2.1

(primary producer)
(Fogg, 1971)

eutrophication (Committee on Water Quality Criteria,
1972) (Algae bloom)

( , 2539) (Thomas et al,,
1998)  (Pavoni, 1977)

eutrophication
(Holland. M.M., Rast, & Ryding, 1990) eutrophication
(Straskraba, 1979)
eutrophication
1
2.



(Symons, 1970)
2)

(nitrogen)

( - 2549)

( 2549 )

( | 2537)

, 2531)
(atmosphere)

(microorganism)

(ground and spring water)

( . 2534)



Nitrogen Cycle

21
(Neitsch, Amold, Kiniry, & Williams, 2005a)

2-1
nitrogen - fixing bacteria
, aminization

Proteins — Enzymatic—" R-NH2+ C02+ energy + other products

digestion (amines or amino acids)
ammonification
Enzymatic
RNH2+  weeeee teveeeeR - R-OH + NH3+ energy
hydrolysis
2NH3+ HX03 --emeeemee- b (NHA2CO0X > 2NH++ CO=3
(heterotroph)

1) 2) (higher  plant)



3) (crystal lattice)
4) (NO?2 (NO3
nitrification nitrifying bacteria
NH3  NH4
(N02) nitrosomonas  nitrosococcus
Enzymatic
2NH4++ 302 — b 2N02 + 2HD + 4H++ energy  (2-4)
oxidation
obact 2 N02+02 L i ) 2NO3 + ener (2-5)
Oxidation %
denitrification
2 N03 denitrifying bacteria ~ N0O2 denitrifying bacteria N2+ NO + NO  (2-6)
denitrification denitrification
(runoff)
(Hensler & Attoe, 1970)
03 (eutrophication)

(Metcalf and Eddy, 1991)
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1 5
0 - 1,000 (
, 2549 ) ( ,
2543) 5
10 6
Methemoglobinemia (Infant Cyanosis Blue-Baby
Syndrome) Methemoglobin
( , 2544)
Amines Nitrosamines
(Stensel & Horne, 2000)
69 181
(Abdul, Hvitved, Vollertsen, & Ujang, 2002)
2.1.2 (phosphorus)
(' , 2537)
(total
soluble phosphorus)
2 ( , 2534)
1 (inorganic phosphate)
11) (orthophosphates)
1.2) (polyphosphates)

(detergent)
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dehydrated phosphate orthophosphates
pH
2) (organic phosphates)
nucleic acid,

phospholipids, sugar phosphate

0.01
(oligotrophic lake) 0.01
(eutrophic lake) 0.01-
0.05 (Pavoni, 1977) 0.6
9-10
(Fair, Geyer, & Odum,
1971) (Placido D. La Valle, 1975) 1

700

Phosphorus Cycle

\

g

2-2

(Neitsch et al, 2005a)

2-2
orthophosphate H2P 04
HPO042
2 polar



adsorption P P (mineralization)
P P (immobilization)

mineralization P pH

mineralization

P (
, , & ., 2541)
(leaching) (erosion)
(Odum, 1971)
( , 2549 )

(domestic  waste)
, 2530)

( , 2532)

D
2) :

3

4)
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2.2 Soil and Water Assessment Tool (SWAT)

Soil and Water Assessment Tool (SWAT)

(River basin scale model) (public
domain model) 1990 ( . .2533) Blackland Research Center,
TAES United States Department of Agriculture-Agricultural Research Service
(USDA-ARS) (Arnold, Srinivasan, Muttiah, & Williams, 1998)
(Neitsch, Arnold, Kiniry, & Williams, 2011) . .2545

SWAT (interact) GIS

continuous-time  basin-scale  hydrologic

model

(Hydrologic Response Units, HRUS)

(Gassman, Reyes, Green, & Arnold, 2007) (Neitsch, Arnold, Kiniry, & Williams, 2005)

(J.R. Williams, Arnold, Kiniry, Gassman, & Green, 2008) HRUs
4

(soil profile) 0-2 (shallow aquifer)

2-20 (deep aquifer) 20 (Arnold,
Srinivasan, Muttiah, & Allen, 1999) SWAT
8 (hydrology) (weather conditions)

(sedimentation) (soil temperature) (crop  growth)
(  trients) (pesticides) (agricultural

management) (Arnold et al., 1998)

SWAT 2
(Land phase) (Routing phase) (Arnold,
Williams, & Maidment, 1995)
221 (Land phase)

