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Abstract

Wetlands are constantly affected by internal and external environments that make up the wetlands, and these effects make
wetlands change. East Asia countries where about 15% of Ramsar's registered wetlands are located, is valuable conservation
area due to various wetland types and biodiversity. However, due to climate change and other factors, the total area of
wetlands has been reduced and biodiversity have been damaged. To mitigate these problems and to manage wetlands efficiently,
it is important to identify the factors that change wetlands and to identify how each factor affects them. In this study,
we conducted a wetland-related literature analysis in East Asia to derive factors that affect the changes in wetlands, and
analyzed the relationships among the factors. Finally we presented research directions considering wetland change factors.
In most of the Fast Asia countries, it was found that there is deficiency in research studies about extraction in direct factors
and water—energy infrastructure, tourism & recreation in indirect factors. Also, we presented the necessity for future research
using the result between connectivity & relationship analysis and indirect drivers of change and their influence on direct
drivers of change. The results of this study could contribute to the establishment of an R&D cooperation system in East
Asia region and strengthen wetland management.
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Fig. 1. Indirect drivers of change and their influence on direct drivers of change(Ramsar, 2018)
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(a)

Human drivers

- . o
Wetland-related landscape characteristics Climate change  Land-use change Nutrient- Herbivore grazing Management Naural drivers - Sum. (%)
pollutant loading plans

Plant communities and biodiversity l:l 53 I:l 22 [l 15 42 || 0.4 - 144 I:I 279
Animal communities 1] 09 0.5 0] 0.4 osfl ] 500 8.0
Carbon cyding | | 6.6 05| 03] 0.8 R GiE 235
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Soil and sediment properties I:l 35 ] J.OH 0.5 0.6 .:l 7.3 [l 13.0
Wetland extent/distribution in the landscape [l 1.3 0.5 ('J.2| 0.1 .:l 5.1 I] 7.1

Sum (%) | o 208 59] 3.9 6.9] LI ] e [0

Fig. 2. Heat map about the share of published studies addressing each combination of change driver and landscape characteristic
(Seifollahi-Aghmiuni et al., 2019)
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Table 2. Categorical keywords for literature analysis by east asian

countries
Category Keywords
Study area East Asia Countries (13 nations)
Study fields Wetland, Bogland, Mire, Fen, Marsh, Peatland,
Mangrove, Dune Slack
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Fig. 3. Number of wetland research literature by east asian
countries (1970~2019)
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Table 3. High frequency keywords of literature data regarding wetland research by east asian countries

Occurrence of Keyword related about Wetland Change Drivers

Ist 2nd 3rd 4th 5th
Korea Tidal Flat Classification Isolation and Purification Biodiversity Ecosystem
China Vegetation Diversity Management Sediment Climate Change
Japan Biodiversity Nitrogen Water Quality Vegetation Ecosystem
Malaysia Ecosystem Remote Sensing Biodiversity Landuse Water quality
Thailand Classification Remote Sensing Biodiversity Isolation and Purification Forestry
Indonesia Forestry Deforestation Remote Sensing Ecosystem Climate Change
Singapore Biodiversity Ecosystem New Species Remote Sensing Forestry
Philippines Remote Sensing Forestry Ecosystem Environmental Protection Biodiversity
Vietnam Forestry Remote Sensing Climate Change Ecosystem Aquaculture
Cambodia Remote Sensing Ecosystem Flood Biodiversity Deforestation
Brunei Forestry Biodiversity Conservation Deforestation Degradation
Laos River Landuse Classification Fish diseases Agriculture
Myanmar Remote Sensing Biodiversity Deforestation Ecosystem Forestry

Ae T 7198 25 A9 572 EREe] 5419 9 T
AL 29 a9l E stz WAE 2 9)

