wechnical asmmtance, producls und scrvices, elevait Waininge,
and projects W suppoit e MBI and it divisens and ellves, MEIDECC will provids
coniewiugl informotiog on elevant zanas that wall contrbuie o e desigo ol develapivisi
of imbiatives, welively participans In th initiatives, and comader e el of the tiatives in
operaiional and plunning activitiss
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Phe Blinsley of Bevenue il Costoma, (o zuppor af RIS, shall in aceordance with
Tonpun Law, cacmpt e iopoin of ooy project supplies fonded by AMCE for MU
unger thie MOL, Tron inpor] dutics, aod other e aich as consismprion tax, and axciza max.
Any proqgcet upplics mmported el excmpted wider this MOV dispnesd of s thivd parmy
within Hive vesrs of the dule of importulien shall e solyect 1o the dury aid mxes pavabiles an
the dare of impartaten, All vehieles und equipment imporbed wel exempted wder this MO
shiall remialn tha proparty of METDEUCC ab the completion of Uee projects [oe which Gey wew

it

Article 4. Mup-landing MOHT

This MOU is not intended as a binding legal agreement, It is only an expression and record of
the purpose and intention of the Parties concerned, to which they each honorably pledge
themselves with the fullest confidence. This is based on their relationship with each other,
and the understanding that this MOU will be carried through by each Party with mutual

respect, loyalty, and friendly cooperation. Any differences between the Parties concerning the
interpretation and /or application of this MOU should be settled amicably through mutual

agreement.
Acrticle 5. Validity and Renewal of MOU

1. This MOU will take effect immediately on the most recent date of signing and will
remain in effect for five years from the most recent date of signing.

2. This MOU may be extended at the end of the 5% year after successful execution.

3. This MOU may be amended by written agreement among the Parties by mutual
consent.

Article 6. Termination
|. This MOU may be terminated through mutual agreement between both parties,

2. In the event that one party wishes to terminate the MOU before the expiration date,
that party shall inform the other party in writing within 30 working days.
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[N WITHISS WHEREOF, the wlersigied, baing duly authorizod heweto, hove cansed this
ot 1 he exccuicd w of the dute of thi Lt alpnatere shown belos

Signed by:

Ministry of Meteorology, Energy,
Information, Disaster Management,
Envirvnment, Climate Change, and
Com mInirlliﬂns

fl.u“.lj u!_-l.;- Slanwl Mervalem

Deputy Prime Minister and Mimister for
MEIDECC

Date: 22 July, 2015

Witnessed by:

]
e

Wr. Pouvulu Bat
L L&) MEIDECC

Date: 22 July, 2015

APEC Climate Center

. ©Chin
rector

unuymu

Date: 22 July, 2015

7

_{./J; =g

-\_-':'.‘

[ Hyu]]g]i" Kim
Hieud of Clinite B seaarch | epariment

Date: 22 July, 2015
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S1.2 APCC-Tonga MLSNR MOU
2@

MEMORANDUM OF UNDERSTANDING
BETWEEN THE
APEC CLIMATE CENTER
AND THE
MINISTRY OF LANDS, SURVEY, AND NATURAL RESOURCES,
KINDOM OF TONGA

This Memorandum of Understanding {(MOU) is entered into effect on the last day of
the final signature between the APEC Climate Center, hereinafier referred to as “APCC" and
the Ministry of Lands, Survey, and Natural Resources, hereinafter referred to as “the Ministry™
(collectively hereinafter referred 1o as “the Parties™).

Article 1. Parties and Principal Institutions

1. WHEREAS, APCC is a non-profit organization located in Republic of Korea that
aims 1o enhance the socio-economic well-being of the Asia Pacific region by utilizing up-to-
date scientific knowledge, applying innovative climate prediction techniques, and promoting
application of climate information through various programs for capacity building and
reducing climate risks in the region.

2. WHEREAS, the Ministry of the Kingdom of Tonga is the Ministry managing lands,
minerals and waler resources for the benefit of all its stakeholders, as well as developing and
implementing programmes for the nation.

3 WHEREAS, the Parties express the mutual desire to collaborate and develop a joint
rescarch project of “Development of Smart Groundwater Management System in the
Kingdom of Tonga: Utilizing Climate Information in Response to Shoriage of Water”,
hereinafter referred 10 as “the Project™.

Article 2. Objectives

1. The broad objective of this MOLU is to facilitate cooperation and coordination of
activities for the Project.

2. The purpose of the Project is to support the stakeholders and decision-makers in the
Kingdom of Tonga's waler resources seclor o sustainably secure waler resources by
providing optimal alternatives to the current system.
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Article 3, Accountability

L: APCC and the Ministry will share expertise and data necessary for carrying out the
collaborative activities, and each Party shall be responsible for providing the institutional
support necessary for implementing collaborative projects. Each Party will also develop a
hydro-metcorological database and review the current operation and management policies as
well as development plans of the Kingdom of Tonga.

2. APCC will analyze Tonga's climatology and install and monitor groundwater level
observation system. APCC will also develop the web-based model for amalyzing and
predicting the sustainable use of water resources.

