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Rewetting Strategies for the Drained Tropical Peatlands
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Abstract - The tropical peatlands have been deforested and converted to agricultural and plan-
tation areas in Indonesia. To manage water levels and increase the overall productivity of crops,
canals have been constructed in tropical peatlands. The canals destructed the structure of the tropical
peatlands, and increased the subsidence and fire hazard risks in the region. The Indonesian govern-
ment enacted regulations and a moratorium on tropical peatlands, in order to reduce degradation.
A practical method under the regulations of rewetting tropical peatlands was to permit a canal
blocking. In this study, four canal blocking projects were investigated regarding their planning,
construction priority, design, building material, construction, monitoring, time and costs associated
with the canal blockings. In the protected areas, regulations restricted the development of the tropi-
cal peatlands areas that were noted as deeper than 3 m, and the administration stopped issuing
new concessions for future work projects for this noted criteria of land use. A noted purpose of canal
blockings in these areas was to effectuate the restoration of the lands in the region. The main
considerations of the restoration efforts were to maintain a durability of the blockings, and to
encourage the participation of the area stakeholders. In the case of a concession area, regulations
were set into place to restrict clear-cutting and shifting cultivation, and to maintain groundwater
level in the tropical peatland. The most significant priorities identified in the canal blocking pro-
ject were the efficiency and cost-effectiveness of the project. Nevertheless, the drainage of tropical
peatlands has been continued. On the basis of a literature review on regulations and rewetting
methods in tropical peatlands of Indonesia, we discussed the improvements of the regulations, and
adequate canal blockings to serve the function to rewet the tropical peatlands in Indonesia. Qur
results would help establishing an adequate direction and recommended guideline on viable rewet-
ting methods for the restoration of drained tropical peatlands in Southeast Asia.
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A 2

ol oA = oo f71E0] FAE | HEA LIS
2:3to)) 293 93 u)Hth(Page er al. 2011). A AEfS]
o]
=

o oA &2 Aol e 2714 A4S (acrotelm) Tt

B714 olet B 43 (catotelm) 0.2 FAH e, 433
ot B A% o] ABAE] o) ABATHE &

o] o] o] A th(Morris ef al. 2011). T} o]&z| = o|etESF
o) E2 FEEfEl o 710 BF 2 55 (peat dome)
K TE2E T gl oA = A7l =& ¥

Kutzbach 2014).

g ol&tA= FEoMAoL, otZ 7L, 7H B, ol g
7 A9 Soll #Esta glew I F FEokAoF A oA
9 WA o] 71 Yot T ot H7HE Folle A=A
o}(206.950 km*; 47%), Tl ] A|o}(25 889 km’; 6%), 12| 1L
shEo} 571U ok(10,986 km’; 3%) 0.2 WA o] Hth(Page
et al. 2011). ThA] QJIEYAok= FEORAoF 571 FollA
7P Q2 WA g oA E 7HAAL glo] Fdf oA
o] BA Fasgt gulg Adth. k|9 A=Y AJob= &
Axpdel dgt Y227t w1 FARLS FRAITH] 2
of Wj¢ WME L= I o|&A|E NSkt (Evers er al.
2017).

ALY A olRAL oUW, B L FHE 57
©°F AL EoJtt (Hooijer et al. 2010; Medrilzam et al.
2014). A& ] Edf ogkA] A/F59] Abgo] HA= %
i, olgk B ASY FHE R57] Hdl =7 AAEHA
o, 3lAEdo] AYPE At (Medrilzam et al. 2014). 1H
o g olgtA|of| £E7 HX =W o|g BEF ARIF Az
AL A5t 97E ZolA e dHqT 22 ZHEY BAto] &
o] | A U (Hooijer et al. 2012; Joosten et al. 2012), 22| & &
27} ST Fsh e, 4o 574 Baz ol
3t 2 A7t wj&FFo| F718tt} (Ewing and Vepraskas 2006;
Anshari et al. 2010; Jauhiainen et al. 2016).

