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Operational Manual
of
Calculation Program
for
Land-based Pollution Load in the Northwest Pacific

PREFACE

This program provides a system for modelling that assists to estimate the land-based
pollution load discharging into the Northwest Pacific from Japan, Korea, China, and Russia.
The program is one of the major components for the modelling of water quality of the sea

arca.

Water quality in the Northwest Pacific will be analyzed and projected by transferring the
results obtained by ocean water quality prediction simulation. The result of the analysis will
enable to project variation of the marine environment according to scenarios applied, and it
is expected to propose effective measures to improve marine environment in the Northwest

Pacific.

Overviews and operating method of the land-based pollution load calculation program are

provided in the Operational Manual.



1. Overview of the Program
In this program, current and future projection of the land-based pollution loads discharged

into the Northwest Pacific from Japan, China, Korea and Russia will be automatically

calculated by preparing the five basic data files; stepl to step5 shown in Figure 1.1.

The

calculation results will be automatically summarized into three tables (pollution loads per

ocean area, per pollution sources and per sub-block river catchments).

Time-series graphs

of discharged pollution loads can be obtained by using the graphing program.
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Figure 1.1 Overview of Land-based pollution load calculation program



2. Study area

The land-based pollution load calculation program was established for Northwest Pacific
(Japan Sea, East China Sea, Yellow Sea and Bohai Sea) waters around China, Korea, Japan
and Russia as shown in Figure 2.1. In Russia, three political regions; Primorskii Krai,
Sakhalin Oblast and Khabarovsk Krai are the part of the Northewest Pacific region.
However, only Primorskii Krai was included in the study area because the statistical data for
Sakhalin Oblast and Khabarovsk Krai were not obtained in this study.

The calculation will be done in a sub-block level as shown in Figure 2.2 to Figure 2.5.
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3. Structures and Items of Data Files

Five input data files need to be prepared before starting the calculation program. The

structure of the data files area is shown in following Table 3.1.

Table 3.1

Input data files of the calculation program

File Name

Sheet Name

Parameters included in each sheet

Statistical data

MuniFrame C,J, K or R

ProveFrame C,J,Kor R

Population, Flow of industrial effluent etc.

Unit Loading Factors

Unit Load C,J, K, or R

Generated unit load of domestic discharge, Removal ratio
in Sewage Treatment Plant etc.

Industrial C,J, K, or R

Water quality of industrial effluents etc.

Parameters

Parameters_ C, J, K, or R

Correction of unit load in block level

Future Projection

Total pop. (A)

Total number of future population

Urban pop. (B)

Municipal population number in the future

Industrial production (C)

Industrial production in the future

Industrial discharges (D)

Flow of industrial effluents in the future

Measures

Policy

Coverage ratio of sewage treatment facility in the future

Nonpoint

Progress of non-point pollution measurements

All items used in each data file are shown in Table 3.2 to Table 3.4. Mandatory field

data items required in the calculation are different among four counties depending on their

available statistical data.




Table 3.2 Code table (1/3)

Fil . .

( Shlef:tnr?;rrlrfe) Code Data Item Categories Unit
[1] Total person
2] Population Urban area person
[3] Rural area person
[4] Sewerage System %

Coverage ratio of domestic wastewater Domestic
[5] treatment in urban area Wastewater %
treatment tank
(6] Rural sewerage %
Coverage ratio of domestic wastewater treatment system
t in rural area Domestic
[7] treatmen Wastewater %
treatment tank
[8] Sewerage System| person
Domestic
[9] Sewered Population in urban area Wastewater person
Population and treatment tank
[10] | wastewater treatment Untreated person
Rural sewerage
[11] person
treatment system
Sewered Population in rural area Domestic
[12] P Wastewater person
treatment tank
[13] Untreated person
[14] Percentage of population served by Advanced Sew];:)arizsfi}?tem %
[15] wastewater treatment /Sewered polulation in Wastewater %
L urban area ’
Statistical treatment tank
Rural sewerage
data (el Percentage of population served by Advanced | treatment system %
wastewater treatment /Sewered polulation in Domestic
[17] rural area Wastewater %
treatment tank
[1 8] Total m3/yr_
Industrial discharges Connected to 5
[19] m’/yr.
Sewerage System
[20] Percentage of industrial discharges connected to Sewerage system| %
Industrial discharge curenc
[21] Industrial production . Y
unit
3
[22] Industrial discharges per industrial production m /currftanc
y uni
[23] Industrial discharges meeting Discharge Standard %
[24] Livestock 1 head
[25] Livestock 2 head
[26] . . Livestock 3 head
7] Livestock Livestock numbers Livestock 4 head
[28] Livestock 5 head
[29] Livestock 6 head
[30] Total area km®
[31] Forest km’
[32] Land use Land area Paddy field km®
[33] Dry field km’
[34] Urban area km’




Table 3.3 Code table (2/3)

File name

(Sheet name) Code Data Item Categories Unit
Served by
a t/yr./person,
sewerage system
Discharged load Domestic
b . wastewater | t/yr./person
(Conventional)
treatment tank
c Others t/yr./person,
(Vault toilet etc.) TP
, Served by o/
a Domestic Discharges sewerage system tyr./person
in Urban Area Discharged load Domestic
b' wastewater t/yr./person
(Advanced)
treatment tank
c' Others t/yr./person
(Vault toilet etc) | 7P
u Removal ration (Conventional) Wastwater %
treatment plant
u' Removal ration (Advanced) Wastwater %
treatment plant
Served by Rural
d sewerage t/yr./person
treatment system
Discharged load Domestic
e (Conventional) wastewater t/yr./person,
treatment tank
¢ Others .y
Domestic Discharges (Vault toilet etc.) t/yr./person
Unit Loading i in Rural Area Served by Rural
factors d sewerage t/yr./person,
: treatment svstem
(Unit loads) Discharged load Domestic
e (Advanced) wastewater t/yr./person,
treatment tank
f Others t/yr./person
(Vault toilet etc) | 7P
g Livestock 1 t/head/yr.
h Livestock 2 t/head/yr.
i . Livestock 3 t/head/yr.
i Discharged load Livestock 4 t/head/yr.
k Livestock 5 t/head/yr.
1 . . Livestock 6 t/head/yr.
g Livestock Discharges Livestock 1 t/head/yr.
h' Livestock 2 t/head/yr.
I . . Livestock 3 t/head/yr.
K Discharged load after conducting measures Livestock 4 Yhead/yr.
k' Livestock 5 t/head/yr.
I' Livestock 6 t/head/yr.
m Forest area t/kmz/yr.
Paddy field 2
t Discharged load acly e t/kmz/yr.
° Dry field t/km”/yr.
Urb ¥
D Nonpoint Discharges rban afea t/kmz/yrA
o' Forest area t/km”/yr.
' Paddy field 2
= Discharged load after conducting measures acly e t/kmq/yr.
o Dry field t/km’/yr.
o' Urban area t/kmz/yrA
Improperly
q Outside of sewered area treated industrial mg/L
Unit Loading ) (Discharged directory into environmental (]])';i:?;g::
Water quality of water) &
factors T L standard for mg/L
(Industrial) Industrial Discharges industrial effluents
S d
. ewered area me/L

(Discharged into sewerage)




Table 3.4 Code table (3/3)

File name

Code Data Item Categories Unit
(Sheet name)
A Discharged Loads from Urban Area -
B Discharged Loads from Rural Area -
C Livestock 1 -
D Livestock 2 -
E . . Livestock 3 -
Disch: L from Livestock -
F ischarged Loads from Livestoc Livestock 4 -
G S Livestock 5 -
H Calibration Livestock 6 -
I Forest -
Parameters J . . Paddy field -
K Discharged Loads from Nonpoint Sources Dry field -
L Urban area -
M Loss by River Withdrawal for Agricultural Used -
M =1-M -
N Reduction Rate Purification at Water Bodies -
i Mar. to May Spring -
ii . Jun. to Aug. Summer -
Allocation Rate
1il Sep. to Nov. Autumn -
iv Dec. to Feb. Winter -
Future Ac Country level person
(pTrsg;c g(()); Ap Projection of future population Province level person
(A)) Am Municipality levell person
F ‘}t“r? Be Country level -
projection Increase rate of urban population rate
(Urban pop. Bp Province level -
(B)) Bm Projection of future urban population rate Municipality levell -
Future Ce Country level -
projection Annual GDP growth rate
(Industrial Cp Province level -
production
(©)) Cm Industrial Production Municipality levell curregcy
unit
Future o . . . . m’/currenc
projection Dp Industrial discharges per industrial production Province level i«
uni
(Industrial Y
discharges Dm Industrial discharges Municipality levell ma/yr.
(D))
[4]tgoal Sewerage system %
Urban Area Domestic o
[5]tgoar | Coverage Ratio of Wastewater %
Domestic Wastewater| Rtreat]ment tank
[6]tgoar | Treatment in Goal ural sewerage %
v treatment system
car Rural Area Domestic
[7]tgoar Wastewater %
treatment tank
[14]tg0al Sewerage system %
Percentage of Urban Area Domestic
Meas'ures [15]tgoa | Population Served by Wastewater %
(Policy) Advanced treatment tank
[16]tg0a Wastewater Rural sewerage %
Treatment in Goal treatment system
reatme Rural Area Domestic
[17]tg0a year Wastewater %
treatment tank
[20]tg0n Percentage of Percentage of Industrial Dlsscharges Connected to Sewerage o
Industrial Discharges ystem
Treated Properly in Meeting discharge standard for industrial effluents discharged
[23]tg0al Goal Year di . . %
irectory into environmental water
I Livestock 1 %
J Livestock 2 %
K Percentages of Livestock Numbers Conducting|  Livestock 3 %
Measures L Measures against Livestock Discharges Livestock 4 %
(Nonpoint M Progress of Measures Livestock 5 %
" p_ N in Goal Year Livestock 6 %
pollution) [0} Forest %
P Percentages of Area Conducting Measures Paddy field %
Q against Nonpoint Pollutions Dry field %
R Urban area %
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a) Stepl: Statistical data sheet

Statistical data in a certain year (hereinafter called “Base year”) are to be filled in this
[Statistical data] file. The statistical data file consists of two sheets. One is [MuniFrame C,
J, K or R], which is for municipal data entry, and the other is [ProvFrame C, J, K or R],
which is for provincial data entry.

This statistical data will be the base data in both current status calculation and future
scenario analysis. Mandatory field data items are different from country to country

depending on their government’s statistical data types.

Procedure for [MuniFrame C, J, K or R] data sheet entry:

In this data sheet, municipal populations, coverage ratios of wastewater treatment
facilities, sewered populations, percentages of population served by advanced wastewater
treatment, amounts of industrial effluents and the number of livestock animals are to be
filled in.

1) Enter the statistical data year in a green colored cell.
2) Enter the statistical data in blue colored cells.
*Note: There is no necessity to enter the statistical data for any municipalities which you

need not to include in the calculation.
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Figure 3.1 Data entry screen of [MuniFrame_c] data sheet in the Statistical data
file (a case in China)
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Procedure for [ProvFrame C, J, K or R] data sheet entry:

In this data sheet, population and industrial wastewater flow in provincial levels are to be

filled in.

1) Enter the statistical data in blue colored cells.

*Notes: In Korea, it is not needed to handle the data sheet because the provincial data will

be automatically calculated based on previously entered municipal data.

A B ] D E E G H 1
CHINA
(DEnter provineial statistics in the blue cells below.
Municiplity | Population (pop.) [ Industral Industial | Industial | Indusuial
code B Total  ; Urbanarea | Ruralarea | discharges production : discharges per : discharges
17 21 Br [18] 22 o7 [201
Whale of China 1,282,132,400; 356.935.100; 723,187,300| 24,311,180,000 834,236,800 284
110000 Beijing 13.360,000; 12,840,000 2,520,000 128.130.000; 17,070,400 7351 99.43
120000 Tianjin 10.423,300: 7,830,600 700| 300.810.000: 18,850,400 13.96: 99.60
130000 Hebei 68440000 25800000 42.640000| 1245330,000 16,652,100 26,60 96.30
140000 Shard 33,518.500] 14,114,600 320,990,000 15.16: 8887
150000 Inner Mongolia 23.861,000; 11,262,000 249,670,000 16.89' 66.62
210000 Liaoning 42.200,000: 24,770,000 1,030,720,000: 30.11 95.09
220000 Jilin 27.150,000;  14.260,000 411,890,000 302 8123
230000 Heilongjiang 38.180.000; 20,273,600 451,580,000 16.75 9247
310000 Shanghai 17.780,000¢ 15,840,000 510,970,000 & 1237 97.05
320000 Jiangsu 74,680,000: 37,420,000 2,963,180,000: 93,346,900: 3174 9751
330000 Zhejiang 48940.000; 27.420,000 1,924.260,000: 63,493,400, 3031 96.65
340000 Anhui 61,140,000: 21.700,000: 35,440,000 634,870,000 18,184,500 3401 LI
350000 Fujian 353200000 16710000 18.610000| 1309390000 424300 1607 97.66
360000 Hangxi 13066400 15934600 27131800| 539,720,000 14,555,000 37.08 213
370000 Shandong 92,390,000; 41,580,000! 30,810,000 95,683,800 14.33 9823
410000 Henan 93,710,000: 28,720,000: 64,990,000 48,960,100: 252 0194
420000 Hubei 37.070,000; 24.650.000; 32,420,000 24,363,500 3794 87.53
430000 Hunan 632000000 233800000 39.820000| 1224400, 5501 89.74
440000 Guanedong 01850000 55730000 36.120000| 2.315.680,000 2200 8390
430000 Guangxi 46,550,000: 15,650,000 1,436,090,000: 2,648, 115.12 83.70
460000 Hainan 8,263,100 3,734,900 74,280,000 1,561,600 4757 93.62
300000 Chongging 27.970,000: 12,640,000 848.850.000: 10,233,500 8295 93.66
510000 Sichuan 82.080,000: 27.090.000 1,225 .900,000: 25.270.800: 4851 8826
520000 Guizhou 372500000 10,010,000 148,500,000 7.142.400 20.79 6770
330000 Yunnan 444244000 13,105.200 329,280,000 11,808,300 27.89; 80.96
540000 Tibet 2,760,000 740,000 9,910,000 174.800; 36.69 0.00
610000 Shaanxi 37.180,000; 13,840,000 23 000) 428,190,000 13,536,000 27.56; 973
620000 Gansu 25,917,200 7.780.300! 18,136,900 167.980.000: 6,838,000 2440 7323
630000 Qinghai 54250000 2120000 3206000 76,190,000 2,039,400 3736 4457
640000 Ningxia 53,950,000: 2,520,000 3,430,000 214,110,000 2,290,700 9347 67.76

Figure 3.2 Data entry screen of [ProvFrame_c]| data sheet in the Statistical data

file (a case in China)
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b) Step2: Unit Loading Factors

Unit loading factors and reduction rates of COD, T-N and T-P at wastewater treatment
facilities are to be set in this [Unit loading factors] file. This data file consists of two
sheets. One is [Unit Load C, J, K, or R], which is for uniform unit loading factors
throughout the country, and the other is [Industrial C, J, K, or R], which is for unit loading

factors related to industrial wastewater set in provincial or municipal level.

Procedure for [Unit Load C, J, K, or R] data sheet entry:

1) Enter the unit loading factors values in blue colored cells.
Remarks:

*Notesl:In this data sheet, unit loading factors related to non-point sources (ex. forest,
paddy field, dry filed, urban area etc.) are set in uniform values throughout the
country even they vary widely depending on different regions. Therefore, the
unit loading factors set in this data sheet are able to be calibrated in sub-block
level in the parameters file as will hereinafter be described in step 3.

*Notes2: In code: m’~p’, enter the unit loading factors expected to be discharged after
implementation of certain countermeasures against non-point pollutions (refer
to Figure 3.3). However, no need to enter code: m’~p’ if measures against
non-point source pollution are not planned in the scenario in the measures file

as will hereinafter be described in step 5.
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Figure 3.3

Description :

Notes : Enter water quality of industrial discharges (Blue cells)

Classification | | Unit | CODy, | TN | T-P Code
Domestic discharges (Urban area)
Served by sewerage system g/day/person 28 10 1
t/yr/person 0.0102 0.0037 0.0004
Generated load [Domestic wastewater treatment tank g/day/person 28 10 1
[1] t/yr/person 0.0102 0.0037 0.0004
Others (Vault toilet etc.) g/day/person 16.5 25 0.5
t/yr/person 0.006 0.0009 0.0002
Removal Ratio [Wastewater treatment plant % 80 30 60[u
(Conventional) [Domestic wastewater treatment tank % 80 42 38
Others %
Removal Ratio [Wastewater treatment plant % 90 75 85]u'
(Advanced) |Domestic wastewater treatment tank % 85 67 38
[21 Others %
Discharged Toad[Served by sewerage system t/yr/person 0.00204 0.00259 0.00016]a
(Conventional) | Domestic wastewater treatment tank t/yr/person 0.00204] 0.002146| 0.000248|b
[11*[2] Others (Vault toilet etc.) t/yr/person 0.006 0.0009 0.0002]c
Discharged Toad|Served by sewerage system t/yr/person 0.00102| 0.000925 0.00006]a’
(Advanced) |Domestic wastewater treatment tank t/yr/person 0.00153] 0.001221| 0.000248|b"
[17*#2]' Others (Vault toilet etc.) t/yr/person 0.006 0.0009 0.0002]¢
Domestic discharges (Rural area)
Served by Rural sewerage treatment system |g/day/person
t/yr/person
Generated load [ Domestic wastewater treatment tank g/day/person 20 8 0.8
[3] t/yr/person 0.0073]  0.00292|  0.00029
Others (Vault toilet etc.) g/day/person 12.5 2 0.4
t/yr/person 0.0045625 0.00073 0.00015
Removal Ratio [Served by Rural sewerage treatment system |%
(Conventional) [Domestic wastewater treatment tank % 80 42 38
[4] Others (Vault toilet etc.) %
Removal Ratio [Served by Rural sewerage treatment system |%
(Advanced) |Domestic wastewater treatment tank % 85 67 38
' Others (Vault toilet etc.) %
Discharged Toad|Served by Rural sewerage treatment system | t/yr/person d
(Conventional) | Domestic wastewater treatment tank t/yr/person 0.00146| 0.0016936| 0.0001798|e
[31*[4] Others (Vault toilet etc.) t/yr/person 0.0045625 0.00073 0.00015]f
Discharged Toad|Served by Rural sewerage treatment system | t/yr/person d'
(Advanced) |Domestic wastewater treatment tank t/yr/person 0.001095| 0.0009636| 0.0001798|¢'
[31*[4]' Others (Vault toilet etc.) t/yr/person 0.0045625 0.00073 0.00015]f
Livestock discharges
Large animals (Cattle, horse, etc.) /head/day 65.06 108.77 14.55
Swine /head/day 8.38 14.06 3.67]
Generated load [Sheep g/head/day 3.28 6.25 1.23
(5] | g/head/day
/head/day
/head/day
Large animals (Cattle, horse, etc.) % 29 42 13
Discharged rate [Swine % 3.8 6.0 3.7
(%) Sheep % 3.8 6.0 BN
[6] %
%
%
Discharged rate Large animals (Cattle, horse, etc.) %
©) ; ¥
in case Swine %
X Sheep %
conduction %
measurements A
(7] %
Large animals (Cattle, horse, etc.) t/head/year 0.000689| 0.001667| 0.000069|g
Swine t/head/year 0.000116| 0.000308 0.00005]h
Discharged load|Sheep t/head/year 0.000045| 0.000137| 0.000017]i
[51*6] t/head/year i
t/head/year k
t/head/year 1
Discharged load| Large animals (Cattle, horse, etc.) t/head/year g
in case Swine t/head/year h'
conduction Sheep t/head/year I
t/head/year i
measurements t/head/year k'
[51*[7] t/head/year I
Runoff from nonpoint sources
Forest area kg/ha/yr 20.7 42 0.17
t/km2/yr 2.07 0.42 0.017|m
Discharged load from paddy field kg/ha/yr 429 11 1.13
Discl dload t/km2/yr 4.29 1.1 0.113|n
ischarged load Discharged load from dry field kg/ha/yr 19.1 322 0.36
vkm2/yr 191 3.22 0.036| Unit loading factors after
Urban area kg/ha/yr SL1 12.1 081} implementation of measures
t/km2/yr . . .
T Tahayr against non-point pollution.
Discharged load| t/km2/yr \
dﬁer. Discharged load from paddy field kg/ha/yr ] .Z
conductiong t/km2/yr n
measurers | Discharged load from dry field kg/ha/yr
against nonpoinf] t/km2/yr o'
sources Urban area kg/ha/yr
t/km2/yr p'

Data entry screen of [Unit Load _c] data sheet in the Unit Loading

factors file (a case in China)
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Procedure for [Industrial C, J, K, or R] data sheet entry:

1) Enter the water quality of industrial effluents in blue colored cells.
*Notesl: In this data sheet, the water quality of industrial wastewater is set for three
cases; improper direct discharge into environmental waters, direct discharge
into environmental waters after proper treatment, and discharge into the

sewerage system.