3. The Ministry will actively participate in and collaborate with APCC in the project
activities. Furthermore, the Ministry will consider the results of the Project when forming
relevant national policies and climate adaptation plans. The Ministry will collect and assist on
digitizing water datascts, including information from previously conducted climate and
geophysical surveys.

4, The Principle Investigators (Pls) will be:
(a) Dr. Sunkwon Yoon, Research Fellow, Climate Change Research Team, APCC

(b) M= Taanicla Kula, Deputy Secretary, Matural Resources Division, The
Ministry of Lands, Survey, and Natural Resources, the Kingdom of Tonga

Article 4. Non-binding MOU

1. This MOU is not intended to be a binding legal agreement. It is only an expression
and record of the purpose and intention of the Parties concerned, to which they cach
honorably pledge themselves with the fullest confidence. This is based on their relationship
with cach other, and the understanding that this MOU will be carried through by each Party
with mutual respect, loyalty, and friendly cooperation.

i Any differences between the Parties concerning the interpretation and/or application
of this MOU should be settled amicably through mutual agreements,

Avrticle 5. Duration of MOU

1. This MOU will take effect immediately on the most recent date of signing and wall
remain in effect for one year from that date,

2. This MOU may be amended in writing among the Parties by mutual consent.
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Article 6. Termination of MOU
1. This MOU will be automatically terminated one year from the most recent date of
signing.

N WITNESS WHEREOF, the undersigned, being duly authorized by their

respective Parties, have caused this MOU 1o be executed as of the date of the last signature
shown below.

Signed by:

APEC Climate Center Ministry of Lands, Survey, and Natural
Resources, the Kingdom of Tonga

Witnessed by:
. .
d&w’-‘ wam YWVL /4"{ At
Dr. Sunkwon Yoon Mr. ‘Asipeli Palaki
Bescarch Fellow Chief Executive Officer » -

Climate Change Research Team

b, 2ef ™ P o)
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[S2] Tongatapu island DEM, villages, well locations and pipe line system

S2-1. Digital elevation map of Tongatapu
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S2-3. Residential areas and electric conductivity (EC) of village wells of Tongatapu
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[S3] Information of real time groundwater monitoring system of salinity
monitoring boreholes (SMBs) in Tongatapu island

Multi-Sensor
Tube #2, Tube #3

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

Lagoon
(S: - 21.158825 W: - 175.234643)

Location of sensors

Tube #2 Tube #3

14.70m

Cable 19.79m

Sensor

Multi-Sensor

Tube #3, Tube #4
Location: Beside pump station 105, Mataki'eua
(S: - 21.153897 W: - 175.241717)

Location of sensors

16.50m

o= Cable
ek —1 2250m

H p———— 32 mm class 12 Sensor
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Single Sensor
Tube #5

Location: Houma, Hala Vaea Road
(S: - 21.154315 W: - 175.281506)

Location of sensor

Cement m\

0.5 m bentonite seal

1mSaeen ——

p—— Tube #5
T | SR
10mof B9 mm
steel protective casing
1mof steel protective
asing
Cable
S Sand and gravel
backfill
Sensor

19.00m

1 H pe———— 32 mm class 12

Single Sensor
Tube #4

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

Location of sensor

38.00m

BrarneeED | Tube #4
TP S
\ steel protective casing
B m./ 1 mof steel protactive
€ Sand and gravel
backfill
1mScreen — Cable
He—— 32 mm class 12
" e
nsor




Multi-Sensor
Tube #3, Tube #4

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

/

Location of sensors

e

steel protective casing
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Tube #3 Tube #4

1mof steel pratective:
caning

&~ Sand and gravel
backfill

M 32 mm class 12
piezometer

Cable

Sensor

26.82m

30.00m

Single Sensor
Tube #2

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

Sensor
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[S4] Water balance model input parameters and output of Tongatapu island

S4-1. WATBAL model input parameters

*Description of parameters

. Interception Store Capacity (ISMAX) in mm
. Initial Interception Store (IIS) in mm
. Soil Moisture Zone Thickness (SMZ) in mm
. Field Capacity (FC)
. Wilting Point (WP)
. Max. Soil Moisture Content (SMCMAX=SMZ*FC)
. Min. Soil Moisture Content (SMCMIN=SMZ*WP)
. Initial Soil Moisture Content (ISMC) in mm
. Deep Rooted Vegetation (e.g. Coconut Trees) Ratio (DRVR)
10. Ratio of these roots reaching water table (DRWT)
11. Crop Factor for Deep Rooted Vegetation (CROPFD)
12. Crop Factor for Shallow Rooted Vegetation (CROPFS)
* Linear Relation of Ea/Et (actual/potential evap) ratio to SMC

O© 00 N O O &~ W N =

ISMAX IS SMZ  FC WP SMCMAX SMCMIN ISMC DRVR DRWT CROPFD CROPFS

90 90 1000 0.85 0.40 550 400 500 03 0 0.8 1

Start year End year PET_option (1=Con.Penman, 2=Hamon) Latitude

1945 2016 2 -21.1



S4-2. WATBAL model output

RAIN ET El SMC1 ES XCESS SMDEF SMC2 GWR

YEAR  MON (mm)  (mm) (mm)  (mm) (mm)  (mm)  (mm) (mm)  (mm)