HiE g olgtA= EFo] ARAH A AeAH
2 m&ol7}7] oJFH ) (Anshari er al. 2010; Jauhiainen et al.
2016). 53] A=YAote] 7] (3~99) Feteoll Ast=917}
A ZojA =, ot EFol AXEHY AHEY A Rl
7} &7Fstct (Hooijer et al. 2010; Konecny et al. 2016). )
olgtRo] EAH [71EC] AER s LA e &
9] COy7I H7] F2 2 & th(Konecny et al. 2016). E3t,
1997 @0l Eff o]gkx|of| A AT Y 4AHE 22 A fole
oF 19 5HT I £A4S Joyje= AR FHHGeH

(Tacconi 2003), A7FEZ 9 T o]Aole] AR H3)7} 1}
el w7 wpzbo] $utE 7| §19ith(Hoscilo ef al. 2011;
Marlier et al. 2015; Islam et al. 2016).

TH AH3 Y E S WiarE Ed olEAE A
A3} (rewetting)3HH, AHE A 99, ol&t EFY st &
A WEFE F4AT FoZ AAHT (Hooijer et al. 2012;
Wilson et al. 2016). o]¢] Q=Y Ao} ARLE x]5}4:9] 7
AE SR AD, B ol AIAIEL ASATE A2}
1 9Jth(Ritzema et al. 2014; Islam et al. 2016; Evers et al.
2017). 2L 4SS B8 Qo) ol $EWe Yo
ul) AeAs o] Bak AR e BRI Aol
(Page et al. 2009; Jaenicke et al. 2010). RFeF -2 Uet7) <1
TulAlote] G oA BUS HFH R FFsto] A
4 9 393} ®X] (REDD +; Reducing Emissions from
Deforestation and Forest Degradation) 52 QA=c}H,
gauEAS ET 5 Qtt o) wEh £ A4s 8
SHLE A=Y Alof I oJ& o] 2 7|7t AGE ol
SR I O FAE webstal, GRS Al A
55 B4tk AT QGRS Bk AAIstLA} sk

g =

L QI=yAJo} @ oA 9| o] g3 - 4]

1960t 27h1 Ao ol AN ma B
o] ol g3h SR WO AR AdH AEF
g 4= Q131 t}(Silvius and Suryadiputra 2005). 2184 &
of 527} WA Z7haol weh EX g0l Yolit, B
g 2487 98 228 Aol WATATH Melling er
al. 2009; Anshari et al. 2010; Joosten et al. 2012). A5 0]
o B 4SS 2Y9F, obbAlof, B B Ao ZHE Y] A4t
AgdstA] g7] WZol, viE o & EHA A =5
2 AFGT} o7t oS F2 IR (Hooijer et al. 2012;
Udaeral. 2017). A B} o|&kA|of|A] ot EF9] M3} &

L PFHOE O~lcemyr | FEO|U, HIGE st oY
o 2 opphAolE 2T AL Semyr 2 WA F71814
ok (Melling et al. 2009; Hooijer et al. 2012). T3, A &
OJEHA Y] ASH 9l AMA O R 0~0.33 molLt, ©AF I
of7tAlo} 28 Zol& 9F 0.7 mZ Z ol F o} (Hooijer et al.
2012; Couwenberg and Hooijer 2013).

A=Y Ao} FRe FEES dof oj&tx] A E o] &S
Agtstr] gt AWE AP & oA E HE W B
s 9% oA H LI HZE Q7 oA 2 AT}

=
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Table 1. Presidential Decrees and Instruction, and Government Regulations related to tropical peatlands in Indonesia

Target

Contents

Presidential Decree
Presidential Decree No. 32/1990

Allocating peat with a thickness <3 m for agriculture development and peat with a

thickness >3 m for conservation

Presidential Decree No. 82/1995
(Peatland Development for Food Crop
Agriculture in Central Kalimantan)

Presidential Instruction
Presidential Instruction No. 10/2011
(Delay on New License Issuance and
Perfection of Governance of Primary Natural
Forest and Peatlands )

OneMap)

Government Regulation
Government Regulation No. 26/2008
(National Territorial Layout Plan)

Government Regulation No. 71/2014
(Protection and Management of Peatland
Ecosystem)

Developing peatland in Central Kalimantan for food crop agricultural land

Commencing the moratorium, which stops the issuance of new concession for 5 years
(to allow time for the Indonesian government to establish a degraded land database

Designating peat >3 m as a protected ecosystem

Maintaining water table at 40 cm or below; prohibiting cultivation or development
of peatland area where peat depth is >3 m; designating peat >3 m as a protected
ecosystem; protecting 30% of the designated area for development where peat