¢ :|Water quality of industrila discharges

Description :

Notes : Enter water quality of industrial discharges (Blue cells)

[English] [Local language] L of your Water quality of industrila discharges (mg/L)
country] Out of sewered area (=Discharged dicectory into environmental water)
Municipality Improperly treated industrial Discharge standard for industrial Sewered area
code Province Mu.n}mp “ Lﬁﬁmu\ ATEK discharges (mg/L) effluents dl.scharged directory into =Discharged into swerage
alities X A, environmental water
cob [ TN [ TP COD T-N T-P cob [ TN [ TP
Code q r s
110000|Beijing Jextil dentii 200 26 3 66.7 25 0.3 200 26 3
120000| Tianjin Bl Kttt 200 26| 3 66.7 25 0.3 200 26 3
130000|Hebei bE| &y RO By 200 26, 3 66.7 25 0.3 200 26 3
140000/ Shanxi ISy IS 200 26 3 66.7 25 0.3 200 26 3
150000/ Inner Mongolia [CETEREES WE 200 26 3 66.7 25 0.3 200 26 3
210000 |Liaoning LT i 200 26 3 66.7 25 0.3 200 26 3
220000/ Jilin 3 & T 200 26 3 66.7 25 0.3 200 26 3
230000|Heilongjiang REIE 200 26 3 66.7 25 0.3 200 26 3
310000|Shanghai kil 200 26, 3 66.7 25 0.3 200 26 3
320000|Jiangsu TLERE 200 26 3 66.7 25 0.3 200 26 3
330000|Zhejiang 200 26 3 66.7 25 0.3 200 26 3
340000 Anhui 2R 200 26 3 66.7 25 0.3 200 26 3
350000/ Fujian Fags 200 26 3 66.7 25 0.3 200 26 3
360000/ Jiangxi BNES 200 26, 3 66.7 25 0.3 200 26 3
370000|Shandong IR 200 26 3 66.7 25 0.3 200 26 3
410000|Henan bopE 200 26 3 66.7 25 0.3 200 26 3
420000 |Hubei Wdes 200 26 3 66.7 25 0.3 200 26 3
430000 Hunan B 200 26 3 66.7 25 0.3 200 26 3
440000 Guangdong Xc) IRHE 200 26| 3 66.7 25 0.3 200 26 3
450000|Guangxi JUPRH I R X 200 26 3 66.7 25 0.3 200 26 3
460000|Hainan fis3eaEey 200 26 3 66.7 25 0.3 200 26 3
500000|Chonggqing ENI 200 26, 3 66.7 25 0.3 200 26 3
510000 |Sichuan RSy 200 26 3 66.7 25 0.3 200 26 3
520000|Guizhou FNE 200 26 3 66.7 25 0.3 200 26 3
530000|Yunnan e 200 26 3 66.7 25 0.3 200 26 3
540000 | Tibet T VA X 200 26 3 66.7 25 0.3 200 26 3
610000|Shaanxi Bt 200 26 3 66.7 25 0.3 200 26 3
620000|Gansu 200 26 3 66.7 25 0.3 200 26 3
630000|Qinghai 200 26 3 66.7 25 0.3 200 26 3
640000 Ningxia : X 200 26 3 66.7 25 0.3 200 26 3
650000| Xinjiang B F R Ef X HgEY A N E K 200 26 3 66.7 25 0.3 200 26 3

Figure 3.4 Data entry screen of [Industrial_c] data sheet in the Unit Loading factors
file (a case in China)
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c) Step3: Parameters
Unit loading factors regarding livestock discharges and non-point pollution sources such
as, forest, paddy field, etc. previously set in Step 2 will be calibrated in sub-block levels in
the [parameters] file. The sheet is only one named [Parameters C, J, K, or R] in the file.
1) Enter the data in blue colored cells.

*Notel: Code A (discharge rate of pollution loads from urban area) and Code B (discharge
rate of pollution loads from rural area) only for China are required to be filled.
This is because the rates of delivered loads reaching the coast seem to be greatly
varied by regions in China, where the target area is vast and the river withdrawal
for agricultural use is huge unlike in other three countries. “A” the urban area
includes pollution loads of domestic discharges from urban area and wastewater
treatment plant, industrial wastewater discharges, and nonpoint sources loads
from urban area. “B” the rural area includes domestic discharges from rural
area and domestic wastewater treatment tank, livestock discharges, and nonpoint
sources loads from paddy field, dry field and forest area.

*Note2: Code i~iv (refer to Figure 3.5); seasonal allocation ratio is the conversion rate of
pollution loads to four seasons (spring: Mar. to May, summer: Jun. to Aug.,
autumn: Sep. to Nov., and winter: Dec. to Feb.) from the annual average
discharge loads. Default values of the seasonal allocation ratios are calculated

based on seasonal precipitation / annual precipitation in year 2005.

DUYTI=E = FHuk ) s 0 HIE = BN g i
[ 3 - £
A B & D E gl 1l o P Q R B T U v W b
1 Table Type |Parameters
2 Country
El Description
4
5 Notes : Enter following parameters (Blue cells Code i~iv
6 Note [ ] . .
7 *1 inciudes domestic discharges frd nonpoint sources loads from uban area *|  seasonal allocation ratio
El *2 inciudes domestic discharges frdom paddy field. dry field and forest area.
El
Catibration Reduction .%Jlncfn:im rate

10 ] i ! ! rate (allocate annual poltution loads to four seaso
) Gt | Blecks River bl e Discharged loads from nonpoint sources TLoss byiver Pusification | Mar_to May | Jun to Aug, | Sep to Nov_| Dec to

body No. | watershed No. : Y £

y > withdrawal for atwater y

= Sheep Forest i Paddyfield| Dryfield | Utbanarea | o) O Fiii Spring Summer | Autamn | Winte
13 Code E 1 T 3 T M M N i i i i
14 Bl | LigoRiver | Directlnput | B1_DI 1 1 1 1 1 0.39 9 S —1 TIT
15 51 | LiteRiver B | BRI 1 1 1 1 1 0| 9 (%] 0612, 0112 0.046}
16 = | Liso River BIR2 | BIRD i 1 i 1 1 0.39] 9 023 0612 0112 0.046}
17 B3| Liao River | Direct Tnpui | B3 DI 1 1 1 1 1 0.39) 9 023 0612 0112 0.046}
18 B4 | HaiRiver | Direct Tnput | B4_ DI i 1 i 1 1 037 9 0,129 0743 ol 0.028
19 B5 | HaiRiver | Direct Tnpui | BS DI P i 1 i 1 037 9 0,129/ 0743 01 0.028
20 B6 | HaiRiver | Directinput |B6 DI| - M|J 1 i b1 1 037 9 0,129, 0743 01 0.028
2l | —— YelowRiver | BIKL [ B7KI | PG 1 1 U i 1 1 0.0333] 0.4396633 9 0193 032 0269 0.016}
22 YellowRiver | BJK2 | BIK2 | . 1 i 1 1 0.0434] 04357513 9 0193 0.32 0269 .04}
23 YellowRiver | BIK3 | BIK3 i 1 1 ir 1 0.0369( 0.476428 9 0103 032 0269 0.016}
24 57 | YellewRiver | BTK: | BTKS i 1 i i 1 0.0463[ 0.50517 9 0.182; 0443 0332 0.024)
25 YVellowRiver | BIK3 | BIKS 1 i 1 1 1 0.0726( 0.3206076 9 0.182] 0442 0332 0.024}
26 Yellow River | BIKS | BIKS i 1 i 1 1 02788[ 0.3711632 9 0193 0.32 0269 0.0}
27 YellowRiver | BIKJ | BIK] 1 i 1 i 1 0.1102{ 0.791744 9 0,008 0332 0324 0.026}
28 YellowRiver | BIKS | BIKS i 1 i 1 1 01102 03898 9 0.008 0532 0324 0.02¢}
29 B8 | Huai River | Direct Inpui | B§_DI i 1 1 1 1 041 0.9 9 0185 0518 0.188 0.109]
30 K1 Amur__| Dirsot Input | K1 DI 1 1 1 1 1 [ 1 [l %3] 0612 [XeH) 0.046}
3t K2 | Lino River | Direct Toput | K2 DI 1 1 1 1 1 039) 061 9 (151} 0612 0112 0.046}
32 K3 | Huai River | Direct Tnput | K3 DI 1 1 i 1 1 041 0.39 9 0.183 051§ 0.188 0.109}
33 K4 | Hoai River | Direct Topuf | K4 DI 1 1 1 1 1 041 039 9 0.183 0318 0.188 0.109}
34 | YellowSea HusiRiver | KSW1 | K3WL i 1 i 1 1 o 0.39 9 0,109, 0633 0238 0013
35 HuaiRiver | K3W2 | KIW2 1 i 1 1 1 0 039 9 0.100] 0638 0238 0.013
36 K5 | HuaiRiver | K3W3 | KIW3 i 1 i 1 1 [ 0.39 9 0.109; 0638 0238 0013
a7 HusiRiver | KSW4 | KIW4 1 1 1 1 1 0 039 9 0185 [T 158 21008

Figure 3.5 Data entry screen of Parameters file (a case in China)
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d) Step4: Future Projection

The [future projection] file consists of four data sheets; [Total pop. (A)], [City pop. (B)],
[Industrial production (C)] and [Industrial discharges (D)]. The sheet (A) is for data entry
for total future population, (B) for future population living in urban area, (C) for growth the
growth rate industrial production = GDP growth rate/future industrial productions and (D)
for industrial wastewater flow per industrial production or generated industrial wastewater
flow. Mandatory field data items in this data sheet are different among countries depending

on their available statistical data as shown in Appendix 1.

Procedure for [Total pop. (A)] data sheet entry:

1) Enter the base year (statistical data year entered at Step1) in a red colored cell.

2) Select the projected future population data level (Whole of country, Province or
Municipality) with a list box in a green colored cell.

3) Enter the projected future population in blue colored cells which will automatically be
colored depending on the data level selected at previous step (if you select “Whole of
country” filled out a Tablel, “Province” filled out a Table2 and “Municipality” filled out
a Table3 respectively).

A =] (] D E G G H if J K Jis
1 [IEEaMlFxojection of future population.
2
3 (11 |Enter the base year, end of calculation and intervals of futre projection data (select 1 or 3 ). {pink cell)
4 Base year 2003 year
= End of calculation 2030 year
5 Intervals of future projection data 5 year
i (2)|Select the data level (Green cell) :
g (2 |Enter total population (urban + rural) for future analysis in the tablel. table2 or table3. Please do not filled out more than one table
El Ex. |If you select [Whole of country] at step2, filled out Tablel
10 If you select [Province] at step2, filled out Tabled.
11 If vou select [Municipality] at step2, filled out Table3.
12
13 [ Guid of [ [ [ [ [
14
15 Tablel.  Population in China (Ac) Unit: pop.
16 YEAR 2010 2015 2020 2005 [ 2030 ]
17 Total population 1351512000 1386393.000 1421260000 1439.848000 1458421000
18
18
20 Table2.  Provincial Population (Ap) Unit: pop.
21 No Privince Name 2010 2015 2020 2023 2030
22 110000 [AEET Beiiing
23 120000(F % Tianjin
24 130000 AL Hebei
25 140000 |(L17% Shanxi
26 150000 (MR Tnner Mongolia
27 21000032 T Liaoning
28 220000 F#% Tilin
29 230000 AT Heilongjiang

Figure 3.6 Data entry screen of [Total pop. (A)] data sheet in the Future Projection
file (the case in China)
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Procedure for [Urban pop. (B)] data sheet entry:

1) Select interval year (1 or 5) of the future projection in a red colored cell.

2) Select the projected data level (Whole country, Province or Municipality) in a green

colored cell.

3) Enter the projected_increase-decrease rate of “Urban population / Total population”

relative to the base year in blue colored cells which will automatically colored

depending on the data level selected at previous step (if you select “country”, fill out

Tablel. The way, “Province”, fill out Table 2).

4) However, if you select [Municipality] at previous step, enter the rate of urban

population to total population in municipal level into the Table3.

Tntervals of future projection data

2r in provineial level in Table2(Yallow cells).

= vear were (%, the urban population rate in the futre will be [ (8) - 11 in Table 1 and Tabel2

ilation / Total polulation in bass year in ea # Increase rate of urban population / Total population in y=:

A B [ [ o T & [ F [T @& Ho I ||
1 Projection of futurs population in urban arsa
2
[ 3| @ |Enter intervals of futre projection data (sslect 1 or 5 ).
]
| 5|
| 5|
[ 7 |
ER
N
10| Attention:
[ 18 | [
Table 1. | Increase rate of urban population /total population catio against bass year (Be)
TEAR 2006 2007 2008
Tncrease rate against bass year T.02L 1045 1072
[ 20 |Table 2. | Increass rats of uban population /total population ratio against base vear (Bp)
i [Enslisn] [Losal lanzuas [Lanzeass of vour conatey] | 2006 7007 2008
veode | Provinee | Momicipaties | & ﬂg’n 1'?_.%; f‘:ﬁm
110000 Bejjing EFw
| 24 | 120000} Tiaajin Eip
| 25 | 130000:Hsbei DET
140000 :Shanxi LEE
[ 27|  150000iInner Monsolia FE——
[ 25 | 210000iLizoninz |} s
| 20| 220000:Jitin B
80|  230000:Hsilongjizng BEITY [ 1
310000} Shanghai Ligm
| 32 | 320000} Tianzsu P 3]
| 32 | 330000} Zhejiang W&
|38 | 340000} Achui FEE
5 | 350000:Fuian BRE
| 36 | 360000 Tianzxi IEE
| 57 | 370000}Shandonz £
| 38 | 410000:Hznan A
9| 420000;Fubei FEE
40 | 430000;Hunan Elt
(41 | zdon %t
| 42 | 450000} Guangxi F———
| 43|  460000:Hainan BEE
4| 500000:Chongqing BET
| 45 | 510000}Sichuan o &
| 46 | 520000} Guizhou Bk
| £7 |  330000: Yunnan EEL
8|  540000: Tibet 3oy FEBE
| 43 | 610000 Shaznxi B 5 &
| 50 | 620000}Gansu e
| 51| 630000} Qinghai *Ed
| 52 | 640000 Ningxia ENTESBE
3|  650000Xinjiang ——
4
| 66 |
56 |Table 3. Increase rate of urban population /total populati
U573 fomicipatic [Enzlish] ol bnzvaee] . TLane = 2006 2007 2008
1 4 » o]\ Total pop. (A}, Urban pop. (B) {Industrial production dizcharges (D] /

*DDA = Diract Discharged arsa, OSA = Outside the survey area

Figure 3.7 Data entry screen of [Urban pop. (B)] data sheet in the Future
Projection file (a case in China)
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Procedure for [Industrial production (C)] data sheet entry:

Projected future industrial productions are to be entered in this data sheet. However, if
you are going to enter the industrial wastewater data in municipal level in the next step in
[Industrial discharges (D)] data sheet (hereinafter be described in detail), DO NOT enter this
data sheet.

1) Select interval year (1 or 5) for the future projection in a red colored cell.

2) Select the projected data level (Whole country, Province or Municipality) in a green
colored cell.

3) Enter the projected_increase rate of industrial production (= GDP) in the blue colored
cells which will automatically be colored depending on the data level selected at
previous step (if you select “Whole country” fill out the Tablel. In the same way, for
“Province” fill out the Table2 and for “Municipality” fill out the Table3 respectively).

4) However, if you select [Municipality] at previous step, enter industrial production in

municipal level into the Table3.

=
c D E F G H 1 J K L ] N 8]

A B
1 [l Projection of industrial production I you conduct projection for future industrial discharges in municipal level, you need not to estimate industrial p ions here.
2
3 @ |Enter intervals of futre projection data (select L or 5). {pink cell) Base year 2005 year
3 End of calculation 2030 year
5 Intervals of future projection data 1 year
8 @)|Select the data level (Green cell)
7 @I you select [Whole of country] at stepl. enter GDP zrowth rate from the year before in whole of country (Orange cells) in Tablel
8 £ you select [Province] at stepl. enter GDP srowth rate from the year before in each province (Vellow cells) in Table2
] IF you select [Municipality] at step3, enter estimated industsial production in municipal level in Table3(Blue cells)
10 Attention: [Please do not filled out mere than one table
11 Ex Industsial production in year [21]t = Industrial production in year t-1 (1 + GDP growth rate)
12
13 [ I I
14
15 Tablel  GDP growth rate in whole of China (<)
16 YEAR 2005 2007 2008 2009 2010 2011 2012 2013 2018 2015 2016 2017
17 GDP growth rate per year 2008% 350% 5.30% 350% 5.50% 550% 5.50% 550% 350% 530% 350% 5.50
18
19
20 Table2 GDP srowth rate in each province (
21 | Ne Privince Name 2006 2007 2008 2009 2010 2011 201 2013 2018 2015 2016 2017
22 110000[4E= Befiing
23 120000/ 2 Tianjin
24 13000031 Hebei
25 140000 | L Shansi
26 150000|FIEEE Tnner Mongolia
27 210000[iZF Tiaoning,
23 200000/ F Jilin
25 230000EAIL Heilongjiang
30 310000 EiE Shanghai
31 320000117 Jiangsu
32 330000 3L Zhejiang
33 340000 EZ  Anhui
34 350000183 Fujian | _|
35 360000 [{LF Jiangsi
36 370000|(L1% Shandong
37 410000[FEF Henan
38 420000[3E Hubei
39 430000[#IE Hunan
A 440000 | F= 22 CanmmmAnm
W 4 » n Total pop (A} Gity pop. (B) | Irdustrial procluction (0) - Tndugtrial discharees (D) /70 S0 =
Jeuk [EEERTe)

Figure 3.8 Data entry screen of [Industrial production (C)] data sheet in the Future
Projection file (a case in China)
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Procedure for [Industrial discharges (D)] data sheet entry:

1) Select interval year (1 or 5) for the future projection at a red colored cell.

2) Select the projected data level (Whole country, Province, Municipality) at the green
colored cell.

3) Enter the projected “Average industrial discharge per Industrial production” into the
blue colored cells which will be automatically colored depending on the data level
selected at previous step (if you select “Whole country” fill out the Tablel. In the
same way, for “Province” fill out the Table2 and for “Municipality” fill out the Table3
respectively). However, if you select [Municipality] at previous step, enter industrial

discharges in a municipal level into the Table3.

A 2] g u £ I G H n G K L 10 N 5}
1 N 7 xoic ction of industial discharges
7
& @|Enterintervals of futre projection data (select 1 or ). (pinik cell) Base year 2005 year
3 End of caleulation 2030 year
5 Intervals of future projection data i year
8 @ Select the data level (Green cell) *
7 | you select [Province] at step2. enter Average inddustial discharge per Industrial production in each province in Tablel
8 If you select [Municipality] at step2, Indussial dischargesd (m3 vear) in each municipality in Table2.
9 Attention Please do not filled out more than one table
10
11 Ex Industrial discharges in year t= Industrial production in yeart (C)t * Industrial discharges / Industrial productions in yeart (D)t
12
13 [ 2 I I [0 I
14
15 Table! Tndustrial discharges / Industrial production (Dp) Unit: m3/ten thousand Yuan
16 No. Province Name 2006 2007 2008 2000 2010 2011 2012 2013 2014 2015 2016 2017
17 | 11000000000000[x L7 Seoul
16 | 26000000000000(2( 11 Busan
19 | 27000000000000(K55 Dasgu
20 =] Incheon
21 | 2900000000000 (FH] Gwangju
22 | 30000000000000{ 5 A Dasjeon
23 | 31000000000000[25 L1 Ulsan
24 | 4 e eongei d
25 | 42000000000000iT BB Gangwon-do
2 4 T8 Ct gna-d T
26 43000000000000(&FBAEE Jeollabuk-do
o 6000000000000 £FRTTE Jeollanam-do
30 47000000000000|BErtIEE
31 4500000000000 | EETHE yeongsang
a2 e Jeju-do
33
34
35 Tablel Industrial discharges (Dm) (Unit: m3/year)
z 5 River g
M 4 v W[ Total pop (A Gity pap (E!) Tretustrial production (]| Trdustrial discharges (0) #0200 o ——
T [Tem M Rl nan.

Figure 3.9 Data entry screen of [Industrial discharges (D)] data sheet in the Future
Projection file (a case in China)
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e) Step5: Measures

A scenario of future countermeasures against land-based pollution loads is set in this file.

This file consists of two data sheets [Policy] and [Nonpoint].

domestic wastewater treatments, percentages of population served by advanced wastewater

treatments and percentages of industrial wastewater flow treated properly in the target year

are to be entered in the [Policy] data sheet.

Future improvement of non-point source

pollution by some countermeasures is set in the [Nonpoint] data sheet.

Procedure for [Policy] data sheet entry:

Future coverage ratios of

1) Enter the target year (completion year of the measures) in a red colored cell.

2) Enter the coverage ratio of domestic wastewater treatment system, percentages of

population served by advanced wastewater treatments and percentages of industrial

wastewater treated in the goal year based in blue colored cells.

D

E

F

G

H

| Enter goal year of the provision (pink cells).

1

J

K

L

| Goat vear of the provision (teq)

I
2030j

3 The goal year here does not have to be equal to the end of calculation year
2 Enter "Coverage ratio of domestic wastewater treatment”, "Percentage of population served by Advanced wastewater treatment” and "Industrial

discharges treated properly” in goal year of the provisions (Blue cells).