1945 1 142. 164. 90. 500. 46. 96. 50 550. 46.
1945 2 182. 137. 90. 550. 44, 48. 0 550. 48.
1945 3 138. 139. 90. 550. 46. 2. 0 550. 2.
1945 4 152. 108. 90. 550. 17. 45. 0 550. 45.
1945 5 182. 89. 1.  550. 0. 92. 0 550. 92.
1945 6 99. 77. 13.  550. 0. 10. 0 550. 10.
1945 7  113. 85. 5.  550. 0. 36. 0 550. 36.
1945 8 132. 96. 90. 550. 6. 41. 0 550. 41.
1945 9 73.  116. 73.  550. 40. —40. 0. 510. 0.
1945 10 21. 144, 21.  510. 84. —84. 40. 425. 0.
1945 11 37. 152, 37. 425, 18. -18. 125 407. 0.
1945 12 12, 154. 12.  407. 6. -6. 143 401. 0.
1946 1 10. 164. 10.  401. 1. -1. 149 400. 0.
1946 2 101. 137. 90. 400. 0. 1.  150. 411, 0.
1946 3 175. 139. 90. 411, 3. 82. 139. 493. 0.
1946 4 33.  108. 33.  493. 44, —44. 57. 449. 0.
1946 5 139. 89. 1. 449. 0. 49.  101. 498. 0.
1946 6 30. 77. 31.  498. 28. —28. 52.  470. 0.
1946 7 49. 85. 49. 470. 16. -16. 80. 454. 0.
1946 8 89. 96. 89. 454, 2. 2. 96. 452. 0.
1946 9 1.  116. 11. 452, 34. -34. 98. 418. 0.
1946 10 276. 144. 90. 418. 6. 180. 132. 550. 48.
1946 11 40. 152 40. 550. 105. -105. 0. 445, 0.
1946 12 36. 154. 36. 445. 33. -33. 105. 412. 0.
1947 1 118. 164. 90. 412. 5. 23.  138. 434. 0.
1947 2 248. 137. 90. 434. 10.  148. 116. 550. 32.
1947 3 94. 139. 90. 550. 46. —42. 0. 508. 0.
1947 4 73. 108. 73. 508. 24. =24, 42. 484, 0.
1947 5 84. 89. 84. 484. 3. -3. 66. 482. 0.
1947 6 74. 77. 74. 482 2. -2. 68. 480. 0.
1947 7 142 85. 5. 480. 0. 52. 70. 532. 0.
1947 8 69. 96. 74. 532. 18. -18. 18. 514, 0.
1947 9 287. 116. 90. 514. 19. 178. 36. 550. 142.
1947 10 115, 144, 90. 550. 51. -26. 0. 524. 0.
1947 11 32. 152, 32. 524. 93. -93. 26.  431. 0.
1947 12 272. 154, 90. 431. 12. 170. 119. 550. 50.
1948 1 255. 164. 90. 550. 70. 95. 0. 550. 95.
1948 2 212. 137. 90. 550. 44, 78. 0. 550. 78.
1948 3 112. 139. 90. 550. 46. -24. 0. 526. 0.
1948 4 225. 108. 90. 526. 14. 121, 24.  550. 97.
1948 5 49. 89. 49.  550. 38. -38. 0. 512. 0.
1948 6 226. 77. 13. 512, 0. 136. 38. 550. 98.
1948 7 28. 85. 41.  550. 41.  -41. 0. 509. 0.
1948 8 44. 96. 44, 509. 35. -35. 41.  473. 0.
1948 9 120. 116. 90. 473. 12. 18. 77.  491. 0.
1948 10 22. 144, 22.  491. 70. —70. 59. 421. 0.
1948 11 351. 152. 90. 421. 8. 253. 129. 550. 124.
1948 12 256. 154. 90. 550. 60. 106. 0. 550. 106.
1949 1 244, 164. 90. 550. 70. 84. 0 550. 84.
1949 2 218. 137. 90. 550. 44. 84. 0 550. 84.
1949 3 201. 139. 90. 550. 46. 65. 0 550. 65.
1949 4 211. 108. 90. 550. 17.  104. 0 550. 104.
1949 5 23. 89. 23.  550. 62. —62. 0. 488. 0.
1949 6 25. 77. 25.  488. 29. -29. 62. 459. 0.
1949 7 104. 85. 5. 459, 0. 14. 91 473. 0.
1949 8 203. 96. 90. 473. 3. 115, 77 550. 39.

9

1949

66. 116. 66. 550. 47.  —4T. O-. 503. 0.

Ers
3

000000 0000000000000 C 0000000000000 000000000000000000200000

EA
(mm)

136.
134.
136.

NETR
(mm)

46.
48.

