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e e, Effects of Reclosing according to the Size of Dishuted
\# .
LQ % Generation
}"’r% Hun-Chul Seo , Hyun-Soo Park, Sang-Min Yeo, Chulafvim
a,9

Abstract— An autoreclosing is used for the purpose of reatpithe power system after a trip of the circuitdier.
The successful autoreclosing can enhance stabitityreliability of the power system. The distriltligeneration (DG)
is the small and medium size generator connectetistdbution system. Because of the efficiency amodluctivity of
the DG, the integration of DG to the distributiopstem will be increasing. On the other hand, it nayse the many
problems of power system. For example, the maldipereaof protective relay by distributed generatiomay be
occurred. This paper analyzes the effects of r@ujpsiccording to size of DG, and suggests adapteetosing
algorithm considering DG. The proposed algorithmmsists of angle oscillation's judgment, Emergensyefded
Equal-Area Criterion (EEEAC), calculation of optitm@closing time, and reconnection algorithm. THgaaithm is
implemented by ATP/EMTP-MODELS. The simulationltesinow that the transient stability is maintainaod the
distributed generation is protected against disambe

Keywords— Distributed Generation, Autoreclosing, EMTP, Transient Stability

disconnection of DG may cause the secondary tratssie

1. INTRODUCTION to distribution systems.
L . . This paper presents the adaptive reclosing alguorith
Distributed generation (DG) is a small-scale getoera including angle oscillation's judgment, EEEAC,

such as wind turbine, fuel cells, and photovoltaic .5\0\jation of optimal reclosing time, and recortizee
systems. DG is expected for next-generation energy,yqithm. The algorithm decides the disconneciirg
source because of resources exhaustion angyg by means of angle oscillation's judgment and
enwro_nmental prol_:)lem recently. . . EEEAC and then the autoreclosing is performed. The
The |mple_zmentat|on of these generations may IntBen gy jation is performed by ATP/EMTP MODELS, and
the technical aspects of distribution systems. Theye gimyjated results show the effectiveness of the
operation of DG can cause unwanted operation ofg, ;

) ggested schemes. By employing the suggested
protection and the fault level may be changedAs|the 5 5qrithm, we can maintain transient stability and

peneration level Ofb.?G becomebs higrller, tge IM@ACt  improve the power quality while the DG is protected
DG on transient stability cannot be neglected. against disturbances.

The autoreclosing can recover distribution lines,
transmission lines an.d circuit breakers which are,  CcAULTS IN DISTRIBUTION SYSTEM
damaged by electrical faults. The successful
autoreclosing can enhance a transient stability thed After clearing the fault, the secondary arc current
reliability of power systems. However, the unsusfidls  begins to flow at fault point by mutual couplingtveen
autoreclosing may cause the system unstable and thtault phase and sound phase. If the autoreclosing i
damage of system and equipment. The presence oferformed without asceratining precisely the seaond
distributed generation can cause the unsuccessfuirc currnet extinction, the arc may be re-estabtistto
autoreclosing because the DG may sustain feedinly fa the fault can become permanent and the power system
current during the autoreclose open time prohipitine ~ can be unstable. Therefore, the secondary arc rturre
intended arc extinction [1]. Therefore, referen{e] extinction must be confirmed for the successful
suggest that the DG must be disconnected cleaftyde autoreclosing and power system stability.
the reclosing. But, the frequent disconnection Gf Day There are two types of distribution systems. Fittse,
cause the decrease of power quality, such as oatale DG can be connected to the loop type distributigstesn.
voltage sag. In addition, the reconnection afterIn this case, because the fault point is isolatedhfthe
power system by operating circuit breaker at both
terminals, the current supplied by DG does not flaw

H. C. Seo is with Korea Electrical Engineering &i¢dce Research ~ fault point. And the secondary arc current extmmati
Institute, Seoul, Korea (corresponding author tvigle phone: 82-2-  depends on length of transmission line and system
882-3397; Fax: 82-2-883-0827; e-mail: hunchull2@smnkr) voltage. Second, the DG can be also connectedeio th

H. S. Park is with the Sungkyunkwan University, 8awKorea, e- radial type distribution system. After clearing tfaailt,

mail: sbsfamily@nate.com . .
S. M. Yeo is with the Sungkyunkwan University, Sitorea, e- the current supplied by DG continues to flow atltfau

mail: harc@chollian.net pOI!’lt. .
* C. H. Kim (corresponding author) is with the Supghkwan .F'Qure. 1 and 2 show thf—' loop type and .rad|a| type
University, Suwon, Korea , e-mail: hmwkim@hanmait.n distribution system, respectively [3]. The DG isdeted
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by synchronous generator in EMTP. And the arc model In figure 3, we can find that the secondary araentr
presented in [4] is used. extinction time is not affected by the size of D&s
shown in figure 4, the secondary arc current ektnc
time may be affected by the DG size. However, the
secondary arc current extinction time in figureathges
from 0.0014s to 0.0016s, and these limits are gboyt.
Therefore, we can conclude that the secondary arc
current extinction time is not affected by the sideDG

on radial type distribution network.

BUSB BUSD

BUSC

|
L 7
LOADB e Fault 0.0012
o
SEMW LOAD'CB’Z‘ )
12Mvar i 0.001
2Mvar
Fig. 1. Single-line diagram for loop type distributon system 3 oones
g
'E 0.0006
S
BusB g 0.0004
ey
' DG !
]
L) ! 0.0002
4 ) !
fault : 22‘9kvi &
““““ 2 3 4 5 i 7 8 g 10
Capacily change {(MW)
Load B ) ) . . . .
MW Fig. 3. Relation with duration time and capacity onloop
2Mvar type distribution network
Fig. 2. Single-line diagram for radial type distribution
system 0.0018
-
Tables 1 and 2 show the system parameters for eac il A ~
type of distribution system, respectively. 5 —— & L
= 0.0014
E
Table 1. The system parameter for loop type systemig: 1) 5 .
w 0.0z
From Bus To Bus Type Resistance Reactance =
0.000
BUS S BUS A transformer 0 0.0667
BUS A BUS B transformer 0.0099 0.2088 o : ' ’ ' ' ' :
1 2 3 4 4] G 4 8 9 10
BUSA | BUSB transformer 0.0092 0.2170 Cipacity Shange (MW}
BUSB BUS C fite 0.0446 0.1017 Fig. 4. Relation with duration time and capacity onradial
type distribution network
BUS B BUS D line 0.2146 0.3429
BUSC | BUSD line 0.2390 0.4163 Small-scale DG is linked to short distribution line

length nowadays. In this case, the secondary areru
does not flow at fault point by neglecting the naltu
coupling between the fault phase and sound phaseé. A

Table 2. The system parameter for radial type system LD .
Y P ype sy the distribution system is more and more complex.

(Fig- 2) Therefore, this paper supposes that 10MW DG is
FromBus | To Bus Type Resistance | Reactance connected to the loop type distribution network.
2l B line gt L 3. AN ADAPTIVE RECLOSING TECHNIQUE
WITH REFERENCE TO DISTRIBUTED
GENERATION

Figure 3 shows the secondary arc current extinction ] ) ] ]
time according to size of DG in loop type distribat Figure 5 shows the adaptive reclosing algorithnts wi

system. Figure 4 shows the secondary arc currenfeference to distributed generation. The impaddGfon

extinction time according to size of DG in radigpe ~ POWer system transient stability depends on the
distribution system. technology of the DG. DG based on asynchronous
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generator does not have much impact on transienB.1 Angle oscillation’s judgment

stability, but DG based on synchronous generater ha
much impact on transient stability [5]. Therefoia,
order to distinguish DG based on synchronous gésrera
from DG based on asynchronous generator, the agapti
reclosing algorithm firstly judges whether the phas
angle between two buses is oscillated or not dételt
clearing (block 1 If angle oscillation is not occurred, the
autoreclosing will be performed without disconnegti
DG. If angle oscillation is occurred, the EEEACadk

2) will be used to estimate the transient stabilityreal-
time. In stable case, the reclosing is performenpémal
reclosing time by block 3 without disconnecting DG,
whereas, in unstable case, the DG is disconneaced t
prevent the loss of synchronism and then the
autoreclosing is performed and DG is reconnected a
instant (Tr) calculated by reconnection algorithio¢k

4) after successful autoreclosing. Blocks 2, 3 are
presented in [6] and blocks 1, 4 are following.

Fault
clearing

b
@ The angle
oscillation's
judgement
oscillating? Reclose without
9 disconnecting DG
Yes
@ e
EEEAC End
No Disconnection of
DG
Yes
b
@ Calculation of Reclose
optimal reclosing
time (To) .
i (4) Reconnection
algarithm of
Reclose at T=Ty DG(Tr)

without
disconnecting DG

l
(

b 4

Reconnection of
DG at T=Tr

End

)

End

Fig. 5. The block diagram of adaptive reclosing algithm

Figure 6 shows the phase angle oscillation’s judgme

method.

)
Phase angle
calculation using
DET(S )

Al —qn—1] <A
Yes

‘ Scouyn = Ocoram +1 ‘

5001;1-\"1' 2= 500&\'1’ 2 F 1‘

@')252 P

Yes

ngie oscillauo
is occurred

Yes
is not occurred
Fig. 6. The block diagram of angle oscillation’s jdgment
method

The phase angle between two buses is calculated by
using DFT. When difference-value between present
phase angle and previous phase angle at eachtéméss

less than/\, where A is differential threshold that is

used for judging the angle oscillatiorg,, ., is
incremented.
Otherwise, ¢ is incrementedd, and g

COUNT2 COUNTL COUNT2

are counter. |f5coum

is not occurred and iﬁcoum

oscillation is occurredg, and ¢, are sample number.

The whole process is based on a moving window
approach whereby a 1-cycle window is moved
continuously by 1 sample and the sampling rate2is 1

samples/cycle at 60Hz. The optimal setting for &,

is greater thag, , angle oscillation
is greater thag,, angle

and &, are 0.01, 24 and 24, respectively.

3.2 The reconnection algorithm of DG

To prevent the instability of power system, DG is
disconnected and then the autoreclosing is perforhme
order to maintain reliability and safety of thetdtsution
system, DG should be reconnected to the powermyste
The following is the KEPCQ's rule for reconnectioh
DG.

After recovery of power system disturbance, DG
must be reconnected to the distribution system
only if the power system voltage and frequency is
maintained for five minutes in steady state.

Based on above rule, figure 7 shows the reconnectio
algorithm of DG.
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Reclose
Success
ine Voltage
Acquisition

Low pass filter

:

RMS Calculation
(12sample/cycle)

'

Frequency
Measuring
(12sample/cycle)

DataWindow| DataWindow
Moving Moving

No

Reconnection of
DG

Fig. 7. The block diagram of reconnection algorithm

The RMS value of line voltage is calculated and the
power system frequency is measured by using DF€. Th

algorithm is based on the difference-value between

present value and previous value at each time fstep
voltage and frequency, respectively. If these diffiee-

4.2 Simulation Results
4.2.1 When the proposed algorithm is not employed

Figure 8 shows the variation of the phase angle
between two buses when DG based on synchronous
generator is employed. In this case, although the
synchronisms are lost as shown in figure 8, DGadb n
disconnected. As shown in figure 9, model system is
unstable. The instability can be avoided by empigyi
the suggested autoreclosing algorithm.

Fault

Fault

= 5 b .
g 1004 Clearing o >

’gn A0

D 20

@ 880 890 900 910 920

@ - v

@ |
2 =

(1]

o oot

o

1004 Reclosure

=1504

200

[s] 10

Time[s]

B

Fig. 8. Phase angle between two buses when DG based
synchronous generator is employed (The suggested
algorithm is not employed).

values are less than threshold, the power system i4.2.2 When the proposed algorithm is employed

considered as steady state and tdgp,, and f

incremented. In figure 7¢ is sample number, which
means the steady state duration time. If the gefina
is 216,000, the steady state duration time is riveutes.

are

count

4. SIMULATION AND RESULTS
4.1 System model studied

The Electro-Magnetic Transient Program (EMTP) has
been used for power system analysis under tranareht
dynamic conditions. It consists of a library of natslof
network components such as electrical machines
transformers, lines, etc. that can be intercondecte
together to simulate any required electrical nekwai.
The reclosure relays are implemented through
ATP/EMTP MODELS, which makes it possible to
simulate the interaction between the power systath a
the relay [8].

Model system of distribution system for simulatisn
shown in Figure 1, which is interfaced with thelosare
relays (RCR1 and RCR 2 in figurel). The RCR2 cdstro
the connection of DG as well as reclosing of circui
breaker. Model system has 5 buses, 3 transformeds3
loads. The uncoupled, lumped series branches bg Typ
in ATP/EMTP are used for distribution line.

4.2.2.1 When the transient stability estimatiorElBEAC
is stable

Figure 9 shows the variation of the phase angle
between two buses when DG based on synchronous
generator is employed. After fault clearing, theglan
oscillation is occurred so that the transient gitgbis
assessed in real-time by EEEAC. In this case, wiegs
is stable, and hence the optimal reclosing time is
calculated. The tripped line is reclosed 0.9s after
tripping of the circuit breakers. As shown in figu8, the
power system stability is maintained.