(atmospheric

moisture)

(rainfall) ( o) (hail) (ice) (dew) (frost)
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(interception) (evaporation) (transpiration)

(infiltration) ( bsurface flow)

(ground water)

( 4)
@
( 3 )
SWAT 8
(Hydrology) (Weather conditions) (Sedimentation)
(Soil Temperature) (Crop growth) (Nutrients)
(Pesticides) (Agricultural Management)
,2-3
swt= SWi + li=i(K(- - ET,-P i- QRI) -7)
SWt (Available water capacity, AWC) ( )
t i ( )
Ri ( )
Qi ( )
ET\ ( )
Pi ( )

QRi ( )
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:::::

:::::
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- '
|

2-3

(Neitsch et al., 2011)

SWAT
Soil Conservation Service (SCS Curve Number) ( .. Department of Agriculture,
1972) (2-8) (2-9)
Soil Conservation Service (SCS)
n = 's > 0 -2s <-8)
Qsurf = 0.0 ,R < 0.25 (2-9)
Qsurf (3)
R (Committee on Water Quality Criteria)
5 b (Retention parameter)
5 Curve number (CN) (2-10)

5  254(~ - 1) (2-10)
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( ) 254

CN Curve Number
(Soil's  permeability) o

(Antecedent soil water conditions) 2-1 CN 0 CN s 100

2-1 CN

(Soil Conservation Service Engineering Division, 1996)

Cover Type Hydrologic Hydrologic Soil Group

condition A B C
Pasture, grassland, or range - Poor 68 79 86 89
continuous Fair 49 69 79 84
Forage for grazing Good 39 61 74 80
Meadow - continuous grass, protected 30 58 71 78

from grazing and generally mowed for

hay
Brush - brush - weed - grass mixture Poor 48 67 77 83
with brush the major element Fair 35 56 70 77
Good 30 48 65 73
Woods - grass combination Poor 57 73 82 86
(orchard or tree farm) Fair 43 65 76 82
Good 32 58 72 79
Woods Poor 45 66 77 83
Fair 36 60 73 79
Good 33 55 70 77
Farmsteads - buildings, lanes, 59 74 82 86
driveways, and surrounding lots
CN
1) (Hydrologic soil group)
The .. Natural Resource Conservation Service (NRCS) Soil Survey staff
(1996) (Infiltration) 4

(sandy soils)
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(sandy clay loam)

(straight-row)

B:
(loamy soils)
C 1 1
D:
(sandy clay loam)
2) (Cover)
- (landuse)
- (land treatment)
(contoured)
(terraced)
3) (hydrologic condition)
- (poor) 50
- (Fair et al.) 50 - 75
- (good) 75
4) (Land use classification)
- (wood, forest)
- ( . . Department of Agriculture)
- (bare-land & residential)
- (water body)5
5) (Antecedent moisture content; AMC)
Number 3 1)
(Wilting Point) 2) 3)
(Field Capacity) SWAT ' ,

CN Number

CN

CN Number



2.2.2 (Routing phase)
(Channel routing) (reservoir routing)
D

(Impoundment routing)

(Channel sediment routing)
SWAT Muskingum routing

(wedge)

Wedge storage= KX (35

Prism storage = K Q. 3
ol

JUN 2-4 nsimdeumveniludi
(Neitsch et al., 2011)

~stored ~ K mQout ™ ' X m( — Clout)
Vstored @&® (3
Qin e (cms.)
Qout ~e® (cms.)
K 0

18

(2-11)

X 0.0-0.3
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2)

SWAT
(Flood control; vfo)
(Principal spillway volume; vp) 1

(Emergency spillway volume; vem)

Km = Vpr + Vfc (2-12)
2.2.3 SWAT
SWAT 2
(Upland)
SWAT
2
D (Upland)
SWAT universal soil loss
equation, USLE (J.R. Williams, 1995)

SWAT

sed = 11.8 m(Qsurf mgpeak ' areahru) mK USLE «CUSLE mPysLE mLSusle *CFRG (2-13)

sed (metric tons)