<3 m; classifying damaged peatland as the peatland with the water table of >1m
below the peat surface

Government Regulation No. 57/2016
(A revision of PP No. 71/2014 on peatland
ecosystem management and protection) place

Government Regulation No. 14/2009
(Guideline on Oil Palm Plantation on
Peatland 2009)

A permanent moratorium, which prohibiting everyone from clearing new land until
a zoning system for the protection and cultivation of the peatland ecosystem is in

Maintaining water table between 60 cm to 80 cm depth in the palm oil cultivation;
constructing canals with a width of 4 m, bottom width of 3 m and depth of 2-3 m;
prohibiting palm oil cultivation where peat is >3 m deep; having a minimum of

70% of peat at <3 m on the cultivation area

Eo st A AH-L2 1990 A2 tjFH
ol 93 A3 F t}(Presidential Decree No. 32/1990). ©] tj
THHel 93l 2ol 3m o]ste] Arf oJ&tA|of thek Ajdnt
o] 3]-&E¢en, Zo| 3m oA Fdf o|HA = HI 1Y
°2 A Eth(Table 1). ©]F 2008 0] ECFA| ZHol7} 3
m oAl o o|et A& R F g o2 A3} (Govern-
ment Regulation No. 26/2008), 2009 ¥ = 3711 &
Zo] 3m o]l A Ho] 30% o]l Ao g d 7
25 ARtk 7holEakelE WSS TH(The Ministry of
Agriculture Regulation No. 14/2009). 20114 o= 35 3}+5
Aol thet go]efH]o]X (OneMap)7t ¢=E wj7hA] Edf
olgrA| o B At /i & o]& 3]7FA (concession) T

£ Y (moratorium, Presidential Instruction No. 10/2011)3}

=
£ e o] AZE UL, 2015 FE A= it

FE AE Aol ARE AT L ol§ F o] it F
A= AYPstgict. Betedd HaE olddle |3 FH7t
(AMDAL,; Analisis Mengenai Dampak Lingkungan)E =%
st 23t Br7HE W2 Ao disiAt T A ol8 3
7 35t th(Bvers et al. 2017). 3P F = 24 29X

o 2y} A39AE 60~80cmE AL, 42 AR A
+29 Ao} = 9 Zol, 220 A% A Baw 435 o
3t 7152 HWAI3FS T (Table 1, Regulation of the Ministry of
Agriculture No. 14/2009). 23} ZtEZ L] &7 0]Z o
= AF o] MAE o, 71& o|§ & Y 3rtE EgHe
2AdH 2P| A5 E 40 cmP FFA|SFATH(Table 1,
Government Regulation No. 71/2014). o] Z22 dd] o]&t
A 2017 3m ol Aol ARE AW FAFRL, 2 E
of T Aef oleAZE AR e AL A S
99 30%00= F7H8Q A& 2 S-S ST WE
LAy S

g g o|etx] e EA|Ho] 7HX ST FAlo A
e o] Edf oHR7F H sk Thekdt Aol tiet 214 o]
AR}, Qv Alo} FR B Grf) of&A] o] BARES
REDD+ 50 & o]d& A&t kS 1A =Sl
1, REDD 4+ of| tft =7} A&FE 3% th(Sumarga et al.
2016). o]0 wet, o o|etA| o] EHE = HileE B4 E
Aol A A5 A5} (rewetting) S T HY E At
T A =2 Hgtstal gk
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Fig. 1. A map of Mega rice farm project, consists of Block A, B, C, D and Sebangau national park in Kalimantan, Indonesia.

2. Q=Y Ao} df) o]kA] 9 A3t =3 A

A=YAJoLE 23 g oA AEA3he He 4
2|8teo] 4225 A}tk (canal blocking)dtl §&& Fol, F
H olg EFY SR EGFE TV At E &0
oz AP Qlrk(Page et al. 2009; Ritzema et al.
2014). 233 F AAolle HA Y Ex, ALY, e
A A FxoF Aw, BUHY WY, 223 28 Az
H-§ 5ol a2 Holof gt ofof meh & dFfAE BE
3 BYe A% ojgAIS Ady} S A oA Z
7t Agd FEAD AEEY dA A", A+,
Yol 2o} A=, BUEHY Y, 121 A8 A7} Bl
& 728t ZARIATH