200

1504
Fault

Clearing

1004

=20
BAD gan 900 910 9320

=

Phase angle[degree]

~1004 Reclosure

-1 504

200

T 10

Time[s]

B

The synchronous generator is modeled by Type 59

model. Double line to ground fault with duration of
0.167s is assumed on distribution line between BLUS
and BUS D.
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4.2.2.2 When the transient stability estimatiorElBEAC

: Table 3. Maximum deviation and oscillation durationof
is unstable

frequency
In unstable case, DG is disconnected by employiag t Indicator | Maxinmum | Oscillation
suggested autoreclosing algorithm. The disconneaifo Reconnection Bia deviation duration
DG unit causes a loss of generating sources, Waais Fiveainiites 218Hz 0.035s
to power quality drop and changes of protectiotirsg. Five seconds 104Hz 0.035s
Therefore, DG has to be reconnected to the powe
system as soon as possible. 2) Phase angle between two buses

In this paper, the reconnection time based on

KEPCO's rule and the faster reconnection time are . . ,
simulated, and simulation results are analyzed Tobetween two buses when the reconnection time (five
X i minutes) based on KEPCO's rule and the faster

compare the reconnection time based on KEPCO's rule . . , .
) . . - . reconnection time (five seconds) are applied. Table
with the faster reconnection time, two indicatoks,

. - N : shows the maximum deviation and oscillation duratio
maximum deviation and oscillation duration, haverbe .

. N after reconnection of DG. Two cases have an equal
applied to the oscillations of the frequency andggh . . ) . -

) duration time, while the maximum deviation of

angle between two buses after reconnection of D& T . . \ :

. . Lo . reconnection time based on KEPCO'’s rule is grethtan
setting of faster reconnection time is assumedvbish

is implemented by setting 3,600t in figure 7. it of faster reconnection time, as shown in Table 4

Figures 12 and 13 depict, respectively, the phagiea

1) Frequency o
. . . o 15 Reconnection
Figures 10 and 11 depict, respectively, the frequen ‘g N time of DG
variation when the reconnection time (five minutes) £ Reclosure
based on KEPCO’s rule and the faster reconnedtiod t & *
(five seconds) is applied. Table 3 shows the marimu § = '
deviation and oscillation duration after reconnattof £ s o Ay
DG. Two cases have an equal duration time, whige th |
. . . . . -80
maximum deviation of reconnection time based on o
KEPCO's rule is greater than it of faster reconioect “0283 50299 30515 30331
time, as shown in table 3. i 5 110 165 220 215 I8 330
Time[s]
400
=2 Fig. 12. Phase angle variation between two buses ahthe
300 200
) 00 ; [’[ reconnection time based on KEPCO's rule is applied.
§ 200 . = W s
@
Z oo 0 oes 90300 303 Ta07 _—
s 4
Sy J FRREE Fault Reconnection
el Reconnection :g: sl Clearing time of DG
time of DG =,
& Reclosure
©
@
300 T T T T T ]
0 50 100 150 200 250 300 8] a5 & / 50 /
Time[s] e 30 |
. L o Fault i f
Fig. 10. Frequency variation when the reconnectioime 100 i WA
based on KEPCO's rule is applied. 4504 '_30
T.90 7.28 B.06 8.10
i 5 TR S T CE— W10
400 = Time(s]
e 1 |
£ 2 i i Fig. 13. Phase angle variation between two buses arhthe
b h . . . .
£ 200 i \‘l faster reconnection time is applied.
g = v
g 108 T 800  BD4 808
w | ' i
o ‘ Table 4. Maximum deviation and oscillation durationof
Reconnection o
oo tima of DG phase angle variation between two buses
200 Indicator | Maximum | Oscillation
- Reconmection time deviation duration
o 2 4 6 8 10 Five minutes 132° 0.05s
Ti .
ime[s] Five seconds 22.5° 0.05s

Fig. 11. Frequency variation when the faster recorection
time is applied.

59



Hun-Chul Seo, Hyun-Soo Park, Sang-Min Yeo, ChuduHiKim / GMSARN International Journal 1 (2007) 5&0-

4.2.2.3 Discussion Symposium on Power Plants & Power System Control,
. _— N Korea, Sep: 897-902.

Asl shﬁylvn n t_ables d3 a_mt(_j 4’f oscnlanofnf_duranon IS [4] S.P Ahn, C.H Kim, R.K. Aggarwal, A.T. John9™.
equal, while maximum deviation for case ot five An alternative approach to adaptive single pole-aut

is less than maximum deviation for case of five utes. reclosing in high voltage transmission systemsdase
These results support that the reconnection timgvef variable dead time control. IEEE Trans. on Power
seconds is more efficient. Therefore, in the réliigand Delivery 16(4): 676-686.

safety point of view, DG has to be reconnectedhat t [5] 3.G. Slootweg, W.L. Kling. 2002. Impacts of Bisuted
faster time than reconnection time based on KEPCO’s  Generation on Power System Transient Stability.@Pow

rule if possible. Engineering Society Summer Meeting, IEEE. 2: 862-
867.
5. CONCLUSIONS [6] Jeong-Yong Heo. 2002. A study on the Algoritiof

Auto-reclosing with reference to Power System
Stability. Sungkyunkwan University Master’s Thesis.
[7] Salman K. Salman, Ibrahim M. Rida. 2001 In\geding

This paper has presented an adaptive autoreclosing
technique with reference to distributed generation

improving and maintaining the system stability. The the Impact of Embedded Generation on Relay Sedfing
proposed autoreclosing technique is composed af fou yjities' Electrical Feeders. IEEE Trans. On Power
blocks, i.e. the angle oscillation’s judgment, cddtion Delivery 16(2): 246-251.
of optimal reclosing time, EEEAC and reclosing [g] C. H. Kim, M. H. Lee, R. K. Aggarwal, A. T. Jo.
algorithm. The proposed autoreclosing algorithm is 2000. Educational Use of EMTP MODELS for the
verified and tested for distribution system with DG Study of a Distance Relaying Algorithm for Protegti
namely synchronous generator. Transmission Lines. IEEE Trans. on Power System
The simulation results show that the transientikab 15(1): 9-15.
for all cases is maintained by using proposed
autoreclosing technique. Specially, when DG unit is
disconnected, it is verified that reconnection @& Deeds
to be performed faster than the reconnection tiased
on KEPCO's rule. The adaptive autoreclosing teahiq
presented herein can be useful in protection aficieft
operation of DG.
Although the development on DG, e.g. wind turbine,
fuel cells, and photovoltaic systems grows sigaifity,
the penetration of DG is still low in KEPCO's systelf
increasing amounts of DG is connected to electrical
power systems by growing concern over ,Gfnissions
and technological developments, the interest olosewm
for power system protection will be also increased.
Moreover, in the future, the KEPCO’s distribution
system will become the complex system that has many
short distribution lines, various loads, and getiena
sources. In this trends, the suggested reclosopgyitim
better than current KEPCO's rule will have the ptitd
for application in KEPCO's system.
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Trans-boundary Environmental Impact Assessment of
Hydroelectric Resources Exploitation in Multi-Jurisdictional
River: A Case Study of the Lancan-Mekong River

Li Xikun and Shu Min

Abstract— This article focuses on one of the most effectiagsvio manage trans-boundary environmental problems
caused by multi-jurisdictional river exploitation trans-boundary environmental impact assessmentAJTE how it
can be used to realize rational exploitation of toglectric resources in Multi-jurisdictional Rivetp promote
sustainable development, and how it can work ircdse of the Lancang-Mekong River.
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1. INTRODUCTION

At 4,909 kilometers, the Lancang-Mekong River ie th
world’s 10"longest and ®highest river. From a source
of approximately 5200 m above sea level in the Gatay
Mountains on the Qinghai-Tibet Plateau [1], the
Lancang-Mekong River flows 2190 kilometers through
China’s southern provinces of Qinghai and Yunnad, a
then it flows a further 2719 kilometers through
Myanmar, Lao PDR, Thailand, Cambodia, and Vietnam.
During this journey, the downstream Mekong firstnis

the Lancang-Mekong River. From 1971 to 1980, in
Thailand, Lao PDR, Cambodia, and Vietnam, other
hydroelectric power engineering projects which doul
totally provide over 3.27 million kW of electricitiiad
been finished [3].

Up to now, there have been established three main
Lancang-Mekong River development cooperation
systems. The Mekong River Commission (MRC) was
established formerly in 1950’s and reorganizedtly
1995 Agreement on the Cooperation for the Sustéénab
Development of the Mekong River Basin. The othay tw
are Greater Mekong Subreign Cooperation (GMS)

the boundary between Myanmar and Lao PDR, and the'?mplemented in 1992 and ASEAN—MEKONG Basin
the boundary between Lao PDR and Thailand. AﬂerDeveIopment Cooperation (AMBDC).

turning into the south territory of Lao PDR, theer

More recently, countries along the Lancang-Mekong

again forms the boundary between Lao PDR andpjer has taken hydroelectric resources exploiatio

Thailand. Then, it flows into Cambodia. Here the

downstream Mekong connects with Cambodia’s Great

Lake the Tonle Sap Lake through the Tonle Sap River
At last, the river flows into the Mekong delta ofetham
where it pours out into the South China Sea.

As the most famous river system in Asia, hydropower

this river as a very important way to lift theitizens out
of poverty and backwardness, to develop industny an

technology, and to revitalize the economy.
Simultaneously, various environmental problems,
especially trans-boundary environmental problems

emerge during the exploitation process have been

resources have been regarded as the most importarBtecoming a cause for world concern. Therefore, this

resource of the Lancang-Mekong River. This rives ha
massive drainage area of about 795,000 squar
kilometers, with an annual discharge of approxityate
475, 000 million cubic meters and total water power
reserves of around 90 million kW across six coestri
For example, the Upper Mekong, which is known &s th
Lancang River of China, is mostly turbulent in the
cataracts and gorges, with theoretical reservesydfo
energy of about 36.56 million kW. The Lan-cang Rive
is estimated to have a capacity to generate 320i@nb
kwh of hydropower electricity annually [2].

From 1957 to 1970, hydro projects within the
Subregion, which altogether were estimated to lie @b
generate 2.5 million kW of hydropower and to irtiga
over 0.5 million hectare areas, had been completed
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article focuses on one of the most effective ways t

‘?nanage trans-boundary environmental problems caused

by multi-jurisdictional river exploitation trans-
boundary environmental impact assessment (TEIA) —
how it can be used to realize rational exploitataf
hydroelectric resources in Multi-jurisdictional Riv to
promote sustainable development, and how it cark wor
in the case of the Lancang-Mekong River.

2. ENVIRONMENTAL IMPACT ASSESSMENT

An environmental impact assessment (EIA) is a repor
evaluation of the likely or possible human enviremtal
health impacts and ecological health impacts that a
project or proposed activity may have. The purpoke
this procedure is to ensure that the environmental
impacts of decisions are taken into account bysil@ei
makers before the decisions are made. During the
process of EIA, the public is supposed to partigiga
decision-making and give their opinions towards the
project or proposed activity.

According to the UNEP Environmental Impact
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Assessment Training Resource Manual, an EIA usuallyfuture EIAs and building up the expertise and éficy
begins with the proposal of a project or a proposedof the concerned institutions.
activity which may have environmental impacts. Tliten The most significant difference between EIA and
comes into the “screening” step, in which it must b Trans-boundary Environmental Impact Assessment
determined whether an EIA is necessary for thisviaaht (TEIA), or we could say the greatest obstacle #lize
project. The output from the screening procesdtenca TEIA is that TEIA involves international and trans-
document called an Initial Environmental Examinatio  boundary elements. This may cause problems riging i
Evaluation (IEE). This is wusually a preliminary international cooperation, national security foedafic
assessment of whether the project has potentiallycountries, state sovereignty, and international
significant environmental impacts. If it has oh#s been  democracy. Other problems like language obstrugction
legislated that an EIA is necessary, then an EIA istrans-boundary public participation, and differenca
required [4]. handicaps existing in different countries’ enviramtal
For project or proposed activity in which an EIA is standards may occur as well [5].
required, the party has to submit relevant EIA doents
to illustrate what kind of environmental, as wedlsocial 3. POTENTIAL ENVIRONMENTAL IMPACTS OF

, economic, and cultural issues should be considanel HYDROELECTRIC RESOURCES
which alternatives should be included in the ElAisTis EXPLOITATION IN THE LANCANG-MEKONG
so-called “scoping” process. In this process, thielip is RIVER

supposed to participate into providing opinions and
suggestions for possible significant environmental

impacts and other kinds of impacts of relevant guty. . . -~
P b eAS|an countries’ needs for electricity power. Howe\at

Theoretically, these opinions and suggestions ar : . . .
considered to be very important and essential forj[he same time, various environmental and otherskifd

decision-making. Moreover, scoping is perhaps tlstm impacts and problems are getting more and more

important step in an EIA. It is important for tweasons. obI\Dnous. tructi h h d mini disch
First, it helps to pinpoint problems early, allogin am constructions have changed minimum discharge

mitigating design to be made before expensive keetai of the Lancang-Mekong River, which may cause clénat
work is carried out. Second, it helps to ensuret tha change and influence the ecosystem. Figures cetlect

) - ; : : from 2004 UN Symposium on Hydropower and
detailed prediction work is only carried out forgortant . ;
environmental issues. If key issues are identified a Sustainable Development shows that during 1962-1992

; . the minimum discharge of the Mekong on Thai-Lao
full scale EIA considered necessary then the sgppin . ]
should include terms of reference for further stadi border was 752 CMS (Cubic Meter per Second);

: however, during 1993-2003, after the constructidn o
ﬁ;:gé gr??gur?g tg]ebeei?ldsig;i;ir:\rim process ortee t Manwan dam across the Lancang River in China, the
In the following draft Environmental Impact Statethe minimum discharge on Thai-Lao border has decretsed