4 EX. Coverage ratio of sewerage system urban area [4] = Population served by sewerage system / Population in urban area.
Percentage of population served by Advanced wastewater treatment = Population served by Advanced wastewater treatment / Sewered
5 population.
Percentage of industrial discharges connected to sewerage system = Industrial effluents discharged into sewerage system / Total amount of
i industrial discharges
Percentage of industrial discharges meeting discharge standard = Industrial discharges meeting discharge standard / Industrial effluents
7 discharged directory into environmental water
i Coverage ratio of Sewerage system in vear t [4]t = Coverage ratio in base year [4]ty = { ([4ltesa) - [41t0) / (tesas - to) % (t-t5) }
9
10
Co tio of domestic treatment in of ion served by Advanced Percentage of industrial discharges treated
11 final year (%) wastewater treatment in final year (%) property in final year (%)
12| \fusicipaticy Urban area Rural area Utban area Rurel area Meeting discharge
ode Province Name of municipatity Domestic ; Rural | Domestic Domestic | Ruml | Domestic |\ 000\ ool stendad forindustrial
Sewerage |Wastewater | sewerage |Wastewater| o Wastewater | sewerage | Wastewater cystem | cffluents discharged
system treatment { treatment : treatment = treatment | treatment @ treatment - directory into
13 tank system tank tank system tank environmental water
14 [4]tgea Dltgea [6ltgea: [Mtgear | [ [SMtgowr  [W6lMgom - [1Ttgen [E [E
15 100 0; 9| 100, 0; ] 0; 1000
16 100 0, 9| 100, i 0 0, 1000
17 100 0 9| 100, (i 0 0 1000
18 i 100 0 0 100 [ 0 0 1000
13 152106 FIET M BRI 100; o 0 100 [i 0 [} 100.0
20 152127 FIE2 TN it iETE 100 0 0f 100 0 0 0 1000
21 231101 FEET 2am 100 0 0 100 0 0 0 100.0
22 231121 FEET HiTe 100 0 0 100 [ 0 0 1000
23 152104 PIEVT N FREh 100; 0 0 100 o 0 o 100.0
24 654324 $78E TSEEE 100 0 9| 100, (i 0 0 1000
25 634321 i3 TELRE 100 0 0 100 [ 0 0 1000
26 i 100 i 9| 100! i i i 1000
27 HAE 100 o 0 100 o 0 0 100.0
28 o 100 0 0 100 [ 0 0 100.0
29 fListL) 100 0 0 100 [ 0 0 1000
30 152123 FIELT N BERZRETIRE AN 100 0 0 100 0 0 0 100.0
31 152131 EZAN BRECHTERE 100 0 9| 100! (i 0 0 1000
= - iane daw nt— - - - - - e
4 ¥ M| Policy .~ Nonpoint polidtion - ©2 1 m
Jvk SerallLock | EENE ]

Figure 3.10 Data entry screen of [Policy] data sheet in the Measure file (a case in

China)
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Procedure for [Nonpoint] data sheet entry:

1)

2)

Enter the base year of the calculation in a red colored cell. The target year will be
automatically filled in linked from [Policy] data sheet.

Enter the progress of the measures against the nonpoint pollution (= Discharged
nonpoint pollution loads in the target year / Discharged nonpoint pollution loads in the

base year) in blue colored cells.

D E F G H I J K b 1] M 6]
; ! Enter the reduction rate of nonpeint sources load by goal year compared to that in base yaer (Blue cells).
3 Description © EX Percentage of nonpoint pollution loads discharged in vear t compared to that in (Rf)
4 = {R/ (teo: - to) * (t-t0) }
=)
g [ Baseyear(y) 2009
7 | Goal vear (tzom) 2030 ]
=)
5
Percentages of area conducting Measures against nonpoint Percentages of conducting Measures

10 discharges from urban area in vear of Achievement against nonpoint pollutions

Coastal water - River Sub-blocks Large

Blocks No. = B
body watershed No. animals .
(Cattle, Swine Sheep Forest Paddy Dry field Urban
field area
horse,

11 etc)
12 I I K 'k M N o P Q R
13 Bl Liao River BL DI 0 0 0 0 0 0 0
14 B2 Liao River B2R1 0 0 0 0 i} 0 0
15 2 Liao River BXR2 0 0 0 0 0 0 0
16 B3 Liao River B3_DI 0 0 0 0 0 0 0
i B4 Hai River B4 DI 0 0 0 0 0 0 0
18 BS Hai River B3 DI 0 0 0 il 0 0 0
19 Bé Hai River Bé DI 0 0 0 0 0 1} 0
20 Bonai Sex Yellow River | BTK1 0 0 0 0 0 0 0
21 Yellow River BTK2 0 0 0 0 0 o 0
20 YellowRiver | BTK3 0 0 0 0 0 0 0|
23 B7 Tallow River BTK4 0 0 0 o 0 o 0
24 Yellow Rivar BTKS 0. 0 0 0 0 [} 0
25 Yellow River BTK6 0 0 0. 0 0 0 0
26 Yellow River | BTK7 0 0 0 0 [} 0 0|
HT Tallow River BTEKR 0 0 0; 0 0 o 0
28 B3 HuaiRiver [ BS§_DI [} 0 0 0 0 0 0

Figure 3.11 Data entry screen of [Nonpoint] data sheet in the Measure file (a case

in China)
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4. Formulas for Modelling
Previously mentioned data files are the input data of the calculation program. The
calculation formulas used in the program are built up based on the following step.
Land-based pollution loads in the base year are calculated by the calculation formulas
shown in the following a). While, in the future scenario analysis, future frames are firstly
calculated by the formula shown in the following b). Then the pollution loads in the future
are calculated by the calculation formulas shown in the following a). All the calculations

will be done automatically in the program.

a) Formula of Land-based Pollution Loads Calculation
Basic calculation formula is same among four countries (China, Korea, Japan and
Russia). The structure of the formula is “Statistical data x Progress of the measures x Unit

loading factors x Other parameters” as shown below. Refer to Table 4.1 for more details.

Statistical data *  Measures * Unit Loading factors * Parameters
(Populgtion, (Coverage ratio of (Discharged loads per (Calibration of unit load in
Industrial wastewater flow) sewerage system etc.) person, water quality of sub-block level etc.)

industrial wastewater etc.)

Table 4.1 Pollution-source-wise Calculation formula

Source of pollution loads Calculation Formula
Name of input data file: Statistical data Measures Unit load Parameters

Al-1 1 |Direct discharge [10] x ¢ x A x M' x (I-N)
Domestic discharg | 3 |Domestic wastwater tank (Conventional) [9] x_(100-[15))% x b x A x M' x (1-N)
in urban area 3' |Domestic wastwater tank (Advanced) [9] X [15]% x |'b X A x M' x (I-N)
Al-2 4 |Direct discharge [13] x | f x B x M' x (1-N)
Domestic discharg | 2 |Rural sewerage system (Conventional) [11]  x (100-[16])% x d X A x M' x (1I-N)
in rural area 5 |Domestic wastwater tank (Conventional) | [12] X (100-[17])% X e x B x M' x (1-N)
2' |Rural sewerage system (Advanced) [11] X [16]% x | d X A x M' x (1I-N)

5' |Domestic wastwater tank (Advanced) [12] x [17]% x e x B x M' x (I-N)

A2 Industrial effluenf 6 |Meeting discharge standard [18]-[19] x [23]1% X | r x A x M' x (1-N)
(out of sewerage system)| 7 |Not meeting discharge standard [18]-[19] x (100-[23])% x| q x A X M' x (1-N)
A3 8 |Livestockl (Without Measures) [24] x [ (100-D% x ' g x B x C x M x (I-N)
Livestock 9 |Livestock2 (Without Measures) [25] x (100-)% * h x B x D x M' x (I-N)
10 | Livestock3 (Without Measures) [26] x [(100-K)% x i x B x E x M' x (I-N)

11 |Livestock4 (Without Measures) [27] x (100-L)% x j x B x F x M x (I-N)

12 |Livestock5 (Without Measures) [28] x (100-M)% x |k x B x G x M' x (I-N)

13 | Livestock6 (Without Measures) [29] x [(100-N)% x 1 x B x H x M x (I-N)

8' |Livestock] (Taking Measures) [24] X 1% x | g x B x C x M' x (I-N)

9' |Livestock2 (Taking Measures) [25] x 1% x [ R x B x D x M x (I-N)

10'|Livestock3 (Taking Measures) [26] X K% x I x B x E x M x (I-N)

11'|Livestock4 (Taking Measures) [27] x L% x [ x B x F x M x (I-N)

12'|LivestockS (Taking Measures) [28] X M% x K x B x G x M x (I-N)

13'|Livestock6 (Taking Measures) [29] x N% x [ X B x Hx M x (I-N)

A4 14 |Domestic source (Conventional) [8] X (100-[14])% x| a X A x M' x (1-N)
Discharge from 15 |Industrial source (Conventional) [19]  x (100-[14])% x |8 X (100-w)% *x A x M' x (1-N)
sewerage treatment | 14'| Domestic source (Advanced) [8] X [14]% x | a X A x M' x (1-N)
plant 15'|Industrial source (Advanced) [19] X [14]1% X | 8§ X (100-uY% x A x M x (I-N)
Bl 16 |Without Measures [30] x (100-0)% x m x B x I x M x (I-N)
Forest 16'| Taking Measures [30] X 0% x m' x B x 1T x M x (I-N)
B2 17 |Without Measures [31] x (100-P)% x [n x B x J x M x (I-N)
Paddy area 17'| Taking Measures [31] x P% x ' x B x J x M x (I-N)
B3 18 |Without Measures [32] x (100-Q)% x o x B x K x M' x (I-N)
Dry ares 18'| Taking Measures [32] X Q% x 0 x B x K x M' x (I-N)
B4 19 |Without Measures [33] x [(100-R)% x  p x A x L x M x (I-N)
Urban area 19' | Taking Measures [33] X R% x | p x A x L x M x (1-N)
Remarks Excluding China: A=B=1

*Signs show the codes of Table 3.2 to Table 3.4.
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b) Calculation Formula for the Future Scenario Analysis

Future frames are calculated based on two input data files [Future Projection] and
[Measures] with the following Formula 1. Administrative unit of the future frame
projection in the [Future Projection] file is selectable either “Whole country”, “Province” or
“Municipality”. If you select “whole country” or “province” in the future projection, future
frames in municipal level will be calculated based on statistical data of the base year
([Statistical data] file) with the following Formula 2 to compute the land-based pollution
loads.

Calculation formulas of the municipal future frames are different among four countries as
shown in the following Table 4.2 to Table 4.5, since the available statistical data in
municipal level are different among the countries. Capital letter “C”, “P” or “M” in the
following Tables mean the administrative unit of the data. ”’C” means whole country, “P” is

for province and “M” is for municipality.

Calculation of Future Frame in Year t
Formulal: Municipality level
Statistical data in the [Future Projection] file * Percentage set in [Measures] file
(Population in year t etc.) (Coverage ratio of sewerage
system etc.)
Formula 2: Whole country or province level
Statistical data in the [Future Projection] * [Statistical Data_MuniFrame] / [Statistical Data ProveFrame]

Datalevel:  “C”or “P”inyeart, “M” in the base year, , “C” or “P” in the base year
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Table 4.2 Future Frames Calculation Formulas (China)

ty : Base year data C: Whole of country data : Statistical data file
t : (Base year + m) year data P: Provincial data : Future projection file
tgoal : Goal year data M: Municipal data : Measure file
m : (t—ty) / (tgoa -to)
Population (pop.) Total [11t = [1]t X (At = 1t or,= (A)t
M C,P C,P M
Urban area 21t = [2]t = [11t, X (B)t X [1]t or,= (B)t
M M C,P M M

Rural area Blt = [t - [
Coverage Ratio of | Sewerage System 41t = [4]t + m x ([4]tgoa — [4]t )
Sewerage treatment in M M M
urban area Domestic Wastewater [51t = [Slty + m % ([S]tgoa — [51t )
(%) treatment tank M M M
Coverage ratio of Rural sewerage treatment [6]
Sewerage treatment in |System
rural area (%) Domestic Wastewater 71t = [Tty + m x ([T]tgoal — [7t )

treatment tank M M M
Sewered Population in Sewerage System 81t = [2]t X [4]t
urban area

Domestic Wastewater 91t = 2]t x [5]t

treatment tank

Untreated [10]t = [2]t - [8]t - 9t
Sewered Population in |Rural sewerage treatment | [11]
rural area system

Domestic Wastewater [121t = [3]t x [Tt

treatment tank

Untreated 3re =" Bl - e
vl e L O
f;ae:ee‘fjf; e, | Domestic Wastewater 51t = 51 + m x (15T tgoat 51, )
urban area (%) treatment tank M M M
Percentage of population  |Rural sewerage treatment | [16]
served by Advanced system
gﬁ:{z‘:’:&e;;ﬁg?:::n rural Domestic Wastewater [171t = [17]t, + m x ([17]tgoal [17]ty )
area (%) treatment tank M M M
Industrial discharges T [18]1t = [21]t X (D)t or, = D)t

otal

(m3/yr.) M P M

Connected to Sewerage [19]1t = [18]t X [20]t

System
Percentage of industrial discharges connected to [20]t =  [20]t, + m x ( [20]tgoal [20]t, )
Sewerage system (%) M M M
Industrial production 211t = [21]t, x 1+ (O ) or,= (O)t
(ten thousand yuen) M C,P M
Industrial discharges per industrial production [22]t = (D)t
(m3/ten thousand Yuen) M
Industrial discharges meeting Discharge Standard |[23]t =  [23]ty + m x (([23]tgoal [23]t )
(%) M M M
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Table 4.3 Future Frames Calculation Formulas (Japan)

ty : Base year data

tgoal : Goal year data
m (titn) / (tqoal 'to)

C: Whole of country data
t : (Base year + m) year data P: Provincial data
M: Municipal data

: Statistical data file
: Future projection file

: Measure file

Population (pop.) Total [t = [t X (At = [1'lty or,= (A)t
M C,P CP M
21t = [2]ty =+ [11t X (1]t
Utb [
rban area - - M

Rural area Blt = [t - [
Coverage Ratio of 41t = [4lt + m % ([4]tgoa [41t, )

S Syst Y
Sewerage treatment in ewerage system M M M
urban area Domestic Wastewater [51t = [Slty + m % ([S]tgoal [51to )
(%) treatment tank M M M
Coverage ratio of Rural sewerage treatment [61t = [6]t + m % ([6]tgoal [6]ty )
Sewerage treatment in |system M M M
rural area (%) Domestic Wastewater 7M1t = [Tt + m % ([ T]tgoa [71to )

treatment tank M M M
Sewered Population in Sewerage System 8]t = [2]t X [4]t
urban area

Domestic Wastewater 91t = 2]t x [5]t

treatment tank

Untreated oyt = 2l - BBl - o
Sewered Population in |Rural sewerage treatment [[11]t =  [3]t x  [6]t
rural area system

Domestic Wastewater [121t = [3]t x [Tt

treatment tank

Untreated [13]t = [3]t - [117t - [12]t
Percentage of population 141t = [147t + m x ([[14]¢ [14]t, )
servted bi/ AtdvailcedI Sewerage System (14] M 0 M = M 0
‘wastewater treatmens B
/Sewered polulation in Domestic Wastewater [151t = [15]t + m % (([15]tgoal [15]ty )
urban area (%) treatment tank M M M
Percentage of population | Rural sewerage treatment  |[16] t =  [16]ty + m * ([16]tgoar [16]t0 )
servted b)[/ A:]Vﬂ:lcedt system M M M
‘wastewater treatmens A
/Sewered polulation in rural Domestic Wastewater [171t = [17]t, + m x ([17]tgoal [171ty )
area (%) treatment tank M M M
Industrial discharges Total [18]t =  [18]t,
(m3/yr.) M

Connected to Sewerage [19]t = [18]t X [20]t

System
Percentage of industrial discharges connected to [201t =  [20]t, + m % (([20]tgoal [20]t, )
Sewerage system (%) M M M
Industrial production [21]
Industrial discharges per industrial production [22]
Industrial discharges meeting Discharge Standard |[23]t =  [23]tp + m x (([23]tgoal [23]ty )
(%) M M M
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Table 4.4 Future Frames Calculation Formulas (Korea)

ty : Base year data C: Whole of country data : Statistical data file
t : (Base year + m) year data P: Provincial data : Future projection file
tgoar : Goal year data M: Municipal data : Measure file
m : (t—ty) / (tgoa -to)
Population (pop.) Total [11t = [1]t X (At = [1't or,= (A)t
M C,P C,P M
Urban area 21t = 2y + Oy % 1]t
M M M

Rural area Blt = [t - [
Coverage Ratio of | Sewerage System 41t = [4]t + m x ([4]tgoa — [4]t )
Sewerage treatment in M M M
urban area Domestic Wastewater [51t = [Slty + m % ([S]tgoa — [51t )
(%) treatment tank M M M
Coverage ratio of Rural sewerage treatment [6]
Sewerage treatment in |System
rural area (%) Domestic Wastewater 71t = [Tty + m x ([T]tgoal — [Tt )

treatment tank M M M
Sewered Population in Sewerage System 81t = [2]t X [4]t
urban area

Domestic Wastewater 91t = 2]t x [5]t

treatment tank

Untreated [10]t = [2]t - [8]t - 9t
Sewered Population in |Rural sewerage treatment | [11]
rural area system

Domestic Wastewater [121t = [3]t x [Tt

treatment tank

Untreated 3re =" Bl - e
el e L N O
f;ae:ee‘fjf; e, | Domestic Wastewater 51t = [51 + m x (D5)goar  — [151y )
urban area (%) treatment tank M M M
Percentage of population  |Rural sewerage treatment | [16]
served by Advanced system
gﬁ:{z‘:’:&e;;ﬁg?:::n rural Domestic Wastewater [171t = [17]t, + m x ([ 7tgear  — [171ty )
area(%) treatment tank M M M
Industrial discharges T [18]1t = [21]t X (D)t or, = D)t

otal

(m3/yr.) M P M

Connected to Sewerage [19]1t = [18]t X [20]t

System
Percentage of industrial discharges connected to [20]t =  [20]t, + m x ([20]tgar  — [20]to )
Sewerage system (%) M M M
Industrial production 211t = [21]t, x ( 1+ (O ) or,= (O)t
(million won) M C,P M
Industrial discharges per industrial production [22]t = (D)t
(m3/million won) M
Industrial discharges meeting Discharge Standard |[23]t =  [23]ty + m x ([23]tgoar  — [231to )
(%) M M M
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Table 4.5 Future Frames Calculation Formulas (Russia)

ty : Base year data
t : (Base year + m) year data P: Provincial data

C: Whole of country data

: Statistical data file
: Future projection file

tgoal : Goal year data M: Municipal data . Measure file
m : (t—ty) / (tgoa -to)
Population (pop.) Total [t = [1lty X (At = [1'lty or,= (A)t
M C,P CP M
Urban area 21t = [2]t =+ [t X[t
M M M

Rural area 31t = [t - 21t
Coverage Ratio of Sewerage System 41t = [4lt + m x ([4]tgoa — [41t )
Sewerage treatment in M M M
urban area Domestic Wastewater [51t = [Slty + m % ([S]tgoal — [5]t )
(%) treatment tank M M M
Coverage ratio of Rural sewerage treatment [6]
Sewerage treatment in |system
rural area (%) Domestic Wastewater 71t = [Tt + m % ([T]tgoal — [Tt )

treatment tank M M M
Sewered Population in |Sewerage System 81t = [2]t X [4]t
urban area

Domestic Wastewater 9]t = [2]t X [5]t

treatment tank

Untreated [10]t = [2]t - 8]t - [91t
Sewered Population in |Rural sewerage treatment | [11]
rural area system

Domestic Wastewater [12]t = [3]t x [Tt

treatment tank

Untreated [13]t = [3]t - [12]t
Percentage of population | Sewerage System [141t = [14]t, + m x ([14]tgea  — [141ty )
et esmen M M M
/S(;weredpolulation in Domestic Wastewater [151t = [15]t + m x ([15]tgoar  — [15]to )
urban area (%) treatment tank M M M
Percentage of population | Rural sewerage treatment | [16]
S sy
Sewered polulation in rural Domestic Wastewater [171t = [17]t + m x ([ Tltgear  — [171ty )
area (%) treatment tank M M M
Industrial discharges |Total [181t =  [18]t,
(m3/yr.) M

Connected to Sewerage [19]t = [1I8]t X [20]t

System
Percentage of industrial discharges connected to [201t =  [20]t, + m x ([20]tgar  — [20]ty )
Sewerage system (%) M M M
Industrial production [21]
Industrial discharges per industrial production [22]
Industrial discharges meeting Discharge Standard |[23]t =  [23]ty + m x ([23]tgoar  — [231to )
o) M M M
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5. Operation method for using Land-based Pollution Load
Calculation Program

The program file named (VBA) Calculation model.xls is used to estimate the amount of
land-based pollution loads discharged into the North East Pacific. The system of the
program is the Microsoft Office Excel. The program file consists of two data sheets as
shown in Table 5.1.

Table 5.1 Composition of the Calculation Program File

File Name Sheet Name Operation tems

Graphing the calculation results

XXX shows the version. Operation of Scenario setting

(VBA)Calculation model | Analysis Condition | ¥ Enter information of new scenario
Ver XXX xls v" Conduct calculation for the base year
v" Conduct future scenario analysis
v' View the results table
Note: v
v
v

Naming the new calculation range
(Only need to use if you delete or add the new
municipal in the base data files at stepl to 5)

Setting of Name

The followings are the user guide of this program.
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a) Architecture of the data sheet for the Analysis Condition

I.  Field of Scenario Setting and Execution of Analysis
Files and analytic period data for the analysis are shown in the green colored frame
(Left side).

II. Field of Registry of the Scenarios
Operation of entry, deletion and registry of the registered scenarios will be executed in
the purple colored frame (Right side) part in the right.