2.
45.
92.
10.
36.
41.

w

~ IN
CORNOO0000ORN00OEO000000000000

RECHARGE
RATIO

0.32
0.26
0.01
0.30
0.51
0.10
0.32
0.31
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.17
0.00
0.00
0.00
0.13
0.00
0.00
0.00
0.00
0.00
0.00
0.50
0.00
0.00
0.19
0.37
0.37
0.00
0.43
0.00
0.44
0.00
0.00
0.00
0.00
0.35
0.41
0.35
0.38
0.32
0.49
0.00
0.00
0.00
0.19
0.00



1949
1949
1949
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1951
1951
1951
1951
1951
1951
1951
1951
1951
1951
1951
1951
1952
1952
1952
1952
1952
1952
1952
1952
1952
1952
1952
1952
1953
1953
1953
1953
1953
1953
1953
1953
1953
1953
1953
1953
1954
1954
1954
1954
1954
1954
1954
1954
1954
1954
1954
1954

535.

~N

N
ONONOWOLOPWPOOLPLPWXOLO 20

()]

©
ol

464.
406.
550.

550.
550.
550.
550.

482.
477.
550.

550.
550.

540.
542.
527.
550.

550.
550.

547.

550.

548.

550.

488.
550.
455.
410.
401.

550.
550.
550.
550.

490.
550.

550.
550.

535.
430.
447.
493.
487.
550.

550.
550.

531.
550.
527.
480.
434.
411.
406.
427.
434.
550.
528.

550.

526.

550.

518.
550.

550.

541.
449.

550.

w
N
S OO®POOROPONO00000O®O

—
N

—

(00
OO0 0000000000000 00C000000000000000000000000000000000009222000

w
Ry

123.

93
160.
134.
136.
107.
85

72.

96
114.
141.
144.
147.
149.
134.
136.
107.

77.

92
104.
138.

12.
90
134.
136.

w
N

—
N

(00
S oo PO OFONOO000000O®O

w
Yy

0.00
0.00
0.06
0.36
0.46
0.59
0.49
0.00
0.00
0.37
0.39
0.26
0.00
0.00
0.00
0.15
0.76
0.55
0.00
0.27
0.00
0.12
0.00
0.12
0.00
0.00
0.00
0.59
0.70
0.53
0.16
0.00
0.02
0.53
0.30
0.00
0.00
0.00
0.00
0.00
0.10
0.30
0.63
0.00
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.72
0.00
0.53
0.00
0.06
0.62
0.00
0.00
0.64



1955
1955
1955
1955
1955
1955
1955
1955
1955
1955
1955
1955
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1957
1957
1957
1957
1957
1957
1957
1957
1957
1957
1957
1957
1958
1958
1958
1958
1958
1958
1958
1958
1958
1958
1958
1958
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1960
1960
1960

— PO
OOWONOOPRWN—-NN—0O0OVONUA~WN —

—_

SN - — = SN N
WN 2N 200N RWON—=TN_,O0OO0OONDTRWN= N0 OONDOTAWN =N

550.
550.

500.

550.

523.

501.
493.
525.
550.
477.
463.
550.
550.

550.
550.
550.

550.

550.
505.

550.
545.
550.
550.

550.
410.
550.

550.
546.
491.

483.

550.
547.
550.
530.
452.
422.
410.
402.

550.

550.

550.
502.

458.
485.
514.

471.

550.
539.
471.
550.

479.

550.

550.

550.

550.
530.

550.
550.
550.
448,

444.

418.

550.

—-104.

~

-
~
OWONOAOLODODOOUOUOOOOOOO

D ;

_
N O N
®® O

140.

550.

500.

550.

523.
501.
493.
525.
550.
477.
463.
550.
550.

550.
550.
550.
550.
550.

505.
550.
545.

550.
550.

550.
410.

550.
550.

546.
491.
483.

550.

547.

550.

530.
452.
422.
410.
402.
550.

550.
550.

502.
458.
485.
514.
471.

550.

539.
471.
550.
479.

550.
550.
550.
550.

530.

550.
550.
550.

446.
444.
418.
550.

550.

166.
313.

© o)
Joroo00

()]
Fooo0oO!

—_
w w

180.

334.

—
~
CToo00noLoe

0000000000000 00000000C000000000000000000000000020000000000200°

160.

166.
313.

~
OO0 LLO O«

180.

0.19
0.00
0.56
0.00
0.00
0.00
0.00
0.06
0.00
0.00
0.30
0.32
0.38
0.61
0.60
0.68
0.41
0.00
0.29
0.00
0.11

0.49
0.01
0.00
0.41
0.70
0.00
0.00
0.00
0.35
0.00
0.49
0.00
0.00
0.00
0.00
0.00
0.22
0.49
0.22
0.00
0.00
0.00
0.00
0.00
0.43
0.00
0.00
0.01

0.00
0.49
0.09
0.21

0.00
0.00
0.58
0.38
0.27
0.00
0.00
0.00
0.30
0.71



1960
1960
1960
1960
1960
1960
1960
1960
1960
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1963
1963
1963
1963
1963
1963
1963
1963
1963
1963
1963
1963
1964
1964
1964
1964
1964
1964
1964
1964
1964
1964
1964
1964
1965
1965
1965
1965
1965
1965

G G TGN N G
OO WON—=" NN, 000NN NN, 00ONODTPRWN—N—,0O0ONOODUPRA,WON—"N—L00O0ONOOUORAWN—="N—-0O OO~ >

31.

513.
550.
550.
550.
550.
550.
487.
550.