(EIS) process, further prediction, investigatiomda only 569CMS (Cubic Meter per Second) [6].

analysis works start. These works includes formal _The irratio_nal_ hy(_jroelectric exploitation has 6.“50
collection of data and materials to identify or lede ruined the biodiversity of the Lancang-Mekong River

possible or potential environmental impacts, asl asl Baisn and made significant changes to the ecosysfem

other social, economic, and cultural effects andirth the Lancang-Mekong River. For example, as mostskind

alternatives. Besides the professional and technicaOf. fish in this river are migratory species, thegvé to

advice given by institutions of government, expeaisd migrate to the upstream for reproduction depending

other authorized agencies or horizontal researching"’mnu"’ltlj tr)lv%r flow. '[her;aforg, t_f:eblwater Itﬂu.ctuailon
organization, public input are also considered ® b caused by dam construction inevitably results grea

significant. According to the UNEP Environmental decline of fish, which means a great decrease d fo

Impact Assessment Training Resource Manual, methodﬁggfigtz ggijr:?r(i:;l’ peec(())rr):(?meif ;ﬂl S%S(:i;ﬁ'est?diiﬂf_ggn

of public participation include hearing of assessine ; .
investigation, questionnaire, and so on. After exaah 136 MW Pak Mun Dam,_whlch was C(_)mpleted n 1994,
by government agencies and the public, a final HA was built b_y the Electn(_:lt_y G_ene_ratmg_ Authorityf o
well prepared. Although the final EIA may not dezioly Thailand with US$24 million in financing from the

; - World Bank. This hydroelectric dam is located ntresr
itself whether to approve or deny the relevant gebpr , .
proposed activity,ppit is a verill important toolpand mouth of the Mun River, the largest tributary ofth

judgment basis for government and decision-makers t Mekong River which runs through Ubon Rachathani, a

- .. northeastern province of Thailand. According to the
gﬁ;:ﬂgl vg:](;ejtehctirotrop?ggggg,a?;{aici);,yor approve candi World Commission on Dams’ study in 2000, of the 265

In order to make the most of the experience andﬁsh species recorded in the Mun River watershddrbe

: . 1994, 77 species were migratory and 35 species are
knowledge gained, the last stage of an EIA is toyocaut : . : ;
an Environmental Audisometimes after completion of dependent on habitat associated with rapids. Homeve

: : : : the latest survey recorded just 96 species in piséream
the project or implementation of a program. Theitaud . ) ) .
includes analysis of the technical, procedural and'©9'on of this river. Out of 169 species which g

decision-making aspects of an EIA. Lessons leaamed bee_n found in the_ present c_atch, at least 50 sp_e):fie
formally described in an audit can be very helgful rapid dependent fish have disappeared. Over Sliespec

Up to now, the hydroelectric resources exploitatiothe
Lancang-Mekong River has quite satisfied Southeast
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have been caught less significantly since the cetigl

of the Pak Mun Dam, and the families of many specie
greatly declined. The fish catch directly upstreainthe
dam has declined by 60-80% after the completiothef
project [7]. The rapids in the river, where the raigry
fish used to lay their eggs, were destroyed. Thé fi
ladder which had been installed to help the migyato
fish is criticized by the local villagers as being
completely ineffective. Furthermore, the originaihmber
of household to be displaced for the dam was aalyin
said to be 262 families, but in reality, 912 houddh
have already been relocated, 780 of which havedtbst
or parts of their land. In addition, there are mdren
2500 families who are protesting against the dantage
their fisheries.

In addition, the long-term economic benefit of
hydroelectric construction has also been considtrdm
over exaggerated. A report made by Probe Intenmaltio
in Canada lists ten reasons why the World Bank Ishou

Declaration has provided that “States have, in
accordance with the Charter of the United Nationd a
the principles of Environmental law, the sovereight
to exploit their own resources pursuant to theirnow
environmental policies, and the responsibility tes@re
that activities within their jurisdiction or contrdo not
cause damage to the environment of other statesf or
areas beyond the limits of national jurisdictiof.his
could be regarded as one of the earliest intenmaltio
source of law for the TEIA system. Other recent
international Conventions such as the 1992 Coneenti
on Biological Diversity (CBD) [9] and the 1982 Usit
Nations Convention on the Law of the Sea (UNCLOS)
[10] also clearly mandate to invoke the TEIA praces
into relevant trans-boundary projects or national
proposed activities which may have trans-boundary o
international impacts.

Usually, the TEIA process is used for special mige
or proposed activities which may have significant

not finance the Nam Theun 2 Power Company in Laoadverse trans-boundary or international environaient

PDR. Among all those reasons, “proponents havedail

impacts. Examples are projects which may have great

to demonstrate Nam Theun 2 economic viability” has adverse trans-boundary effects on biodiversity, imsar

been listed on the top [8].
Due to fact that the Lancang-Mekong River itsel&is

areas, and freshwater systems. The United Nations
Convention on the Law of the Non-Navigational Usés

living ecosystem, environmental impact towards this International Watercourses of 1997 establishes and
river can not be caused by only one country. Anyapprobates a relatively complete system of TEIA for
significant environmental impacts, as well as dpcia trans-boundary freshwater areas, which includes the
economic, and cultural impacts happen in one cguntr basic principles and concepts of the TEIA process,
will influence other riparian countries remarkabdy well as natification, exchange of technical datad an
potentially. Therefore, it is necessary for us éwelop a  information between relevant countries. Article 12
rational and sustainable structure of hydroelectric“Notification Concerning Planned Measures with
resources exploitation in this river. A sound fravoek Possible Adverse Effects” of this Convention enacts
of Trans-boundary Environmental Impact Assessment‘Before a watercourse State implements or pernhigs t
which can help to prevent irrational resources implementation of planned measures which may have a
exploitation and to reduce significant trans-boumda significant adverse effect upon other watercouitsgeS,
environmental impacts from happening is an effectiv it shall provide those States with timely notificak
way for constructing such a sustainable hydropowerthereof. Such notification shall be accompanied by
resources development structure. available technical data and information, includitg
results on any environmental impact assessmentdier

to enable the notified States to evaluate the plessi
effects of the planned measures.”

4. INTERNATIONAL AND REGIONAL

PRACTICES AND CONVENTIONS OF TEIA
Sources of Law: International Law and Conventions Regional Practices and Conventions of TEIA
Although principles of the EIA system has been
developed and adopted by both international
environmental agreements and national laws of fipeci
countries, the TEIA process is not yet well-develbpin
the past few decades, the international societytdieen

European and North American countries have
commonly adopted regional agreements or conventions
that provide regulations of the TEIA process. la gast
years, Western Europe has made great contribution a
great efforts to realize the construction and éistaiment Elong to the TEIA System construction. n .198.5’ the

uropean Community adopted a Council Directive on

\(,)vf;tgercza':‘eprgggsst}:sgzgﬁgﬁ;?e TfrEelsAh\',C;g re!m_?? Iatiesthe assessment of the effects of certain publicpeivdte
Y - e rojects on the environment. The Directive included

o force. International organizatons such as et W general provisions. that could apply to. trans
' 9 boundary effects [11].

Nations Environment _Programme (UNEP),  the On the basis of the Council Directive, and takintpi

8;%2?&2%“2& (Cf)oéCD)Ecc;r;%m'fhe S&):ﬁderaélgnnk h‘:‘g account work on environmental impact assessment
P ' carried out under the auspices of the United Nation

addressed issues of the TEIAs and endeavored to pu : —
forward the construction of a sound frame of thd AE SEconom_u: Commlssm_n for Europe_ (UNECE), three
conventions focus mainly on protection and the TEIA

process. These treaties, conventions, agreements, a
. system of trans-boundary watercourses are adopteéd a
documents are the direct sources of law of the TEIA . . :
open for signature in Europe. These conventions are

system. . -
Early in the Principle 21 of the 1972 Stockholm UNECE Convention on the Protection and Use of
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Transboundary Watercourses and International Lakes MEKONG RIVER
(the Helsinki -Convention), the Convention on the To discuss on this topic, we have to above all dawn
Environmental Impact Assessment in a Trans-boundary pIC,

Context (the Espoo Convention), and the Convention :8meog;;hioprg;nlsﬁtﬁrcigleems;.ogll(r;:{ tg? ;E:@_@?ﬁﬁ dar
Access to Information, Public Participation and égs PP P Y

to Justice in Environmental Decision-making (the envirqnmental impacts which includes trans.—boun_dary
Aarhus Convention) pollution. However, trans-boundary pollution just
North America ha's a longer EIA history; howeves, it presents one dlstlnpt and visible aspect of transibary
experience on the TEIA system is not as rich at dha env!ronmental __Impacts and trans-boundary
Europe. The TEIA process of trans-boundary environmental impacts mean m_uch more than trans-
: : : -7 boundary pollution. Then, what is the nature ohsra
watercourse in North American has been mainly . . . :
; i boundary environmental impacts? This question has
established upon settlements of problems occuriring o .
the trans-boundary rivers and lakes, such as th always been an obstacle of practicing TEIA. Artitlef

Coluriia R and he Norh Amerian Great Lakes, H2TI0 Coventon on e Proeeton ang e of
between the United States and Canada. In North y

America, the basic international framework addressi gggg?ﬁe ggggt_bgrl:ntdr1aeryen|\r/?rpc)>ancrrt1er?t; rigzltislgl}lrg(;‘gm
TEIA is the North American Agreement on 9

Environmental Cooperation (NAAEC), which was change in the conditions of trans-boundary watersed

signed by Canada, the United States, and Mexico an(§’.y a human activity, the physulzal origin of which i
entered into force on January 1, 1994 as a subs'tgat?d. wholly or in part .W'.th'n an area under the
international environmental cooperation agreeméttie J_ur!sd!ct!on of a Party, within an area under the
North American Free Trade Agreement (NAFTA), and Jur|s_d|ct|on O.f another Party. Such effecis on the
the North American Commission on Environm,ental environment include effects on human health andtgaf
Cooperation (NACEC) established by NAAEC. The flora, fauna, soil, air, water, climate, landscapaed

NAAEC is an agreement focuses on the notificatibn o m,{set?;g?gnm;nqz?e?ésesoer f(;tgirrsprgzzlcjlssg?ncéul rﬁeﬂ m;
relevant information and consultation between parti 9 : (NeYy

during the TEIA process, and on the mitigation of on the cultural heritage or socio-economic condgio

ptenta averse efects o proposed projcts e (1110 19T ST o s eors e
likely to have significant adverse trans-boundanpéacts a Transboundary Context states trans-boundary ingsac

[12]. Later in June 1997, another TEIA agreement“an impact, not exclusively of a global naturethin an
“Trans-boundary Environmental Impact Assessment y Impact, XCUSIVely 9
area under the jurisdiction of a Party caused by a

Agreement (TEIAA)" has been drafted by Canada, theproposed activity the physical origin of which ituated

United States, and Mexico. wholly or in part within the area under the jurigéhn of
another Party” [13].
Any trans-boundary environmental impact, not
Although there are no specific regional conventions necessarily to be globally, which needs TEIA isalisu
and agreements on the topic of the TEIA systenhén t supposed to be significant adverse impact that may
Lancang-Mekong River, we do have some experience orinfluence two or more countries. Thus, before pcaug
this issue. On the one hand, almost all of theridpa  the TEIA process, we need at least to know whad ki
countries of the Lancang-Mekong River have their projects or proposed activities, include projectsd a
respective domestic law on EIA (not TEIA) no matter proposed activities on the hydroelectric resources
specifically or sweepingly. On the other hand, #943, exploitation, in the Lancang-Mekong River are
Cambodia, Lao PDR, Thailand, and Vietnam has signecconsidered to have significant adverse trans-baynda
the Agreement on the Sustainable Development of theenvironmental impacts. This list comes from twayors.
Mekong River Basin which requires the riparian osi  One is provisions laid down by regional conventions
to provide timely notification and consultation qrito agreements, which identify the specific projectsd an
implementing any projects using the river. This proposed activities that are considered to havafgignt
agreement is not a direct regional document butadverse impacts and need TEIA. Another origin is
emphasizes on the TEIA process, and also providespinions come from different national governmemns a
regulations which are very similar to the requiratseof the public, as well as NGOs and other organizattbas
constructing TEIA system. Moreover, international are able to give correct judgments [14].
organizations such as the MRC and the GMS also take
great efforts to push forward the monitoring anditing Notification and Screening
organisms of trans-boundary impacts and polluti@ss,
well as to establish general structure of TEIA. NGO
also play important roles in this process.