III. Field of Graph generation from the Analysis
Operation of making graph is presented in the part (Right side) .

AB C (0] E F G H 1 J KL (i) M o] AA L AB L AC £

1

2 S tting Start Calculation ode and Delete of Setting

3 Enter following rnes and other (Orange cell and Blue cells) i, Click a green button (Saves>=>)

4 Load a Scenario Setting, Click a blue button (<<<<Loa) 5 |c

5 Delete a Scenario Setting; 1 Load a intended scenario 2 o —

4 Status Of Scenario Number|  Existing | 2. Click a pink hutton (### Delete) = B 2%

7 1. Scenario Information 5 z § il

8 S.1D ltems Contents |/ elete = o g a

9 501 |Mumber (Strings) 52 e |aplEa

10 502 [Mame Scenario2 E ¥ Fg s
EREIEE]
2E|2 |58

11 503 |Description S Bl0 5

12 atin Gal | Got | [Gol

13 2. Data Files Mo Name Description order

14 2.1, Statistical data B BaseYear

15 F.ID ltermns (Country) Data Path 51 Scenariol

16 Fi1 |China Browse datasamnple\ChinaiStatistical data_C xls s1 Scenarinl’

17 F12 |Korea Browse datasampletoreatStatistical data K xls 52 Scenario2 1 1

18 F13 |Japan TR datasampletapantStatistical data_J xls| 52 Scenario2'

18 F14 |Russia TSR datasampletRussiatStatistical data_R. xls =3 Scenariod 1 2 2

20 53 /Ncenariod’ B

21 2.2 Unit Load

22 F.ID lermns (Country) Data Path

23 F21 |China e datasamnpletChinaiUnit Loading factors C xls

24 F22 |KKorea i datasampled<oreaiUnit Loading factars < xls

25 F23 |Japan Browse datasam%eUapan\Umt Lnadmgg factors_J uls Purple COlOU.red part Oragne CO10ured part

26 F24 |Russia Erowse datasampletRussia\Unit Loading facotrs_R xls . . . . .

7 i . Registration of the scenarios Graphing of calculation results.

28 2.3 Parameters

28 F.ID ltermns (Country) Data Path

30 F31 |China Browse datasample\China\Parameters C xls

il F32 |Korea D datasample\<orealParameters K xls

32 F33 |Japan Browse datasamplelJapaniParameters J. xls

ad F34 |Russia TSR datasampletRussia\Parameters R xls Green Coloured part |

o Scenario setting and running calculation.

36 After having saved a scenario setting,

av RIS on ==

Figure 5.1 Architecture of [Analysis Condition] data sheet
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b) New Entry of Scenairo Information
1) Enter the Number, Name and the explanation of the calculation in S01~S03 (refer
to Figure 5.2-1).
2) Click green [Save>>>>] bottom to save the data (refer to Figure 5.2-11).

3) Check the title of “Status of Scenario Number” changes to [Exiting] from [New]
(refer to Figure 5.2-111).

2 Scenario Setting Start Calculation Save, Lode and Delete of Setting
Z Enter following file names and other (Orange cell and Blue cells). Save a Scenario Setting;  Click a green button (Save>»>>).
| 4 | Lo Scenario Setting.  Click a blue button (<<<<Load).
| 5 | DeTT.Ja Scenano Setting, 1. Load a intended scenario.
| 6 | Status 'f'c"ualieher New 2 Click a pink button (### Delete)
7 1. Scenario Information
& | L/
9 S01 |Number (Strings}) B-1
E S02 |Name bcenario
| 11 | 503 |Description
12 List of Registered Scenario
| 2 | Scenano Setting Start Calculation . Save, Lode and Delete of Setting
| 3 | Enter following file names and other {Orange cell and Blue cells). Save a Scenario Setting.  Click a green button (Save>>>>).
4 Load a Scenario Setting:  Click a blue button (<<<<Load}).
I Delete a Scenario Setting; 1. Load a intended scenario.
| 6 | Status ifimilari*sr[ Existiné I 2 Click a pink button (###% Delete)
7 1. Scenano Information i
e B _tems T Gomemws ]~ M.
| 9 | 501 [Number (Strings) S E‘]
| 10 | 502 [Name Scenario1 L ] 4 ﬁ
34 R
|11 | 503 [Description § g Q
4o

Figure 5.2 Process screen of the Calculation Program file (1)
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¢) Conduct the Calculation in the Base Year

1) Specify the input data files; 2.1Statistical data (F11~F14), 2.2Unit Load (F21~F24)
and 2.3Parameters (F31~F34) with [Browse] button (refer to Figure 5.3-1).

2) Select the country you want to calculate with [Yes/No] button in the list box
(R11~R14) (refer to Figure 5.3-11).

3) Click blue [Calculation of Base Year]| button to start the calculation in the base
year. Then five results files; named “Name of calculation_country OSummary,
_1COD, 2TN, 3TP and 9Frame” are automatically created in the new folder
“Number of calculation Name of calculation” which is also created automatically
(refer to Figure 5.4). The details of the contents of the results files will be
described later in €) View the Results Table.

This calculation process 1) to 3) is recommended to repeat by changing the values

in the [Parameter] file to raise the precision of the calculation results.

13 2. Data Files

14 2.1. Statistical data (Frame seatt

15

16 F11 [China Browse SampleData'Frame101021_C.xs
17 F12 |Korea [

18 F13 [Japan Browse

19 F14 [Russia Browsa .

20 €1

21 2 2 Unit Load

22

23 F21 |China Brererss SampleDatailnit Load C.xls
24 F22 |Korea Browis

25 F23 |Japan Brererss

26 F24 |Russia [l

27

28 23 Parameter

28

30 F31 [China Browsa SampleDataiParameters C s
H | F32 |Korea Browse

32 F33 [Japan Brows

33 F34 [Russia Browse

34

35

36 eli'b"ll saved a scanano setling

37 R11 [China —a I I I
38 R12 [Korea

39 R13 |Japan Galculation resultSwikbe g3 3 b

40 R14 [Russia dreated sutomnatically in tha same place with this ﬁla

A1

Figure 5.3 Process Screen of the Calculation Program file (2)

£ z EESH " .

®) sconari3(Current)_China_0Summar..  2011/02/24 13:11 17 KB

] Scenari3({Current]_China_1000.xls 2011/02/24 13:11  Microsaft Office ... 60 KB
&) scenari3({Current)_China_2TH.xis 2011/02/24 13:11  Mic t Office ... 60 KB
&) scenani3{Current]_China_3TRxls 2 ch 60 KB
&) scenari3(Current)_China_SFramexls  2011/02/24 13:1 57 KB

AN = g e

Figure 5.4 List of Result Flles of the Calculatlon in the Base Year (sample)
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d) Conduct Future Scenario Analysis

1)

2)
3)

4)

S)

Specify the input data files; 2.4Future Projection (F41~F44) and 2.5Measures
(F51~F54) with [Browse] button (refer to Figure 5.5-1).

Select the country to analyze with [ Yes/No] button in the list box (R21~R24).
Enter start and target year of the future analysis (R25, R26).

Start year: Same as "Base year" of the files [Statistical data], [Future Projection]
and [Measures].

End year: Same as "End of calculation" of the [Future Projection] file and "Goal
year" of the [Measures] file.

Select the output interval with [5/1] button in the list box (R27).

When selecting with [1] button, select "Intervals of future projection data" with [1]
button and enter the data of all years in all sheets of the [Future Projection] file.
After that click green [Save>>>>] bottom to save the data (refer to Figure 5.2).
Click blue [Scenario Analysis] button to start the scenario analysis to estimate the

land-based pollution loads discharged in the future.

42 2.4 Future Projection

43 F.ID ltems (GotabRydm— Clata Path

44 F41 [China Browse datasample\China\Future projection_C.xls
45 F42 |Korea Browse datasample'\Korea\Future projection K xls
44 F43 |Japan Browse datasample\apan\Future projection_J.xls
47 F44 |Russia Browse datasample\Russia\Future projection_R xls
48

45 2.5. Measures 6 I

50 F.ID ltems (Qountry) Data Path

1 F51 |China Browse datasample\China\Measure\Scenario2_C xls
52 F52 |Karea Browse datasample\Korea\Measure\Scenario2_K.xls
53 F53 |Japan Browse datasamplelJapan\Measure\Scenario2 J.xls
54 F54 |Russia Browse datasample\Russia\Measure\Scenario2_R.xls
55

56

57 R.ID Items (Country) Unit o z I I LQ !,v

53 R21 |Run China - TES r haviflg saved

o8 R22 |Calculation|Korea - Yes a scenario setting.

G0 R23 Japan . Yes . _ z V
&1 R24 Russia - Yes A lml
62 R25 [Duration |Star Year | 2005 4| ysis | §b3
63 R26 End Year 2030 Calculation 7e Wit e Saved in a
G4 R27 |Output Interval Year 5 new folder, which is created

65 R28 |Rounding Digit {Fixed) - Free  Jautomatically in the same place with
66 this file.

Figure 5.5 Process Screen of the Calculation Program file (3)
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e) View the Results Table

Five files of the result; named “Name of calculation country OSummary, 1COD, 2TN,
~3TP and O9Frame” will be automatically created in the new folder “Number of
calculation Name of calculation” which is also created automatically after completion of the

calculation (refer to Figure 5.6).

Zm ) ~ BHEW a5 $4%
&) scenariol_China_0Summary.xls 2011/01/31 18:43  Microsoft Office ... 20 KB
@ﬂ Scenariol_China_1C0D.xls 2011/01/31 18:43  Microsoft Office .. 261 KB
Scenariol_China_2TN.xls 2011/01/31 18:43  Microsoft Office ... 264 KB
Scenariol_China_3TPxls 2011/01/31 18:44  Microsoft Office ... 265 KB
2] Scenariol_China_9Frame.xls 2011/01/31 18:44  Microsoft Office ... 250 KB
@ Scenariol_Japan_0Summary.xls 2011/01/31 19:17  Microsoft Office ... 21 KB
& Scenariol_Japan_1COD.xls 2011/01/31 19:15  Microsoft Office ... 244 KB
-] inl Janan TR wle 013/00 723 In1E i fatast A4 v

Figure 5.6 Inside the result folder created in the Calculation Program

Followings show a part of the contents of results tables (a case in China)

(1)Filel: Name of calculation_country OSummary
Estimated pollution loads discharged into Bohai Sea, Yellow Sea, East China Sea and

Japan Sea are summarized as shown in following Figure 5.7.

Ef Fr-nE) MRE ERNY) AAD BND YWD TSR Sorbol] s
" I TR I e W N N N |

Al - & Table Type

A B ¢ [ o | e | £ | @& H | P
1 Table Type || Summary
2 Scenasio | Scenaniol
3 Counitry -
| 4 |
£ [Tibde 1. CODae
6 Vear wes | o ETE P 2030
| 7 | Polumon |BohaiSea TI%,548 §78.554]  1030d3)  Loes0a0| L1302 162471
| 8 | feadiel |VeBowSea TalAM B3 588 581,084 I.ﬂ:l!i'jl}ll LHES4E| 1AM IM
9 | mdnidusl [FastChinaSes Aot sasaes]  saanse]  seisams|  srenTm|  sensaT
10 | waterbody | Japan Sea
L1t Demettic discharpes Urbangres | T05403] S30312]  S85BMS|  LO4TMS]  LOGESIS| 1150560
112 | Poluten | (oee-sewersgs) Pumlarea |  1LY6SI4)  2400427(  25B608T[ D ] 2741 LA, 7
1 loads of  |Industnal dscharges 1.152,501 1,244,418 1,347,873 1. 440,281 LAEaAR 1438581
| 14 | meividual [Livestock &schasges 13,066 15,066 35,065 3,066 35,048 33,066
15 |  sowmee  |Wastewaber treatment plant 17008 AN 35280 347 T
16 Nonpoint sources Liaponl  nizisoe]  2xasoo|  nimson|  2izaseo]  radason|
17 |Zub total poliusion loads SR AT T T T R
18
| 10 | Table 2. Toial Nitrezen
20 Year | 204 | a0 | a5 | w0 | x5 | Nnw |

Figure 5.7 Screen of a result file named “Name of calculation_country_ OSummary”
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(2) File2: Name of calculation_ country 02COD
Estimated CODy, loads depend on different pollution sources are summarized in

sub-block level as shown in following Figure 5.8.

A Pl s o
190 :‘::‘r Biocks o | Biverwaiembed | P00 | @ | Dompsic Sacharges inemarwersgs) | Dndursia
11 Uban area | lmh-ul sa\m-l g
12 ALL AL3
13 n u i
14 [ H
15 w E 12328
16 [ R
17 i1} 82|
18 il [ 1108
B [ 124811
B [ 12,305
: 13,52

o Sea

4334 4] 108
el w3 1001
Bl msn|  ee

U—“' ‘99'

8

T|TE

§
¥

 EbleleleleleleleleielebiRhkRRERE

Flgure 5.8 Screen of a result f|Ie named “Name of calculatlon

country_OSummary”
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f) Graphing the Results

This program generates following three graphs automatically (refer to Figure5.9).

. 5,000,000 Graph 1
°©
[Graph1] Bar graph of each ocean area of each country S sommp |
. . . . é T 3000000
[Graph2] Comparison of selected different scenarios with | -
the time series graph of total pollution loads T mal
H
[Graph3] Comparison of selected different scenarios with vear Bohaisea | Yelowsen | 5L | jopan o
the bar graph shows pollution sources 8 Russia s
@ Japan 111,879 602,047
0O Korea 506,981 93,596 180,318
@ China 760,771 715,990 3,936,638
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Figure 5.9 Graphing of Calculation Results (sample)

The procedures to create graphs are shown below:

» Graphl

1) Select a scenario for drawing a graph with [1] button in the list box [0/1] (refer to

Figure 5.10-1). Do not select more than one scenario in this step since function of

Graph 1 is limited for one calculation.

2) Press [Go] button in the left shown in the Figure 5.10-11 to draw graphl.

» Graph2

1) Select several scenarios to compare the results in the graph 2 by entering an
The

selected scenarios must have the same calculation start/target year and intervals (1

integer number 1, 2.... in blue colored cells shown in the Figure 5.10-111.

or 5) to create a time series graph.

2) Press [Go] button in the middle shown in the Figure 5.10-11 to draw graph2.

» Graph3

1) Select several scenarios to compare the results in the graph 3 by entering an

integer number 1, 2.... in blue colored cells shown in the Figure 5.10-1V.

2) Press [Go] button in the right shown in the Figure 5.10-11 to draw graph3.
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- Save, Lode and Delete of Setting

Save a Scenario Setting;
Load a Scenario Setting;
Delete a Scenario Setting;

Click a green button (Save>>>>).
Click a blue button (<<<<Load).

1. Load a intended scenario.

2. Click a pink button (#### Delete).

S1
St
S2
S2'

S3'

No.

g #4444 Delete |

U

%Eé 1N

ered
Name
Scenariol
Scenariol'
Scenario2
Scenario2'
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Description

Graphs

dach water body

dach country

$cenario comparison by
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Figure 5.10 Screen of graphing procedures

Created graphs will be saved in the Graph folder.
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g) Operation of Scenario Setting
The scenario setting will be executed in connection with the part of scenario information
of “Scenario setting and start calculation” part. Once a scenario is registered, the

registered scenario will be displayed in the “List of Registered Scenario” as shown below:

AR G D E F G H I J KoL ] M ] Ab AR AC £

1

2 ng and Start Calculation

3 Enter follot s and other (Orange cell and Blue cells) R Click a green button (Save=>>3>)

4 Load a Scenario Setting; Click a blue button (<<<<Load) § c

5 Delete a Scenario Setting; 1. Load a intended scenario 2 o —

4 Status Of Scenario Number|  Existing | 2. Click a pink hutton (### Delete) = B 2%

7 1. Scenario Information z § = =

8 S0 ltems Contents L~ = |2 § e

E] 501 |Mumber (Strings) 52 enEsm

10 502 |Marne Scenario2 = 55
3 =
1

" 503 |Description /\ &

12 / \ ]

13 =

14 8 8 ] BaseYear

T Scenario Information I—ta e = E

16 Fi1 |China Browse datasamnple\ChinaiStatistical data_C xls s1 Scenarinl’

17 F12 |Korea Browse datazample\KoreatStatistical data_K xls 52 Scenario2 1 1

18 F13 |Japan Browse | o L Scenario?’

19 Fi4 [Russia Brcwse | List of Restrered Scenario J—I? Seenariod T2z

20 —— . 53 Scenariod B

Figure 5.11 Operation screen of scenaio setting

(1) Registration of Scenario

Registration of a scenario will be conducted to save the scenario condition which was set

in the “Scenario Setting and Start Calculation” part. When the condition status is ready

for registration, the green colored [Save>>>>] button becomes effective.

Once the

scenario is registered by [Save>>>>] button, No., name and description of the scenario will

be added in the List of Registered Scenario.

Registration Display of [Status of Scenario Number] in the top Effective button in the
Category of “Scenario Setting and Start Calculation” part “Registration of Scenario” part
Registration of new | New Save
scenario
Overwrite of existing | Existing(Modified) Save, Load

scenario

Scenatio Setting

Start Calculation

Save, Lode and Delete of Setting

Enter following file names and other

[Orange cell and Blue cells)

Registrationof a
15 new scenario

Status Of Scenario Numher

Save a Scenario Setting;
Load a Scenario Setting;
Delete a Scenario Setting;

Click a green button (Saves =53]
Click a blue button (=<<<Load).

1. Load a intended scenario

2. Click a pink button (#4## Delete)

Cantents 1/
301 |Mumnber [Strings) [B1
502 |Marne Scenariod
503 [Description

Scenatio Setting

Enter following file names and other

Start Calculation
[Orange cell and Blue cells).

Overwrite of

; L existing scenario

Status Of Scenario Nurmber|  Existing(Modified

¢ Lode and Delet

Save a Scenario Setting;
Load a Scenario Setting;
Delete a Scenario Setting;

Click a green button (Saves»==).
Click a blue button (=<<=Load).

1. Load a intended scenatio

2. Click a pink button (#### Delete).

=lannnal daliverad lnad of parh

50

ltems Contents -
S01 [Murnber (Strings) B
502 |Marme Scenariod
503 |Description

&

List of Registered Scenario

r S
4 R

=B=]

Figure 5.12 Status of scenario number and effective button in each registration

category

38



(2) Reload of Existing Scenario

1) Enter the scenario number in the

cell in

1. Scenario Information in

“Scenario Setting and Star Calculation” part to reload existing scenario.

2) Press [<<<<Load] button.

C ny and Stz
ng file names and other (Orange cell and Blue cells

).

= Calculation
Enter fallowi

Status Of Scenario Mumber|  Existing{Modified
1. Scenario Information

51D

Lode and Delet
Load a Scenario Setting;
Delete a Scenario Setting;

2. Data Files

Save a Scenario Setting

Click a green button (Saves>=>).
Click a blue button (<<<<Load).
1. Load a intended scenario

2. Click a pink button (##5 Delete).
[P r— o L —H———— .
501 | Murnber (Strings) B | | <<<< Load 1| T
502 [Name [ScenatioZ L 2 h
503 |Description

2.1, Statistical data

Figure 5.13 Operaion Screen of Reload of exisnting scenario

(3) Delete of Registered Scenario
1) Reload the scenario to be delete.
2) Press [#### Delete] button.

S etting Start Calculation
Enter following file names and other (Orange cell and Blue cells).

Status Of Scenario Number
1. Scenario Inforration

List of Registered Scenario
Mo Narne

BaseYear

Load a Scenario Setting;
Delete a Scenario Setting;

28 S

& 8

Description

Click a green button (Saves»==).
Click a blue button (<<<<Load).
1. Load a intended scenario

S1D ltems Contents -
S01 [Murber (Strings) 32
502 |Marme Scenariod

2. Click a pink button (##5 Delete).

503 |Description

2. Data Files

21 Statiatical data

Figure 5.14 Operation Screen of Deleti

RazeVaar

The scenario will be deleted from the List of Registered Scenario.
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h) Naming Calculation Range

In this program, serial numbers (names) are set to the target (the North East Pacific
regions) province and municipality of the four countries based on the status of 2005. The
calculation range in the program is set by this naming system. Renaming will be required

when the number of target municipalities is changed as shown below:

1) Display [SettingOfNames] sheet of the program file.

2) Enter the new number of target municipalities in green colored cells shown in
Figure 5.15-1.

3) Select the country (China/Korea/Japan/Russia) for change in the list box shown in
Figure 5.15-11.

4) Press [Setting of “Name” on the Data Sheet] button shown in the Figure 5.15-111.
Then a dialog box comes up asking “You are going to set the data sheet of
[selected country]. Are you all right?”. Then press [Yes] and select the input
data files; Statistical data, Future Projection, Parameter, Unit Loading factors and

Measure to rename the calculation range of them.

The number of the objects
Province |Municipality| Subblock

Country | Initial (Fix) iability) ix)
China 31 2,487 4

C
Korea K 16 167 18 r ~
Japan J 47 557 31 Microsoft Excal
Russia R 1 17 17
An object country ; 6 I I You are going to set the data sheet of [Japan].
(drop down lists) Are you all right?