140.

o
coR~ooOO

w

(o]
oBooooo

~N o

550.
550.
550.
550.

495.
458.
483.
550.
550.

550.
550.
550.

550.
511.
498.
498.
550.
525.
462.
549.
467.

550.
550.
550.
550.
550.
548.
547.

508.
457.
431.
446.
550.
535.
550.

550.

513.

550.
550.

540.

550.

543.
539.
415.
403.
410.
550.

550.
550.
550.
486.
550.
550.
550.

513.
550.

550.
550.
550.
550.

487.

550.

508.

~
o &

Aww M
CWPOOWOoOB000O00

OO0 OO 000000000000 0000000000P00000000000000000000000009000000000

104.

N

©

76.

0.45
0.12
0.45
0.25
0.00
0.00
0.00
0.08
0.35
0.57
0.41

0.44
0.05
0.00
0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.46
0.29
0.48
0.05
0.35
0.00
0.00
0.00
0.00
0.00
0.00
0.12
0.00
0.02
0.40
0.00
0.38
0.13
0.00
0.30
0.00
0.00
0.00
0.00
0.00
0.20
0.51

0.25
0.23
0.00
0.40
0.11

0.40
0.00
0.33
0.30
0.60
0.54
0.36
0.00
0.27
0.00



1965
1965
1965
1965
1965
1965
1966
1966
1966
1966
1966
1966
1966
1966
1966
1966
1966
1966
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1968
1968
1968
1968
1968
1968
1968
1968
1968
1968
1968
1968
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1970
1970
1970
1970
1970
1970
1970
1970
1970

QN RN JENENEN _-—_ JENENEN
OCONODUTORWUN 2N, O0ONDORWN 2NN O0OCONODORWON=2 N0 OONDIORWN_TN—C0OONODTMWN—-N—O © O~

508.
497.
533.
500.
506.
550.
422.
411.
415.
410.
550.
526.
502.
480.
455.
536.
550.
433.
490.
546.
517.
550.
550.
518.
480.
469.
441.
497.
521.
425.
403.
550.
550.
550.

540.

514.

514.

480.
550.
527.
488.
418.
406.

491.

550.
550.

527.
475.

459.

506.

457.
490.
438.

414.

401.

490.

550.
550.
550.
550.
550.

538.

503.

33.

497.
533.
500.
506.
550.
422.
411.
415.
410.

550.

526.
502.
480.
455.
536.
550.
433.
490.
546.
517.
550.

550.

518.
480.
469.
441.
497.
521.
425.
403.

550.
550.
550.

540.
514.

514.

480.

550.

527.
488.
418.
406.
491.

550.
550.

527.
475.
459.
506.
457.
490.
438.
414.
401.
490.

550.
550.
550.
550.
550.

538.
503.
455.

N
N

000000002 N000000000030000wWO000

© @

=N
= ©
© o

161.

N —
- N
N —

COOoONU~Noo00000000

~
cooooS0000

0000000000000 00000000000000000000000000000000000000000000000000

N
N

w
CO000000rN0000S0000030000WO000

O

- N
— O
o0

161.

~
cooocoSoooo

N —
- N
N —

©coooNU~No000000000

©

0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.49
0.00
0.00
0.00
0.00
0.00
0.17
0.00
0.00
0.00
0.00
0.35
0.47
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.55
0.45
0.54
0.00
0.00
0.00
0.00
0.19
0.00
0.00
0.00
0.00
0.00
0.41

0.61

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.53
0.01

0.05
0.07
0.00
0.00
0.00
0.00



1970
1970
1970
1971
1971
1971
1971
1971
1971
1971
1971
1971
1971
1971
1971
1972
1972
1972
1972
1972
1972
1972
1972
1972
1972
1972
1972
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1974
1974
1974
1974
1974
1974
1974
1974
1974
1974
1974
1974
1975
1975
1975
1975
1975
1975
1975
1975
1975
1975
1975
1975

550.
550.
550.
512.
465.
485.
550.
540.
550.
550.
550.
550.
550.
550.
550.
550.
550.
550.
550.
550.
438.
500.
419.
550.
550.
550.
501.
514.
545.
485.
550.
521.
550.
550.
550.
550.
550.
550.
540.
550.
545.
540.
550.
550.
550.
475.
550.
499.
550.
550.
550.
550.
550.
550.
520.
522.
550.

A
©cowooooooo0

a1

oc®8oooo000

N

\,
~oooeo

550.

509.

550.
550.
550.
550.
550.

550.
512.
465.
485.
550.
540.

550.
550.
550.
550.
550.
550.

550.

550.

550.

550.
550.
550.

438.
500.
419.
550.

550.
550.

501.
514.
545.
485.
550.
521.

550.
550.
550.
550.
550.
550.

540.
550.
545.
540.
550.

550.

550.
475.
550.
499.
550.

550.

550.

550.
550.
550.

520.
522.

550.

456.

177.
144.

328.
143.
239.

OO0 0000000000000 0000000000000000000000000000000000000000000000

109.

138.

177.
144.

328.
143.
239.