Practices of TEIA to the Lancang-Mekong River

The absence of a regional convention or agreement o
TEIA in the Lancang-Mekong River is an obvious gap
the trans-boundary environmental management in this
river. Before we have such a convention, any origin
country for a proposed activity that includes
hydroelectric resources exploitation activity, whiés
likely to cause a great trans-boundary environmenta
impact in the Lancang-Mekong River, in its riversimg

5. CONSTRUCTION OF TRANS-BOUNDARY
ENVIRONMENTAL IMPACT ASSESSMENT
OF HYDROELECTRIC RESOURCES
EXPLOITATION IN THE LANCANG-
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and in the environment of the riparian countridsalls  focus of the scoping stage [13]; while other coiestr

notify any riparian country (that is consideredb® an  such as Netherlands, Canada, and Denmark have ruled

affected country) and provide relevant informatias  the requirement of consultation and public partitign

early as possible about the nature and possibledtemf  at the scoping stage by regulation; countries agcthe

this activity to ensure adequate and effective United States emphasize the recommendation andi broa

investigation and consideration are made. consultation practice and public participation,bb not
Then it follows the next step which is similar tbAB required.

screening. The potentially affected countries shall

according to the information and materials providgd  Preparation of the TEIA Documentation

the origin country, initiatively investigate andsearch

the possible impacts they may suffer, notify andscdt

their citizens and public; provide their position the

necessity of the TEIA and suggestions, along with

reasonable evidence and data, to the origin country

Any TEIA documentation of hydroelectric resources
exploitation projects or proposed activities shalsically
contain a description of the nature and charatiesiof
the project or proposed activity, and its purpgeessible
alternatives; and the environment that is likely be
. . affected and its possible or potential environmlenta
Subject Party to Submit TEIA impacts. Also included in the documentation arteept

The subject responsible for submitting the TEIA of uncertainties that result from gaps of knowledgdack
hydroelectric resources exploitation, i.e. who @éng to of technologies; mitigation measures which candber
initiate and prepare the TEIA documentation, is to control the adverse environmental impacts; and
generally the origin country for the proposed attiv  suggestions whether to proceed with the projectsoor
The specific party to take over this work could the Conclusion and suggestions of the TEIA on whetber t
national government or authorized agency. In someapprove, deny, or approve with conditions original
particular cases, the TEIA may be prepared by NGOsproject or proposed activity shall be made witlcdision

IGOs, and other trans-state actors. according to reasonable and adequate data, reésenc
materials, as well as maps and graphs collected &lb
Scoping relevant countries and areas. The Espoo Conveatian

Scoping stage in TEIA occurs before the drafting of be used for reference in this part

formal TEIA document when the relevant countries . . S
) Consultation and Public Participation after
commonly agree that a TEIA is necessary for the 7.~ "~ .
o . Distribution of the TEIA Documentation

proposed hydropower exploitation project based on a
preliminary determination made from the notificatio The key to realize this step is to figure out whsmy,
and screening process. Scoping is the process ofo whom, and in what languages to carry out thdipub
determining which are the most critical issues ttadg summons of the TEIA documentation. After the
and further research into, and will involve riparia preparation of the TEIA documentation, the origin
countries / public participation to some degreeislat country shall provide the documentation to peopld a
this early stage that TEIA can most strongly infloe  communities which likely to be affected by the pwadjor
the outline proposal. This stage includes a deepeproposed activity. The origin country shall als@yde
investigation and assessment of factors and atteesa possible affected countries with the TEIA documgata
that need to be considered in the TEIA document. in the affected countries’ respective languagesnoa

A major activity of scoping is to identify key imtest generally used language no later than informingits
groups, both governmental and non-governmentahef public. The concerned countries shall distribute th
possible affected countries. The public, especpdlgple = documentation to relevant national authorities dwer
or communities who are affected shall be encouraged people who may be affected or living in the affecte
express their attitudes, comments, and suggestiotie areas according to their domestic laws.
project. Consultation and public participation are After the distribution of the TEIA documentation,
considered to be essential, especially for hydotete  specific countries shall arrange the third round of
resources exploitation projects in the Lancang-Meko consultation and public participation. In this rdun
River for they may have ad hoc significant adveraas- people and the public to be affected in relevanntes
boundary environmental impacts. In this situatjoublic have right to know possible alternatives for retgva
participation in different jurisdictions can be dutted hydroelectric exploitation projects, mitigation rseees
by different countries and their governments. which would be taken, and at what expense. They als

The main techniques used in scoping are baselindave right to express their own experiences andianms
studies, checklists, matrices, and network diagramson if the TEIA documentation is efficient enoughdan
These techniques collect and present knowledge antheir attitude whether to approve or deny the psepo
information in a straightforward way so that lodica activity.
decisions can be made about which impacts are most In the whole process of TEIA, governments of origin
significant. country and other affected countries shall guamtte

Different countries and areas have different democracy and equality of public participation tsere
experiences toward the scoping process of TEIA. Inthat the public and people in the areas likely ® b
Europe, the consideration of alternatives is areént affected to give their own and true concerns and

65



Li Xikun and Shu Min / GMSARN International JourtigP007) 61 - 68

comments.

In order to ensure that people who may be affelojed
a proposed hydroelectric resources exploitatiorjepto
or activity have an equal opportunity to voice thei
concerns, we suggest riparian countries to promither
harmonization or nondiscrimination, which essehtia
an equitable safeguard ensuring that all affeceaple
to have equal opportunity to participate in envinemtal
decision-making.

(1]

Ei . (2]
inal Decision

As we have discussed before, the greatest obstacle [3]
realize TEIA is that TEIA involves international cdan
trans-boundary elements. Therefore, the processsoit
of TEIA may cause problems rising in international [4]
cooperation, national security for specific cowsgristate
sovereignty and so on. In order to settle thesblpnos,
we must fully understand that the Lancang-Mekong
River is first a multi-jurisdiction river. Differé¢rreaches
of this river belong to different countries andfeli&ént
state sovereignty. To carry out a specific hydrcteie
resource exploitation project or not is first thegm
country’'s domestic affair. Thus, efforts to promote
international and regional cooperation must be rusto
guarantee that no national security may be infudngad
therefore achieve international justice and equalit

The final decision of a TEIA process may be to
approve, deny, or approve with conditions the psejgo
project or activity pursuant to the outcome of TEIA
documentation.

(5]

(6]

Post Decision-making Analysis and Cooperation

If the final decision has been made to approve or[7]
approve with conditions the proposed project oivagt
then further post decision-making work such as
monitoring and analysis should be executed basdtieon
cooperation of all relevant countries throughoue th
whole process of project construction and afteraard 8]
Once any new potential significant adverse
environmental impacts, which have never been nitice
or have been listed as uncertainty during the forme
TEIA process, have been discovered, such informatio g
shall be immediately notified to the origin countayd if
necessary, the undertaking project shall be stamdid
and new TEIA or other emergent measures shall be
taken.

means of relief for disputes should be further larahdly
explored.
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g . The Development and Application of CORS Technologgnd
5 %% Its Value in the Solution for Environment Protect in the GMS

% Shi Kun and Wang Yong

Abstract— Continuously Operating GPS Reference Stations often referred to by the acronym CORS. With the CORS
constructing and applying in the world, it brought good benefits of social and economic. This paper will describe the
development and application of the CORS we will introduce the application of CORS in environment protect,
environmental monitoring and assessment, geodesy, monitoring the safety of large structures, weather forecasting,
Digital City, navigation, precision agriculture and other aspects. And an example of CORS in Yunnan province of
China, which was setup three years ago, has been shown. Finally, this paper mentions the values, problems and the
solutions of the CORS have been out in the practical application. At the same time we have described the outlook of
application and development of the CORS combining the characteristics of the GMS, and discuss which role will the
CORS play for the social and economic development of the GMS,

Keywords— CORS, Environment Protect, GMS, GPS.

when CORS system compared with the traditional
deformation monitoring techniques.

d) For natural disaster monitoring, prediction and
prevention, CORS can provide a framework or a fixed
base for regional landslide monitoring. Therefave,can
timely, scientifically judge the affected regionnda
provide a scientific basis for decision-making @iet
prevention. At the same time it can reduces th& obs
monitoring. So the real-time and reliability momitw is
come true.

1. INTRODUCTION

With the mature development of CORS, it has been
widely applied.

1.1 CORS application is mainly in the following
aspects.

a) CORS can provide a new technical idea for large-
scale control network of the country or region, and
provide real-time dynamic framework for digitalycit

b) In the investigation and exploration of resosrce e)_ About establishment of Digital City or_D|g|taI
CORS can provide higher accuracy, stronger intedrat Region, C.:ORS were_able to meet “Tba.” planning,rurba
application than conventional techniques. CORS construction and_enwronmental monitoring, reseancth
combined with RS and GIS can provide the geoche}micamany other requirements.
data for prospecting and basic geological studythét f) In weather forecasting, search and rescue afelr ot
same time, we can combination network RTK\RTD with fields, CORS technology has been widely appliedi an
PDA or other terminal equipment to higher efficignc made a good effect.
survey in the regional of established the CORS.

¢) In the deformation monitoring of the dam, badg
high-rise buildings and other large structures, the
application of CORS is widely and effectively. The
CORS system is small CORS network that appliedhén t

1.2 The development and application of CORS in some
areas

a) US National Geodetic Survey CORS
The system is enhanced GPS system; all GPS stations

monitoring deformation. Its accuracy is mm (millirag
precision for deformation monitoring. It can proid

can provide phase data and pseudo-code data bpdnte
in the country. And constitute a dynamic new geti@na

real-time dynamic analysis, including the frequency of national reference system. Used mainly include

analysis etc. It has obvious advantage in the acgur
frequency, timeliness, effectiveness and other @dspe
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measurements of mapping and GIS applications, lbat a
for research and other services.

b) Canadian Active Control System (CACS)

CACS is established for Canadian National Geodetic
dynamic Control network by The Geodetic Survey
Division, and its purpose is to improved GPS cafgbi
provide Spatial Reference System and to meet other
need.

c) Other CORS System

Germany, Japan, Switzerland, Belgium, Korea, and
other nations have also established the CORS sgstem

d) CORS in China

69



Shi Kun and Wang Yong / GMSARN International Journal 1 (2007) 69 - 74

Seventeen cities have set up their own CORS system The third kind is the Main Station and Auxiliary
in China. There are some typical CORS systemseshth  stations technology. It is based on the latest irbake
such as Jiangsu Province CORS, application of GPStations, multi-system, multi-frequency (L1, L2,)L&nd
network in Shanghai, Shenzhen CORS, and Kunmingmulti-signal no different processing algorithm.

CORS, Sichuan earthquake GPS monitoring network, It is essentially an optimization about flat plane
and Beijing integrated services CORS system. Thiey a correction parameter (FKP), choosing several local
mainly for mapping, urban planning, urban managdmen reference stations to figure out the correctiorapater,
traffic, security, environmental monitoring, and and send the differential correction of Main Statand
meteorology and so on. auxiliary to the Rover and correcting it, we car the

All these show that CORS system been applied to theprecise coordinates finally.
life of people around the world. It is play an i t .
role inpthep development of social aﬁd yecon(;'nr!laixtl?. Wez'3 Centralized RTK (or Reverse RTK)
believed that CORS would play an active role in the The RTK of Central server-based network is the same

development of the GMS region. as the Centralized RTK or Reverse RTK. The positign
mode adds a real-time solution to the central ssraé
2. THE PRINCIPLE AND THE SYSTEM the core operator between the center of CORS amd th
CONSTITUTE OF CORS Rover.

Further to the server installation and managemént o
data in line with the main purpose of the applmati
software and system integration. It can be in tbes bf
data between the center and the establishmeninoifita
user ASP center (see Figure 1).

This prater we will discuss the basic principle of
CORS, three theoretical models, Centralized RTK,
network RTK, single Station RTK, and working
principle of subsystem and so on.

2.1 The principles of CORS

CORS is a network system that make use of the GNS¢
technology to establish a CORS system in city, argi T T T T T T
and a country .It according to a certain distaramd, Ju Ju
connecting each reference with the data centre mple |
network ,by using of the computer, and the data
transmission by the internet (LAN/WAN)technologw. | n
addition, the data centre gathering data from the

reference station, carries on processing using the {

- {
. . " N ted
reference station software, then automaticallyritiste R vz |, (Temc) rrem o]

the different type primary data and correction datthe e = a— P L e
different type, the different demand, the differéenel | ! E
user, and other related GPS services.

2.2 Thetheoretical type of CORS

The_ theoreticgl type of CORS has approximately 5 4 Positioning principal of Network RTK
following three kinds. _ )
The first kind based on VRS (Virtual Reference RTK of GPS reference station system is network RTK.

System) theory. It can compute the baseline of @S  Network RTK is a new technology, which is develapin
reference stations that near the Rover to estimagh ~ Pased on conventional RTK and differential GPS.
error. Then the central control station will esistits a ~ Conventional RTK established on the hypothesis that
Virtual Reference System (VRS) according to the reference station error is correlative with roveroe
triangle interpolation method. At the same time the When the rover is close to the reference statiom (ess
software of CORS will computer the correction diata ~ than 10 to 15 km), the result is good. Howeverhwiie
Rover position, and send the virtual reference dstan interval is increasing between reference statiod an
correction data to the Rover, the Rover combings its ~ fover, the error correlation is getting worse. hder to
own observation value real-time figure out the Rsve ~Obtain precise positioning results in this situafica
precise position finally. particular method is need, which is setting some
The second kind is a completely net resolving modelreference stations equably, constituting a referenc

which proposed by GEO Corporation Dr. Gerhard networkin a large area. o
Wuebenna, and it is a dynamic model. Using for reference of basic principal and methéd o

It requests all Reference stations synchronized sen ~ Wide area differential GPS and local area diffeednt

different correction observed value to the centmaitrol ~ GPS with some reference stations, performing RTK
station; the observed value is real-time gathefgte ~ operation by using GPS reference station system’s
real-time processing of the observed value throlh-@q network solution model. Through observation modal a
central server, it will produces the spatial ercorrect ~ Simulating system error source related to distance,
parameter, it is called FKP, Then the central sesemd  clearing or reducing the error influence, then ey

the FKP parameter to the Rover in the Service dngas the aVaiIable and reliable pOSitional reSUItS.

the form of RTCM information.