137 =7t & FrhsHl A7H 7191=9] 39 =ui9] “Tidal
Flat” 7|9)=2} 2te A9l “River” 7]¥E, 4E9] “Nitrogen”
7I9=7F QloH, Zh=o] A9l 57 Z1HIE § 7 gol ARE
719ER A= s B9 48E 54 T A
At FAAE 55 ZARH S EAl Tt A7 ©
23=] AL Sholstych TSt gfe A0 AL FAIE 43
o 525 “Xe Champhone Wetland”7} w87} EFetl QI
3l glom o] W Ay} TIste] SA7F 2 FHES A
AGAE I8 Fast 9T sk 22 RISkt YR o]
¢ 1£919] “Ecosystem” th2-2 2, “Nitrogen”©| A9 29
A 71ER ZAFEG oW, s 719 E(Nitrogen) ] ¢ A
9 570 A1YER BRY ke dEBo|xur F2 gHE )
=, HIEH, Delo]rlotellA 659 olstolld ST 719=

O MR T ——
, .__1]_/] 7]L = /\21 142]. ol oﬂo]:

A EE A
HellA 585k

S92 mersgic, F2e] 49 49 57
FlgIER AV, Thbd, T, S 9 AFast AAE9IA]

O, ofN rin

0

O

O

&2 n_rad

ol
rg =
Tob

0
O
o

2 A5k B

w=ol7] S,

Ramsar Outlook Report (Ramsar Conventlon on Wetlands,
2018)ol4] AAIgE -7 Wt Q913 #arsted (Table 4)

o} o] gelsteict.

A9 s} aole A 2o, £ 9 #

Jloz TEsion & 12709 A%

= T2 8

sl g9log 475t

©on], 2PAel Wk 4910] A9 B-ofux] Qlme}, 44,

AR Qlxal wal/e A, 715 He}, e/ A, gk
A8 37 PR FRIGo F44 U 47 9 4

Table 4. Direct and indirect factors that cause changes in wetlands

O7'<
Aol o]
rH v

Class Factors that cause changes in wetlands
Physical Water quantity & frequency, Sediment, Salinity, Thermal
Direct Extraction Water, Biota, Soil and Peat
factors Introduction Nutrients, Chemicals and Solid Wastes, Invasive species
Structural Modification Drainage, Conversion, Burning
Water—Energy Infrastructure
Food and Fibre Agriculture, Forestry, Aquaculture, Fisheries
' Infrastructure Industry and Mining, Transport, Construction
Ifr;ciltr;rcst Tourism and Recreation
Localized Climate Change Impacts
Governance/Legislation
Natural processes and components
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Table 5. Keywords of literature data regarding wetland research by direct and indirect factors