0.45
0.00
0.50
0.15
0.36
0.45
0.39
0.52
0.00
0.00
0.00
0.15
0.00
0.58
0.81
0.19
0.17
0.58
0.14
0.46
0.41
0.52
0.57
0.66
0.59
0.00
0.00
0.00
0.12
0.34
0.65
0.00
0.00
0.00
0.00
0.18
0.00
0.52
0.49
0.34
0.71
0.51
0.69
0.00
0.13
0.00
0.00
0.37
0.69
0.02
0.00
0.02
0.00
0.02
0.34
0.36
0.34
0.19
0.43
0.00
0.00
0.49
0.00



1976
1976
1976
1976
1976
1976
1976
1976
1976
1976
1976
1976
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1978
1978
1978
1978
1978
1978
1978
1978
1978
1978
1978
1978
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1979
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1981
1981
1981

JEFONEEN NN NN PG
OCONOOD TP WN—- N0 0ONODTAPRPWON—"N—_L,0O0ONOODAPRWN—-=N—00OVWONOOORWN—-"NN—_0O0CONDOT>»WN —

10

456.
550.
550.
550.
550.
550.
526.
507.
482.
550.
538.
550.

448.

550.
550.
550.
489.
465.
441.
437.
476.
447.
410.
401.
400.
400.
461.
550.

550.

550.
522.
520.
550.
538.
550.
550.
492.
474.
446.
550.

550.
550.

550.

550.

550.
550.
471.
486.
521.
539.
550.
550.
550.
496.
550.
550.
550.
550.
550.
515.
512.
424.
450.

113.

550.

550.
550.
550.
550.

526.
507.
482.
550.
538.
550.
448.

550.
550.
550.

489.
465.
441.
437.
476.
447.
410.
401.
400.
400.
461.
550.

550.
550.

522.
520.

550.

538.

550.
550.

492.
474.
446.
550.

550.
550.
550.
550.
550.
550.

471.
486.
521.
539.

550.
550.
550.

496.

550.
550.
550.
550.
550.

515.
512.
424.
450.
518.

163.

—
S
—

C ok

125.

123.

®00000000000!

[eNoleloNoojSc ool laRoleloiolo oo No oo oo ele e oo oo o No e o XeNeNe o oo No oo le oo No e e No No o No S e o NS N

116.

163.

0.17
0.64
0.41

0.71

0.04
0.00
0.00
0.00
0.19
0.00
0.37
0.00
0.43
0.53
0.49
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.08
0.57
0.56
0.00
0.00
0.50
0.00
0.45
0.35
0.00
0.00
0.00
0.20
0.42
0.57
0.63
0.00
0.61

0.58
0.00
0.00
0.00
0.00
0.28
0.33
0.61

0.00
0.15
0.56
0.43
0.56
0.72
0.00
0.00
0.00
0.00
0.00



1981
1981
1981
1981
1981
1981
1981
1981
1981
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1986
1986
1986
1986
1986
1986

- SN SN SN SN
QOO NODIORWN—="N—,0O0ONODAOPRWLUN_"N_,O0O0CONODOPRA,WUN=2 N 00O NODORAWON—=N—-OOL~N®U >

—

OO~ WN =N

N
NG o ©

ooMarowm

—57.

466.
550.

543.

489.
486.
489.
433.
461.
482.

550.
550.
550.
550.
550.
550.
550.
550.

538.
437.
409.
405.
401.
412.
411.
405.
403.
402.
433.
424.
416.
442.
413.
515.
550.

550.

480.

550.

497.
524.
502.
479.
535.
466.
436.
550.
475.
471.
550.
486.
485.
508.
492.
459.
424.
407.
401.
550.
399.
400.
466.

550.
550.
550.

204.

N
— O

D
OO0 RO00O00000ONO0O00OO00000

~

CooLoeLoo0

(¢} ~
0000000000000 000P R0

C 0000000000000 000000000000000000000000000000000000900000000000

©
o

204.

N
—

[©2]
CCORO0O0O000OLP0OR000O000000

ococoocooo0o00

CO00000000000000®R0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.59
0.64
0.53
0.47
0.72
0.00
0.04
0.46
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.35
0.60
0.00
0.11

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.00
0.24
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.24
0.00
0.00
0.00
0.37
0.26
0.63



— —
O OWO~NOUTS,WN =N

—

RGN G TGN —
OONOODUPARWNTN—00ONODOPRARWN—="N—,00ONOOARWN—=N—~00OVCOENDDOPRWN =N

550.
550.
550.
467.
438.
407.
415.
418.

548.

550.
468.

466.

452.

451.

426.
417.
408.
402.
461.
515.
550.
521.

550.
512.

472.

487.
474.

550.
515.
426.
531.

513.

550.
550.

550.
550.
525.
550.
539.

509.
494.
492.
464.

536.

461.
514.

524.

550.

550.
550.
550.

550.
437.
550.

550.

550.
550.
550.

550.

510.

518.
491.

550.

—

(o)) S
cof8Soc0000on o000

550.
550.

467.
438.
407.
415.
418.
548.

550.

468.
466.
452.
451.
426.
417.
408.
402.
461.
515.

550.

521.

550.

512.
472.
487.
474.

550.

515.
426.
531.
513.

550.
550.
550.
550.