1) ES 2 S22 5t +2RIH
199599 $¢ Zeuiet Edf of&tx] 99| ¥Wigt hag
Al A9 o2 A3sHcHs ¥ 3 ¥ (Presidential Decree
No. 82/1995)¢] A} #tt. o] g ol whet i =B 5At
A (MRP; Mega Rice Project)©] =1, 35 o o]
A= g AQE Ado] 7h&3E Itk MRP A9 A,
B, CH91} Autol9 =33 (Sebangau National Park).2
Z FAEY JRI(Fig. 1), MRPE 93l 958 kme] F =2,

-

ol

-

973km<) oA} EZ £2, 181 900kme] AAF HE £2
7} A2 = 91t} (Ritzema et al. 2014).

MRP A oA =7} dojd H, 199790 dyz <l
3 theo] Aol WS MRPE FEITH: EW
(Presidential Decree No. 80/1998)0] &4 W& = 9ot
(Hoscilo et al. 2011; Ritzema et al. 2014). 7|go] SddH &
A AL A=A, AAAR] AHEo] A &H o2 A
skof oz} Hol7t WA Pt T A, FA| A& (Steno-
chlaena, Lygodium, Polypodium 2 Pteris spp.) @ Arz3}
A& (Cyperus Y Scleria spp.)Tre] 33 X 9S s+t
(Hoscilo et al. 2011). ©] & 20059 A&5A S A3 oh4
o] 2adt AlHAIYEC] = EH T (Ritzema et al. 2014;
Ochi et al. 2016).

ojgt AIHAIYE F Stte T ZEWE oetA] A}
¢ (CKPP; Central Kalimantan Peatland Project) 2.2, HX]
o MRP 4|99 203 wza 2 g o) 34 4x 75 7]
T+ (CARE International Indonesia), Al A& 7] & (WWF;
World Wildlife Fund), 28|32 &7} gtoF o8} (University
of Palangka Raya) 5-©] 3o{8}ith. CKPPo| 93 2006'd
FE MRPO AT} Axpole 3o do] HAH
7] A2, FAA Yo HA] AHE 2 597
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Table 2. Comparisons of canal blocking projects

Category

Restoration area

Concession area

Goal

Priority

Considerations
Planning

Canal blocking type
Building material

Construction

Time and cost

Monitoring

Effect

Restoration

Depending on the size of the canal'
— High priority: Long, wide and deep canals with a
high water level and flow
— Low priority: canals filled with mud and weeds

Replanting of vegetation; Community involvement™”
Selection of locations based on geospatial analysis]
- Combining approach of field inventory, remote
sensing (LIDAR), and geospatial analysis to
establish 3D peat dome topography assessment
and hydrological modelling (SIMGRO)
Selection of locations based on Field survey data’
- the physical form and dimensions of canals,
hydrological patterns, vegetation condition,
community activities, availability of materials
and access to the location

A cofferdam, consisting of a frame made of poles
filled with compacted peatl’2 or sand bags3

Galam timber (Melaleuca cajuputi or swamp tea tree)
and peat (gambut)l'2 or sand bags3

Local labor

Thirty canal blockings in 7 days1 or 1 canal blocking
in two weeks’; approximately 150,000 IDR Labor
costs for one dam (transport and material costs
excluded)1

Transect methods
- water tables'*”
- subsidence rates'>?

. 23 ..
Raised water levels™; Reduced CO; emission’

Reducing the fire risk; Developing full buffer zones
between concession area and natural forest

Types of forest bordering the concession area

- 1: canals bordering forest that has legally
protected status

- 2: canals bordering forest that has no legally
protected status but is considered highly
vulnerable to fire

- 3: canals bordering forest that is not considered
highly vulnerable to fire

- 4: canals not bordering forests

The number of the canal blockings and a distance
between the canal blockings to maintaining water
level between the canal blocking; Size of spillway

A perimeter canal blocking
Compacted peat
Excavator

15 hours; approximately $380-540 (including
excavator rental, labor and fuel)

Water levels in the upstream and downstream of
each canal blocking

None

': WWEF project (Jaenicke et al. 2010, 2011), >

Fejot 2, 8 9

A AR, Fu A9 F2
ol tiet @ 24 AE2E 7|Hte R

Suryadiputra 2005; CKPP 2008). 3% /\]-‘d oA AX=H
< &3] 25 AEsHAY (Fig. 22), F
A (Fig. 2b)¢] FHIE st UUTH(CKPP 2008). 7H ZA)

el

A1 = At (Table 2,

2 =271 Q=

: CIMTROP project (Ritzema et al. 2008, 2014; Ochi et al. 2016), ’. CKPP project (CKPP 2008)

7k oF 48] FasleE 9 FHEA I e AR B
T TH(CKPP 2008).