A\
6 III ‘ ......... . ;m(i) ......... | PR ‘

Setting of “Name”
on the Data Sheet

Figure 5.15 Screen of Renamimg Calculation Range to change the number of

municipalities
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6. Sample Data Files

In this program, the sample data files (the files [Statistical data], [Unit Loading Factors],
[Parameters], [Future Projection] and [Measures] of each country) to estimate the land-based
pollution load discharging into the Northwest Pacific from Japan, Korea, China, and Russia
are provided as adjunct data in the [data sample] folder. The base year, the goal year and
the interval year of these data are shown below:

* Base year: 2005
* Goal year: 2030
* Interval year: 5
Scenariol, Scenariol', Scenario2, Scenario2', Scenario3 and Scenario3' are provided for

future scenario analysis. The contents of each scenario in 2030 are shown below:

Country | Area Items Scenariol | Scenariol' | Scenario2 | Scenario2' | Scenario3 | Scenario3'
coverage ratios of domestic 63% 63% 100% 100% 100% 100%
Urban | wastewater treatments
areas |percentages of population served by 0% 100% 0% 100% 0% 100%
China advanced wgstewater treaFments
coverage ratios of domestic 0% 0% 0% 0% 100% 100%
Rural |wastewater treatments
areas |percentages of population served by 0% 0% 0% 0% 0% 100%
advanced wastewater treatments
coverage ratios of domestic 81% 81% 100% 100% 100% 100%
Urban | wastewater treatments
areas |percentages of population served by 0% 100% 0% 100% 0% 100%
Japan advanced qutewater treat.ments
coverage ratios of domestic 61% 61% 61% 61% 100% 100%
Rural |wastewater treatments
areas |percentages of population served by 0% 0% 0% 0% 0% 100%
advanced wastewater treatments
coverage ratios of domestic 95% 95% 100% 100% 100% 100%
Urban |wastewater treatments
areas |percentages of population served by 0% 100% 0% 100% 0% 100%
Korea advanced wgstewater treat.ments
coverage ratios of domestic 0% 0% 0% 0% 100% 100%
Rural |wastewater treatments
areas |percentages of population served by 0% 0% 0% 0% 0% 100%
advanced wastewater treatments
coverage ratios of domestic 15% 15% 100% 100% 100% 100%
Urban | wastewater treatments
areas |percentages of population served by 0% 100% 0% 100% 0% 100%
Russia advanced wgstewater treaFments
coverage ratios of domestic 15% 15% 15% 15% 100% 100%
Rural |wastewater treatments
areas |percentages of population served by 0% 0% 0% 0% 0% 100%
advanced wastewater treatments

Percentages of population served by advanced wastewater treatments: The rate of the population served by advanced wastewater
treatments to the population served by sewerage system and domestic wasterwater treatment tank
Subject to percentages of population served by advanced wastewater treatments in urban areas: The population served by sewerage system
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Appendix 1 Reference materials about pollution load calculation program

(1) Statistical data items need to be entered in the input data files of the

program
B Stepl [Statistical data] file
Table 1 Data items in the [MuniFrame] sheet (municipal data)
Categories Items China | Korea | Japan |Russia
Population |Total population o o o
Urban population [ [ [
Coverage ratio |Sewerage system in urban area o [ )
of conventional |Domestic wastewater treatment tank in urban area o o
treatment Rural sewerage treatment system in rural area
svstem Domestic wastewater treatment tank in rural area [ ) [ )
Sewered Sewerage system in urban area o [
poplation  |Domestic wastewater treatment tank in urban area o o
Untreated in urban area [ )
Rural sewerage treatment system in rural area o
Domestic wastewater treatment tank in rural area [ [ )
Untreated in rural area [ )
Coverage ratio |Sewerage system in urban area ([ [ [ ) [
of advanced |Domestic wastewater treatment tank in urban area o o [ ) ()
treatment Rural sewerage treatment system in rural area (
svstem Domestic wastewater treatment tank in rural area [ ] [ ] [ ] o
Industrial  |Industrial discharges o [ J
discharges |Industrial production (] o o
Industrial discharges per industrial production o
Percentage of industrial discharges connected to sewerage system o [ J o [ J
Industrial discharges meeting discharge standard, which is
) . : . [ [
directory discharged in environmental waters
Number of |Large domestic animal o [ ]
livestock  [Daily cattle )
Cattle o o [ J
Horse o
Swine o o o [ J
Sheep, Deer [ ) [ ) [ )
Poultry [ ]
Sources:

China Population Data: Website of National Bureau of Statistics of China

Korea Sewage Treatment Data: Statistical sewerage data provided by Ministry of Environment in Korea

Japna Sewage Treatment Data: Public Enterprise yearbook published by Ministry of Internal Affairs and Communications of Japan,

sewerage statistics published by Japan sewerage works association, Year book of Public Utility

published by Ministry of Internal Affairs and Communications, Data of Ministry of Environment

Russia Population Data: Statistical database system provided by Russian Federation, Year book of Primorskii Krai
China Industrial Discharges: Website of National Bureau of Statistics of China

Korea Industrial Discharges: Mining and manufacture survey published by Statistical Information Service of Korea, Generation and

treatment of industrial wastewater issued by Ministry of Environment

Japan Industrial Discharges: Production survey (2005) published by Ministry of Economy, Trade and Industry of Japan

Russia Industrial Dischargese: Statistical database system provided by Russian Federation

China Livestock Data: Agricultural Yearbook in China

Korea Livestock Data: Statistical Report on treatment of livestock effluents published by Ministry of Environment in Korea

Japan Livestock Data: Preliminary Statistical Report on Agriculture, Forestry and Fisheries published by Ministry of Agriculture,

Forestry and Fisheries of Japan

Russia Livestock Data: Statistical database system provide by Russian Federation
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Table 2 Data items in the [ProveFrame] sheet (provincial data)

directory discharged in environmental waters

Categories Items China | Korea | Japan |Russia

Population |Total population [ J [ J o
Urban population [ ]

Industrial  |Industrial discharges [ [ J [ J

discharges  [Industrial production [ J [ J
Industrial discharges per industrial production [ )
Industrial discharges meeting discharge standard, which is Y °®

Sources: Same to Table 1

B Step2 [Unit Loading Factors] file

Table 3

Data items in the [Unit Load] sheet (uniform value throughout the country)

Categories

Items

China

Korea

Japan

Russia

Discharged load
per person in
urban area

Sewerage system

Domestic wastewater treatment tank

Directory discharged sewerage

Reduction rate in sewerage treatment plant (Conventional /
Advanced methods)

Reduction rate in domestic wastewater treatment tank
(Conventional / Advanced methods)

Discharged load
per person in
rural area

Rural sewerage treatment system

Domestic wastewater treatment tank

Directory discharged sewerage

Reduction rate in rural sewerage treatment system (Conventional /
Advanced methods)

Reduction rate in domestic wastewater treatment tank
(Conventional / Advanced methods)

Livestock loads
per head

Generated loads of large domestic animal per head

Generated loads of daily cattle per head

Generated loads of cattle per head

Generated loads of horse per head

Generated loads of swine per head

Generated loads of sheep and deer per head

Generated loads of poultry per head

Discharged rate of large domestic animal per head (before / after
measures)

Discharged rate of daily cattle per head (before / after measures)

Discharged rate of cattle per head (before / after measures)

Discharged rate of horse per head (before / after measures)

Discharged rate of swine per head (before / after measures)

Discharged rate of sheep and deer per head (before / after measureq

Discharged rate of poultry per head (before / after measures)

Non-point
discharges per
hector

Forest (before / after measures)

Paddy field (before / after measures)

Dry field (before / after measures)

Urban area (before / after measures)

Sources:

Unit load of China: Project for Water Environmental Management Plan in Great Lakes in China (JICA)
Unit load of Japan: Guideline and Interpretation on Regional Sewerage System Comprehensive Development Plan in Japan

Unit load of Korea: Technical Guidance on Total Water Pollution Volumetric Control in Korea, Data shortage is

compensated by Japanese data

Unit load of Russia: Referred to Chinese data
Reduction rate and discharge load: Referred to “Guideline and Interpretation on Regional Sewerage System
Comprehensive Development Plan in Japan” and “Guideline and Interpretation
on Sewerage System Plan and Design in Japan”
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Table 4 Data items in the [Industrial] sheet(Provincial data in China and Japan,
Municipal data in Korea and Russia)

Categories Items China | Korea | Japan Russia
e e
industrial _ ges standard for effluent discharged to ® ® ® ®
discharge env1roqmeqtal waters
Industrial discharges connected to sewerage system () [ )
Sources:

Discarge quality of China: Secondary class effluent concentration stipulated in Environmental Standard in China,
Project for Water Environmental Management Plan in Great Lakes in China (JICA)

Discharge quality of Japan: “Industrial Statistics (Land and water use) in Japan”, “Guideline and Interpretation on
Regional Sewerage System Comprehensive Development Plan” and “Surcharge Standard
Values (each Prefecture)”

Discharge quality of Korea: Industrial wastewater regulation values states in “Laws on water quality and aquatic system

preservation” in Korea
Discharge quality of Russia: Referred to Chinese data

B Step3 [Parameters] file
Table 5 Data items in [Parameter] sheet(Sub-block data)

Categories Items China | Korea | Japan [Russia

Discharged loads from urban area

Discharged loads from rural area

Discharged loads from livestock

Discharged loads from forest

Discharged loads from paddy field

Discharged loads from dry field

Discharged loads from urban area of non-point

Loss by river with drawel

Purification at water bodies

Allocation rate |Seasonal allocation ratio

Sources:

Calibratoin values of China: Calculating based on Actual measured values published in Public Report on Water
Resources in China

Calibration values of Japan, Korea and Russia: Calculating based on Actual measured values

Loading by four seasons: Calculating based on Rainfalls described in Table 9 to12

Calibration
values

B Step4 [Future Projection] file for the future projection

Table 6 Data items in the [Total pop. (A)], [Urban pop. (B)], [Industrial production
(C)] and [Industrial discharges (D)] sheet

Categories Items China | Korea [ Japan |Russia
Population |Total population [ [ o o
Urban Growth rate of urban population / total poplation, PY PS PY

population [or urban poplation in municipal level
Growth rate of GDP or industrial production in municipal level
(No need to enter if you will enter the industrial discharges in o o
municipal level)
Industrial Industrial discharged per production in provincial or industrial
discharges |discharged in municipal
Sources:

Population: World statistics data issues by Statistical Bureau, ministry of Internal Affairs and Communications in Japan

Industrial Production: Referred to GDP future projection, GDP projection is quoted from reports issued by “Japanese

Economical Association”
Industrial Unit Discharge in China: Products and wastewater amount published in Home Page of National Bureau of
Statistics of China

Industrial Unit Discharge in Korea: Products (Mining and manufacture survey issued by Korean Statistical Information
Service), wastewater amount (Generation and treatment of industrial wastewater
issued by Ministry of Environment)

Industrial
production
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B Step5 [Measure] file
Table 7 Data items in the [Policy] sheet
Categories Items China | Korea | Japan |Russia
Coverage ratio [Sewerage system o o [ ] [ J
of conventional |Domestic wastewater treatment tank in urban area [ J [ J [ J [ )
treatment Rural sewerage treatment system (
system Domestic wastewater treatment tank in rural area [ [ ] [ ) [
Coverage ratio |Sewerage system [ J [ ) [ J [ ]
ofadvanced  |Domestic wastewater treatment tank in urban area [ ) [ ] [ J [ )
treatment Rural sewerage treatment system o
system Domestic wastewater treatment tank in rural area [ [ [ ) [
Industrial Percentage of industrial discharges connected to sewerage system | @ [ o o
. Industrial discharges meeting discharge standard, which is
discharges . . . . [ o o o
directory discharged in environmental waters
No sources are available
Table 8 Data items in the [Nonpoint] sheet
Categories Items China | Korea | Japan | Russia
Livestock Progress of measures against livestock discharges o @ @ o
Other non-point | Progress of measures against non-point discharges PY P PY PY
sources (Forest, paddy field, dry field, urban area)

*All measures taking rates are set by 0%
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(2) Rainfall data

Monthly rainfalls Data in 2005 collected to estimate seasonal delivered load.

1) Chin

a

Rainfall data in China is shown in Table 9.

Table 9 Rainfall in China (2005)

Name of . Dec. ‘ Jan. ‘ Feb. | Mar. ‘ Apr. | May | Jun. ‘ Jul. ‘ Aug Sep. ‘ Oct. ‘ Nov. Block
City - - Annual
watershed Winter Spring Summer Autumn No.
Rainfall(mm)| 13.1] 10.3| 27.5| 69.3| 79.4| 182.1]137.4| 101.7| 2218 622 | 834 | 31.6| 1,019.8
Upper | Chong
stream | qing | Ratio () 0.01| 0.01] 0.03|] 0.07| 0.08 0.18] 0.13 0.10 0.22 0.06 | 0.08| 0.03 1.00 Cl1~2
0.050 0.324 0.452 0.174 )
Wuhan 1.2| 329]110.6| 46.6| 659| 176.6]179.5| 108.6 93.0] 150.0 8.3 1434 1,116.6
Middle Changsha| Rainfall (mm) | 44.8 | 75.1|190.8 | 106.8 | 92.2| 400.8]272.1 66.7 80.4 47.5] 64.4159.3| 1,600.9
Chang stream 23.0| 54.0]150.7| 76.7| 79.1| 288.7]2258 87.7 86.7 98.8 | 36.4|151.4| 1,358.8| C3~6
Jiang Average Ratio () 0.02| 0.04| 0.11| 0.06| 0.06 021] 0.17 0.06 0.06 0.07| 0.03] 0.11 1.00
River 0.168 0.327 0.294 0.211 )
Shanghai 21.7| 73.0 1249 42.7| 33.1 75.6| 37.3| 118.6| 307.4)] 101.5| 39.3| 84.7| 1,059.8
Bown Hefei |Rainfall(mm)| 83| 24.5| 72.8| 51.9| 71.7 87.0| 443 | 272.0| 212.6] 1349| 27.1| 84.2| 1,091.3
stre\:m 15.0| 48.8| 989| 473 | 524 81.3] 40.8| 1953 | 260.0] 118.2| 332 | 84.5] 1,075.6] C7~8
Average Ratio () 0.01| 0.05] 0.09] 0.04| 0.05 0.08]| 0.04 0.18 0.24 0.11| 0.03] 0.08 1.00
0.151 0.168 0.462 0.219 )
Xian 0.0 0.0 9.1 56| 192 43.1] 67.1 45.6 | 127.4] 1042|1179 22 541.4
Lanzhou| . 0.1 1.5 4.7 14.8 55| 106.0] 71.5| 120.5 32.8 38.8| 31.9 33 431.4
Upper [<-———Rainfall (mm)
stream Xining 0.0 1.7 6.2 19.1 8.5 61.7] 79.7| 106.8| 106.3 66.5| 26.0 1.6 484.1 Ki~3
1 0.0 1.1 67| 13.2] 11.1 703 72.8 91.0 88.8 69.8| 58.6| 24 485.6
Averagd Ratio () 0.00| 0.00| 0.01] 0.03| 0.02 0.14] 0.15 0.19 0.18 0.14| 0.12] 0.00 1.00
0.016 0.195 0.520 0.269 )
Upper Rainfall (mm) | 0.100 | 0.000 | 1.700 | 0.000 |0.000 | 13.600 | 2.000 | 11.500 | 19.600 | 19.700 | 6.700 | 0.000 74.9
stream-| Yinchuan| Ratio () 0.001 | 0.000 |0.023 |0.000 |0.000 | 0.182]0.027 | 0.154 | 0.262 ] 0.263 | 0.089 |0.000 100 K4~5
Yellow| 2 0.024 0.182 0.442 0.352 ’
River Xian 0.0 0.0 9.1 56| 19.2 43.1]| 67.1 45.6 | 127.4] 1042|1179 2.2 541.4
Lanzhou| . 0.1 1.5 4.7 14.8 55| 106.0] 71.5| 120.5 32.8 38.8| 31.9 33 431.4
. —{ Rainfall (mm)
Middle| Xining 0.0 1.7 6.2 19.1 8.5 61.7] 79.7| 106.8| 106.3 66.5| 26.0 1.6 484.1 K6
stream 0.0 1.1 6.7 132 11.1 7031 72.8 91.0 88.8 69.8| 58.6 2.4 485.6
Averagd Ratio () 0.00| 0.00| 0.01] 0.03| 0.02 0.14] 0.15 0.19 0.18 0.14| 0.12] 0.00 1.00
0.016 0.195 0.520 0.269 ’
Down Rainfall (mm)| 4.5 0.0 | 20.6 02| 289 65.6|118.8| 252.9| 161.0] 2869 | 19.2 6.8 965.4
Jinan . 0.00| 0.00| 0.02] 0.00| 0.03 0.07] 0.12 0.26 0.17 0.30| 0.02] 0.01 K7~8
stream Ratio  (-) 1.00
0.026 0.098 0.552 0.324
Rainfall (mm)| 2.3 0.0 8.3 9.6 133 56.511329| 2144 | 118.0] 1333 ] 353 4.9 728.8
Upper | Zhengz
. 0.00| 0.00| 0.01| 0.01| 0.02 0.08] 0.18 0.29 0.16 0.18 | 0.05] 0.01 Wi~3
. | stream| hou | Ratio (-) 1.00
Hai 0.015 0.109 0.638 0.238
River Down Rainfall(mm)| 11.4| 25.5| 71.1| 43.8| 80.9 58.6| 63.6| 2359 2149 85.8| 37.9| 629 992.3
Nanjing . 0.01| 0.03] 0.07| 0.04| 0.08 0.06| 0.06 0.24 0.22 0.09| 0.04| 0.06 W4
stream Ratio  (-) 1.00
0.109 0.185 0.518 0.188
. . Rainfall (mm)| 18.6| 134 5.8 00| 744| 1143]132.6| 1799 | 191.1 48.5| 40.8 2.8 822.2
Liao | Entire R1~2,
. Shenyang| . 0.02| 0.02] 0.01| 0.00| 0.09 0.14] 0.16 0.22 0.23 0.06 | 0.05| 0.00
River | area Ratio  (-) 1.00 B1, K2
0.046 0.230 0.612 0.112
Beijing 1.0 1.5 100] 02] 17.0 68.4] 66.4 96.1 | 123.4 24.5 1.8 0.4 410.7
Tianjin| | . 0.8 1.6 60| 0.0 8.5 37411709 | 1542 | 209.0 29.2 0.9 0.0 618.5
. . Rainfall (mm)
Huai | Entire | shiiszhuang 0.8 19| 155 02] 112 39.6| 433 89.7| 101.7 83.6 2.0 0.0 389.5 BA~6
Rivr | area 0.9 1.7] 10.5 0.1] 122 48.5] 93.5| 1133 ] 1447 45.8 1.6 0.1 472.9
Average Ratio () 0.00| 0.00| 0.02| 0.00| 0.03 0.10] 0.20 0.24 0.31 0.10| 0.00| 0.00 1.00
0.028 0.129 0.743 0.100 )
Entire Rainfall (mm)| 32.3| 91.7 [225.8]129.2 |166.7| 362.7]156.3 97.0 4711 2169 90.9|292.1| 1,908.7
Other Nanchang . 0.02| 0.05| 0.12| 0.07| 0.09 0.19] 0.08 0.05 0.02 0.11| 0.05] 0.15 H2
area Ratio  (-) 1.00
0.183 0.346 0.157 0.314

Source: National Bureau of Statistics of China (http://www.stats.gov.cn/tjsj/ndsj/)
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2) Japan

Table 10 Rainfall in Japan (2005)

Arca City Dec. | Jtam. | Feb. Mar. | APr. | May Jun. | Jul. | Aug Sep. | Oct. | Nov. Annual
Winter Spring Summer Autumn
Rainfall
(ar;‘;ne; 153.5| 1205| 1240| 550! 620| s1.0| 1190] 1140 1260] 720] 150.5| 89.0] 1,236.5
Hokkaido "R atio | S2PPOTO 15 41001 0.75%| 10.03%| 4.45%| 5.01%| 4.12%| 9.62%| 9.22%| 10.20%| 5.82% 12.17%| 7.20%] 100.00%
© 32.19% 13.58% 29.04% 25.19% 100.00%
Akita 187.5] 96.5] 124.0| 67.5] 84.0] 112.5| 189.5] 172.5] 93.0| 242.5] 226.0] 2255 1,821.0
From | o onlNilgata | 166.5] 1225 141.5| 53.0] 495] 169.5| 103.5] 1930 765| 212.5] 231.0] 2940] 1813.0
Tohokutol " MKanazawal 2645 1990 [ 179.5] 77.0[ 1260[ 1475] 29501 18201 105.0] 1860] 1985] s87.0[ 2,545.0
Kinki Maizuru | 165.5| 194.0 | 1545| 545| 61.0| 77.0] 1850| 385| 99.5| 98.0| 150.0| 347.5| 1,625.0
(Coastal Average | 196.0| 153.0| 149.9| 63.0] 80.1| 126.6| 193.3| 146.5| 93.0| 184.8| 201.4| 363.5| 1,95L.1
area) [ Ratio [, 110.05%]| 7.84%] 7.68%| 3.23%| 4.11%]| 6.49%| 9.91%| 7.51%]| 4.77%| 9.47%[10.32%] 18.62%| 100.00%
© S 25.57% 13.83% 22.19% 38.41% 100.00%
From  |RamfaFukushimd 975 7451 850 345] 61.0] 640] 117.0] 2490] 1275| 405 41.0] 765 1,068.0
Tohoku to] (mmy |22 855| 40.0| 550| 140| 285| 795| 1485| 167.5| 88.0| 39.0| 345| 88.0| 868.0
Cinki Average | 91.5| 57.3| 70.0| 243| 448| 71.8| 132.8| 2083 | 107.8| 39.8| 37.8| 823| 9685
ity | RaO [y o | 945%] 5.92%| 7.03%| 2.51%| 4.63%]| 7.41%| 13.71%| 21.50%| 11.13%| 4.11%| 3.90%] 8.50%| 100.00%
(Inland) f g 22.60% 14.55% 46.34% 16.51% 100.00%
Rainfall
(ar;‘;ne; 1240 100.0| 1445| 415| s545| 260 3335 73.0| 1165] 117.5] 147.0| 195.0] 1,473.0
Chugoku Fpatio | MU |5 2000l 6.79%] 9.81%| 2.82%| 3.70%| 1.77%] 22.62%| 4.96%| 7.91%| 7.98%| 9.98%] 13.24%)] 100.00%
© 25.02% 8.29% 35.49% 31.20% 100.00%
Kyushu R(i::;“ 470 910 93.0| 360| 625| 150 3010 735| 1150] 185| 109.0| 58.5] 1,020.0
(Northernt~p i | Fukuoka [ e g 00 0 12%] 3.53%| 6.13%| 1.47%| 20.50%] 721%)| 11.27%| 1.81%| 10.69%] 5.74%] 100.00%
part) ) 22.65% 11.13% 47.98% 18.24% 100.00%
Rainfall
Kyushu (ar;‘;ne; 480 99.5| 1280 92.0| 1350| 92.5| 3650| 73.0| 1470 41.0| 725| 31.0[ 1,3245
(Southern[=p o1 KUM= T 510, 5 66%| 6.95%] 10.19%| 6.98%| 27.57%| 5.51%| 11.10%| 3.10%| 5.47%| 2.34%)| 100.00%
part) ) 20.79% 24.12% 44.18% 10.91% 100.00%
Source: Japan Meteorological Agency
3) Korea
Table 11 Rainfall in Korea (2005)
. Dec. | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. Block
Area City Winter Spring Summer Autumn Annual No.
Seoul 103] 45| 172]| 125] 94.7] 858| 168.5] 2694] 285.0| 3133] 52.6] 44.6] 1,3584
Inje 6.1] 100] 232| 29.0] 740] 73.5| 193.0] 2155] 236.0| 226.5] 39.5| 42.0] 1,1683
. licheon 76| 22| 200| 285| 705| 60.5| 153.5] 291.5| 3065| 2745| 47.0| 41.0] 1,303.3
Rainfall .
Norhar (ar:m*; Yeongwol| 106 29| 13.6| 48.7] 575] 50.6] 146.5] 332.6| 240.5| 273.5] 59.0] 16.1| 1,252.1] NIo,
R Chungju | 11.7] 28] 20.8| 43.1] 63.1] 539 178.7] 381.6] 226.1| 320.0] 63.4] 15.7] 1,3809| N2,
P Cheongju 11.3 4.6 13.8 36.8 66.1 50.7 170.5| 373.1 332.7| 295.5 54.6 16.0 | 1,425.7 K6
Average | 9.6 | 45| 18.1| 33.1| 71.0| 62.5| 1685 310.6| 27011 | 283.9 | 527 | 292 1,3148
Ratio | oo | 0-73%] 034%| 138%[ 2.52%| 5.40%] 4.75%| 12.81%)| 23.63%] 20.62%| 21.59%] 4.01%| 2.22%] 10000
O 2.45% 12.67% 57.06% 27.82% 1.0000
Miryang 05] 75| 200| 89.0] 915] 640| 141.0] 2065] 2440| 72.0] 80| 275| 9715
Imsil 41.5 15.8 29.4 61.7 52.0 60.5 173.0| 452.5| 4155 63.0 18.5 350 1,4184
Tacgu 28] 65| 166] 67.1] 448] 32.6] 1190] 193.6] 2802| 49.9] 67| 145| 8343
Rainfall Juam dam 32.1 9.7 354 73.6 96.2 88.5 182.5 | 331.5 185.6 445 14.7 40.1 | 1,134.4
[Kwangju | 66.6| 10.6] 483 66.7] 92.5] 74.1| 185.0] 273.8] 303.3| 108.5] 17.4] 42.8] 1,289.6
Southar | (mm) Other
1 part Gunsan 55.1 6.5 40.5 39.6 51.7 80.6 132.0 | 5502 321.4 176.0 29.6 2531 1,508.5 blocks
P Kumsan 22.6 9.4 34.0 51.0 31.5 65.5 191.0| 411.5 387.0 118.0 23.0 30.5] 1,375.0
Andong 29| 55| 140| 417] 502| 455| 1395| 209.5| 227.6| 1159| 20.1| 93| 8817
Average | 28.0 | 89| 298| 613 638 63.9| 157.9 | 328.6] 2956 | 93.5| 173 28.1] 1,176.7
Ratio |, 1 2.38%| 0.76%| 2.53%| 521%| 5.42%| 5.43% 13.41%| 27.93%| 25.12%| 7.95%| 1.47%| 2.39%| 1.0000
o S 5.67% 16.06% 66.46% 11.81% 1.0000