Proxy Server |—>| GNSS Network

—>| GNSS Network |

| Proxy Server

Fig. 1. Standard networ RTK(left), reverse RTK(right)
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2.5 The component of GPS reference station GSM/GPRS wireless technology. There is a GPS
Reference Station System server in the data celmter.
%ddition, Rover can get the RTK corrections datanfo

stations or stations), includes a GPS receiverixed f the data center then calculate the Rover's cootelina

antenna in a stable place and a reliable powergupp
Three or more of stations will buildup a CORS-net. 3.2 Problems and advantages of CORS
The CORS buildup with GPS station subsystem, The advantages of CORS:

Communications Network Subsystem, Data center .
subsystem, Users subsystem, etc (see Figure 2) (1) The CORS can always upgrade and expansion.
’ ' . : The new station can be added into the CORS syshen,
The computer server software of CORS, it can céntro will increase the coverage area and the softwdre o
a lot of information from a single reference statior g ' .
multi-stations. CQRS can always upgrade. The_zrefore,_th_e CORS is Low
Assuming the CORS is a single reference statiam, th prices. @ C.QRS System is flexibility, security,
reliability, stability. (3) The Network RTK compate

colrfn![Jhuete(r:v(;lggniI;eg drlrﬁI(iit!ys\{cvf:\tt?oret;leecilgfvs()rk sesver with the traditional RTK. The accuracy of NetworK IR
’ is improved. In the coverage areas of CORS, the

usually on the control center, by telephone, LANAMY precision of coordinates always 1-2cm (centimetir),

or Internet way connected with the GPS receiver. has been limited by the distance of the statiort
more. (4) The reliability of CORS is improved. (bhe

Aﬁ ‘ g ——— PR, requirement for operation of CORS is reduce.

= ‘ L i/ =
GRS sl_v:l-lmns\llmsl?mb y Himull\.!@lﬁ“‘ﬂﬂlﬂﬁfﬂ“'-‘ Ej 4. THE APPLICAT'ON OF CORS IN
Eg.lg- — ;ﬁqi-— S

DIFFERENT FIELDS
The application of CORS is following:

?

== -~ 4.1 To build and maintain a high-quality baseline
. S | geocentric coordinates
GPSHEEh U 'H When CORS is established, we can compute higher
Usegsubsysenns accuracy coordinates by use the Continuous Observed
data.

Fig. 2. Component of GPS reference station. . .
4.2 Mest the needs of geophysical and environmental

monitoring

2.6 CORS technical specifications ) o ]
The important application of CORS is to meet the

The CORS not have the uniform standard at predent aneeds of geophysical and environmental monitoring.
over the word. We should cover folIowmg several Also, support the earthquake monitoring sectord g

aspects from the application practice. mobile Internet service to the monitoring point for
a) Effective range of service millimeter precision monitoring operations. For the
b) Availability monitoring and prevention of geological disasteysai

major issue. In the support of CORS, the use of GPS

¢) Reliability technology can greatly improve the efficiency of
d) Accuracy operations and shorten the observation period. In
e) Efficiency addition, we can reduce construction costs, carthdo
f) System average non-fault time, integration moni- trend analysis and comparison by the uniform pi@gis
toring, fault-tolerant as well as system intelledization, data.
automation, information level. 4.3 GPS Meteorology
3. THE BUILDING OF CORS AND THE 10G2POS Meteorology is a new branch. It reformed within
- ears.

ADVANTAGES IN APPLICATION GPSy radio signals through the ionosphere and
3.1 The key technologies of CORS Troposphere and produce the delay and Dispersion,
a) The Communication Technology of CORS usin_g thes_e p_henomenon do Numerical Analys_is. In

particular, it will —accurately extract the atmbspic

Construction of CORS communication network: \yater vapor content and distribution. Therefore nake

CORS network is component of GPS data g aecyrate prediction about the time and intensity
communication networks, the GPS Reference Stationsai |n addition. we will reduce the loss of livasd

will aqhieyed the  immediately  uninterrupted property that arose by disastrous weather.
communication about all data and control center;whay

of communication have the fiber, ADSL and such as4.4 Meet the needs of precision agriculture.

VPN.(Vi.rtuaI Private Netyvork). After the completion of CORS, Precision agriculture
b) Distribute the correction data system has included in future development plans,

Rover users can connect with the data center by théackward farming techniques will disappear. Atshene
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time, under the management of the computer systemsseriously harm people life and property securitywse

we will really realize the modernization of agrituwhl must establishing the union man-machine forecast

production. system, the disaster management, and the informatio
exchange in order to reduce the regional natusastiérs

5. THE ENVIRONMENT OF GMS REGIONAL and protect people from the natural disasters.

5.1 GMSregional environmental generalization and (3) Establish the Great Mekong environmental monitor-

features ing and information system

Greater Mekong Sub region is China's Yunnan The view of the entire Mekong Basin countries, the
Province and Myanmar, Laos, Thailand, Cambodia,Water environment contributions, the use of wastewa
Vietnam 5, total area of 2.3319 million sq km, wih and other basic conditions are not uniform starsléod
combined population of about 230 million. The regis ~ data and monitoring.
rich in resources and _beautiful scenery, rich cFaItu 5.3 Example of Kunming city CORS
background, and carries tremendous potential for
development. Kunming CORS in Yunnan province of China was

The complicated geological structure of Greater S€tup three years ago in June2005.It was consi$tsict
Mekong -river valley, large population and low cuél reference stations and covers 6000 square km over
qualities, particularly harsh conditions on the eippnd ~ Kunming city area. The structure of the system show
middle reaches of the Lancang River, so ecologicalfigure 3.It can apply various position servicescuaacy
environment is fragile. class from meters to centimeters for resource

The Greater Mekong -river valley is Entire mountain development,  geological ~ disaster ~ monitoring,
valley to the main rivers cutting strong, a small environment protection, city planning managemest et
proportion of land available for farming. More sers ~ departments. More details of application of Kunming
soil erosion, especially middle serious; Frequeattral ~ CORS will be able to supply by authors of this pape
disasters, Zhongdian - Dali and Simao - _
Laizhou.Tengchong - Gengma three seismic zone, ar ==
earthquake occurred, and easily leads to failuagyral '
disasters such as landslides and mud-rock flows.

River imbalance in the distribution of industrial |
production, mainly concentrated in downstream areas
Polluting industries are paper manufacturing, food
processing, non-ferrous metal mining and smelting,
building materials industry, the resources and raw|
material-type. However, industrial production scide
small, industry concentration and distribution loé total
contamination is not serious.

5.2 GMS regional Environmental Protection Status

Since the 1990s, The Asian Development Bank
positively promotes this regional countries coofilera _ i )
in the field of environmental protection. As one thé Fig. 3. The structure of Kunming city CORS.
seven priority areas of cooperation, it sets up@Rivig
Group on Environment. In April 1994, the third rexgal
ministerial conferences, with the participation of 6. SUMMARY AND CONCLUSION
Cambodia, Chinese, Laos, Myanmar, Thailand, Vietnam cORS in the GMS region will play an important role
six countries unanimously admit that. The confeeenc jn environmental protection and monitoring.
has promulgated ‘Mekong River Regional Environment  Based on the present situation of GMS region nhtura
Minister united declaration’. All countries’ mingstand  enyironment, CORS apply in mangy fields, such as
the representatives stressed in the manifestorthst  jnyestigation of the land and the protective farebe
strengthen this region environmental protection &/  research and forecast of natural disaster, earkiegua
sustainable development, protects this area frailjandslide, mud-rock flow. And the water volume ahd
ecological environment and the biodiversity. Theref  sypsoil water level monitor , the water body padnt
the environmental protection is a key domain of the monitor, the weather forecast, the route renovates,

Mekong River regional economic cooperation. navigation, large or middle hydroelectric powertistzs
The main content of cooperation in environmental gistortion monitor and so on many services.

protection The length of Lanchan River - Mekong River is 6lih a

(1) Prevention of natural disasters over the world. It has 4880 kilometers, averagetdisge

The natural disasters is seriously and frequently i iS 15,060 cubic meters pre seconds, average diamete
Mekong River valley, so the cooperation launchesCurrent is 475 billion cubic meters, height diffece is

natural disaster research which including the earike, 5,060 meters, the water and the electricity storage
the landslide, the mud-rock flow and so on. Thesetapacity is 94.564 million kilowatts. According the
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GMS regional characteristic and the CORS own
characteristic, should establish some small CORS
systems, which passes through six countries. Asdinee
time, we can choose certain stations or all statminthe

six CORS systems to set up ‘the Mekong River basin
CORS system’.

It is a basic frame of the environmental protectmal
a monitor. We will do the same standard resource
investigation, the geological environment invedima
the natural disaster forecast, and the electricity
development and so on under this basic frame. én th
initial period of establishment the ‘Mekong Riverasin
CORS system’, we can establish a small or the giiyrti
CORS system in the district of six countries which
natural disaster is seriously and frequently.

Along with the economical development, we can
gradually expand these partial CORS system toritiece
Mekong River valley and establish the integrity COR
system, which has huge functions.

Along with the development of GMS regional
economy, technology, the ‘Mekong River valley CORS
system’ will become an integrated monitors system a
the information system’s platform of the GMS region
Simultaneously it will provide the real-time dynami
frame and the base platform with the comprehensive
function for ‘Digital GMS'. It will realize ‘a pldbrm, an
investment, and many kinds of services’.
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Pileated Gibbon (HylobatesPileatus) in Samkos Wildlife
Sanctuary. Do They Have a Future?

Vorn Vichheka

Abstract— Samkos is a Wildlife Sanctuary gazetted througpaRDecree which means strictly protected. It caver
approximately 331.000ha of which approximately 286.ha is tall evergreen forest considered as Rédasibbon
(Hylobates pileatus) habitat. The Pileated Gibberlisted as “vulnerable” by the IUCN red list butg number of
Pileated Gibbons is very high in Samkos Wildlifacaary where the population is believed to nurrdggsroximately
6100 individuals. However, human activities such ikesgal hunting, habitat degradation and infrastture
development pose serious threats to the long temvival of the Pileated Gibbon. If these activitiesntinue at the

current level in the future it is believed that fhapulation of
the next 10-20 years.

Pileated Gibbon will decrease taical low levels within

Keywords— Habitat fragmentation, Infrastructure development, Pileated gibbon.

1. INTRODUCTION

The Pileated GibbonHylobates pileatusis the most
common of Cambodia’s two gibbon specilisis listed
as vulnerable on the IUCN red list whereas theoyell
cheeked crested gibbdiNomascus gabriellaes listed
as Data Deficient (Long & Swan ,2005).

preferred by gibbons(Coleridgs al, 2005)

According to UNDP (2004), 90 percent of Cambodia’s
population, approximately 13.1 million, live in alr
areas and depend on natural resources to supprt th
livelihoods. Hunting for meat or pets for the natiband
international trade has provided significant adadil
revenue to local communities and appears to be the
largest threat to primates (Daltry & Momberg,

Cambodia is considered a global stronghold for theZOOO).Hunting can remove many individuals thatstite

Pileated Gibbon (Daltry, 2000). It is estimated ttha
Thailand contains approximately 7500 groups ofd®dd
Gibbon (Tunhikornet al, 1994) whereas Cambodia
contains more than 30.000 individuals (Duckwaattal,
1999; Traeholtet al, 2005). Phnom Samkos Wildlife
Sanctuary (PSWS) is part of the large block of $oia

reproductively active and subsequently result in a
population decrease of a species (Daltry & Tragholt
2003). Species, like Pileated Gibbons, with extende
reproductive cycles are particularly vulnerable to
hunting. Apart from local community encroachment fo

agricultural production many people chose to resdatt

south-western Cambodia known as the Cardamomemote forested areas where land is either chedper

Mountains. It borders Central Cardamom ProtectezhAr
to the east and Southern Cardamom Mountains to th
south. It covers approximately 331.000 ha of which
about 235.000 ha is tall evergreen forest. It ganes an
important part of the Cardamom Mountain Ecoregam,
area spanning over 1 million hectares of relativehy
developed forest, wetland and mangrove habitat. 8SW
takes its name from the mountain, “Samkos”, whigh i
the second highest (1717 meters) mountain in Carabod
It is mostly covered in dipterocarp woodland and
evergreen forest.

A large part of PSWS consists of ideal habitat for
Pileated Gibbons as well as many other wildlifecepe
However, PSWS is also a target for illegal logging,
agricultural encroachment and infrastructure
development whereas wildlife is threatened by mgati
habitat loss and/or fragmentation (Traehettal, 2005).
Loss of Pileated Gibbon habitat in 2004 was 0.4%i4%

éDaItry & Momberg, 2000).

Development, such as road construction (e.g. Phnom
Penh to Koh Kong) across the Cardamom area and
hydropower dams, are planned for the future (P&ley
Hammond 2002)

In this study, | used Pileated Gibbons in PSWSras a
indicator of habitat “health”. The aim of this sfui to
analyze the effect, if any, on the population de&ted
Gibbons in Phnom Samkos Wildlife Sanctuary and,
based on various human activities, predict possitilee
population trends. Since Pileated Gibbons require
relatively undisturbed forest habitat, the presemnde
Pileated Gibbons are also a reasonable indicator fo
possible population trends of other and more tleresd
species.

