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Headline

* Land use changes show that 25 % of PAs
in the Greater Mekong are disturbed by
human pressures — Moderate to Very
Low Degree of Naturalness

* The River Ecosystem Service Framework
can be used to identify:

» Sweet spots of important ecosystem
services

* Hot spots of human pressure
* RESF is being developed as part of a

research programme at the University of
Edinburgh, UK
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Introducing the RESF for rivers
of Greater Mekong Region

* Uses open access geospatial data for river
ecology and ecosystem services in GMR

* Uses river reach networks and sub-basins
defined by HydroAtlas and river reach
classifications e.g. GLoRIC

* Maps and measures indicators of river
ecosystem services, and assesses their
relative importance by river reach

» Useful for river basin planning, ElAs, i
monitoring baselines and environmental . |
trends

Source: GMR river reach classification,
Lehner and Dallaire 2014



Western Tonle Sap river basins to be used as

examples — Pursat, Sangker, Dauntri rivers

Majors River Basins
of Mainland Southeast Asia

Guil of .5
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Components of the
RESF

* Open access datasets grouped by river basin or sub-basins
(HydroBasins) to indicate the relative strength of the
parameter

Significance criteria

* By river reach using the HydroAtlas networks of rivers Rarity Productivity
classified by size

* Appropriate parameters chosen to indicate river
ecosystem services — Provisioning, Regulating, Supporting Diversity Regulating capacity
and Cultural

* Relative strength in each hydrobasin assessed and scored o )
on 5 point scale from Very Low to Very High according to Connectivity Integrity
significance criteria

* These are mapped to indicate:

* “sweet spot” areas or river reaches, that are
ecologically important and

= “hotspot” areas that are at risk or threatened by
development pressures



|dentifying ecologically important river reaches —

Indicator : River reach rarity
Different reach classes are likely to have different ecologies — rare reach classes have more unique features
Dataset: GMR River reach classification, Lehner and Dallaire (2014)

* River reach rarity
calculated by taking % of
length of each reach size
class divided by the total
length within the GMR

* Scored according to % scale

For example:

» Highlights the river reaches
around the Tonle Sap as
being Very Rare

* Llarge, Medium and Small
rivers in Flooded Forest
and Grassland with and
without Floodplains

Reach Rarity | 9% scale |Rarity score
Very rare 0-5 5
Rare 5.01-10 4
Medium 10.01-15 3
Commaon 15.01 - 25 2
Very commaon >25 1

River Reach Rarity scores for rivess
of Greater Mehaing Regiin

: 7 River Reach Rarity scores for tributaries of Tonle Sap, Cambodia

Reach ranty score
1 - Vary camman
2 - Ciomimon
3 - Moderats
4 - Rarg
5 - Wery Rane

[ GMR hydrobasin level &
Stamen Temain Backgroumnd
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|[dentifying ecologically important
river reaches within Protected Areas

iIn GMR

* Indicator: River reaches within
Protected Areas are more
Important

a)

b)

because the areas have been
selected for their natural
significance — Cultural and
Biodiversity ecosystem service

they have some sort of protection
already.

* Dataset: Protected Planet data
base of protected areas from
UNEP/WCMC/IUCN

Proportion of river
reaches in Protected
Areas in GMR -
River reach protection
score

et 2% Proportion of
L eCgs river reaches in
By

. "-_ famund Tonle Sap

O e & FHET T N - River reach
NP s b . protection score
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£ I'|..‘: 'I." =
b o 6 5 s0km
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¥ o __--=""._
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ldentifying ecologically important river sub-basins

Indicator: Distribution of WWF Ecoregions in Greater Mekong — ecoregions have

different ecological features in rivers and sub basins
Ecoregion Rarity and Ecoregion Diversity
Data: WWEF Terrestrial Ecoregions of the World
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* Ecoregion rarity is a measure of the proportion of each

Scoring Ecoregion .

Ecoregion within the overall area of the Greater Mekong
The lower this proportion, the more rare the ecoregion and

therefore the more likely to have unique aquatic biodiversity in

Rarity by HydroBasin =ach HydlroBasin

|eve| 12 » Cardamom mountains and Tonle Sap ecoregions are Rare
* Ecoregions to the north of the Tonle sap are more common

HydroBasins Level 12 in
tributaries of Tonle Sap

Ecoregion rarity score of |

very Compan

Y2 Ecoregion rarity score of

HydroBasins Level 12 in

| Greater Mekong Reglon

| ) Grmatie Mekioong Region bortin
| Snsmen Terndin Sachground
I54 S e




Ecoregion Diversity of tributaries in

the Greater Mekong and in Tonle Sap

Ecoregion Diversity of Hydrobasins 6 calculated by
Shannon Diversity Index of areas of different
ecoregions occurring in each hydrobasin