WWF= 200592 E Axbole I3 de] B4 48
BE ARG 2oty FYETAL AT
A7F ot B4 AR Q3 +=27F AXE vt itk

% ol g 317}

(Melaleuca cajuputi TE= swamp tea tree)Z Y| F12E § (Jaenicke et al. 2010). WWF+= =29 FRof ugt o] A
AT e RAEUUR AR, B4S Fol7] 9 A Aol $497E ATk BESFAL (Table 2, Jaenicke
T UKo T} o) HAEt B W AN B eral. 2010, W) X AW Ak BIEA L AT
o 7] - B Aol AASle A4 WHS WA A ARE B0 4% 3D AQ 2da} S8 2dYS of
of FUES FANZL, BUHP LS AGEAMSE &35t &3tol AdA3HAT Jaenicke e al. 2011). Ho] AR2E &
o) Adla Aoerist Aohme WS AR 1A % AU Y A FEE HEL o8 wy0s Y

3}, 9ol A3t591E Folu H2e £9
B walz s AT olsEs F o

olE &3 °l

g 37H1%

£ A ¥} Jaenicke er al. 2010). Az FAtl= XY F7
=°] Frofstia

, AL 7Y% 300] Ao HE AR5
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Fig. 2. Pictures of the canal blockings constructed by CKPP (a) without spillway, (b) with spillway (CKPP 2008), and (c) by CIMTROP with-
out spillway (Ritzema et al. 2014) and (d) by APP with bypass spillway (APP and Deltares 2016).

t}(Jaenicke er al. 2010). o] &, =& 2AFE o]-§3| A5t
919 HIE 24T 27 9e AT A9 28A ¢
2 ARt ARAYGY #9A7F 50em B %32, 2 T
o] A5t A7l B 20cm H £ Ao UEhytth
(Fig. 3, Jaenicke et al. 2011). 281 AHA|SE 3d &
ojetR| oA o 2ATIA HjETo] i AL Uy
(Wilson er al. 2016), M=% & o|gtx] o] AHA|3Hs B
REDD + #o] 7FsAl& A|AFSFS T (Jaenicke et al. 2010).
FYT A7l A&7FsdE Ao ol'tA] e of It I A
&3 (CIMTROP; International Cooperation in Sustainable
Management of Tropical Peatland)©] ZZ| &0 CFYo 4=
2T AHAE Pt o] 2A2 Byt gof Yk
ZA10 2 IFA|GA A (WI; Wetland International)2} WWF
7} 2]}tk (Ritzema et al. 2014; Ochi et al. 2016) CKPP
o AT BHAKE We] AAL HEs 9k ATt ¢
£ geision 4 A%e 5% ARd K St ol
EoFS A3t (Fig. 2¢, Ritzema et al. 2014). 12|31
Al A0 BRE FEsiel ) A5HE olEs 4
51T (Table 2, Ritzema ef al. 2008, 2014). ¥ A3 B

Elevation (m)

4 [}
657 _a— Soil surface
—o— Surface water level with dams
—-o—- Surface water level without dams

6 .0 T T T T T
0 2000 4000 6000 8000 10000

Canal length (m)

Fig. 3. The surface water level (swl) estimated using hydrological
modelling in a single canal after a canal blocking during the
dry season (adapted from Jaenicke et al. 2010).

o= A FUEE FAAFAL, BUEHF A] A4t BAHES
o]-&-3to] A|et=9et HetEEE AT (Ritzema et al.
2014). EYEFY A3, AR ol AxH A= 97
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Table 3. The average water table depth along the three transects
on tropical peatlands before and after the construction of
dams (Limin et al. 2008)