Source: Korea Meteorological Administration
(http://www.kma.go.kr/weather/observation/past_table.jsp?stn=108&yy=2000&0bs=21&x=32&y=11)
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4) Russia

Table 12 Average Rainfall in Primorskii Krai

Arca City Dec. | J?n. | Feb. Mar. | Ap4r4 [ May Jun. | Jul. [ Aug Sep. | Oct. | Nov. Annual
Winter Spring Summer Autumn
Rainfall
) . 180 150 19.0| 250| 540| 61.0| 1000| 1240| 153.0| 1260| 66.0| 38.0| 799.0
Primorskii (mm) Viadivostok
Kiai  (pado () AIVOSIOKI ™) 959 1.88%| 2.38%| 3.13%| 6.76%)| 7.63%)| 12.52%| 15.52%| 19.14%| 15.77%| 8.26%| 4.76%| 100%
6.51% 17.52% 47.18% 28.79% 100%

Source: World Meteorological Organization, World Weather Information Service

(http://www.worldweather.org/107/c00664.htm)
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(3) Land Use

Data of land use (data of year 2000) in China is remote sensing data provided by Imura
laboratory in Nagoya University.

Data of land use in Japan, Korea and Russia were collected from United States Geological

Survey (http://edc2.usgs.gov/glec/glec.php). The data is based on satellite images divided into

1km mesh for the land use categorization.

Land use area of researched area in each country is shown in Table 13 and Figure 1.

Table 13 Land Use Area in Researched Area in China, Japan, Korea and Russia

(Unit: km®)
Total Forest Paddy field | Dry field | Urban area
Bohai Sea 1,319,286 211,871 20,347 402,110 5163.1
Yellow Sea 383,423 113,161 41,077 156,478 3082.1
China |East China Sea 2,066,942 832,069 215,893 208,401 5,217
Subtotal 3,769,651 1,157,101 277,317 766,989 13,462
(Ratio) (30.7%) (7.4%) (20.3%) (0.4%)
Japan Sea 119,802 73,981 11,246 15,621 778
Japan East China Sea 20,829 15,083 2,062 1,317 190
Subtotal 140,631 89,064 13,308 16,938 968
(Ratio) (63.3%) (9.5%) (12.0%) (0.7%)
Japan Sea 33,310 8,429 5,145 5,193 223
East China Sea 13,348 4,903 3,746 1,717 32
Korea |Yellow Sea 51,608 12,228 10,152 4,490 529
Subtotal 98,266 25,560 19,043 11,400 784
(Ratio) (26.0%) (19.4%) (11.6%) (0.8%)
Russia Japan Sea 67,303 63,604 619 2,640 435
(Ratio) (94.5%) (0.9%) (3.9%) (0.6%)
Total 4,075,851 1,335,329 310,287 797,967 15,649
(Ratio) (32.8%) (7.6%) (19.6%) (0.4%)
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(4) Livestocks
Livestock Numbers in Researched Area are shown in Table 14. Future projection of the
livestocks numbers was not carried out in this study. Therefore, in this study, we have

assumed that the livestocks numbers are not changed in the future.

Table 14 Livestock Numbers in Researched Area in 2005

(Unit: ten thousand head)

Large
domestic | Cattle Swine Sheep Horse
animal
Bohai Sea 4,124 - 9,135 13,134 —
China Yellow Sea 2,057 — 7,578 5,933 —
East China Sea 4,246 — 21,227 5,241 —
Subtotal 10,427 — 37,940| 24,308 —
Japan Sea — 42 35 - —
Japan |East China Sea — 49 84 — —
Subtotal — 91 119 — —
Japan Sea — 68 241 6 0.1
East China Sea - 29 100 6 0.5
Korea Iy eliow Sea = 137 661 2 0.5
Subtotal — 234 1,002 24 1.1
Russia |Japan Sea 1.5 0.8 0.8 0.5 —
Total
Source:

China: Agricultural Yearbook in China

Japan:Preliminary Statistical Report on Agriculture, Forestry and Fisheries published by Ministry of
Agriculture, Forestry and Fisheries of Japan.

Korea: Statistical Report on treatment of livestock effluents published by Ministry of Environment in Korea.
Russia: Statistical database system published by Russian Federation.
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(5) Data transfer to the GIS system

The function of drawing a map with the GIS software is not introduced the Program.
However, distribution of the pollution loads calculated in the Program can be shown in a GIS
map if the user prepares the GIS software by their own.

Figure 2 shows the image of data transfer to the GIS database. In this case, SHP files
for each scenario in each year were prepared/registered and the results of Program in CSV

files were transferred to DB files (Following data were prepared by using the ESRI ArcGIS).

— [ Generalized GIS Software ] )

@ Example of GIS Display (Pollution Loads Results) @ GIS database (SHP file extension)

O Check the layer item you want to
display (COD, T-N or T-P)

Pollution Load Results File*
» Japan_model_s1~s3'.shp
* China_model_s1~s3'.shp

- Korea_model_s1~s3'.shp

i
i

* Russa_model_s1~s3'.shp

* Prepare a SHP file for each scenario,
for each year (.shp. .db. .shx)

A

Reflect to db file

(— [ Land-based Pollution Load Calculation Program ]

Scenariol.xls ) Scenariol.csv )
) Scenario3. xls ] Scenario3.csv
Scenario?2. xls ) Scenario2.csv )
) Scenario3'. xls ) Scenario3’.csv
Scenario?’. xls Scenario2’.csv
Results of Calculation Program
(A) Pollution loads from human activities 3) Nonpoint sources pollution loads
W;gfsb‘zgy Blocks No.|River watershed S“b;\"’l‘_”ks 1D | Domestc discharges (non-sewerage)| Industrial | Livestock “";S:n“ﬁ‘"‘f' subtotal | Forest |Raddy fietd| Dry ficld | Urban arca| Subrotat || 709!
discharges | discharges
Urban area| Rural area | Subtotal plant
Al-1 Al-2 Al A2 A3 A4 A Bl B2 B3 B4 B C
BI Liao River Direct Input [ B1_DI 25,113 2,174 27,287 27,096 66 7,673 62,122 3,860 2,534 1,387 770 8,55 70,67
Liao River B2R1 B2R1 15,515 5,687 21,202 9,261 574 3,938 34,974 6,369 1,662 12,690 964 21,68 56,65
Liao River B2R2 B2R2 4,255 2,039 6,294 6,926 166 1,307] 14,692 1,358 1,359 3,424 291 6,43 21,12
B2 Sub-total 19,770 7,725 27,496 16,186 739 5,245 49,666 7,727 3,022 16,114 1,255 28,11 77,78
B3 Liao River Direct Input [ B3 DI 11,200 4,046 15,246 9,112 246 3,555 28,158 2,926 1,214 4.500 385 9,02: 37,18
B4 Hai River Direct Input [ B4 DI 9,810 3,108 12,919 23,821 158 4,212 41,110 3,124 751 2,058 1,247 7,18 48.29
BS Hai River Direct Input [ B5 DI 76,288 12,820 89,109 106,905 546 36,383 232,944 2.819 247 8,351 6,056 17,47 25041
B6 Hai River Direct Input [ B6_DI 7,054 2.361 9.415] 8,598 139 3,385 21,537, 11 18 1,769 773 2,57 24,10
Yellow River B7K1 B7K1 8,495 2,180 10,675 6,646 263 1,356 18,940 4,711 1 1,658 164] 6,53 2547
Bohai Sea Yellow River B7K2 B7K2 1,874 1,162 3,036 1,346 84 443 4,909 655 37 2.106 87 2,88 7.79:
Yellow River B7K3 B7K3 4,370 1,108 5,478 12,777 76 1,710} 20,041 358 - - e 23,77
Yellow River B7K4 B7K4 1,699 443 2,142 1,798, 54 604] 4,598 175 0) 1,295 261 1,73 6,32
Yellow River B7KS B7KS 5,624 779 6,403 6,936 83 2,003 15,425 804 0] 2,024 210 3,03. 18,46
Yellow River B7K6 B7K6 52,577 19,007 71,585 39,904 795 12,770 125,054 11,261 178 20,795 1,810 34,04 159,09
Yellow River B7K7 B7K7 28,109 14,874 42,983 34,728 695 10,636 89,043 5,930 626 8,558 1,814 16,92 105,97
Yellow River B7K8 B7K8 10,989 1,408 12,397 17,922 113 5,570 36,002 9 64| 1,430 272 1,77 37,77
B7 Sub-total 113,738 40,961 154,698 122,056 2,163 35,093 314,010 23,903 2,294 39,566 4,905 70,66 384,67
B8 Huai River | Direct Input [ B8 DI 13.623 9.092 22,715 20,834 413 6,905 50,867, 837 162 5.256 1.044 7.29: 58.16:
Total 276,597 82,288| 358,885 334,608 4.472] 102,450]  800.415] 45,206 10,242 79.001 16.434] 150,88 del

Figure 2 Image of link the Calculation Program to GIS
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Results of Scenario Analysis conducted by the calculation program

Five scenarios Analysis shown in Table 15 were carried out using the calculation program

in this study. The base year of this analysis was 2005 and the goal year was set in 2030.
Figure 3 to Figure 5 show the distribution of pollution loads in the base year (2005) and

in 2030 of five different scenarios calculated by the Program.

Table 15 Scenarios used for future scenario analysis

Scenariol Keep the current situation (2005)

Scenario2 In the case of coverage ratio of conventional sewerage system reaches to
100% in urban areas by 2030
(100% of industrial discharges meeting regulations by 2030)

Scenario2’ | In the case of coverage ratio of advanced sewerage system reaches to 100%
in urban areas by 2030

Scenario3 In case of coverage ratios of conventional sewerage system and domestic
wastewater treatment tank reach to 100% in urban and rural areas by 2030
(100% of industrial discharges meeting regulations by 2030)

Scenario3’ | In case of coverage ratios of advanced sewerage system and advanced

domestic wastewater treatment tank (in urban and rural areas) reach to 100%
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Figure 3 Comparison of CODy, Distribution Results of base year
calculation in 2005 and the scenario analysis in 2030
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Appendix 2 Point of view about ocean water quality prediction simulation

Point of view about simulation to estimate the water quality in the Northwest Pacific in the future was
straightened. By this simulation, tidal current and water temperature, COD, T-N and T-P in the Japan Sea,
the Bohai Sea, the Yellow Sea and the East China Sea were calculated. Here are its outline and setup

example of the simulation model.
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1. Hydrodynamics model
1.1 Flow of the hydrodynamics model

(1) Computation grid and water depth

After the computational domain and the grid size are decided, the water depth data is created. The data are
downloaded from ETOPOl1 on the home page of NGDC (National Geophysical Data Center)
http://www.ngdc.noaa.gov/mgg/global/global.html. (Table 1.1 shows example of water depth data creation.)

(2) River discharges
After the year for calculation is decided, the river discharges is set by values referred in simulating the land-based

pollution and another research results. (Table 1.2 shows example of river discharge setup.)

(3) Meteorological conditions

Meteorological data required to perform the time-variant simulation are wind velocity, air temperature, humidity,
solar radiation and cloudiness. In the simulation for Japanese areas (about 10km x 10km), the
observational data of a nearby meteorological office is used, but for wide areas like Northwest
Pacific, global weather databases are needed. For example, there 1is NCEP FNL
(http://dss.ucar.edu/datasets/ds083.2/) which is an American troposhere weather database. It has a grid

resolution of 1 degree of both longitude and latitude and a time resolution of every 6 hour.

(4) Initial conditions and boundary conditions

To perform the time-variant simulation, it is necessary to set up the initial conditions and boundary
conditions of current direction, flow velocity, water temperature, and salt content, which are a predictive
variable. For example, a ocean prediction model, which is operated by Forecast Ocean Plus, inc. (FOP) is one
of them, cover wide areas like the Northwest Pacific. Required initial conditions and boundary conditions can

be set up by purchasing this data.

(5) Hydrodynamics model development
As a hydrodynamics model, the model which can predict the time-variant advection and diffusion of horizontal
and vertical direction is used. For example, Princeton Ocean Model (http://www.aos.princeton.edu/WWWPUBLIC

/htdocs.pom/) widely used in the ocean can be obtained and used.

(6) Calculation and verification of model calculation

Calculation conditions are set up and hydrodynamics calculation is performed. Calculation results verify by
comparison of surface water temperature between satellite data and simulation data. If there are problems in
reproducibility, the calculation conditions are changed and the calculation is performed again.
The drawing software of various is utilizable for the display of calculation results. For example, Tecplot (made by
HULINKS) and ArcGIS (made by ESRI) are used.

(7) Re-calculation when conditions change
When the year for calculation is changed, it re-calculates by re-setting up river discharge conditions,
meteorological conditions, initial conditions and boundary conditions. Also when river discharges change, it is

necessary to re-calculate by changing only river discharge conditions.
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1.2 Development example of the hydrodynamics model
1.2.1 Setup condition of hydrodynamics model development
(1) Model concept
Fundamental factors of currents in oceans are 1)tidal current, 2)density current, 3)wind driven current,
4)ocean current. Explanations of each current are as follows.
1) tidal current: induced by up and down motion of water surface by tides
2) density current: induced by special density difference
3) wind driven current: induced by surface winds
4) ocean current: large scale circulations, for example Kuroshio
The relevant area in this study is so large that ocean currents (Kuroshio), density currents (for example,
near river mouth of Chang River) and wind driven currents are important compared with tidal currents. This
makes use of Princeton Ocean Model (POM) that takes so-called 6-coordinates as vertical coordinate and
has been developed by Mellor et al.(2002)" and Ezer and Mellor(2004)2.

The o-coordinates are defined as follows.

£70 )

where, O : c-coordinate, Z : z -coordinate, 77 : water surface elevation from a still water surface,
H : bottom topography downward positive from a still water surface. =0 when z=7 and o=-1
when z=-H. This means that o =0 at the water surface and o =-1 at the bed.

The same vertical coordinates are adopted in the water quality model.

Figure 1.1 shows an example of generalized c-coordinate.
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Figure 1.1 An example of generalized o-coordinate
(2) Fundamental equations

Fundamental equations adopted here are 1. Continuity equation, 2. Momentum equations based on the

hydrostatic assumption and Bussinesq approximation, 3. Conservation equations on the water temperature

! Mellor, G. L., S. Hakkinen, T. Ezer and R. Patchen(2002) : A generalization of a sigma coordinate ocean model and an
intercomparison of model vertical grids, In: Ocean Forecasting: Conceptual Basis and Applications, N. Pinardi and J. D. Woods
(Eds.), Springer, Berlin, 55-72.

2 Ezer, T. and G. L. Mellor(2004) : A generalized coordinate ocean model and a comparison of the bottom boundary layer
dynamics in terrain-following and in z-level grids, Ocean Modelling, 6, 379-403

58



and salinity, and 4. Conservation equations on the turbulence moments. These equations are as follows on

the o-coordinate.

< Continuity equation >
obuU by bV obV 80) 877

x oy oo a

<Momentum equations >
x-direction
oDU o0U°’D o0UVD oUw on
+ + +

— fVD+gD—
ot OX oy oo OX

2
+£j°[ap _o'dop }do- 0 [K au} E e 3)
P, Lox D ox oo’ oo| D odo

y-direction

2
oDV QUVD VD No . 001
ot ox oy oo oy

2 ! ! '
e e R R—— @
P, | oy D oy oo’ oo| D oo

< Conservation equations on the water temperature and salinity >
oDT 8TUD GTVD aTa) 6 K 8T L E oR
ot X dy o0 ool D os|T

DS  oSUD 3SVD dSw _ 0 [K, 35|
ot X oy "oc o0| D oo

< Conservation equations on the turbulence moments >

oDg’ 8q2UD 8q2VD+8qa) 0 Kqﬁ
ot OX oy do Oo| D oo

2 2 ~ 3
+2KM (Qj +(ﬂj +2_gKH8_p_ﬂ+ By (7)
D oo oo Lo oo Bl

oDg’l 8q IUD aq IVD aq lo _ 0 Ky ag°l
ot OX oy oo oo| D oo

2 3
+ gl Ku (Qj +(8—Vj vE K, PN PG 8)
D |\ oo oo po oo B,
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D : total depth (H+n)
u.,v : velocity components in x, y-directions
[ : vertical velocity components in 6-coordinate
n : water surface elevation
f : Coriolis coefficient
g : gravitational force
P water density
Lo : reference water density (1025kg/m”)
Ku : vertical eddy viscosity
F, : horizontal eddy viscosity term with respect to U
Fy : horizontal eddy viscosity term with respect to V
T : water temperature
S : salinity
F; : horizontal eddy diffusion term with respect to T
F : horizontal eddy diffusion term with respect to S
Ky : vertical eddy diffusion coefficient with respect to T, S
oR . . . .
a— : short wave radiation divergence in vertical
z
q : : turbulence kinematic energy
Kq : vertical eddy diffusion coefficient with respect to 2
| : turbulence length scale
Fq : horizontal eddy diffusion term with respectto :
F : horizontal eddy diffusion term with respectto | Q ?
B..E,.E;, : empirical coefficients related to turbulence closure
o’ : integral constant

The relationship between vertical velocity in 6-coordinate and z-coordinate is as follows where ®» denotes
vertical velocity in 6-coordinate and W in z-coordinate.

W:w+U(a@+a—nj+V a@+a—77 +0_@+6_77 ...................................... 9)
oX  OX oy oy ot ot

W is a proximity function and is defined as
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W =1+E,(1/kL)

where,

L = (-2 +(H-2)"

E, : empirical coefficients related to turbulence closure model

k : Karman constant

Note that 0p /0o =0p/dc —c.°0p/dc, C,is sound velocity in water, p is hydrostatic pressure.
Horizontal viscosity and diffusion terms are defined as follows.

_ oHz,, . oHz,,

F X
OX oy

oHz,, oHz,
F, = P + By (11)

where,
T, =2A, Q, v = Ay Q_'_GV , yy—2AM% ............................................ (12)
OX oy OX oy
and,
H oH
5 = oHa, +i ....................................................................................................... (13)
OX oy
where,
0 0
qX:AH—¢ qy:AH—¢ .............................................................................................. (14)

ox’ oy

¢ denotes T,S,q%,q°l. Auis horizontal eddy viscosity coefficient and Ay is horizontal eddy diffusion

coefficient.
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(3) Mode split
Mode splitting method is taken as numerical integration as done in the POM(Princeton Ocean Model

http://www.aos.princeton.edw/ WWWPUBLIC/htdocs.pom/). Mode split is the separation of surface

elevation computation and 3d structure of velocities, water temperature and salinity. Propagation of water
surface has a speed of gravity wave,\/giH , its speed is faster than other velocities, for example 3d
velocities.