Ecoregion Diversity Index is a measure of the
ecological diversity of the different tributaries —

* Low index - river runs through one ecoregion,
and may have a more unique aquatic
biodiversity, representative of the ecoregion

* High index - river runs through multiple
ecoregions and is more likely to have higher
aquatic biodiversity

e Deprsity of Terrestrial
ECoregiors i HydroDasins
PSR Laved 6 of the Greater

- Misnng Region

‘ Diversity of Terrestrial Ecoregions in Hydrobasins Level 6 in tributaries of the
Tonle Sap and Mekong Delta

Tonle Sap Great Lake and tributaries within ———
Cardamom mountains have very high ecoregion
diversity

Small basin has very low ecoregion diversity index

and may have unique river ecosystem representative
of the south facing slopes of the Cardamom
mountains

Mekong Delta has high ecoregion diversity

Ecoregion Diversity Trches by Hybas &
B 252 - -1.213 - Very High Diversity
B -1.73 - 0.9 - High Diversity
B 0.9 - 0,61 - Moderate Diversity
061 = {41 - Lows Diversity
Q.41 « 0.« Very Low Dnversity
0 Groates Makong regian boundary
Starmen Terrain Sackground

. a0 100 200 km
: O
. A




|dentifying proportions of Ecoregions lying
within Protected Areas

* Protected areas - indicator that basins and river reaches in them are ecologically important
* When combined with ecoregions, indicates proportion of ecoregion under protection

« Use the Protected Planet data base of protected areas from UNEP/WCMC/IUCN

» |UCN Class of PA may indicate different levels of protection/management

Region




Distribution, rarity and

protection of GMR Ecoregions
Scoring on scale of 1 to 5 for rarity and
proportion of ecoregion areas lying