Water table depth (m)
Year
Transect 1 Transect 2 Transect 3

Before dam construction

Sep. 4 -0.84 -0.87 —-1.08

Oct. 4 —1.51 —-1.34 —145

Nov. 4 —-1.04 —-0.86 —-1.12

Average —-1.13 —-1.02 —-1.22
After dam construction

Jun. 5 -0.59 —-0.83 -041

Jul. 5 -0.34 -0.27 -0.29

Aug. 5 -0.12 —-0.38 -0.09

Average -035 -049 -0.26
Al

232 29 9y o|gtx] 9] 5197t 037~1.12 mZ A
Ao, 7] Aol ot =919 S7F Axprt T E
A 9FQrTh(Table 3, Limin et al. 2008; Ritzema et al. 2014).

o>

2) M & 0|8 ST L] 2 RIE

N D o] 7R F£2E A3t A E ofX|of H
I g #|o| % (APP; Asia Pulp & Paper)2] AF¢jo] it APP
= AAARI oA BT BHE vE, 4HE A WA o
A& vt 1A YEHE =AY A7 4 (Deltares) 2t EE
ato] $2RPTS 223319 THAPP 2014). °]& E3) |5
AE F7HA AE HA AREE A7, WA 4
oetz|eke] # ol dj (buffer zone)E A5t} 3+ TH(Table
2). FEAS HAX (952 fd 9 ol Aoy AR
A (Government Regulation No. 71/2014)7} Z&E e
2,0 9 o] § EFof §o|gt ~EAG Wio] £
t}. APP9] 7}o]=a}¢l (APP and Deltares 2016)0]] w=2H,
9 YA= AAE F ApolY Fo] IAEHAY WA Y=
E A YR (water step)7t 4 025 m=E F-XE 5 )
=5 AAdoF gt AAE de 452 RE 5 de 3
=29 JelE X2 ok (Fig. 2d, APP and Deltares 2016). @
9 AR Aol= Q- A EXED AR 3 4
Lol wet YA H3 A, vy BER], Al A2 A
9, 283 o] AR g2 NFLE &AE st
9 ArEes FHIAA 7] 42 AYE olet EFS
GEoto] ARESIGAL, RIS o] &3t Tk HAE
o 2H Bl&S A AZASITH(Table 2). o] AAl= B2
AQoX e s2Ad A EAE S 22 WY 4%
Tt MRS AHESHA] o, 29 o] TE |
9 329 4 7|&& FAS WEA FoEH DAHEHS
o BUEH £33 EFolA L AHAQ Astee HIE &
AokA g 7rdsHA | A - shRolA 9 9] HEkE g9l

She o= Sayshelr,

Aedt Aol AR At Z+F AEAS A=
Total ol oJ&A| Y i 9 FHSh= 3] A
Q= Al A o)tk (Evers et al. 2017; Uda et al. 2017).
2000~20147F Fdff oA EX AL FutEeto]A 7t
Z HA vebgen, 53] e qos AFE WY 1Y
39 (Berbak National Park)9] A3t mzlo] H&¥ Zo]
Ao =Nt (Uda er al. 2017). o]of Z2|Rtgte]
A w2 EXRE0] TASHA=T, Uda et al.(2017)°] =2
A ZrEjuiet f w4 9@ EXEEo] ol 292 28%0l| A
35%% 7Vt ol A=YAoF AAAY-S I E
A 2go] HES o8 4= itk ek d4o] wAdt &
gloll, M2 7HTHE A H o] Aol oln| F|stE A HEh
o Lol EXAEo] A&ESQ 7| wEo|th(Evers et al. 2017).

A=YAjof o] Arff olgkx] w3} A HFoA A

th(Evers et al. 2017; Uda et al. 2017). A=Y

AW EHE FAste] 271 229 A=
o] mkE, T, AWAR A o]RoJX = EX]E 2F
< e 7 e AAA ol F53H% T (Abdullah 2002; Setia-
wan et al. 2016). T3, =v[Ao} FHE= FAMNES ¢
o AW 9 ophAoh 28 AFYL SAIABl] Arf ofet
Ale) e A3t FA W 7he] vpao] WAEHAT Boer
et al. 2012; Varkkey 2015; Setiawan et al. 2016; Evers et al.
2017). £3] tiit 2 AES 7|80 R 3= B Y V|HdELS
e HES dsl 28| E sta, EetE P ¢ (Presidential
Instruction No. 10/2011)0] @A E 7] o]A | thF9] 371
dhgito} Ql=y|AJo} Hof o|gkA] Ffdke] whohet FF= =
AT} (Bvers et al. 2017). §=0] A Hed 539 A3l
= 40cmZ FAE L 21 (Government Regulation No.
71/2014), o|At +=FY A= AHE HA AP EY &+
£ g g olgx ol WSHE T AEATHAA 7%
= EYslole BE3 Ao BuFT Itk (Hooijer e
al.2012).