Computational time step, which affects computer CPU time, is basically controlled by the fastest speed
among various phase speeds related to phenomena described in the fundamental equations. In general, the
phenomenon having the fastest phase speed is the surface gravity wave that has a phase speed of /gH . At
that time, in order for numerical computation to proceed stably, the computational time step must be smaller
than DS/ \/giH , where DS is grid spacing. Computational efficiency is considered very bad if all
phenomena are computed with this same time step. Therefore, to avoid this bad efficiency, mode split
method is introduced. The computation of water surface elevation, which requires short time step, is
executed using a 2-dimensional depth averaged model, which is called as the external mode. Computations
of other phenomena including 3d velocities and temperature are carried out with longer time step, which
computation is called as internal mode. The ratio of internal mode time step to the external mode time step
is usually taken as 5 to 30.

The 2-dimensional depth averaged model used in the external mode computation is presented bellow. In
this model, interactions with internal mode are taken into account as shown bellow.
< Continuity equation >

on oUD oVD
o x oy

<Momentum equations >

x-direction

oUD oU’*D oUVD
+ +

ot OX

+G, —£j° IO{D%—J'G—D%}dU’do— ............................................................................ (16)
P, 1l OX ox oo’

—IEX—f\7D+gDE;—77=—<WU(O)>+<WU(—1)>
X

y-direction

oD oUVD oV °iD
+ +
ot OX

+Gy —£J0 JO{D%—G'QQ}C’GUO‘ ............................................................................ (17)
po | oy 7 oy oo

—I5Y+fLTD+gDZ—77=—<Wv(0)>+<Wv(—1)>
y

Vertically integrated velocity is defined as

Wind stress components are —<wu(0)> and —<wv(0)>, on the other hand bottom stress
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components are — < wu(-1)> and —<wv(-1)>.

F, and F,are defined as follows.

szi H2AM£ 2 HA,, A | (19)
oX | oX | oy  oX

|:y=i HzﬁMﬂ +2 HA,, L (20)
oy | oy | ox| oy ox

So-called dispersion terms are defined as follows.
oU’D oUVD =~ &U’D 8UVD  —
(= + -F - - +F,
OX oy OX oy
oUVD &V°D -~ oUVD &V’D —
y = + -F, - B Ty
OX oy OX oy

G

G
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(4) Computation grid and water depth
Figure 1.2 shows the computational domain. Based on consideration of computer CPU time and special
resolution, grid spacing is taken as 40km. Y-coordinate denotes the distance from the equator, and

X-coordinate denotes the distance from a reference.
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Figure 1.2 Computation grid
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Figure 1.3 shows the water depth distribution used in the simulation. The data are downloaded from
ETOPO1 on the home page of NGDC(National Geophysical Data Center)
http://www.ngdc.noaa.gov/mgg/global/global.html.

Table 1.1 shows example of water depth data creation.
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5000 =

4500

4000
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3000

2500

6112345678901234567890123456789611234567 809 = 34Depth(m)
60 1 2

1234567890123456789012345678901123456789012345678901234

- 1 2 3 4 5
I | | | | I | | | | I | |

0 1000 2000

Figure 1.3 Water depth data used in the simulation
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Table 1.1

Example of water depth data creation

Nihon kinkai (10f7.1) Item=DEP Unit=m Power=1
10.0 100.0 0.0

1 56
-999.
-999.
—-999.
-999.
-999.
-999.
-999.
3081.
4555.
4683.
-999.
—-999.
-999.
2086.
1807.
43806.
-999.
-999.
-999.
1647.
1422.
4176.
-999.
-999.
-999.
-999.
779.
4073.
-999.
—-999.

83

-999.
-999.
-999.
-999.
-999.
-999.
40.
3607.
6086.
4280.
-999.
—-999.
34.
2995.
2659.
4212.
—-999.
—-999.
17.
1725.
1655.
4027.
-999.
—-999.
-999.
427.
1489.
4314.
-999.
—-999.

(The rest is

0 0

-999.
-999.
-999.
-999.
-999.
—-999.
0 48.
0 3405.
0 6186.
0 4191.
-999.
-999.
0 50.
0 3133.
0 5666.
0 4414.
-999.
-999.
0 40.
0 825.
0 2402.
0 4403.
-999.
-999.
4].

0 870.
0 1788.
0 4367.
-999.
—-999.

oS O o ©

0

omitted.)

0

-999.
-999.
-999.
-999.
-999.
-999.
52.
3422.
6330.
5240.
—-999.
-999.
51.
2109.
6500.
4503.
-999.
-999.
54.
538.
5343.
3670.
-999.
-999.
4].
1179.
2432.
3406.
-999.
-999.

o o o ©

0

0

-999.
-999.
-999.
-999.
-999.
-999.
37.
3838.
5811.
5287.
-999.
-999.
56.
1618.
6270.
4414.
-999.
-999.
69.
638.
6500.
3201.
-999.
-999.
51.
1482.
5374.
1929.
-999.
-999.

o O o ©

oS O o ©

10.0
-999.
-999.
-999.
-999.
-999.
-999.

63.
3473.
5832.
5299.
-999.
-999.

59.
1523.
5903.
4322.
-999.
-999.

55.

338.
6500.
3023.
-999.
-999.

57.
1630.
6500.
2168.
-999.
-999.

-999.
-999.
-999.
-999.
-999.

-999.
2996.
5799.
5367.
-999.

17.
2172.
5771.
4074.
-999.

65.
243.
5862.
3047.
-999.

70.
1015.
6183.
2635b.
-999.

o O o ©

-999.
-999.
-999.
-999.
—-999.

-999.
3418.
5611.
-999.
-999.

-999.
2484.
5633.
-999.
—-999.

-999.

733.
5702.
-999.
-999.

88.
431.
5642.
-999.
-999.

-999.
—-999.
-999.
-999.
-999.

-999.
3867.
5513.
-999.
-999.

-999.
2471.
5458.
-999.
-999.

-999.
1167.
5130.
-999.
-999.

-999.

227.
5128.
-999.
—-999.

-999.
-999.
-999.
-999.
-999.

-999.
4489.
5278.
-999.
-999.

-999.
2131.
4753.
-999.
-999.

-999.
1545.
4640.
-999.
-999.

-999.

392.
4394.
-999.
-999.

S Ol W NN = Y O R W N = O O R WD HE OO R WD = O O W NN

Numerical value:

"-999.":

Water depth (m) of each grid

Land (grid of the outside for calculation)
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(5) Vertical discretisation

River water flowing into the sea tends to mainly flow on the ocean surface because of its lightness
compared with dense sea water. Therefore, it seems efficient to concentrate analysis near the ocean surface
for the present study whose objective is to evaluate the influence of land originated pollution loads on the
ocean water quality.

Under above conditions, vertical discretisation is set up as three steps general sigma-coordinate. The
first step is from the surface to 10m depth, which are divided 5 layers with each layer of 2m thickness.
The second step is from 10m to 100m depth, which are also divided 5 layers with same thickness. The
last step is from 100m to the sea bed, which are also divided 5 layers with same thickness. The vertical

coordinate at J=21 section (its location is shown in Figurel.2) is presented in Figurel .4.

J=21 section

(o o T
F %1
. |
20

-500

-1000

-1500

-2000

depth

-2500

-3000

TR TS TR NS S S T
400000 600000 800000 1E+06

horizontal distance

-3500

-4000 1 1
500000 1E+06

horizontal distance

Figure 1.4 Vertical discretisation

(6) External forces in time variation

In the relevant area which is located in a climate zone of temperate monsoon, there are seasonal variations
in winds and river discharges that drive ocean currents. In the literatures, it is shown that ocean currents in
Yellow Sea and East China Sea respond to these seasonal variations in external forces, and they show
remarkable variations in flow rate and path. Therefore, in order to reproduce these flow conditions well in
the relevant area, it is considered to be important to set up external forces in the flow simulation as realistic
time series. Time series data of ocean currents, river discharges, meteorological conditions were collected
and compiled for a year of 2005, and they are utilized as input data for the simulation.

Tidal currents, which are induced by up down motion of water surface elevation, are mainly back and forth
motion with a dominant periodicity of 12 hours, and they may be the most significant flow factor in coastal
waters. However, they do not convey materials in the sea for a long distance in one direction because of
their nature of reciprocating motion. The main objective of the present study is evaluation of impact on
water quality in a large horizontal and long time scales, therefore the flow simulation model takes factors of
ocean currents, wind driven currents and river induced density currents into account, but does not take tidal

currents.
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1) River discharges
After the year for calculation is decided, the river discharges is set by values referred in simulating the
land-based pollution and another research results. The locations of river discharges are shown in Figure 1.5 -

Figure 1.8. Table 1.2 shows example of river discharge setup.
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km

[e9)
«

L.
311234567%3_ 1284567890128
| 30 Jﬁ; 3
29 ‘5@ =
20 i
r 37 ~

26 L

3500 |~ %'AW

25 \
24 "0y »

SN

| 2 =)

:21 M/\\‘&é‘”
| 20

19 P-4
18

- 17

16

| 15 .
14 F'
13 . (-4
3000—12 ‘}E,f (

0 500 1000 km

[=5)
No

32 ~ TR
Q i

3

J

U,
&e-} [y

fiar 3

EH &

Figure 1.6 Locations of river discharges (Coast of China)

68



é C;; 5t
km \ A £
3 <
: 5 o
Z 4 _E i
1
0 7
- U e .
39 G
1 38 ||
4000 |~ ) 07 I km
[ 57 shechol
oV
b v
| vw 05
S 34
i, nao
o Re]
- 32— | ot . ~
7-8-9-B1iF 5 67 8 1234567890123456
n S «—A’e < 4 5 .
1758 ~
ﬁ“ arN! (o)
§ u:!':a
B3 ig
" 7
ba Sl
3500 |~ 2% U@ S\J
DA jmma
L | L V L I I L
1000 1500 2000 km
Figure 1.7 Locations of river discharges (Coast of Korea and Japan)
/ [ AR
km |- )
N
B - N
Yo \
N
- +m
o =
5000 |- =
1234567896\l 234567389/6¢t234Hb678 ?345
2 7l A
%, e 4@%\
B g
J4 }_@
Jg w <@
J2 #
/l Jl °
4500 |~ S JE :E
/ |
0 o
B 7 lm
é i b
S 0 ] ==a
5 R A4 Fm d
S - 3 G
B d ! Lan | N~ \P‘m ! |

Figure 1.8 Locations of river discharges (Coast of Russia and Japan)

69



Table 1.2 Example of river discharge setup

year mmddhhmm m3/s S(psu)  T(deg—C)

2005 01150000 318. 000 0. 000 20. 000 Yellow River
2005 02150000 256. 000 0. 000 20. 000 Yellow River
2005 03150000 200. 000 0. 000 20. 000 Yellow River
2005 04150000 107. 000 0. 000 20. 000 Yellow River
2005 05150000 87. 800 0. 000 20. 000 Yellow River
2005 06150000 186. 000 0. 000 20. 000 Yellow River
2005 07150000 1560. 000 0. 000 20. 000 Yellow River
2005 08150000 550. 000 0. 000 20. 000 Yellow River
2005 09150000 242. 000 0. 000 20. 000 Yellow River
2005 10150000 2930. 000 0. 000 20. 000 Yellow River
2005 11150000 854. 000 0. 000 20. 000 Yellow River
2005 12150000 405. 000 0. 000 20. 000 Yellow River
2005 01150000 847. 580 0. 000 20. 000 Huai River
2005 02150000 711.530 0. 000 20. 000 Huai River
2005 03150000 1883. 420 0. 000 20. 000 Huai River
2005 04150000 657. 470 0. 000 20. 000 Huai River
2005 05150000 273. 820 0. 000 20. 000 Huai River
2005 06150000 378. 440 0. 000 20. 000 Huai River
2005 07150000 9940. 360 0. 000 20. 000 Huai River
2005 08150000 6417. 630 0. 000 20. 000 Huai River
2005 09150000 3348. 330 0. 000 20. 000 Huai River
2005 10150000 933. 000 0. 000 20. 000 Huai River
2005 11150000 695. 820 0. 000 20. 000 Huai River
2005 12150000 460. 430 0. 000 20. 000 Huai River
2005 01150000  14074. 200 0. 000 20. 000 Change River
2005 02150000 15676. 180 0. 000 20. 000 Change River
2005 03150000  23342. 640 0. 000 20. 000 Change River
2005 04150000  23113. 790 0. 000 20. 000 Change River
2005 05150000  30780. 250 0. 000 20. 000 Change River
2005 06150000  54008. 470 0. 000 20. 000 Change River
2005 07150000  47257. 380 0. 000 20. 000 Change River
2005 08150000  40277. 450 0. 000 20. 000 Change River
2005 09150000 67167. 300 0. 000 20. 000 Change River
2005 10150000  38675. 550 0. 000 20. 000 Change River
2005 11150000  25173. 460 0. 000 20. 000 Change River
2005 12150000 14989. 650 0. 000 20. 000 Change River

*  Numerical value: Discharge (m/sec), saline matter (psu) and water temperature (‘C) of each river

e  Daily discharge: Calculation by linear interpolation
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The target year is 2005. Among a number of river discharge data, time series of Chang River and Yellow
River are shown in Figure 1.9. According to Figure 1.9, 2005 is considered to be a ordinary year in terms of

river discharge.
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Figure 1.9 Time series of Chang River and Yellow River

2) Meteorological conditions

Meteorological data are necessary to compute wind stresses and heat and water fluxes at the sea surface.
Mandate items are wind components, air temperature, relative humidity, solar radiation (short wave radiation)
and cloudiness. In present days, a various of meteorological agencies in the world provide global
meteorological data through the internet. Here, we downloaded necessary data from an archive of NCEP FNL
(http://dss.ucar.edu/datasets/ds083.2/) which has a grid resolution of 1 degree of both longitude and latitude and

a time resolution of every 6 hour. Figure 1.10 shows a part of downloaded data.
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Figure 1.10 Meteorological conditions as input (upside: February, downside: August)
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(7) Boundary conditions
Open boundary conditions are given as for the current velocity components, water temperature and salinity.
In order to obtain necessary time series of data, outputs of a large scale simulation model treating whole
North Pacific are utilized. It is possible to use a ocean prediction model which is operated by, for example,
Forecast Ocean Plus, inc. (FOP).

Figure 1.11 and Figure 1.12 show examples of simulation results of FOP.
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Figure 1.11 Simulation result of FOP utilized as boundary conditions (Winter (February))
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Figure 1.12 Simulation result of FOP utilized as boundary conditions (Summer (August))

Figure 1.13 shows location of south boundary condition where time series of water temperature, salinity

and current velocities are set as boundary conditions and they are shown in Figure 1.14.
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Figure 1.13  Location of south boundary condition
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1.2.2 Verification of model calculation

Figure 1.15 shows comparison of water temperature between satellite (MODIS) and simulation.

Satellite (MODIS) Simulation
(Reference: Courtesy of JAXA / TOKAI UNIVERSITY)
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Figure 1.15 Comparison of water temperature between satellite (MODIS) and simulation (February, August)
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2. Water quality model
2.1 Flow of the water quality model

(1) Calculation range

Fundamentally, the calculation range is set up in the calculation range of a hydrodynamics model.

(2) Load discharge

The pollutant loads which flow into ocean from each country are set up using the calculated values by the
land-based pollution load model. (2.2.1(8) shows setup example of load discharge.) The pollutant loads calculated
by the land-based pollution load model are COD, T-N and T-P of seasonal average. According to the calculation

items of the water quality model, it is necessary to fractionate these.

(3) Initial conditions and boundary conditions
To perform the time-variant simulation, it is necessary to set up the initial conditions and boundary conditions of
water quality items which are a predictive variable. Observed values of the year for calculation are collected and

each conditions are set up.

(4) Water quality model development

As a water quality model, there are various models. For example, there are it considering the primary production
of the phytoplankton, it considering also the zooplankton, it considering the higher order living things, and it
calculating about the bed material to consider the interaction of the water quality and the bed material. The kind of
model is decided based on the characteristic of object water areas and the purpose of analysis. A water quality
model is based on a diffusion equation. A fundamental equation is a equation which added the biological and
chemical reaction term to it.

By way of example, 2.2.1(7) shows the Fortran program of a fundamental equation, a reaction term about

phytoplankton, and a term of photosynthesis of phytoplankton.

(5) Calculation and Verification of model calculation

Calculation conditions are set up and water quality calculation is performed. Calculation results verify by
comparison of chlorophyl-a between satellite and simulation, and comparison of water quality between observed
data and calculated data. If there are problems in reproducibility, the calculation conditions are changed and the
calculation is performed again.

The drawing software of various marketing is utilizable for the display of calculation results. For example,
Tecplot (made by HULINKS) and ArcGIS (made by ESRI) are used.
Moreover, by taking out the water quality concentration of calculation grids with observed data, the calculation

results can be evaluated by spreadsheet software, such as Microsoft Excel.

(6) Scenario calculation and evaluation
By making into input conditions the pollutant loads of each scenario calculated by the land-based pollution load
model, the influence which a scenario has on marine environment can be evaluated. In the case of a scenario
without change of the river discharges, the hydrodynamic calculation result of the present condition can be used.
The calculation results can be evaluated by creating horizontal distribution figures using drawing software. Also,
by taking out the water quality concentration of arbitrary calculation grids, the calculation results can be evaluated

by spreadsheet software, such as Microsoft Excel.
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2.2 Development example of the water quality model
2.2.1 Setup condition of water quality model development
(1) Horizontal and vertical grid system
The grid system in horizontal and vertical direction follows hydrodynamics model. Therefore, the model

construction and the parameter were set expressible of spatial concentration distributions.

(2) Model concept

In the main enumeration, in order to evaluate the environmental impacts to our country according to the
load change into the sea area by the change in the social infrastructure maintenance such as an economic
activity and drainage in foreign countries (China, Korea, and Russia), the application of the water quality

model, considering the primary production of the phytoplankton shown in Figure 2.1, was examined.
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Figure 2.1 Concept of water quality model
Adopting the water quality model like Figure 2.1 made possible to evaluate not only COD, nitrogen, and

phosphorus that indicate the eutrophication situation, but also changes in the Chl-a concentration that

indicate the red tide.
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(3) Calculation items

Calculation items in water quality model are shown in Table 2.1

Table 2.1 Calculation items in water quality model

Variable Calculation item unit
name

PHY Concentration of phytplankton ug/L
DO DO concentration mgO/L
POC POC(Particulate Organic Carbon) concentration mgC/L
DOC DOC(Dissolved Organic Carbon) concentration mgC/L
PON PON(Particulate Organic Nitrogen) concentration mgN/L
DON DON(Dissolved Organic Nitrogen) concentration mgN/L
POP POP(Particulate Organic Phosphate) concentration mgP/L
DOP DOP(Dissolved Organic Phosphate) concentration mgP/L
NH4-N NH;-N concentration mgN/L
NO,-N NOx-N concentration (nitrate and nitrite) mgN/L
PO,4-P PO4-P concentration mgP/L
ODU O&gg?ﬁfl?*?;:;f’ng}i?m concentration mgO/L

Because the densities of COD, total nitrogen (T-N), and total phosphorus (T-P) are not immediate
calculation items, for this model, they are converted from the densities of analytical items in the water
quality model, as follows.

(COD) = (phytplanktonic COD) + (particulate COD) + (dissolved COD)
(T-N) = (phytplanktonic N+ (PON) + (DON) + (NH4-N) + (NOX-N)
(T-P) = (phytplanktonic P) + (POP) + (DOP) + (PO4-P)

For the water quality models in recent years, many ways are contrived,-- a)the organic matters are divided
into the particulate and the dissolved matters, b)two or more kinds of phytoplanktons are considered, c)the
zooplankton is considered, and d)the device according to the purpose is performed as the interaction with
the bottom mud is considered.

The model construction was done with the calculation items for the basic materials shown above, from
aiming at the evaluation of the change in the amount of pollution load (COD,T-N,T-P) generated from land

areas, after reproduction of general current state with limited data for the vast North Pacific Ocean.

(4) Basic equation
The basic equation of the water quality forecasting model was an addition of the change term of a

biological and a chemical process to the basic equation of the hydrodynamics model.

6DC+8CUD+8CVD+8CW:i Ky oC +F. +Q+R
ot OX oy oo oOo| D oo
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Here, D: total depth, C: concentration, U,V\W: velocity components, Ky: vertical eddy diffusion

coefficient. Fc: horizontal eddy diffusion term, Q: load discharge. R: biological and chemical reaction

term.

Moreover, the horizontal diffusion term is defined as well as the hydrodynamics model.