within PAs

Rarest ecoregions in GMR often have
the least coverage of Protected Areas

Chao Phraya Lowland moist
deciduous forests

Chin Arakan Yoma
tane rain forests
Myanmar Coast mangroves

Northeast India-Myanmar pine
forests

Northern Khorat Plateau moist
deciduous forests

Northern Triangle temperate forests
Red River freshwater swamp forests

Ecoreglon

Areain [ % within | Rarityin ‘:::' % inside | % outside PT;T"
Ecoregion Total area GMR GMR GMR Areain PA PA Pa
km2 km2 % ] km2 ] % 1-5
Cardamorm mnun‘bl]lﬁﬁglﬂfﬁr!ﬂ‘ 44,074 ad 678 101 .01 3 24,656 35.27 44.73 i
Central indochina dry forasts 318,937 320,749 i 14.44 ‘ 45,1338 14.07 85.53 1
Chaa Phraya swamp forests 18, E58 38,897 100 LTS 3 () 0,15 09, E5 1
Chao Phraya Lowland moist deciduous forests 20,337 20,338 100 o.a2 4 2,641 12.94 B7.01 1
Chin Arakan Yoma montane forests 29,617 16,613 5b Q75 4 1,173 710 592,50 1
Eastern Hirmalayan alpine shrub and meadows 121,014 0,840 ] g 5 4,932 50,07 49,53 m
Eastern Himalayan broadleaf forests 82,916 152 1] o 5 51 13.81 66.19 i
Eastern Himalayan sub-alpine conifer forests 27,435 15 o 000 5 9 60,80 39.20 n
Hengduan Mountains subalpine conifer forests 59,751 13 1] 000 5 - - 100,00 1
Indachina mangroves 26,762 22,655 BS Loz 3 3,401 15,01 Ba,53 |
Irrawaddy dry forests 34,987 34,987 100 L57 3 146 0.42 94.58 1
Irrawaddy freshwater swamg forests 15,107 15,106 160 0L.6E Z G .42 99,58 1
Irrawaddy moist decduous forests 137,910 137,910 100 21 3,355 2.44 47.56 1
119,153 125,357 105 564 5 43,531 3477 55,13 Fl
— 71,585 71,614 100 112 3 16,119 2251 1749 |
Mizoram-Manipur-Kachin rain forests 135,245 62,169 a6 280 3 4411 710 52.90 1
Myanmar Coast mangroves 21,238 12,071 57 054 4 267 221 97,79 1
Myanmar coastal rainforests 66,332 46,811 71 211 3 521 1.11 58.85 1
Nartheast India-Myanmar pine forests 9, GES E.291 B& 037 5 100,00 1
Mortheastern Himalayan subzlpine conifer forests A5, 120 123 8] .01 5 - - 100,00 1
47,053 48,592 14 i1 3 18,331 37.54 62,496 i
Northern indochina subtropical forests sasee0 | aseemn| 10|  1oes RN  ien 79| mn 1
Northern Khorat Plateaw moist deciduous forosts 16,734 16,794 100 076 4 500 5,36 9464 1
42 010 43,014 100 LED 3 10,215 24.31 75.69 i
53,774 53,774 100 242 3 19,110 35.54 .46 i
Narthern Triangle temperate loresis 10,709 10,678 jilei] 04 5 4,375 40,47 59,03 1
Northern Vietnam fowland rain forests 22,522 22 804 1 Lo3 3 4,494 19.73 BO.27 1
Protected Nujiang Langeang Gorge alpine conifer and mived forests 82,699 70,588 BS 3.18 3 10,339 14,65 3535 1
% ra Seone Protection Red River freshwater swamp forests 10,724 10,730 100 [ 5 159 188 98.14 1
1 Very low Rock and lce 465 onz 5 100,00 1
2 Low South China-Vietnam subtropical evergrean forests 233,724 25,955 12 117 3 2,10 8.51 91.49 1
‘a1-60 7 Woderane Southeast Tiket shrublands and meadows 460,542 89,054 15 4.01 3 2 000 100,00 1
61- 80 4 High 123,784 130,590 105 5.BE _ 49,592 37.98 B2.02 4
a1- 100 5 Very high 45,314 46,585 101 210 3 10,856 23.30 T6.70 ]
uthern Vietnam lowland dry forests 34, 505 34,525 100 L57 3 2,544 ¥.29 52,71 ]
Rarity % | Rarity score Rarity 5,930 45,533 ar 105 3 49,5998 21.95 78.05 2
Very Commion Titseban Plateau alpine shrublands and meadows 2:’3,99-3 47,965 16 1.03 3 1,620 273 5,77 i
A Tonke Sap freshwater swamp forests 25,906 26,322 2 118 3 3,757 14.27 85.73 1
Tonle Sap-Mekong peat swamp forests 29,262 29,752 102 L34 3 3,608 12,13 8787 1
15 E Mcdsrate Yunnan Plateau subtropical evergreen forests 239, E54 48,153 20 217 3. e 0.15 99,85 1
051 A Bare Total 3,742,103 | 2,221,554 5a| 100.00 34848 | 1507 |  £493
<5 5 \ery rare




Protected Area
coverage of Ecoregions

Protected Area coverage of Ecoregions around the Tonle Sap, Cambodia

------- 0 00

£ Protected areas by IUCN Class
Eﬂla-ﬂmmlm*mﬂteseu.
- B 11- National Parks, Wildlife Sanctuary
[ 111 - Natural Heritage Park
20 Iv - Wildlife Sanctuaries
| 20 v - Protected Landscapes
[T - Multiple Uise areas/ Bigsphers reserve
GMR_Terrestnal_scoregions

: Bl Cardamom Mountains rain forests

= o I Central Indochina dry forests
Ll | B indochina mangroves
[ southeastern Indochina diy evergreen forests
B Tonde Sap freshwater swamp forests
o [l Tonle Sap-Mekong peat swamp forests
GMR hydrobasin level 6

around the Tonle Sap

* Central Indochina dry forests are
very common - very low

protection

* Tonle Sap freshwater swamp
forests and peat forests are
moderately rare, with very low

protection O v s e uncor
Stamen Terrain Background
* Southeastern Indochina dry 0 5 sokm
evergreen forests are common -:A

with low protection

e Cardamom mountain rainforests
are moderately rare and
moderately protected



Using landcover data —
Degree of Naturalness by
sub-basin in GMR

Greater Mekong
Region
Naturalness Class
by HydroBasin 12

MNaturalness
Landcover type Weighting %
Unknown 70
Surface Water 70 GMR Naturalness Class
“’l‘anjm"ﬂs 100 Bl 1 - Very Low Naturalness
Flooded Forest 100
= o B 2 - Low Naturalness
Orchard or Plantation Forest 50 ] 3 - Moderate Naturalness
Evergreen Broadleaf 100 1 4 - High Naturalness
Mixed Forest 100 B 5 - Very High Naturalness
e DY e ] GMR hydrobasin level 6
Cropland 40
Rice 30 D gmr_main_basins
Mining 10 ] GMR Boundary fixed
Barren 10
Wetlands 100
Grassland 70 0 250 500 km
Shrubland 70 == A
Aquaculture 10

