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Figure A2.1: Linkages between the four components (from Scoccimarro ef ar. 1999).
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Table A3.1 : Area and Population in 2009 of Bac Kan province by district

Figure A3.3: Variation of population in Bac Kan province from 2001 to 2009.

Source: Backan Sfaflsfics Office, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010.

District Area (km2) Population in 2009 (persons)

Bac Kan town 137.08 37.585

Ba Be 685.35 46,719

Pac Nam 477.44 30,071

Ngan Son 646.96 28.482

Cho Don 913.17 48,207

Na Ri 854.07 37,240

Bach Thong 547.18 30.228

Cho Moi 607.16 36,764

Total 4,868.41 295,296

Source: Backan Sfafisfics Office, 2010.
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Table A3.2: Area and Population in 2009 of Thai Nguyen province by district.

Figure A3.4: Variation of population in Thai Nguyen province from 2001 to 2009.

Source: Thainguyen Sfaflsflcs Office, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010.

District Area (km') Population in 2009 (persons)

Thai Nguyen City 189.70 279,710

Song Cong town 83.64 50,000

Dinh Hoa 511.09 86,200

Vo Nhai 840.10 63,950

Phu Luong 369.33 105.250

Dong Hy 457.75 112,970

Dai Tu 568.5s 158,700

Phu B inh 249.36 133,500

Pho Yen 256.68 137,150

Total 3,526.20 1,127,430

Source: Thainguyen Sfatlsflcs Office, 201 0.
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Table A3.3: Trend of social+conomic development.

2008 2012

Figure A3.5: Future pollution load (BOD) of the ecenarios (from JICA and MONRE, 2009).
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Appendix A5: Ghapter 5

Table A5.1: The current livestock of Cau River basin in Bac Kan and Thai Nguyen provinces.

Districts Buffaloes Cattles Pigs Poultry

Bac Kan province:

Bac Kan town 2,070 187 12,875 67,170

Cho Don 2,529 598 5,425 39,832

Bach Thong 7,323 1,500 25,601 143.499

Cho Moi 7,446 1,922 24,943 146.094

Total(Cau RB in Bac Kan) 19,368 4,206 68,843 396,595

Thai Nguyen province:

Thai Nguyen City 6,532 3,439 59.485 704,000

Song Cong town 4,853 1,980 18,728 323.000

Dinh Hoa district 11 ,490 2,655 41,767 447.000

Vo Nhaidistr ict 7,401 1  , 515 20,897 222.443

Phu Luong district 7,992 903 51,547 558.000

Dong Hy district 12,377 2,564 61,834 565,000

DaiTu distr ict 16,892 1,728 65 ,310 873.000

Phu Binh district 11,716 16,442 127.408 1,421,000

Pho Yen district 13,364 11 ,685 101,432 830.000

Total(Cau RB in Thai

Nguyen) 92,617 42,911 548,408 5,943,443



Figure A5.1 : Meteorological stations in the study area.

(The names of the stations considered for the climate change scenarios appear in red).
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Figure A5.2: Average projected AT and AP for Gau river basin meteorclogical stations.



Name of
Industrial zone

Area (ha)

o/o Area
in use

Type of industry

Discharge
(m1s)

Note
2015 2020

Thanh Binh 154-500 mechanical assembling,
processing agricultural
and forestry products,
etc

0.022 0 044

Song COng l ' "
(Current state :
25% in use)

220 0.0224 0.0448 Large
scale

SOng COng ll 250 Construction material,
electricity, textile, heath
instruments, agricultural
product, etc,

0 0255 0.0509 Large
scale

Nam PhO y€n " 200 Car assembling,
electricity, mechanic,
food and beverage
processing, livestock
slaughter

0.0204 0 0407 Large
scale

T6y Ph6 Y6n ' 200 High-tech industries,
production of car parts

0.0204 0.0407 Large
scale

Quy6t Thdng "' 200 Production of electronic
facilities, information
technology, etc,

0.0204 0.0407 Large
scale

Di6m Thuy I ' 350 Mechanic, metallurgy,
construction material,
electronics industry, etc,

0 0356 0.0713 Large
scale

VAn Thuqng 47 s0%
( in  2015)