2. METHOD

concession areas and between 7.2-98.3% in protected This review is based on data retrieved from earlier

areas higher than in 1997, which lost only 1.7 % of
evergreen and semi evergreen forest which is iaalp

Vorn Vichheka is with Royal University of PhnomriPe Phone:
855(11) 884 415; Email._vichheka@yahoo.com

publications and reports. In order to predict fatur
population trends of Pileated Gibbons | set up ghre
criteria as variables, which can directly and iadity
result in population change,
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1) Change in habitat: The amount of suitable gibbon
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Phnom Samkos WS

habitat can increase or decrease for various reason

(agriculture, logging, replanting and protectiofihe

trends in habitat loss, or gain, were measured by

analyzing forest cover between 2000 and 2006.

2) Hunting: It is not possible to measure the exact

number of hunters and/or hunted Pileated Gibbons in

PSWS. Instead, | used the data in 2004 -2006 trends
hunting activity based on a) number of confiscated
individuals, b) number of apprehensions, c) numider
court cases/convictions, d) number of protectiorgeas,
and e) the scale of wildlife trade in general. By
comparing these components from two, or more,
different time periods it is possible to get a tigkla
indication of possible future scenarios in hunting
activity.

3) Infrastructure development: Large development
projects, such as construction of highways, hydwapo
dams, and urban areas often results in severeah#dst
and/or fragmentation. | measured the possible inpac
PSWS from infrastructure projects with number cfds,
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Fig. 1. H.pileatus population trend (blue line) inPhnom
Samkos WS using VORTEX input to predict its trend.
Source: (Traholt et al,2005)

hydropower dams, and resettlement schemes. The
additional effect associated with, for example,das
often increased accessibility to, previously, resmmteas, 1. Hunting

which often results in increased illegal huntimgding
and mining activities too. A review of the planned
infrastructure projects will provide a good indioat of
how PSWS will appear in geophysical perspectivéhe
future.

| used the population density of Pileated Gibbanms i
PSWS estimated by Traehadt al. (2005), who also
undertook a population simulation exercise of {hectes
in PSWS (Traeholiet al, 2005). They predicted that
Pileated Gibbons are in risk of declining to cetlg low
number in 40-50 years. However, this simulation was
based on habitat loss/gain trends from 1997-20@2 an
because the simulation programme used for
prediction (VORTEX) considers habitat loss lineaiity
may result in a different prediction should theeraff
habitat loss decrease non-linearly post 2002. Rinayl
additional information falling under the three erig, it

is possible to elaborate even more on the future

population trends of Pileated Gibbons in PSWS.

3. RESULT
Pileated Gibbon in Samkos

Recently, Pileated Gibbon population densities were
estimated to number approximately 3,102 groups0(5,1
individuals). The survey showed a heavy bias toward
single males (Traehott al., 2005). One of the sites in
PSWS recorded seven single males out of eight group
and three out of nine recordings were single mialése
second site. Based on the habitat data from 1998-20
and with the moratorium on logging activities fr@®00,
it is likely that the habitat scenario in Samkopedqrs
slightly different today.
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Hunting is an enormous threat to survival of ansnal
within the forest in the lower Cardamom Mountains.
This activity is usually done by rural people faro#,
medicine and wildlife trade. Snares and guns aeel 03
hunt large mammals and fast escaping mammals. dndee
at O RATKRAH market, Samlaut District, wild animal
products and meat were sold daily (Paley & Hammond,
2002). Wildlife populations are likely therefore tme
under considerable threat and some species may have
been reduced to population levels that are no longe
viable. It is not just local people who pose a &hite the

thiswildlife and forests. As a remnant of the civil war

combined with PSWS’s position on the border with
Thailand, there are significant numbers of Camhodia
Army troops stationed in Samlaut District, incluglin
some inside the protected areas. However, the lgvel
hunting of Pileated Gibbons appears to be low sitxe
meat is not popular and they are fast, usually g@ega
from pursuing hunters but raising them as a pehase
common. Pileated gibbons are primarily collecteahir
the forest to sell as pets. A baby gibbon costO%
$59 for adult females. One study found that sonaplee

in PSWS kept at least 3 gibbons as pets (Barsak,
2000). These have probably been collected by the
hunters after they killed the mother. Because
reproduction in female gibbons starts at 8 yeath an
average of 1 progeny per year, killing female gitb@s

a serious ecological problem, because it removes th
baby as well as a reproductive individual. Meanejhils
access to wildlife sanctuary improves and collector
switch from other species whose populations are
becoming depleted, threats to gibbons will increase
within Southeast Asia (FFI, 2001). The number of
resident hunters appears to have decreased sliggubl

1) while the number of rangers have increased fiom
rangers in 2000 to 48 rangers in 2006. The col iy
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between Non Government Organization (NGO) and thetightly controlled, 20-30 sawmills were shut downda
Ministry of Environment (MoE) and Ministry of the trade was ceased, however, local powerful secto
Agriculture, Forestry and Fisheries (MAFF) resulied  continued to organize illegal operations, oftenlitated
improved prevention of illegal activities and by the police and the army (Global Witness, 200R).
subsequently protection of wild animals in PSWS. 2000, illegal logging occurred in both PSWS anddthn
However, the number of traps confiscated in 2006 wa Aural (PA) wildlife sanctuaries and in logging
higher than in 2004 and 2005. In May, 2004 to March concessions in Thmar Bang District as well as alibreg
2005, the number of traps seized reached 336 wherealhai border (Alonsoret al, 2002). In 2002, two large
the number of traps seized was 1317 in 2006 (FFl &areas in PSWS were given to companies as
MoE, 2005, 2006). This suggests that either huntinglogging/agricultural concessions by local authestiThe
activities have increased or ranger patrols haw®ine District Governor denied knowledge of one of them
more frequent and efficient. Furthermore, the nundfe  (Pheapimex company) and claimed the other was
dead wildlife recorded in 2004-2005 was six, which inactive (Youri Sako company). However, in othertpa
increased to 17 in 2006. Most of the wild animakrev  of Cambodia logging companies have shown little
Bear claw, Sambar, Monitor lizard, monkey and compunction in logging illegally within protectedeas,
Pangolin (FFI & MoE, 2005). and are still actively in violation of a government
moratorium (Paley & Hammod, 2002). In November
2001 Global Witness exposed illegal logging and tha
export of timber to Thailand took place (Global Wéss,
2002). At that time, 19 Thai loggers were incartaga
for six month after that they were released (Global
Witness, 2002). Since 2004, 65 forest crimes wecend

by rangers of whichmore than 25% were soldiers in
PSWS (Claridgeet al 2005). Locations of military
development zones have yet to be disclosed, and the

1400

B17

1200

1000

500 020042003 development of these areas is often associated with
82006 logging operations and violence against local
— communities (Paley & Hammod, 2002).

600
Table 1. Decreasing of violator from 2004 to 2006. EhPA
resident appears to decrease from 2004-2006. Source

400 (FFI&MOE,2005)

Type of violators
200 (include Forest 2004-2005 2006
; crime and illegal (May to March) | (Jan-Novem)
0 i ° ° 8 hunters)
N.trap seized N.Animal seized(dead) N.Animal seizae]l Army 39 1
Fig. 2. Different years of trap confiscation (May,2004 to Police 13 0
Mach, 2005 and 2006( 1-11). SourcéFFI & MoE, 2005) Military Police 39
PA resident 90 25
2. Habitat loss and fragmentation outsider 1 44
A part from the mountain areas at Phnom Samkos and -
Phnom Aural, the habitat type in PSWS is not| Local Authority 0 1
significantly different from the rest of Cardamom | commercial
mountains, with a major vegetation type occurriogas company 2 2
this ecoregion being dominated by dipercocarp fores
that covers the low lying basic area and attitutiina | other(CMAC) 0 1
zoned evergreen forest on the mounting slope aa#l pe Total 184 74
(Daltry, 2000).In 2000, a survey in PSWS showed tha

the density of evergreen forest cover was apprasiya . i

876 individuals per hectare and dry deciduous fores World Bank estimated forest in the Cardamom

cover approximately 720 individuals per hectaree Th Mountains would be commercially logged out by

abundance of the forest surrounding Cardamom?2003.lllegal forest activities appeared to decrease
Mountains has been exploited by opposing p0|itica|dramat|cally after forest concessions were banngd b

factions in Cambodia that used timber to finance Prime Minister Hun Sen combined with an increased
campaigns/ The logging activities have had sigaific ~ Presence of rangers. In 2006 (from January to
social and ecological consequence for local comtimsni November) Forest Crime decreased compared to 2004
and wildlife. In 1999, logging activities were mugiore ~ @nd 2005 (Figure 3). Only 84 cases were reportéd, o
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which 26 cases were illegal NTFP factories (Mreah
Prove Factories), 5 cases were brought to courta38s

that building roads can divide an area into twdagand,
in some cases, reduce its conservation value. ISoria

were non re-offence contracts signed, 9 cases werenain road has been constructed spanning approxymate
information sign posted and 9 cases were successfulOOkm. A new road was constructed crossing the

prosecution (FFI & MoE, 2006).

llegal NTFP  f
factories closed

illegal land
occupation

Successful
prosecution

@ 2006

Case field with [B2004-2005

court

Nonreoffence
sonstract signed

Information seized

mountain range and opening up the area for the firs
time. One road was constructed by GATT internationa
logging company through the middle of the Cardamom
mountain range from Koh Kong to Pursat via Thmar
Bang (located in Samkos mountain), but it was bdnne
by the department of forestry in 2001. In additiviou
Risar Kor Company was extending the road from its
concession north of Samkos mounting to Koh Kong via
OSom. The other two major roads were constructed in
2003 linking Koh Kong directly with Phnom Penh. In
addition, 50km of the road has been constructed for
national security reasons in the part of PSWS aitjgi

the Thai border in the north of Thmar Da villageaifle
2).Currently, three hydroelectricity plans are unde
consideration in Samlaut District (Paley & Hammpnd

post 2002).
lllegal Building
romouved Table 2. A number of road developments in the diffeant
lllegal Camps 7 places adjacent to and within PSWS. Source: (FFI 8MoE,
destroyed ' 2005)
;) 2‘0 4‘0 6‘0 80 100 120 140 Number of roads Location
development
Fig. 3. Number of forest crime and land encroachmenin 1 Cross mount range
2004-2005 and 2006. Source: (FFI & MoE, 2005)
1 Cross PSWS
However, Land encroachment for agriculture and 1 Middle of Cardamom mountain
settlement increased from 2004 to 2006.The amofint o
illegal land clearing is 1 plot in 2004 compared5® 1 North of PSWS
plots in 2006, which corresponds to approximately 2 Linking Koh Kong with
316.04 ha (FFI, 2006). Phnom Penh
Fragmentation of forests in PSWS has occurred, as a
result of agricultural land, logging areas, settéain and 50km Part of mount samkos

road construction which depleted biodiversity (FFlI,
2000). Migration is increasing from day to day,
disturbing wildlife habitat (Daltry, 2002). Human
populations in Veal Veng District located in Samkos
mountain are increasing every year (FFI & MoE, 2005
Lutheran World Federation (LWF) supported by the
United Nation’'s High Commission for refugee’s
(UNHRC) and World Food Program (WFP) developed
infrastructure such as roads, health centers, vegits
schools as well as systems for agricultural extensin
1999 the total population in Veal Veng District was
approximately 39 families (Bansai al, 2000During
2000, the population doubled to 5025 people as ramig
families returned to the area. In 2005 the poputabas
increased to 10516 people in PSWS (FFI & MoE, 2005)

3. Infrastructure development

4. DISCUSSION AND CONCLUSION

The results presented in this paper indicate that i
hunting, habitat loss and infrastructure developgmen
continue, the Pileated Gibbon and/or other wildlife
species are likely to suffer population disturbamcel
possible decrease within the immediate future.

Forest disturbance is a major reason for population
decline of many wildlife species. Species, such as
gibbons that depend on tall evergreen forest asl foo
sources are particularly affected by forest disinde
and clearing. Previous logging activities often
disregarded sanctuary boundaries since law enf@oem
was limited and inefficient. During the civil wararts of
the forest were clear cut in some parts of PSW$;twils
extremely detrimental to the forest because ittitatio

Road construction and the development of hydropowerregenerate from clear felling is limited and regsitong

dams can also lead to habitat loss and/or degoadati
Although building roads in Wildlife Sanctuaries net
strictly illegal it can result in negative impact wildlife,
because of habitat fragmentation
disturbance of sensitive habitat. The primary comde
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time to recover. Even though illegal logging adies
were common in 1999 pristine forest remained igdar
tracts of Cardamom Mountains and PSWS.

and possible Logging seldom takes place as isolated activities.