* Indicator: Weighted area of different landcover units within.each HyerBasin*Ievel 12
* Naturalness Weighting % multiplied by area of landcover units in each HydroBasin

* Dataset: Servir Mekong Landcover 2019 (Myanmar, Thailand, Cambodia, Laos, Vietnam)



— k AR ﬂ: f ﬂﬁﬁl»‘l'? '-'
1T L R A o L ) e Naturalness cli
Degree of Naturalness ,‘,’gr# g&ww}ﬁm % EE by HydroBasin

by sub-basin around 2 - 'ﬂr‘@&l;?gf;ﬁf; SR = in Tributaries
Tonle Sap ;572 ﬁ,@? %‘g{%%f%@%%i 2| the Tonle Sa
c " HOn Sover= eala i

S GMR Naturalness Class
/7> Il 1 - Very Low Natural
= a B 2 - Low Naturalness
[ 3 - Moderate Natura
P L 4 - High Naturalness
[ﬁ;ﬁ B 5 - Very High Natura
S of *‘;ﬁ% [ GMR hydrobasin lev

* Very Low Degree of Naturalness
Thailand north-west of Tonle S&f

* Populated and cultivated Land
area around Tonle Sap shows
bands of low and very low degree

of naturalness Jﬁi‘% 3 gmr_main_basins
* Cardamom mountains show high J’;‘a‘i‘ﬁ, S Doy
and very high degrees of )'aqj .

naturalness

» Follows patterns of Protected area
coverage of ecoregions



Degree of
Naturalness
within
Protected Areas

T

Degree of Naturalness within Protected Areas around the Tonle Sap

Sub-basins within PAs
encroached or BN 4 : L Y N g
damaged by change of < BRS L S e o 2SBE Degree of Naturalness within PAs
landuse or B LI o TS 3 3 I 2 - Low degree of Naturalness
deforestation Ny § - 3 RS ¥ o gi-mmiwmﬁﬁm
Hotspots of low ’-’.- ~ I 5 - Very High degree of Naturaines
degree of naturalness

" . . [J GMR hydrobasin level 6
g ’ # 3 gmr_main_basins

within sweet spots of

PAs

¢ Stamen Terrain

& L 50 100 km
] [ —
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Rever reach disturbance
1 = Mexfium
4 = High
5 « Very High
Uacestuirbed
Hydtopower_dams
*  Stung Battambang [ - operatng
Sneng Battamibang 11 - planmed

Human Pressure Index

S Battamibandg [11 - planeed
& Hwng Pursat [ - construction
*  Shang Pursat 17 - planmed
& Shang Purtat TV - progosed
*  Shng Pursat ¥ - proposed
Lrrigation infrastuctuna
& Dam

Index developed from composite of
indicators, analysed by HydroBasin 12:

* Connectivity — locations of ST o
hydropower, irrigation dams and weirs =
B (vt reas
* Linear infrastructure — roads, canals,
transmission lines Western Tonle Sap basins
. * Urban areas of Battambang and Pursat show up as
® Urban Infrastructure very hlgh pressure

- Agriculture intensity . C{Entral belt of lowland paddy agriculture is also
high pressure

° Population density * Some PAs e.g. Samlaut and Phnom Somkos and
Central Cardamoms also show increasing

disturbance



Human Pressure Index on river network of Western Tonle Sap river basins

Human Pressirns Index
0 - 1.6 - Very Low
1.6-2.2 - Low
2.2 - 1.8 - Madium
2.8 - 4.4 - High
Hydropower_dams
®  Stung Battambang 1
Stung Battambang 11
Stung Battambang 111
*  Stung Pursat |
®  Stung Pursat I
&  Stung Pursat IV
&  Stung Pursat v
Irmigation Infrastructure
* [Dam
& [rrigation offtake
*  Welr
| [ Urban areas
Battambang
Pursat
Google Sateflite

|[dentifying
hotspots in
river network

Threats and
pressures to river
ecosystems
includes terrestrial
pressures plus

- Hydropower

- [rrigation weirs

- Urban pollution



Conclusions

The RESF provides an approach for identifying:

» Sweet-spots of ecosystem service
importance for rivers and river basins and

* Hotspots of human pressure on rivers and
river basins

* Can highlight the sweet-spots under the most
pressure

* Uses open access global or regional datasets

* Express these as five-point scale on maps or in
geo-referenced tables of different hydrobasins
or river reaches

* Used in impact assessment process showing
both baselines or projected impacts e.g. land
use change or infrastructure for specific areas
within the Greater Mekong
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