Construction material,
steel production, etc,

0.0048 0.0096 Small
scale

Kim Son t' 20 60%
(in 2013)

Construction material,
mechanic, electric facility

0.0024 0 0041 SMAII

scare
Quang Trung -

Chi Son(2)
45 80o/o

( in  2015)
Construction material,
mineral, etc

0.0073 0.0092 Small
scerle

Quang Son 2 \'/ En 60Yo
( in 2015)

Construction material,
mechanic. mineral. etc

0.0061 0.0102 Small
sc€rle

Phl Lac2 \') 40 50Yo
( in 2015)

Construction material,
mineral. etc

0.0041 0.0081 Small
Sc€IIE

Son Cdm 2 ''' 50 70o/o
( in  20 '15)

Metallurgy, electric
facility, pharmaceutical
chemistry, construction
material. mineral. etc

0.0071 0 0102 Smal l
scale

Xudn Phuong-
Kha Son(2)

75 Textile, leather, pulp and
paper, etc

0.0076 0.0153 Small
scale

Table A5.2: Main information of the future industrial zones in the Cau River basin.

' ' ' : Management Board of industrial zones in Thai Nguyen, 2011.(' ': People Committee of Thai Nguyen province, 2010.
- : No information + assuming that 50% of the planning area of industrial zone will be in
use in 2015.

Sources:
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Growth of poultry in Bac Kan province from 2000 to 2010
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Figure A5.3: Linear regression function to forecaste the future poultry of Bac Kan province.

Figure A5.4: Futute livestock growth rates compared with current state (%) for Cau River Basin in Bac Kan
provlnce.
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Figure A5.5: Future liveetock growth rates compared with current etate (%) for Cau River Basin in Thai
Nguyen province.



Table A5.3: Details for the values of the matrix of factor combination to develop scenarios.

Factors Values Explanation
Population Low projection Low population growth in Bac Kan and Thai Nguyen.

Medium
projection Based on the projections of local governments.

High projection High population growth in Bac Kan and Thai Nguyen.
Domestic

wastewater
Low capacity

- Bac Kan town: 10,000 people.
- Thai Nguyen cdy: 100,000 people.

Medium capacity

- Bac Kan town: increase capacity to 20,000 people.
- Thai Nguyen cify: 100,000 people.
- Song Cong town: installing a treatment plant for
Song Cong town for 10,000 people.

High capacity
- Bac Kan town: increase capacity to 30,000 people.
- Thai Nguyen city: increase capacity to 150,000 people.

Industry Current industries
+ projected

- Cunent factories: keeping current discharge.
- 14 future industrialzones.

Medium increase
for current

- Cunent factoies. increase 10o/o of the discharge in 2020
(in 2015: increasing 5o/o).
- 14 future industrialzones.

High increase for
current

- Current factoies: increase 20o/o of the discharge in 2020
(in 2015: increasing 10o/o).
- 14 future industrialzones.

Livestock
Medium

projection
Increase of future livestock calculated based on local
projections.

Agriculture
Medium

projection Increase of quantity of fertilizers for paddy fields.

Forest
Medium

projection
Projected forest planting.

Climate
change

Medium
projection Changes of future temperature and precipitation.





Appendix A6: Chapter 6

1. lmpacts of forest planting on water discharge

River reach at Thac Rieng station
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(Note: The blue and red lines 2009 and S12 2015 are overlaid by the green line for 512_2020 in the figure).

Figure A6.1. lmpact of forest planting on discharge in the river reach at Thac Rieng station: the changes in
discharge between Scenario Sl 2 in 2015, 512 in 2020 and 2009 (current state).
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(Nofe: The blue and red lines for 2009 and S12_2015 are overlaid by the green line for 512 2020 in the figure).

Figure A6.2. lmpact of forest planting on discharge in the river reach at Thac Buoi station: the changes in
discharge between Scenario S12 in 2015, S12 in 2020 and 2009 (current state).
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River reach at Gia Bay station
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Figure A6.3. lmpact of forest planting on discharge in the river reach at Gia Bay station: the changes in
discharge between Scenario S12 in 201 5, 512ln 2020 and 2009 (current state).