(5) Phenomena considered by model

The phenomena and the process under considering in the model are shown in Table 2.2.

state variable

phytplankton(PHY)

Dissolved Oxygen(DO)

Particulate Organic Matter
(POM)

Dissolved Organic Matter
(DOM)

NH,-N

NOx-N

PO,-P

Oxygen Demand Unit

(ODU)

Table 2.2 Phenomena considered in this model

+
photosynthesis

extra-release
respiration
mortality
sedimantation

photosynthesis

respiration by PHY
decomposition of POM
decomposition of DOM
nitrification

DO consumption on the
bottom

Oxidation of ODU
mortality of phytplankton decomposition
load discharge sedimentation
Extra-release of phytplankton decomposition
decomposition of POM
load discharge
respiration of phytplankton photosynthesis
decomposition of POM nitirification
decomposition of DOM
load discharge
nitrification photosynthesis
load discharge
respiration of phytplankton photosynthesis
decomposition of POM
decomposition of DOM
load discharge
decomposition of POM Oxidation
decomposition of DOM

release from bottom

airation

release from bottom

release from bottom

release from bottom

(6) Parameters

Various coefficients of the water quality model are shown in Table 2.3.
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Table 2.3(1) Parameters for phytoplankton equations

parameter unit value reference
M phytplankton
maximum photosynthesis rate (0°C) 1/day 0.59 (1)
temperature coefficient for photosynthesis - 0.0633 €))
respiration rate (0°C) 1/day 0.001 M
temperature coefficient for respiration - 0.0524 @)
mortality rate (0°C) 1/day 0.01 M
temperature coefficient for mortality - 0.0693 “)
half saturation concentration of PO4-P mg/L 0.003 2)
half saturation concentration of NH4-N mg/L 0.020 M
half saturation concentration of NO3-N mg/L 0.033 M
extra-release rate for photosynthesis - 0.12 3)
optical light intensity MJ/m?*/day 8.56 2
dissipative coefficient for light intensity - 03‘33&%?23?;3%2'“ &)
Carbon/Chl-a rate - 47.6 2
sedimentation rate m/day 0.1 M
Table 2.3(2) Parameters for particulate organic matter equations
parameter unit value reference
M Particulate Organic Matter
decomposition rate of POC (0°C) 1/day 0.040 M
temperature coefficient for decomposition of POC - 0.07 “4)
decomposition rate of PON (0°C) 1/day 0.025 M
temperature coefficient for decomposition of PON - 0.07 4)
decomposition rate of POP (0°C) 1/day 0.040 M
temperature coefficient for decomposition of POP - 0.07 4)
sedimentation rate m/day 0.5 M
Table 2.3(3) Parameters for dissolved organic matter equations
parameter unit value reference
H Dissolved Organic Matter
decomposition rate of DOC (0°C) 1/day 0.01 M
temperature coefficient for decomposition of DOC - 0.0693 “4)
decomposition rate of DON (0°C) 1/day 0.01 M
temperature coefficient for decomposition of DON - 0.0693 4)
decomposition rate of DOP (0°C) 1/day 0.004 M
temperature coefficient for decomposition of DOP - 0.0693 4)
dissolved rate for decomposition of POC - 0.80 M
dissolved rate for decomposition of PON - 0.80 M
dissolved rate for decomposition of POP - 0.80 M
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Table 2.3(4) Parameters for DO equations

parameter unit value reference
EDO
Carbon/Oxygen rate of phytoplankton (by weight) - 3.42 2)
half saturation concentration of DO for decomposition
of POM mg/L 0.099 7
half  saturation concentration of DO  for
decomposition of DOM me/L 0.099 Q)
Oxidation rate of ODU 1/day 135.0 ®)
aeration rate m/day 2.25 Q)
Table 2.3(5) Other parameters
parameter unit value reference
Carbon/Nitrogen rate of phytoplankton (by weight) - 6.1 2)
Carbon/Phosphate rate of phytoplankton (by weight) - 8.0 ?2)
maximum nitrification rate (0°C) 1/day 0.003 M
temperature coefticient for nitrification - 0.0693 M
half saturation concentration of DO for nitrification mg/L 0.5 M

M shows tuning parameter

B Reference for Table 2.3
(1) Eppley, R. W. (1972): Temperature and phytoplankton growth in the sea, Fish. Bull., 70, 1063-1085.

(2) Horiguchi F., Nakata K. (1995): Water Quality Analysis of Tokyo Bay using Mathematical Model,
Journal of Advanced Marine Science and Technology Society,Vol.1,No.1,71-92. (in Japanese)

(3) Watt, W. D. (1966):Release of dissolved organic material from the cells of phytoplankton populations.,
Proc. Roy. Soc. Ser. B, vol.164,521-551.

(4) Horiguchi F., Nakata K. (1993): Applications of the Coastal Ecosystem Model to Suho Nada, Shigen to
kankyo, Vol.2, No.1, 61-92. (in Japanese)

(5) Nakata K. (2007): Research on process of formation of oxygen depleted water mass in Mikawa Bay,
Isewan Saisei Kenkyu Shinpoziumu. (in Japanese)

(6) Kanto Regional Development Bureau, Ministry of Land, Infrastructure, Transport and Tourism (MLIT),
Tokyo Regional Civil Aviation Bureau, MLIT (2005): Tokyokokusaikuko Saikakuchojigyo ni kakawaru
Kankyoeikyohyoka Junbisho. (in Japanese)

(7) JW.M.Wijsman , P.M.J.Herman , J.J.Middelburg and K.Soetaert (2002):A model for Earl Diagenetic
Processes in Sediments of the Continental Shelf of the Black Sea, EStnuarine, CoaStnal and Shelf
Science, Vol.54, pp.403-421.

(8) NERI Technical Report(2004): A model set-up for an oxygen and nutrient flux model for Aarhus
Bay(Denmark), No.483, pp.1-67

(9) Hirayama K., Matsuo T., Imaoka M., Hirayama K. (1995): Presentation of an equation for estimating
reaeration coefficients based on a turbulence intensity model, Journal of the Japan Society of Civil

Engineers, No.521/11-32, pp.181-191. (in Japanese)
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(7) Program example of the water quality model
[Basic formulas of the prediction model]

%'h = (Advective term)+(Diffusion term)+(Biological and chemical reaction term)

C: concentration of water quality term, h: layer thickness

(Advective term) = —u é - Vé - Wé
X X a
(Diffusion term) = i[Kh E) +i Ky x +2[Kz éj
X X)) & &) a a

Kn: horizontal eddy diffusion coefficient, K;: vertical eddy diffusion coefficient

Phytoplankton (the nth layer)

d

a(phy(m H (n)): 4P (1-£)- H™ ~Respy, - Phy™ - H(®

Production term — Extracellular secretion term  Respiration term
— Morpy, - Phy™ . H M +Sg;1-)],) -Phy™D _ Sl(:’rr]1)y - Phy(™

Plant death term  Sedimentation from the upper layer ~Sedimentation to the lower layer
0 (in case of n=1)

P production output by phytoplankton
P = pPhy™ . 4 max- f(T)- f(N,P)- f(1)

L« max: maximum specific growth rate ( /s)

f(T): temperature(T) dependence term of growth rate
f(T)= eXp(QlOVPhy T (n))

Q10Vpny: temperature constant

f(N, P): nutrient dependence term of growth rate

(m (m
f(N,P)z IP IN

Kip+1PM Ky +IND
Kyp: half saturation concentration of phosphorus (g/m”)
Kyn: half saturation concentration of nitrogen (g/m’)

f(1): underwater illumination intensity(I) dependence term of growth rate

f(l): 1 exp(l— |(”)]

lopt lopt

¢ : extracellular secretion coefficient
Respry: respiration rate of phytoplankton ( /s)
Morpny: plant death rate of phytoplankton ( /s)
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< Fortran program example >

c Phyto plankton

Crmmmmmmmmm o FI. e

! zup = zenten(nhor)
zup = radiation(nb) * 86400.0 / 1000000.0 'W/m2 -> MJ/m2/day
do L=1,lay

FC = (s(8,L,nb)*0.50+s(10,L,nb)/rCChl)* 1000. ! mgC/L =>ug/L
dk = syousanA*FC+syousanB
zdown = zup*exp(-dk*DZ(L,nb))
heikin = (zup-zdown)/(DZ(L,nb)*dk)
FI = heikin/Flopt*exp(1.0-heikin/Flopt)
zup = zdown
c----—- define solar on surface sediment
if(L.eq.lay) then
mb = nbmb(nb)

solarb(mb)= solarb(mb) + heikin/float(idtm(idom))*sect(L,nb) ! (MJ/m2/day)

endif

Crmmmmmmmmm e FNP -
FP=s(1,L,nb) / (halfl[P + s(1,L,nb))
ratio_pphy=exp(-gams_pphy*s(4,L,nb))
rp_nh4 = s(4,L,nb)/(halfNH4+s(4,L,nb))*(1.0-ratio_pphy)
rp_nox = s(5,L,nb)/(halfNOx+s(5,L,nb))*ratio_pphy
if(rp_nh4.1t.0.0001) rp_nh4 = 0.0
if(rp_nox.1t.0.0001) rp_nox = 0.0
FN=r1p_nh4 + rp_nox
if((FN.1le.0.0).or.(FP.1e.0.0)) then

FNP=0.0
else
FNP = 2.0/((1.0/FN + 1.0/FP))
endif
Cmmmmmmmm e FT. = -

T = wtemp(L,nb)
FT = exp( Q10phy*(T-TbasePphy)**2. )

Crmmmmmmmmm e Calculation Production = ------------------
fPRO(10,L) = + vmax*FT*FNP*FI*s(10,L,nb)*vol(L,nb) ! CHL
fPRO( 1,L) = - fPRO(10,L)/rCPphy P

if((rp_nh4.eq.0.0).and.(rp_nox.eq.0.0)) rp_nh4 = 1.0 ! Prevention of divergence

fPRO( 4,L) = - fPRO(10,L)/rCNphy*rp_nh4/(rp_nh4+rp_nox) ! NH4N(-)
fPRO( 5,L) = - fPRO(10,L)/rfCNphy*rp nox/(rp_nh4+rp nox) ! NOX(-)
fPRO(11,L) = + fPRO(10,L)*rOCphy 1 DO
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(8) Setup example of load discharge
2005 Scenariol

Summer (June - August) Calculation loads CcOoD T-N T-P
asreez Block Subblock g;ﬁ; Total Total Total
Bohai B1 Diseharge Liao River 26449 8529 724
Sea B2 B2R1 Liao River 26170 18058 693
B2R2 Liao River 8723 5448 222
Total 34893 23506 915
B3 Blsanarge Liao River 15809 8284 445
B4 Bieeherge Hai River 17437 7146 421
B5 Bleaparge Hai River 92151 36670 2736
B6 Bleaparge Hai River 9193 4648 280
B7 B7K1 Yellow River 9585 3616 245
B7K2 Yellow River 3123 2394 82
B7K3 Yellow River 7335 3235 178
B7K4 Yellow River 1834 1345 50
B7K5 Yellow River 5366 2846 152
B7K6 Yellow River 57121 30389 1567
B7K7 Yellow River 36313 17165 1035
B7K8 Yellow River 11187 5037 336
Total 131864 66027 3644
B8 Bischarge Huai River 18948 9908 568
Total 346744 164719 9734
Yellow K1 Bleearge Amur 150480 55198 2255
Sea K2 Disenarge Liao River 14896 6409 347
K3 Bleaarge Huai River 17290 9797 499
K4 Dleanarge Huai River 14436 7278 434
K5 K5W1 Huai River 14297 7168 431
K5W2 Huai River 80140 38435 2532
K5W3 Huai River 13317 7648 428
K5W4 Huai River 44588 21019 1390
K5W5 Huai River 18402 8059 533
Total 170744 82329 5313
Total 367846 161010 8847
East H1 H1C1 Chang River 26835 8301 408
China H1C2 Chang River 182772 70741 4305
Sea H1C3 _Chang River 184600 79111 4709
H1C4 Chang River 182814 57297 4307
H1C5 Chang River 90761 37377 2540
H1C6 _Chang River 101408 29388 2378
H1C7 Chang River 41815 11479 1169
H1C8 Chang River 140066 50145 3509
Total 951070 343840 23324
H2 Bischarge Etc. 173953 55238 3391
Total 1125023 399077 26715
Total 1839612 724807 45296

e Numerical value: Inflow pollutant loads (CODmn(kg/day), T-N(kg/day) and T-P(kg/day)) of
each river basin

*  Objective of model calculation: Daily pollutant loads

(9) Boundary conditions

The grid positions where the boundary conditions were set followed the hydrodynamics model. For the water
quality model, the boundary concentrations were given to the boundary meshes as fixed values. Some discrete
observed values were interpolated to the targets between the time-spaces and the fixed boundary concentrations

were set.
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3. Point of view about the water quality prediction simulation of Northwest Pacific using
the hydrodynamics model and the water quality model

The environmental influence to Northwest Pacific caused by economic actions of Japan, China, Korea, and
Russia was evaluated using the hydrodynamics model and the water quality model. The outputs of calculation
based on present situation and scenarios referent by the land-based pollution load model were used. The

procedure is shown below.

3.1 Scheme of water quality prediction simulation

The whole scheme of water quality prediction simulation is shown in Figure 3.1.

Firstly, calculation in order to acquisition present marine pollution was carried out with reconstructed Ocean
Simulation model. Inflow and land based pollution loads were adopted the calculation results by the land-based
pollution load model.

Secondly, in the prediction cases, the distributions of water quality concentrations were calculated using the
loads in the future according to the scenarios that were used to calculate the land-based pollution load. Each
scenario was constructed in comparison of 'economic development (increase of pollution loads)' and 'diffusion
of mitigation measures for conservation of water quality environment (decrease of loads discharged)'.

If river discharges changed in the scenarios, hydrodynamics model had to be rerun under the new conditions,
because river discharges changed the density distributions in the ocean and that changed ocean current
distributions. Since river discharges were supposed not to change in this study, the output of current for the
present situation by the hydrodynamics model was used in the future scenarios.

Thirdly, water qualities were calculated under each condition of loads from land to sea that was estimated

according to each scenario, using model and parameters that were confirmed adequately.

Provision from
land

River discharge

Loads

Ocean
simulation
model

Hydrodynamics
— model

Scenarios

Outputs
(water level, flux)

|

Water quality
model

Figure 3.1 Scheme of water quality prediction simulation
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The example of comparisons between observational results at the fixed points of the Japanese coast (shown in
Figure 3.2) and the numerical calculation results are shown in Figure 3.3. Maximum values (max), minimum

values (min), and mean values (ave) during the observation period of 2005 are shown respectively.
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Figure 3.2 Points where actual measurement value and calculation value were compared
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Figure 3.3 Comparison between observed values and calculation values in Kyusyu area

Observed value source: Public water area water quality measurement result
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The initial conditions for prediction calculations were determined like this: Outputs of previous step year (5
years ago (case of Figure 3.4)) of the target year were distributed to the all areas and the all levels. The
calculation of each year was carried out for 3 cycles (1 cycle was equivalent to 1 year.) until the annual level of
water quality became steady. Then the outputs of the last cycle (for 1 year of the 3rd cycle) was evaluated.

Figure 3.4 shows an example of the method of making initial conditions in each year. Figure 3.5 shows outputs

under 2005 conditions.

Calculation of present situation ( 2005 target) (3 cycles)

L

Calculation on a scenario for 2010 (3 cycles)

4 L

Calculation on a scenario for 2015 (3 cycles)

4 L

Calculation on a scenario for 2020 (3 cycles)

4 L

Calculation on a scenario for 2025 (3 cycles)

4 L

Calculation on a scenario for 2030 (3 cycles)

Figure 3.4 An example of method of making initial conditions in each year
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Figure 3.5 Outcomes (CODyy,, TN, TP) from calculation during 3 cycles in 2005
(Driver mouth of the Chang River, 2120km offshore of (D, (Dsouthern boundary)
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Appendix 3 Examination example of water quality in Northwest Pacific based on
future scenarios
The example of future water quality prediction in the Northwest Pacific by using the land-based

pollution load model and the water quality simulation model on Reference2 is shown below.

1. Setting of scenarios to predict pollutant loads

1.1 Target year

The target year was assumed to be 2030.

1.2 Values of future frame

Future frames (2005-2030) were estimated by the following procedures.

(1) Population

Future population was set up based on World Statistics published by Statistics Bureau, Ministry of
Internal Affairs and Communications. These values were shown in Table 1.

Table 1 Estimates of future population at each country

China Korea Japan Russia
1950 554,760 18,859 84,115 102,702
1960 657,492 25,003 94,302 119,906
1970 830,675 31,922 104,665 130,392
1980 998,877 38,124 117,060 138,655
1990 1,149,069 42,869 123,611 148,615
2000 1,269,962 46,780 126,926 147,423
2010 1,351,512 48,673 127,176 140,318
2020 1,421,260 49,221 122,735 132,407
2030 1,458,421 48,411 115,224 123,915
2040 1,448,355 45,961 105,695 115,782
2050 1,408,846 42,327 95,152 107,832

*United Nations, World Population Prospects

(2) Industrial Production
Future industrial production was predicted to predict industrial wastewater discharge. Future industrial
production was predicted based on growth in GDP. Future industrial production in GDP was predicted for
China and Korea because the industrial production of Japan and Russia set up having no change in the
future.
Future growth in GDP of China and Korea was set by the results of prediction conducted by Japan Center
of Economic Research. Future growth in GDP of each country was shown in Table 2.

Table 2  Predicted values of GDP growth rate

2001-2005 (experience) 2006-2020 | 2021-2030 | 2031-2040 | 2041-2050
China 9.3 55 3.8 1.9 0.9
Korea 4.4 3.4 1.7 0.8 0.1

*Japan Center of Economic Research
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(3) Livestock numbers and land area

Frames for nonpoint sources load such as livestock numbers and land area were kept constant till 2030
using the data in 2005.

(4) Wastewater treatment plant coverage

Decrease of pollutant loads by promoting sewer system infrastructure was predicted. The five scenarios

were assumed according to the stage of completion of the measure in the future as follows.

Scenariol:
Scenario?2:

Scenario2’;

Scenario3:

Scenario3’:

Keep the current situation

In case of coverage ratio of sewerage system reaches to 100% in urban areas by 2030
(100% of industrial discharges meeting regulations by 2030)

In case of coverage ratio of advanced wastewater treatment reaches to 100% in urban areas
by 2030

In case of coverage ratios of sewerage system and domestic wastewater treatment tank (in
urban and rural areas) reaches to 100% by 2030

In case of coverage ratios of advanced wastewater treatment and advanced domestic
wastewater treatment tank (in urban and rural areas) reaches to 100% by 2030

Wastewater treatment plant coverage among the scenarios in 2030 was shown in Table 3.

Table 3 Wastewater treatment plant coverage among the scenarios in 2030

Scenariol | Scenario2 Scenario2' Scenario3 Scenario3'
Urban (Advanced treatment) (Advanced treatment)
63% 100% 100%
. area 100% 100%
China
Rural (Advanced treatment)
0% 0% 0% 100%
area 100%
Urban (Advanced treatment) (Advanced treatment)
81% 100% 100%
area 100% 100%
Japan
Rural (Advanced treatment)
61% 61% 61% 100%
area 100%
Urban (Advanced treatment) (Advanced treatment)
95% 100% 100%
area 100% 100%
Korea
Rural (Advanced treatment)
0% 0% 0% 100%
area 100%
Urban (Advanced treatment) (Advanced treatment)
15% 100% 100%
i area 100% 100%
Russia
Rural (Advanced treatment)
15% 15% 15% 100%
area 100%
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2. Calculaton of the land-based pollutant loads
The scenario-based pollution loads in 2030 by the above-mentioned setup were shown in Figure 1 to Figure 4.

These were calculated by the calculation model of the land-based pollutant loads.

Japan " Nonpoint discharges ™ Domestic discharges of urban area
' Domestic discharges of rural area Industrial discharges
800 . . .
Sewerage system discharges M Livestock discharges
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Figure 1  Scenario-based pollution loads in 2030 (Japan) (CODwn, T-N, T-P)
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3. Prediction of water quality in the future

The changes in the water quality concentration in the estuaries of the main rivers in each country were
arranged to evaluate the changes in the loading amount from land areas. The nine points at where the
concentrations picked up were shown in Figure 5.
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Figure 5 Points where comparative concentration was done for scenario evaluation

The calculated land-based pollution loads were used as input data of water quality simulation

model on Reference2. In doing so, the water quality at each point was predicted.
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(1)Prediction of future water quality at each point

The predicted values of yearly averaged concentrations in the estuaries in each scenario calculation in 2030
were shown in Figure 6. “-01” in figure means surface results and “-05” means the fifth layer (roughly by 10m)
results. Moreover, the predicted values of monthly averaged concentrations in the surface in Chang River,
Yellow River, Hang-gang, and the Shinano River were shown in Figure 7.
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Figure 6 Predicted values of yearly averaged concentrations in coastal areas in each scenario calculation
(2030) (CODw, T-N, T-P)
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Figure 7(1) Predicted values of monthly averaged concentrations in Chang River (2030) (CODwpn, T-N, T-P)
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Figure 7(2) Predicted values of monthly averaged concentrations in Yellow River (2030) (CODwy, T-N, T-P)
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Figure 7(4) Predicted values of monthly averaged concentrations in Shinano River (2030) (CODw,, T-N, T-P)
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(2)Predicted water quality distributions in Northwest Pacific
The distributions of water quality concentrations (CODwy,, T-N, T-P) of the first layer (surface) in respective
scenario calculations at 2005 and 2030 were shown in Figure 8 to Figure 10.
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Figure 8(1) Water quality distributions (2005, Scenario 1 in 2030, CODy,)
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Figure 8(2) Water quality distributions (Scenario 2 and Scenario 2’ in 2030, CODyp)
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Figure 8(3) Water quality distributions (Scenario 3 and Scenario 3’ in 2030, CODyp)
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Figure 9(1) Water quality distributions (2005, Scenario 1 in 2030, T-N)
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Figure 9(2) Water quality distributions (Scenario 2 and Scenario 2’ in 2030, T-N)
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Figure 9(3) Water quality distributions (Scenario 3 and Scenario 3’ in 2030, T-N)
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Figure 10(1) Water quality distributions (2005, Scenario 1 in 2030, T-P)
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Figure 10(2) Water quality distributions (Scenario 2 and Scenario 2’ in 2030, T-P)
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Figure 10(3) Water quality distributions (Scenario 3 and Scenario 3’ in 2030, T-P)
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