Workers hunt for food as well as opportunistically
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collect and capture tradable plants and wildlifecsgs in impact on biodiversity conservation in PSWS is the
order to supply their meager salary with additional development of hydropower dams, because it will
income. and much of the Pileated gibbon were lunte inundate large areas of the sanctuary. In addition
for both food and for the pet trade, which is likdb building a hydropower dam will require additionakd
have resulted in a population decline over the pastconstruction, particularly during the constructiphase,
decade. Since adult gibbons are unsuitable as petahich often encourages more settlers to enter tha. a
females are often killed and eaten, while infaneyev  The impact of three proposed hydropower dams in
taken and sold as pets. Such practice resultsdiouble PSWS may result in negative impact on pileated ailsb
blow to the gibbon population, because it effedfive unless such side effects (increased settlers, allleg
removes more than two individuals from the popalati  logging, hunting) are controlled properly. Whereas
This may explain the skewed gibbon sex ratio reedrd hydropower dams may also affect several species by
by the FFl-primate team during surveys in 2004 inundating important habitats, it is uncertain thatv
(Traeholt et al., 2005). extent inundation can impact gibbons, becausepiees
Although the number of forest crimes have decreasedn the size of the inundation area.
significantly from 2004-2006 the number of trap In Cambodia most people are often extremely podr an
confiscation has increased. This indicates thatredse lack income opportunities in urban areas. Therefore
the number of illegal hunters may have decreased th many people tend to migrate to protected areakjdimg
hunting pressure has increased, or, the enforcemerPSWS, to find fertile farmland, which in many casesl
patrols have become better and more efficient inup being free of charge. The immigration of peapte
detecting, discovering and confiscating traps. €hesr  PSWS is still increasing (Daltry, 2003), and th&sea
evidence that local settlers have stopped illegaiting risk that the use of natural resources in and afoun
activities, probably because they wish to remainhia current settlements will become unsustainable if
area and therefore tend to adhere to whateverHatwig alternative options are not found. the birth rate
implemented as long as it makes common sense, an@ardamom Mountains is 2.7% (Daltry, 2003) and the
there is a chance that they will benefit from nagaking increasing human population is likely to increake t
it. However, outsiders are still involved with ijal pressure on land in PSWS. In spite of the positive
activities and a major part of illegal activities i initiatives taken to station ranger patrols andoes¥ the
associated with outsiders. The primary problem edus forestry laws, the escalating pressure on prigtagtats
by local people appears to be related to shiftingfrom infrastructure projects, new settlers and idets
cultivation practices. Whereas slash and burn mwest traders is likely to condemn much more habitat iewaghy
may stimulate crop growth and, eventually, increlitg®  more gibbons to oblivion in the nearby future. ¢t i
yield of a field, such fires are rarely monitorey the uncertain, however, if gibbons will continue toiterin
farmers who started them, and much less controlled.  PSWS in general, but considering the vast sizeS\WB,
result is that many of these fires spread as wédfito there is a good chance pileated gibbons will cemtito
surrounding tall evergreen forest with extremely exist in the area, although in much smaller numbers
detrimental consequences. For gibbons the burning o
prime habitat obviously has very negative consegegn ACKNOWLEDGMENT
because thgir p””.‘ary food sanctuary disappears in.tl am grateful to Department of Biodiversity
smoke. Resident gibbons may not have the oppoytunit o, seryation, Royal University of Phnom Penh, fibr a

to flee_ into _neighborin.g areas, because thege m O their support. | would like to thank to Dr. Carlagholt
occupied with a dominant pair. If the habitat ist no%

. : or his help during the data collection and for &dtvice
burned, gibbons may bg disturbed _by th? h‘?at antn this manuscript. | appreciated the help offdred-FI
smokes generated by a fire and avoid settling @asr

| h | i€ ~dag i Primate Team and in particular | thank David Breldfi
close to human settlement, even it some areasiaed | ¢, helping during data collection and facilitatiagcess
habitat for them

. to information needed for this paper. | am alsdegjtd to
_ One of the most critical development aspects of BSW pa\ig Emmett for providing me with information and
IS kthe clonsuijergble rznfrastrugtlére devel_?rr])mzntegm support in data collection. | confirm that the prdares
taken place during the past 5-8 years. The dev&opbm seq iy this paper were in accordance with all the
of several roads has resulted in habitat fragmiemtaind relevant Non  Government and  Government
since glbbogs are rfeluctantfto qSS(tz)(lenc:)to gnd mm‘; Organizations who work with wildlife conservation,
ground roads can form a formidable barrier to grso especially Flora and Fauna International, Consenvat
Fortunately, pileated gibbons have been observed 9nternational. WildAid
cross roads on several occasions and as such asads ’ '
not necessarily a serious obstruction to gibbon REFERENCES
distribution. However, roads create easy access for o
illegal loggers, hunters and settlers and thisrabably ~ [1] Alonso, L., Bunhlmann, K., Pilgrim, J., Sanderson,

the most serious negative impact of road constacti J., Muchoney, D. and Piece, A. 2002. Mini RAP

Even if local communities refrain from undertaking Assessment of Silver Road logging Concession.
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and the other goods.
Another infrastructure development that has serious
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e e, Key Impediments to Biodiversity Conservation in the
\# .
$ 5 % Greater Mekong Subregion: Human Context
o Shu Miri and Li Xikun
649

Abstract— The conservation of global and regional biodiversity increasingly relies on the network of international
cooperative protected areas. In this article we examine human demographics, land cover and land use, and agricultural
suitability as main human context impediments that may influence the smooth work of biodiversity conservation in the
GMS area. Moreover, through comparison, contrast, explanation, and argumentation, this thesis analyzes the ethical
and economic problems and contradictions that may occur in the process of realizing biodiversity conservation and
sustainable development in the subregion, and the article also provides clews for future protecting and research work
performance.

Keywords— biodiversity conservation, human context, impeditegsustainable development

in doing scientific expeditions and assessmentilibg

1. INTRODUCTION: HUMAN DEVELOPMENT natural resources networks, and protecting rareisp¢o

AND BIODIVERSITY CONSERVATION realize biodiversity conservation and sustainable
, ) development in the Greater Mekong Subregion.
The . _M|Ilenn|gm Ec_osystem Assessment_ (2005) 1 this plan, the first proposed ten years GMS
identified continued biodiversity loss as an impatt  gjqiversity Conservation Corridor Initiative (GMS
aspect to the decline Qf key ecosystem services thaBCI) is to support the broad-based agenda of st
humans and other_ species rely upon. It is es“mm development identified by the GMS countries. Ac@ogd
people may have increased the rate of global ddime — , yho agenda, the GMS BCI will undertake actigitie

by as much as 1,000 times the natural rate tym€al e pilot sites Xishuangbanna, Ngoc Linh — Xe S¥p,
Earth’s long-term history. Some 12% of birds, 25% 0 p; Dong Hua Sao, Dong Ampham, Tenasserim:
mammals, and at least 32% of amphibians are thredte \yostern Forest Kae’ng Krachan. and Cardamom

with extinction over the next century [1]. HUman ;o niains [3] in the priority areas of GMS to conge
activities have taken the planet to the edge okasive | hitats for wildlife, to enhance ecological seesicsuch

wave of species extinctions, which further threstgn as water supply and flood protection, and to improv

our own s.afetles. , . local community welfare through poverty alleviation
Human-induced habitats loss and fragmentations have,.,<ures and sustainable use of natural resoByeise
been regarded as major thr(?;ts to  biodiversityyear of 2015, the GMS countries will have estaliish
gonservr?tlon. Byd thg end (())f t?eh (D;ent;lj,ry, hu_man basic biodiversity conservation landscapes anddmng
heldngsh aveduse ah_odut ?Orf’ol tde eart sterl;nm(y . for protecting and maintaining ecosystems, rediizin
ad changed one-third of the land area to urbangusi g siainable and rational use of shared naturaliress,
and agricultural fields [2]. Cultivating forests &n 54 improving the livelihoods of people in the sdion.
wetlands into croplands, using rivers to generaees,  rherefore, this article further examines main human
and hunting wild animals for various benefits mayt n ;qtext impediments, such as human demographius, la
end all kinds of natural processes, but it willeg@ our .61 and agricultural suitability, so as to poeviclews

landscapes and disarr_ange all the natural Processes for future protecting and research work performaince
.Mo.dern_ conservation Of, global and regional biodiversity conservation in the subregion.
biodiversity increasingly relies on the network of

international and regional cooperative protectezhsitn 2 ASSESSING FEASIBILITY OF

the year of 2005, the Greater Mekong Subregl_on BIODIVERSITY CONSERVATION IN
countries China, Lao PDR, Myanmar, Cambodia, HUMAN CONTEXT

Thailand, and Vietnam have promoted the plan of the

Greater Mekong Subregion Biodiversity Conservation Human Demographics

Corridors (GMS BCC) together. According to the plan,

all the six GMS countries will cooperate with eaxther Calculating human population in the Greater Mekong

Subregion shows how many people in this area would
direct affect and provide potential threat to thewn
* Shu Min (corresponding author) is a lecturer oty of Law, Biodiversity Conservation Corridors. With a totata of

Kunming University of Science and Technology, Yumn@hina. Fax: 2.33 million sq. km, the Greater Mekong Subregies &

86-871-3383699; emaishuminsophie@yahoo.com.cn population of 246 million by the year of 2000 [@ver
Li Xikun is a Professor of Faculty of Law, Kunmitdniversity of the past 30 years, the population of the Lower Megko
Science and Technology, Yunnan, China. Fax: 863801t942; email: Basin has doubled. It is estimated that by 2025 the

lixikun@kmust.edu.cn

population in this area will increase another 3@%@%.
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Although at the beginning of this article we men#d conditions in the Subregion has been changed by
that human activities, which may influence the leart deforestation, agricultural cultivation, dams counstion,
environment directly or indirectly through variowsys, urbanization, hydrologic response, water qualibpsbil

is one of the ultimate reasons for biodiversitysjoand  erosion, biogeochemical cycles, land surface atimersp
human activities reflect more accurately the adwers interactions, and climate change.

impacts towards environment, researchers and expert With very few forested areas remaining; lowlands of
consider the population size of human settlemesdshhy  the subregion are clearly dominated by rice paddreb

or within wildlife habitats or core zones of resesvas  croplands. Among these areas, the relationship dmatw
the most potent source of threats to biodiversity land cover and human settlements is clearly reftean
conservation [5]. Human settlements may cause damagthe central and northeastern agricultural areahail@nd,

of forests, loss of habitats, increase in livestdeksities, the Tonle Sap Lake and Inundation Zone of Cambodia,
rapid development of commercial agriculture, and and the southern areas of Vietnam. In contrastjqrar
systematic and large-scale construction of urbaioiza of mountain areas such as the Cardamom Mountains in

In Yunnan Province of China, Lancang-Mekong River Cambodia, parts of Xishuangbanna in China, andsfore
has a drainage area of about 88,700 sq. km where thareas in Lao PDR are covered by fragmented foeasts
population density is of 69.6 people per sq. km [6] mixed agro-forestry landscapes.
other GMS countries, by 2004, Lao PDR has a Research on land-use change in Thailand in 1998
population density of 24 people per sgq. km, Myanmarreveals conversion of forest, logging of naturalefa,
has a population density of 74 people per sg. kml, a and farming in the forest areas are three major
Thailand has the density number of 124 people per s components of deforestation and land use transtiwma
km. This number in Cambodia is 72 people per sg. kmin this country. In 1960, 54% of lands at natiolealel
and the population distribution in Vietnam is 24&ple were covered by natural forest, 20% areas wereredve
per sgq. km which is the highest country population by farmland, and 26% national lands are used faor no
density in the whole world [7]. forest land development. However, in the year d38,9

Although there is great variability in population new collected data shows that forest cover at natio
densities associated with different areas in difiér level in Thailand reduced to only 25.3%, simultamsy,
countries of the subregion, research shows thag ¢me  farmland cover increased to 41.5% and other noesfor
distribution of population reaches to 10 or morepie land-use took 33.2% of national land. Three major
per sq. km, the adverse impacts toward the enviesthm aspects of overall land-use change since 1960 in
and biodiversity conservation occur [8]. Moreover, Thailand are: changes in proportions of land uroerst,
satellite images provide that even in the areaofe of  agriculture, and other uses; levels of each typareh
the new conservation reserves in the subregionper capita as the population has grown; and the
population densities are high as well. Take the R&dR proportion of the population officially located in
which has the lowest population density in the sglam metropolitan areas [11]. Resorts and golf coursesert
for example, across the GMS BCI pilot site Xe Pian land directly from forests and habitats. Urbanizati
Dong Hua Sao — Dong Amphan, within the Xe Pian industry, housing, agriculture, and other constounst
National Biodiversity Conservation Area in the Lao are rapidly devouring landscapes of natural biogite
PDR, the population is estimated at 50,000. Foartee
the 80 villages in the 3 districts covered by XarPare  Agricultural suitability and agricultural economy
located inside the national biodiversity consensmatirea,
and seven ethnic groups reside in and around e ar
The total population of Dong Houa Sao is 28,800 aind
the 82 villages contained in the 3 districts thatavers,
two are inside the national biodiversity consemsati
area, and other seven ethnic groups reside wittsin i
boundary [9]. In addition, according to the demtpia
census, in some coastal and lowland zones in th
subregion, the population density reaches to moaa t
750 people per sqg. km [10].

In the Northern Annamites Rain Forests across t
border between Lao PDR and Vietnam, in the Northern
Plains Dry Forest areas in north Cambodia, in . ) .
Xishuangbanna of southwest China, and in other Vasf:ommerua!. In most of the GMS countries, rice and
tract of protected reserves, human settlements an&’th.er subS|stence_ fO.Od crops ha\{e continued tohbe t
population densities are considered to be sigmifica mainstay and principal commodity of the economy.
threat to biodiversity conservation. Peop_le grow crops _both th_rou_gh sedentary agrialltur

practices and shifting-cultivation methods. Althbug
research shows that growing crops in most mount&ino
reserves and gap locations would most likely faiirteet

Land cover in the Greater Mekong Subregion indeate high human food demands and lead to subsequent
the capacity of biodiversity conservation in thewhe agricultural expansion in order to generate dekdrab
established corridors. In the past years, land rcoveyields, and thus could result in the further loEspmecies

As a globally leading cause of habitat conversion,
agriculture remains an enormous threat to consenjed
threat which is expected to increase markedly with
anticipated growth in demand for food in coming
decades [12]. As the Greater Mekong Subregion els s
a huge population, among which the majority are
ésmallholder and poor farmer population who liverural
areas where they lead subsistence or semi-suliststen
agricultural lifestyles, agricultural suitabilitys ia non-
henegligible factor when assessing feasibility of
biodiversity conservation in this area.