2. lmpacts of climate change on water discharge

River reach at Thac Buoi station
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Figure A6.4. lmpact of climate change on discharge in the river reach at Thac Buoi station: the changes in
discharge between Scenario 513 in 2015, 513 in 2020 and the currentstate in 2009.
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River reach at Gia Bay station
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Figure A6.5. lmpact of climate change on discharge in the river reach at Gia Bay station: the changes in
discharge between Scenario 513 in 2015, S13 in 2020 and 2009 (current state).

3. lmpacts of forest planting and climate change on water discharge

River reach at Thac Buoi station
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Figure A6.6. lmpact of both forest planting and climate change on discharge in the river reach at Thac Buoi
station: the changes in discharge between Scenario 514 in 2015, S14 in 2020 and the current state in 2009.
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River reach at Gia Bay station

(Nofe: The red line for 514 2015 is overlaid by the green line for 514 2020 in the figure).

Figure A6.7 lmpact of both forest planting and climate change on discharge in the river reach at Gia Bay
station: the changes in discharge between Scenario S14 in 2015, 514 in 2020 and the current state in 2009.

4- Probabilities of exceeding standard in the 3 river reaches along Gau River from

upstream to downstream

1.  BODs in  2015

a. QCW08:2008/BTNMT - Column A2 for the
purpose of water supply with treatment application

b. QCW08:2008/BTNMT - Column BI for the
purpose of irrigation and other pufposes

Figure A6.8: Probabilities of exceeding standard for BOD5 in 2015 in 3 river reaches from upstream to
downstream along Cau river.
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BOD6 prcbabllity of exceeding the standard QCVN08:2008 (A2)

along Cau Rivcr in 2020
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2. BODs in 2020

a. QCW08:2008/BTNMT - Column 42 for the
purpose of water supply with treatment application

a. QCW08:2008/BTNMT - Column A2 for the
purpose of water supply with treatment application

b. QCVN18:2008/BTNMT - Column Bl for the
purpose ofirrigation and other purposes

b. QCW08:2008/BTNMT - Column BI for the
purpose ofirrigation and other purposes

Figure A6.9: Probabilities of exceeding standard for BODs in 2020 in 3 river reaches from upstream to
downstream along Cau river.

3.  NHr*  in  2015
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Figure A6.10: Probabil it ies of exceeding standard for NHr'in 2015 in 3 river reaches from upstream to
downstream along Cau river.
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4. NH4+ in 2020

NH.' probabllity of exceeding the standard QCVN08:2008 (A2)
along Ceu Rlver in 2020
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APPENDIX2= QUESTIONNAIRE OF DEVELOPMENT SCENARIOS FOR
CAU RIVER BASIN IN BAC KAN PROVINCE

(For the workshop to take the ideas of stakeholders)

Questionnaire of development scenarios for Bac Kan province:

(1) Do you correct or supplement the information for 7 factors in the part of system

analyses?

Population:

Domestic wastewater:

Industry:

Livestock:

Agricultural land use:

Forest:

Climate change:

(2) ldeas about the parameters indicated in the matrix of combination of factors:

- Do you think the parameters of each factor given in the matrix are reasonable? (Yes/

No):

- lf No, please give your ideas:

- Which parameters have high capacity of happening in the future (please arrange in

priority order for the parameters of each factor in the following tables, there are 3 levels:

high priority, average priority, and low priority):
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+ For domestic wastewater:

Factor Priority Comments

Min

Average

Max

Parameters Priority Comments

Treatment system for 10.000
people in Bac Kan town.

Treatment system for 20.000
people in Bac Kan town.

Treatment system for 30.000
people in Bac Kan town.

Parameters Priority Comments

Keep the discharges of

current factories and take

Thanh Binh industrial zone

into account.

lncrease 10% of water

discharges from current

factories and take Thanh

Binh industrial zone into

account.

f ncrease 20o/o of water

discharges from current

factories and take Thanh

Binh industrial zone into

account.



- Do you have any idea else for these parameters?

(3). ldeas about scenarios:

- Do you think the way to create scenarios is reasonable? (Yes/ No):

- lf No, please give your ideas:

Please arrange in priority order for 14 scenarios in the following table (there are 3 levels:

high priority, average priority, and low priority):

- Do you have any idea else for these scenarios?