A ASAS A A AL ol AEHE A
A7F =t o] ¥91& CIMPTROPS] 74 olgt £
of F4o] of3) Wl =47k ekt o2 Bt
™ (Ritzema ef al. 2014), APP= 9 A3 72-& H&alA o
2] koA 7]Q1% Ao & weksl ot (APP and Deltares
2016). 12|31 CIMTROP A4 9] 739, AA Al @ 5o

4 ARE fEstag Sgou $7lue BY AR R

=)
ok
2
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LA oz AgEol AAo] AAeA] ERth= A T
W51 th(Ritzetma er al. 2014).

4. A= Ao} Eff oA o] AR 8} WIF

A=YAJof FFE AEKHO2 o ojgA|o] B3t WE
2 THAIE AR, wioh Fu sk A SH AT A
T EAME 7R g ojgtx oY ME B AR of

dot e Sl Bekuojof gtk

LR FAZE A5 SRk A BF 7 qeE T
3 e BH AATE A Ho ok Bt 53] 2dF =1
A o] Ast o]l et gyt 7]1EE Aok ot

2. G0 ol Y o] & H EE 7S Aol 7IE &
2d gl ofFpAJo} 4k o] efo] wiEtA| g Y50

d 9

s A HES B ol v, Ay
Alobe] #& Hed A &= &), AFF (jelu-
tung; Dyera spp.), At2L (sago palm; Metroxylon sagu), €
Y (illipe nut; Shorea spp.), BF7}F (Myrtaceae), et
(Calamoideae) 5 M4 AEEL G oA oA w4
£ A Y= Kol 7hesht I AR wudt &
o]t} (Joosten et al. 2012; Sumarga et al. 2016; Uda et al.
2017).

w2 Aol 2ARE AEAS AHHES FS2E A5t
gl oA A9 E wolnA YU, 3 F
Aol wpet 8 AR Y83 EAA ] ZFol7} Qe A
o] ZHIE|Qith(Table 2). WetA] 7|2 At &S T3t Al
A& 4= Sl Edf oA AEA|She] WS ot 2t

Lde) A% Ad 2 9 7o) AL S A|oe] AgEa)
2ok A AR E oz A ofo T},

2,90 B @ AL o) Fmo| wet g B
£ ueEst g AL Fe WeEst 9k 2,391 93
2ot i A o2 A9 4 ok e A4 9
o ge L FAo] e Weker FAL 23 vize] o)
SNAEE AT thebd AR SRATLS S
£ 4o Fmol tE ge L F4o] oje 4ol vk
#ojo gk,

3.4%) Azl thet Yol A& Aol wep B, 4717t A
R EEEE DS LI EWL TN AR
d T2E BEE H b 2AE AgHGL
ofek Eopolut B2 A& Aol thitelgict. 1
N ERR B RS L EEE R DE S
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<
T

tlo
to wo rlr do i

T
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AR E 2B Aske | AsE A yehtEE, 57}
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S7HA Y] Afole FH o o|gA 9 EXO|SEF
o AHE A =] wet AA]9 A=NE BE &
At

5. 99 FAtell= w8 % AJZko] AIRHA Q] B¢ FRHE A
¢ = o, B71H o2 2 9akele] i 9 REDD +
AdE THITE FUES AR FA) FAAA A Y
ol TAAEHE FFLAE B St Ao| viEA st

6. RUE P2 AGTAYRCR RN o o|&A9 A
skrelE AR SASAY, ¢ BEYE ol&st
o FAYL 4 Ak B, F2 AP FH olF B
ool YL nHEE, HEH s AR FFY U
F71H o2 F4st #2432 AF9 9 HIE 2

£ 2YHY ¥ &= Ak

g B

B drf oRAE A 9 olg2 $I5) oUw o7t
Aot soz AgHon, Ag F 4250 48 99
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oY ThFet A A8t AmEoe] HAE g gel = Bt
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32 N BgxAtet AATA ARE Bo) A A
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