There are two types of agriculture: subsistence and

Land Cover
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[13], in many poor areas in the subregion, subsigte conservation tend to occur in the tropics on larger
farmers still commonly use the slash and burn orlandmasses and in mountain zones [15]. The Greater
swidden agricultural method by which a portion afd Mekong Subregion, fixing both of these factorsthe
is cleared and burned to provide at least one gntbu appropriate setting for creating and managing ptete
three years of good crops grown. Once the landncan areas for biodiversity conservation. However, beeaof
longer be utilized, a new patch of ground is sldsted high human population density, and because moskare
burnt for another round of crops. This shifting- in the subregion are fit and valuable for cultigatiand
cultivation method has been considered to be ortheof farming, it takes both financial and social costsestrict
major causes of deforestation. agriculture and create conservation corridors.
Another problem left over by history has been the
illegal commercial cultivation of the opium poppy. 3. BIODIVERSITY CONSERVATION: GAINS
Although the general trend of opium poppy cultigatis AND LOSSES
toward a decrease, today it is still grown and essed : .
in the uplands of Myanmar and Lao PDR, and in some’ Case Study of Xishuangbanna, Yunnan Province,
small pockets of Northern Thailand. This problent no China
only causes a series of other social problems st a  Located in Yunnan province of China, Xishuangbanna
provides potential threats to the biodiversity @mation has been chosen as one of the five GMS BCI pitessi
because most of the growers have chosen deeBy the end of 2005, 193 nature reserves had been
mountains and remote areas nearby or within theralat  established with a total area of 3.74 million h&/imnan
habitats and reserves to plant the opium poppy, andProvince, which cover 8.8% of the provincial teamjt
governments’ programs to curb production have had[16]. Among these reserves, Xishuangbanna National
limited success because of the profitability ofwpi  Nature Reserve was established in 1958 which isobne
production and the inaccessibility of growing areas the earliest established nature reserves in Yunhdias
Broadly speaking, other widely applied practices in the counties of Jinghong, Mengla, Menghai, safth
relating closely to agricultural economy in the agion Yunnan, and covers a total area of 241,776 hectares
include animal husbandry, fishery, agroforestryd an among which forests cover an area of 197,800 hextar
economic forest regeneration. Widespread conversion and accounts for 81.8% of the total land of themes
the habitats into croplands and food supply cuiiive  However, only 7000 hectares in the 197,800 hectares
areas and regenerating of natural growth forests fo forest area is natural virgin forests which haseméaeen
economic forests such as rubber plants, eucalppis, destroyed by human beings and human activities and
trees, tea gardens, and fruit trees, is an outistgiireat  accounts for just 2.9% of the total land of theeres
towards regional biodiversity conservation. Natural [17]. In 1993, Xishuangbanna was accepted by UNESCO
forests which are regarded as one of the most itapbr as a member of the International Man and Biosphere
elements for ecosystem biodiversity conservatioth#®n  Reserve Network. With the promotion of GMS
GMS have been gradually transformed into ranges ofBiodiversity = Conservation  Corridors Initiative,
“agricultural” species. With the reduction of natlr Xishuangbanna National Nature Reserve, including
rainforests and monsoon forests, in many placedsyala  Menyang, Mangao, Menglun, Mengla, and Shangyong -
biodiversity has been changed to human-inducedwhich are fragmented due to the development ofelarg
agrobiodiversity. scale rubber plantations, has been selected tdeceea
Forest Inventory data collected in Vietnam shoves th united and unique formation of tropical and subitap
the natural forest cover in this state in 1943 wasforest extending from Yunnan Province down to the
14,325,000 hectares, while this figure declined to border of Lao PDR through a series of corridord.[18
9,444,198 hectares till 2000. In 1943, there was no The main GMS BCI targets for environmental
planted forest in Vietnam; however, till 2000, theea  protection in Xishuangbanna is the tropical forest
covered by planted forest has been increased tacosystem, including marvelous virgin forests, icap
1,471,394 hectares. Forest cover decreased fro¥43. rainforests and monsoon rainforests, as well asique
in 1943 to 33.2% in 2000, and by 1990 this numis&du  flora and fauna. Although Xishuangbanna covers only
to decrease to 28% [14]. With population’s incregsi 0.2% of the territory of China, the abundant flthare
settlements to forest areas, land needed for atitivn  comprises more than 3890 identified species of érigh
have been extended. People regenerate naturalt foreplants and seed plants. Among these plants, 57iespec
diverse species for high-yield and monoculture are rare and endangered plant spedreaddition, there
agricultural crop. As chain effects of population are over 800 species of medicinal plants and qitzaits
settlements and land cultivation, forest habitate a with special useThe reserve is also a home 429
cleared, trees are logged down, plants speciedoate  species of birds, 37 species of amphibians, 68icpet
and animals are hunted for food and trading. Ireoth reptiles and 100 species of fish, among whici4
places, such as the Tonle Sap Lake Zone of Cambodiaspecies are rare and endangered animal species
increasing use of fertilizers has caused signitican Xishuangbanna’s total population is 840000, andethe
adverse impacts on fish species in the Great Lake a are 13 ethnic minorities live in this area. Pursuarthe
population health around this zone. Regulations of the People’s Republic of China on
Recent research shows that the greatest oppoesiniti Natural Reserves, people are not allowed to inhédmt
for expanding the current global and regional nekwaf hunt, fish, travel, clear land, mine, or quarrythe core
protected areas to fill priority gaps in biodivéysi zone of nature reserve. Limited livestock grazingl a
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non-timber products collection such as medicine Benefits-Duties Approaches to Biodiversity
collection are allowed in buffer zon@herefore, local  Conservation

people living in and near the nature reserves ate n
supposed to get means of livelihoods directly frisva
reserves. Nevertheless, because of poverty anddack
education, people still commit illegal hunting ffmod
and trading, unlawfully felling, and irrational ldn
clearing for farming and cultivating. As a resulte
nature reserves have still been gradually destroyed
people who have been caught of ruining nature veser
may be fined or penalized, and these punishments ma
cause the poverty situation even worse. What's more
because the nature reserves usually have beeredreat
after people’s settlement in relevant areas, itaseasy

to find a proper strategy of management both regiz
the final and complete purpose of establishing neatu
reserves and improving local people’s life quali®ne

of the commonly used modern strategies in biodityers
conservation management is to migrate and resettl
people from protected areas. However this stratagy
bring about new ethical problems and economic
pressures.

With the human society’s development, conflictséav
arisen in nature reserve and biodiversity consenvat
management between wildlife and adjacent commuhnitie
One of the conflicts is damage to crops, housimg a
even people’s lives done by wild animals partidylar
elephants, bears, and monkeys. Accordingesults with
statistics gathered by the Forestry Administratioin
Xishuangbannajn 2005 there were 578 villages and
12037 households’ crops, sugarcanes, banana plentts,
non-timber trees have been eaten or destroyed lay wi
animals, which has caused direct economic losses o
21,740,000 Yuan. Moreover, twenty people were
attacked by wild animals and three of them diede Th
Law of the People’s Republic of China on the Prixbec
of Wildlife provides that local government shall
compensate people for the damage done to cropsléy w
animals. Basing on this provision, the provincial
government of Yunnan issued Compensation Rules fo
the Damage to People and Their Property by Pratecte
Terrestrial Wild Animals in 1998. According to the
Compensation Rules, provincial government of Yunnan
will provide half of the compensation funds and
prefecture and county governments are supposed t
finance the other half funds. However, because
prefecture and county governments have difficulties
providing money for compensation funds and becatfise
various other reasons, the actual compensation fo
damage caused by wild animals to sufferers is i@my
In 2004, for one kilogram corns, people living adijog
to the reserves could be compensated 0.05-0.08 Yua
while the market price was 1.2-1.4 Yuan per kg; the
average compensation fee for a farm cattle was @0ly
Yuan; and there would be no compensation for peison
injury [19]. This situation has not been ameliodaia
recent years, and in other places adjacent to enatur
reserves in Yunnan Province along the Lancang-Mgkon
River Basin, the exact compensation fee is the sasne
Xishuangbanna or even lower.

As discussed, to simply migrate people from nature
reserves; forbid them to adversely impact proteeteds
by punishments; or compensate them once damage done
by animals happen could not fully accomplish the
ultimate purpose of biodiversity conservation ine th
subregion and may cause ethical, social, and ecianom
problems. Therefore, we need to find new stratetpies
help community members change their behaviors from
negatively impacting the biodiversity conservatitm
conserving it. One possibility for this is to edislb a
benefits-duties model for community members.

To build such a benefits-duties model, emphasis
should be placed on both providing benefits thatllo
people may gain from participating in biodiversity
conservation and notifying people of their dutiesd a
e(esponsibilities to environmental protection andurel
fesources management. One of the major concerns for
this model is whether there is a stable and longrte
management system for relevant local people anal loc
communities to create and gainoderate benefits that
they may appreciate and as a result solid suppon f
the communities may be given to the government on
biodiversity conservation. Here, benefits refentd only
economic incentives but also other forms of prdaditsh
as employing local people; creating and providiegady
jobs relating to biodiversity conservation; supptyi
people with better strain crop seeds while teackiegn
scientific planting methods to raise production;dan
helping people to install energy saving facilitmesch as
%;olar energy water heaters to control natural nessu
consumption. Economic incentives can have an impact
when income is relatively high and where income
accrues directly to local residents at householelle
However, where the financial benefits are smaltpme
generating jobs are relatively few and little ogpaity
exists to exert any influence over the use of wddl
jesources, people continue to consume and tradiifevil
illegally [20].

When we create a benefit-sharing model for relevant
local people and local communities, we shall also
establish a link between the benefit transfers trel
biodiversity conservation objectives. Without such
?mkages, people may fail to understand and redlmze
purpose of biodiversity conservation behind theedfiés
they achieve [21]. Thus, the local people should be
'informed of their responsibilities, duties, andigations
to nature reserves and biodiversity conservatios. A
people are social actors of biodiversity conseorti
Hifferentiation needs to be made with regards tatwh
role each community involved should play in effegti
nature reserves and participating in conservation.
Consequently, the roles of all stakeholders inviblve
should clearly define duties and responsibilit@s. the
one hand, local people and local communities are
supposed to be part of biodiversity conservation
programs, and to manage and be responsible for
biodiversity conservation affairs according to thei
different knowledge towards relevant nature reser@m
the other hand, systematic and consistent legitntdc
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national statutes and legislations as well as local[8] Sanderson EW; Laiteh M; Levy MA; Redford K;

regulations and commands should be constructedtboth Wannebo AV; and Woolmer G. 2002. The Human

ordain sanctions and prescribe rights of local peop Footprint and the Last of the WildioScience 52:
891-904.

4. CONCLUSION [9] Asian Development Bank. 200GMS Biodiversity

| inal lobal d ional  biodi i Conservation  Corridors  Initiative  Strategic
ncreasingly,  global an regiona iodiversity Framework and Technical A ¢ [On-line
conservation relies on a network of nature researes serial];

international protected areas which provide basid a http://www.adb.org/Documents/Reports/GMS-BCl/
essential living conditions necessary for the sci [10] Dav.id E ' Thbmas 2003. Montane Mainland
survival. In the human context, the analysis obiieitity Southeasi Asia: A Brief Spatial  Overview

of conserving biodiversity and assessment of Landscapes of Biodiversity. Kunming. China: 25-40
impediments and threats to biodiversity conservatio [11]David E. Thomas: Horst We)./erhaeljser' énd

the Greater Mekong Subregion help to find strategie Pornwilai Saipathong. 2003. Improved Tools for

achieve the final targets of the ten year plan MS5 M ; -
o : . ; )~ anaging Agroforestry Landscapes in Northern
Biodiversity Conservation Corridor Initiative andher Thailand: Pilot Application of Spatial Analysis and

natu_ral resources management programs. .. Negotiation. Landscapes of Biodiversity. Kunming.
It is not an easy task to conserve biological diipgr China: 381-403

and restore habitats within limited time and ar&&igh [12]Tilman D; D'Antonio C; Dobson A: Fargione J:
the rapid growth of world’s human population and Howarth ,R' Schindle} D- Schlésinger WH,'
speedy consumption of natural resources, biological Simberloff D" Swackhamer D and Wolff B 2001’_
diversity will continue to decline and species will Forecasting’ Agriculturally, Driven Clobal
continue to be extinct if there is no effective aational Environmental Chang&cience 292; 281-284
management and reserving structure that considgts b t[lS]Green RE: Comell SJ: Scharlémann J.PW; and

conservation purpose and relevant human environmen Balmford A. 2005. Farming and the Fete of Wild
In the Greater Mekong Subregion, as most people are Nature Scier;ce307.'550—555

smallholder populatiqn and as .the annual incom_e Of[14]FIPI(1995), State Directive Commission of Forests
many local communities are still below poverty line Inventory. 2001. Vietnam

more  intensive research  both  nationally gnd [15]L. J. Gorenflo and Katrina Brandon. 2006. Key

internationally should be done to study sy_stema'uca Human Dimensions of Gaps in Global Biodiversity
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species and sustainable development. [16] State Environmental Protection Administration of
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