Scenarios Priority Comments

Sr

Sz

Sg

S+

Ss

So

Sz

Se

Sg

Sro

Sr r

Srz

Srs

Sr+
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APPENDIX 3: QUESTIONNAIRE OF DEVELOPMENT SCENARIOS FOR
CAU RIVER BASIN IN THAI NGUYEN PROVINCE

Questionnaire of development scenarios for Thai Nguyen province:

(1). Do you correct or supplement the information for 7 factors in the part of system

analyses?

- Population:
- Domestic wastewater:
- Industry:
- Livestock:
- Agricultural land use:
- Forest:
- Climate change:

(2). ldeas about the parameters indicated in the matrix of combination of factors:

- Do you think the parameters of each factor given in the matrix are reasonable? (Yes/

No):

- lf No, please give your ideas:

- Which parameters have high capacity of happening in the future (please arrange in

priority order for the parameters of each factor in the following tables, there are 3 levels:

high priority, average priority, and low priority):

+ For population:

Parameters Priority Comments

Min

Average

Max
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+ For domestic wastewater:

- Do you have any idea else for these parameters?

Parameters Priority Comments

Treatment system for

100.000 people in Thai

Nguyen City

Treatment system for

100.000 people in Thai

Nguyen City, and installation

of a treatment system for

10.000 people in Song Cong

town

Increase the capacity into

150.000 people for the

treatment system in Thai

Nguyen City

Parameters Priority Comments

Keep the discharges of

current factories and take 13

new industrial zones into

account.

lncrease 10% of water

discharges from current

factories and take 13 new

industrial zones into account.

lncrease 20% of water

discharges from current

factories and take 13 new

industrial zones into account.

1 9 8



(3). Ideas about scenarios (reference to the scenarios for Thai Nguyen in Appendix 2, page

PL-10) ;

- Do you think the way to create scenarios is reasonable? (Yes/ No):

- lf No, please give your ideas:

- Please arrange in priority order for 14 scenarios in the following table (there are 3 levels:

high priority, average priority, and low priority):

- Do you have any idea else for these scenarios?

Scenarios Priority Comments

Sr

Sz

Sr

Sn

Ss

So

Sz

Sa

Ss

Sro

Sr r

Srz

S r g

Sra
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APPENDIX 4: PICTURES OF THE WORKSHOP TO TAKE THE IDEAS
FROM STAKEHOLDERS

Workshop openning

Workshop participants



Workshop participants

Presentation of tlr, Nomessi Kokutse
(INRS) on the integrated management of Cau river watershed with a computer

system
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Presentation of tls. Pham Tti Thu Ha (PhD. stLtdent in INRS -ihe author of this
thesis report) on the development tcenarios for Cau Riwr basin in Bac Kan and

Thai Nguyen provinces based on GIBSI model of decisionnaking support

Prpesntation of Ms. Tran Thi Huong (Vice Drector, Thai tSuyen Sub0epartment
cf Environment Protection) on the current slate and future action plan of
environrnental mahagement for Cau Riwr basin in Thai Nguyen province
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Participants contributed their ideas in the workshop

Participants contributed with their ideas
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APPENDIX 5: PROJECTED AND OBSERVED TOTAL ANNUAL
RUNOFF IN 2OO9

Climate change (CC) was taken into consideration as one of the factors based on variations of

temperature AT and rainfall AP in the future (baseline: 1980-1999; Projection period: 2000-

2019). For hydrological simulations in the future, daily rainfall and temperature values were

calculated for the period 2010-2019 based on the general expressions: Tlutur" = Tref * AT and

Plurur, = Pref + AP; Where: T6un is the temperature for a day in the future, I,"r is the

temperature for a day in the reference year, AT is the corresponding increase of the

temperature, Ptutun is the rainfall in the future for a day in future, AP is the corresponding

increase of the rainfall. 1999 (the last year of the period of baseline) was considered as the

reference year and projected values of f and Pwere calculated for the period 2000-2019.

Observed data used for hydrological model calibration covered the period 1998-2009. The last

year of this period (2009) was considered as the reference for scenario building and analysis.