525.

550.

539.
509.
494.
492.
464.
536.
461.
514.
524.

550.
550.
550.
550.
550.

437.
550.
550.

550.
550.
550.
550.

510.

518.

491.

550.

485.

—
N N

CO0OP0000P0P000000000O 000009 NN

al

a1

[¢e]

O 000000000000 0000000000000 0000000000000000000000000000200000000

N

N

al

a1

<]
COOOUO00OE0r0000000000200000O0NN

0.09
0.20
0.00
0.00
0.00
0.00
0.00
0.00
0.47
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.26
0.00
0.30
0.00
0.00
0.00
0.00
0.52
0.00
0.00
0.00
0.00
0.76
0.17
0.38
0.55
0.00
0.16
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.62
0.18
0.57
0.60
0.55
0.00
0.17
0.05
0.63
0.24
0.07
0.18
0.00
0.00
0.00
0.47
0.00



1991
1991
1991
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996

485.
490.
419.
402.
400.
400.
400.
401.

401.
401.
474.
550.
489.
550.
448.
489.

398.
455.
550.
540.

550.

518.

497.

550.
550.
446.
441.
463.
550.
550.
461.
550.
550.
550.

550.

518.
549.
444.
517.
550.
523.
534.
550.
529.

488.
550.

550.

485.
453.
415.
453.
411.

550.
461.

550.
550.

550.

550.

519.
519.

490.
477.
430.

5.

110.

65.

102.

104.

DiE SRR| MAH 75

490.
419.
402.
400.
400.
400.
401.
401.
401.
474.

550.

489.
550.
448.
489.
398.
455.
550.
540.

550.

518.
497.

550.

550.
446.
441.
463.
550.

550.

461.
550.

550.
550.
550.

518.
549.
444.
517.
550.
523.
534.

550.

529.
488.

550.
550.

485.
453.
415.
453.
411.

550.

461.
550.

550.
550.
550.

519.

519.

490.
477.
430.
540.

N

N
=
CO0OONOVOOUO 0000 UIOOOO0OOOO0O0OO0OO

a1~
=N

o N o
co@®oNo

~

U-,_.
OO0 OONNOONOOWO OO

OO0 OO0 PO 0000000000000 000000000000000000000000000000000000000000

N

N
N
COONOOOIO=-0000U000002220000

a1~
- N

©
N

&~ © ~
Noowooooo®®

o —

N
O
c®ooooconmNOO

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.00
0.03
0.00
0.00
NaN
0.00
0.05
0.00
0.20
0.00
0.00
0.60
0.06
0.00
0.00
0.00
0.17
0.28
0.00
0.34
0.09
0.47
0.55
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.22
0.00
0.00
0.07
0.40
0.00
0.00
0.00
0.00
0.00
0.56
0.00
0.08
0.05
0.47
0.59
0.00
0.00
0.00
0.00
0.00
0.00



1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2002
2002
2002

RGN N NG N JEGNEOEN
WN =2 NN —200ONOODUOPRWN—="N—,000ONODOPRPWN—-="N—,00O~NOODOPWLOUN—=" NN, 0O0ONOODOPRWUN—=N—_,O0OCONOTWN —

540.
550.
550.
550.
550.
534

484.
477.
541.
518.
504.
418.
433.
402.
401.
550.
482.
463.
463.
454.
431.
431.
414.
550.
550.
550.
550.
517.
550.
494.
550.
550.
550.
550.
550.
550.
550.
550.
550.
550.
550.
550.

543.

550

548.
513.
550

468

550.
550.
550.
550.
550.
505.
550.
550.
550.
527.
438.
500.
527.
510.
550.

[oe]

~
OCLPOUoO000OC

oNooooooooooQ0

w

550.

550.
550.
550.

534.
484

477.
541.
518.
504.
418.
433.
402.
401.
550.
482.
463.

463.

454.
431.
431.
414.

550
550.
550.
550.

517.

550.

494.
550.

550.
550.
550.
550.
550.
550.
550.
550.
550.
550.
550.
543.
550.
548.

513.
550.
468.
550.

550.
550.
550.
550.

505.

550.
550.
550.

527.
438.
500.
527.
510.

550.
550.

CO000000000000000000000000000000000000000000000000000000000O00000

122.
105.
130.
149.
122.
136.

[ee)

0.35
0.62
0.17
0.34
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.27
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.37
0.62
0.21

0.72
0.00
0.59
0.00
0.00
0.52
0.63
0.25
0.53
0.32
0.31

0.63
0.64
0.67
0.65
0.32
0.00
0.57
0.00
0.00
0.03
0.00
0.13
0.66
0.11

0.39
0.33
0.00
0.13
0.00
0.39
0.00
0.00
0.00
0.00
0.00
0.67
0.52



2002
2002
2002
2002
2002
2002
2002
2002
2002
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2007
2007
2007
2007
2007
2007

TGN G JEGEEN NN RGN
OO WON—= N —,000ONODOPRPWN—= N, O000ONODPRPRWUN—""N—,00ONOODUPR,PWON—-"N—L00ONOODORAWLN—=N—O0O©O~N® U >

550.

550.