Class Factors Keywords
Water quantity & Water quantity, Water frequency, Flood, Inundation, Water Velocity, Water
frequency Flow, Water Level, Sea Level, Water Rise, Sea Rise
Sediment Sediment, Sedimentation, Scientology, Surface Sediment
Physical - Salinity, Water Salinity, Soil Salinity,
Salinity . .
Saltwater intrusion, Saltwater
Temperature Control, Soil Temperature, Water Temperature, Temperature
Thermal oo
Effect, Temperature Sensitivity
. Water Water Extraction
Direct
factors Extraction Biota Biota or Animal or Plant Extraction
Soil and Peat Soil Peat Extraction
Nutrients, Chemicals Nutrients, Chemicals, Soil Waste, Water Pollution, Water Quality,
Introduction and Solid Wastes Wastewater, Pollutant
Invasive species Invasive or New or Novel Species
Drainage Drainage, Drainage Network
Structural . - o
P Conversion Conversion or Modification Structural
Modification
Burning Burning, Biomass
Water—Energy Infrastructure Wave or Water or Tidal Energy
Agriculture Agriculture, Farming, Farm, Irrigation
i Forestry Forestry, Deforestation, Afforestation, Forest
Food and Fibre
Aquaculture Aquaculture
Fisheries Fisheries
Indirect Industry and Mining Industry, Mining, Coal
factors Infrastructure Transport Transport, Transportation, Transit, Vehicle, Mobility
Construction Construction, Infrastructure
Tourism and Recreation Tourism, Recreation, Ecotourism
Localized Climate Change Impacts Climate Change
Governance/Legislation Management, Policy, Government, Legislation
Natural processes and components Natural or Organic Process or Matter or Component
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Direct Drivers
PHYSICAL EXTRACTION INTRODUCTION STRUCTURAL MODIFICATION
Country
Name Water Nutrients, Invasive
quantity and | Sediment Salinity Thermal Water Biota Soil and Peat chel_nicals and Gozetn Drainage Conversion Burning
frequency solid wastes
Brunei 20.00 12.50 7.50 2.50 10.00 4 5.00 2.50
Cambodia 32.86 18.57 8.57 143 2.86 143 15.71 10.00 429 429
China 21.80 14.42 5.82 11.39 0.98 0.46 0.05 26.57 6.34 1.98 0.07 10.13
Indonesia 24.68 15.85 5.89 8.56 0.70 042 0.14 19.07 10.24 4.07 0.28 10.10
Japan 24.38 16.03 435 11.51 0.34 0.26 21.23 10.91 3.07 0.09 7.84
Korea 19.88 19.48 3.98 8.55 0.99 0.60 22.86 15.71 2.19 5.77
Laos 25.00 10.42 2.08 18.75 22.92 10.42 10.42
Malaysia 17.55 17.31 9.07 7.18 0.82 1.06 23.32 1237 3.06 8.24
Myanmar 29.41 14.71 1.47 10.29 147 16.18 16.18 2.94 1.47 5.88
Philippines 19.25 13.58 6.42 9.43 0.38 0.38 15.09 18.49 3.77 13.21
Singapore 17.89 15.60 3.67 7.34 2.29 2.75 17.43 25.69 2.29 0.92 413
Thailand 20.26 18.52 535 6.95 0.72 0.43 23.30 15.92 1.74 6.80
Vietnam 26.07 22.06 5.51 3.51 0.75 18.30 14.54 2.01 7.27
51.26 1.56 35.93 11.25
Average
2300 [ 1608 [ 536 [ s 083 | o7 | oo 1906 || 1687 360 | o022 [ 743
(a) Heat map about the share of published studies addressing each East Asia countries and direct drivers
Indirect Drivers
Food and fibre Infrastructure .
Country . Locaized Natural
Name Water-energy ) ) } e ; Tourism _and climate GQV?FHEI-'ICE Processes &
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Cambodia 254 11.02 25.42 339 13.56 339 339 2.54 11.86 19.49 339
China 2.52 1043 15.76 2.84 1.25 5.08 6.03 0.33 2.19 11.45 24.09 18.02
Indonesia 0.90 9.00 33.12 5.40 540 531 1.80 0.18 2.88 7.47 21.42 7.11
Japan 248 1017 3345 1.18 343 331 6.86 0.12 1.06 757 18.32 12.06
Korea 3.10 14.08 13.80 0.56 2.25 535 5.07 197 6.48 30.14 17.18
Laos 20.83 29.17 2.08 8.33 2.08 4.17 4.17 20.83 8.33
Malaysia 1.38 7.01 37.81 4.74 4.44 6.12 2.96 0.20 434 4.24 19.55 7.21
Myanmar 14.84 34.38 313 7.03 234 2.34 3.13 10.16 18.75 391
Philippines 048 8.79 24.70 9.03 9.98 5.94 1.66 1.66 499 24.94 7.84
Singapore 1.89 5.03 33133 5.03 5.66 5.03 5.03 3.14 6.29 25.79 377
Thailand 133 10.80 35.07 7.16 7.77 4.49 2.06 0.24 243 231 18.57 7.77
Vietnam 1.79 12.54 30.62 10.10 4.07 342 3.75 0.98 7.00 16.94 8.79
1.72 51.31 7.85 2.18 6.92 21.29 8.72
Average
172 1050 || 2082 | 420 | 78 430 | 347 | o0s 2.18 692 2129 8.72

(b) Heat map about the share of published studies addressing each East Asia countries and indirect drivers

Fig. 4. Heat map between East Asia countries and drivers regarding wetland changes
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Fig. 5. Connectivity & relationship analysis between direct and indirect drivers (Korea)
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