Uncertainties in climate change projections may conduct to a difference between the total run

off simulated with observed f and P in 2009 and total run off simulated with projected f and P in

2009. Results of the values of total monthly run off simulated are summarized in the following

table:

Month Run off with projected Run off with observed
values of T and P (m3) values of T and P (m3)

January
February
March
April
May
June
July
August
September
October
November
December
Total

5.20E+07
3.24E+07
2.88E+07

5.63E+07
1 .1 5E+08

2.31E+08

1.64E+08

4.03E+08

2.31E+08

9.47E+07
1 . 2 1 E + 0 8

5.26E+07
1.58E+09

4.91E+07

3.02E+07
2.96E+07
5.32E+07

5.16E+08
2.99E+08

3.1 3E+08
1.64E+08

2.58E+08
4.19E+07

2.23E+07

1.69E+07
1.79E+09
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The relative difference between both values of total annual run off with regard to the observed

values is found to be around 12%, which may conduct to underestimation of the observed total

run off in 2009.
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APPENDIX 6: SIMULATION RESULTS lN CONG RIVER

River reach at the supply water treatment plant in Song Cong town

(1) Discharge

In this river reach at the supply water treatment plant in Cong River, concerning the impact of

forest planting (scenario S12), there is nearly no changefordischarge. Discharge resulting from

the impact of climate change (scenario S13) pointed out negligible variations in the future

compared with the current state. The combination of the two factors in scenario 14 have minor

effects on the discharge.

(2) BOD5, NHr*, and SS

Generally, water quality in Cong River is better than in Cau river. Especially, water quality in this

river reach at supply water treatment plant is the best among five selected river reaches in Cau

river basin because this river reach is less impacted by the future social-economic activities than

other river reaches.

The simulation results of BODs and NHr* showed that only industry has the impact on water

quality in this river reach. BOD5 and NH+* concentrations trend to increase in the future

compared with the current state, but the increase can be considered as minor. The reason of

this little increase is because there are six new future industrial zones linked to Cong River

system, but only one industrialzone is located in the upstream of this river reach.

Beside the impact of industry, climate change also has a little effect on NHa* and SS

concentrations. Some high values of NHr* and SS concentrations are found to diminish in

scenarios 513 and 514 in both future years compared with the current situation.

River reach at Da Phuc Bridge

(1) Discharge

In this river reach at Da Phuc Bridge station in Cong River, concerning the impact of forest

planting (scenario S12), discharge also has nearly no change. Discharge resulting from the

impact of climate change (scenario 513) in 2015 and 2020 at this river reach also has found to

decrease a little compared with the current state.
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(2) BOD5, NHr*, and SS

This river reach at Da Phuc Bridge station locates in the downstream of Cong River. So it will be

affected by all of six new future industrial zones located in Cong River system (Phu Lac 2, Song

Cong 1, Song Cong 2, Van Thuong, Tay Pho Yen, Nam Pho Yen). The simulation results show

that BODs and NHq* concentrations impacted by industry in the future increase compared with

the current state.

The water quality in this river reach is also affeted by the installation of a domestic wastewater

treatment plant in Song Cong town. lt was found that BODs concentration in scenario 52 in 2015

and 2020 decreases compared with the current state. That means the installation of a domestic

wastewater treatment plant in Song Cong town has a positive effect on water quality in this river

reach. Like the river reach at Supply water treatment plant, climate change also has no effect on

NHa- and SS concentrations.

The other factors such as livestock, fertilizer, forest planting have negligible impacts on water

quality in this river reach. This may be because the increases of number of livestock and

fertilizer quantity according to the assumptions and local development projections for the future

may not have enough impact to make a significant increase on BODs and NH4* concentrations;

or may be due to most of the feces of livestock which are put down into the nearby fields are

used by plants, so that the excess of nitrogen and phosphorus going to the environment is not

much. Forest planting which can reduce erosion and runoff has negligible impacts on water

quali$ in this river reach in particular and in Cong River in general probably because only a part

of Cong River from Nui Coc Lake to the confluence of Cong and Cau Rivers is taken into

consideration in this research, but the projected forest is planted in three districts of Thai

Nguyen province: Dai Tu, Dinh Hoa, Vo Nhai where forest planting may not have effect on this

part of Cong River.
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