550

550

550

451.
531.
550

550.
550.
498.
550.
548.
542.
530.
495.
430.
550.
414.
550.
550.
550.
550.

114

o —
wvoMoocos8oooooo000

a1 N
[N e}

120.

w
[ONe]

oL oo

550.
545

518.

550.
550
550.

440.
436.
416.

550

450.

550.

522.
483
451.
477

550

512

455.
417

454.
433.
431.
550.
483.
519.

550

550.
550.
550.

443.
412.
425.
550.
436.
479

550

550.
550

550.
550.
550.
550.

550.
451.
531.
550
550

550.

498.

550.

548

542

530.
495.
430.
550.
414.
550.

550.
550.
550.

523.

220.

113

84.

187

115

]

©9®eL00095 00009

w

[eNeReisi-ieleeielecielclelolc oo oo Ne i i i-ieieleclo oo o No S S NoeNoeJoJeleNo oo oo oo No Jo o No Ro No e RoRo N oo N e N b

220

113.

84

187.

115

o]

codooocoocooo00o0

w

0.67
0.00
0.00
0.48
0.25
0.42
0.00
0.00
0.00
0.45
0.00
0.36
0.00
0.00
0.00
0.00
0.27
0.00
0.00
0.00
0.00
0.00
0.00
0.14
0.00
0.00
0.43
0.53
0.74
0.53
0.00
0.00
0.00
0.13
0.00
0.00
0.46
0.44
0.48
0.53
0.53
0.08
0.56
0.17
0.00
0.00
0.04
0.00
0.70
0.00
0.60
0.00
0.00
0.00
0.00
0.00
0.24
0.00
0.04
0.25
0.63
0.84
0.00



2007
2007
2007
2007
2007
2007
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2012
2012
2012
2012
2012
2012
2012
2012
2012

—
o © o ~

—

JENGEN —_- s RGN —_- —_
OO NOODOPWON—= N0 OCONODOPRWN =NV ONODAPRPRON—-2N—_,O0DOCONODOPRPRWON—=2N—,O0OO0CONOOTEWN =N

523.

550
550.
550
542.
546
550.
550.
550.
550.

535.

550.

550

550.

497.

550
454
550.

508.

550.
550.
491.
550
550

547.

550
550.
550
460.
418
510

532.

550.
550.

550

550.

488.
472

438.
418
480.
495.

550.
550.
550.
537.

550

550.

550

550

546.
550

482.
550.
550.
550.
550.
550.
550.
550.
550.

511.
492.

N

m A
o000 00 Ao OO

O
oo

~

o
0OLPOYoOoLvOoOMNo

pO0CO0CB o000

o
SEoocococo00o

550.
550
550.

542.
546.
550.

550.
550.
550.

535

550.

550.

550.

497.

550.

454.
550.
508.

550.
550.

491.
550.
550.
547

550.
550
550.

460.
418.
510.
532

550.
550.
550.
550.

488.
472
438
418.
480.
495
550

550.
550.

537.
550.

550.
550
550.

546

550.

482.
550.

550.
550.
550.

550

550.

550.

550.

511.
492

550.

142.

239

20

127

77.

388.

100.

MOooooo

C OO0 O 0000000000000 000000000000000000000000000000000000000000000

142.

239.

20.

127

7.

388.

100.

0.49
0.28
0.28
0.00
0.00
0.06
0.47
0.68
0.51
0.00
0.69
0.06
0.20
0.00
0.44
0.00
0.27
0.00
0.68
0.07
0.00
0.36
0.50
0.00
0.52
0.13
0.65
0.00
0.00
0.00
0.00
0.45
0.29
0.82
0.57
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.58
0.38
0.00
0.33
0.63
0.48
0.63
0.00
0.41
0.00
0.10
0.53
0.59
0.69
0.01
0.71
0.36
0.48
0.00
0.00
0.56



2012
2012
2012
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016

544.

550.
550.
550.
508.
550.
455.
476.
446.

504.
550.
550.

550.
550.
550.

531.
507.

507.

537.

550.
550.

539.
550.

550.
550.
550.
550.
550.
550.
550.
550.

478.
430.
419.
404.
401.
400.
471.
550.
465.

464.

510.
475.

550.

544.
432.
444.
412.
406.
480.
445.
550.

550.
550.

508.

550.

455,
476.
446.
522.

176.

~
—~ O

437.

@

122.

CO000O0OLPCO0LOONOL0COO OO

cooo

[eNeNeoNeolecolo o oo NcNoNcNoNololec oo JooeNoleooNeoNeNoNelolooJoleloleje o e oo NoNoNoNo g e il SE=R =Xl

141.

176.

IS

CO000000000ORN0000000!

~ B
- O

437.

@

122.

cooo

0.00
0.12
0.00
0.52
0.76
0.69
0.00
0.00
0.00
0.00
0.26
0.07
0.00
0.26
0.40
0.54
0.42
0.73
0.48
0.48
0.34
0.37
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.18
0.00
0.00
0.00
0.00
0.77
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.17
0.66
0.83
0.00
0.47
0.00
0.00
0.00
0.00



[S5] Prediction of groundwater recharge under climate change
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S5-14. GFDL-ESM2G
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