. Qsurf (mm H2/ha)
Rpeak (3)
areahru (ha)
Kusle

Cusle

LSusle
CFRG

2)
SWAT

(concsed ctlmx)
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sedout = sedch - (2-14)
sedout (metric tons)
sedch (suspended sediment)
(metric tons)
Vont ( 3 )
VCfl ( 3 )
sedch (suspended sediment)
s&dcfl sedcli seddep ‘Hseddeg (2-15)
Sed(;fl (suspended sediment) (metric tons)
sed chii (suspended  sediment) (metric
tons)
sed dep (sediment deposited) 0  (metric tons)
sed deg (sediment re-entrained) (metric
tons)

seddep seddeg
(concsed ch i)
(concsed ch mx)

(concsed chi)>(concsed CJmx) —>seddep — (concsedcfli concsed Chmx) mVCIL  (2-16)
(COiicsedcfliy <(concsed c/I771) — seddeg — (conCsedcdmx  concsed,ch,i) ' Vch ' KCH ' Qth

Vch ( 3h)
Kch { (channel erodibility factor)
CCH { (channel cover factor)
[COTLC5edchTnx)

(Peak velocity)

c°nCsed,ch,mx = fipeak velocity) (2-17)
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224 SWAT

SWAT
, 2
Point Sources Pollution

Non-Point Sources Pollution

(J.R. Williams & Hann, 1972) 2-5

2-5 SWAN
(Williams and Hann, 1972)

2241 SWAT

20 NH4+
03

SWAT
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Mineral N Organic N
Denitrification

Volatilization “'Inorganic N Fertilizer T Organic N Fertilizer

Plant !
)
'
1

Mineralization

Nitrification

Residue Mineralization

2-6 SWAT
(Neitsch et al., 2005)

(HRUs) SWAT
2-6

(McElroy, Chiu, Nebgen, Aleti, &
Bennett, 1976)

(lateral flow) (percolation)
NO03s u Pn03 concflo3(mohile ' Qsurf (2-18)
N 03 surf (kg N/ha)
Pnos (percolation)
COTICn 03 mobile 10

(kg N/mm H20)

Qsurf ( )

U%mméuw‘%aﬂu‘[mmu'luangnﬁwwﬂuﬁumsnau’tuﬁw (J.R. Williams & Hann,
1978) IneiinsLulunNISLARDUNAIENNTS
sed
ovg Nsurf = 0.001 -coneOrgN ' £EN-sed (2-19)

areahru
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orgN surf (kg N/ha)
COncorgN 10 (9 N/metric ton soil)
sed (metric tons)
areahru (HRUs) (ha)
£N:sed
orgNsurf
concoraN = 100 - (2-20)
orgN pb-depthsurf
OTg ~fresh,surf (kg N/ha)
ovg N Sfalslrf stable (kg N/ha)
OTg Nactlurf active (kg N/ha)
Pb (Mg/m3)
depthbyrf 10
2.2A2 SWAT
SWAT
(Neitsch et al., 2005a)
Mineral Phosphorus E Qrganic Phosphorus
1
i
:ggifza::c P : Hurmic substances Residue
Plant uptake : Mlnerallzalb‘\ Plant

: Organic P tertilizer residua

1

1

|

Solution

B ey

g

@able «—»{ Actlive
S Sy

Act ive

\__-/

Stable Fresh
Decay

: Residue mineralization

2-7
(Neitsch et

SWAT

al, 2005)
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SWAT
2-7
10 (Neitsch, Arnold, Kiniry, & Williams,
2005b)
P __ Psolution,surf'Qsurf N
su N Pp' depthsurfk dsurf
Psurf (kg p/ha)
psolution,surf 0 10
Qsurf (mm 20)
Pp Mg/ 3
depthsurf 10
kd,surf 0 ( 3IM8)
sedPsurf = 0.001 -concsedp -J ed-- -£p,sed (2-22)
sedPsurf
(kg P/ha)
Concsedp 10 (g p/metric ton soil)
sed (metric tons)
areahru (HRUs) (ha)
£P:sed

1
cOMCer @ —1UU

concsedp

_(m-inPact,surf+rninPsta,surf+oraP hum,surf) +0r3Pfrsh,s$\rfA, )
pb-depthsurf
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fMAPact,surf active 10 (kg p/ha)
m-ITIPsta,surf stable 10 (kg p/ha)
or37~hum,surf 10 (kg P/ha)
OrgPfrsh,surf fresh 10 (kg p/ha)
Pb (Mg/m3)
depthsurf 10

2.2.5

2251
(Graphical Comparisons) (time series plots)

2.25.2 Coefficient of determination (R2

R2 0 1 1
2-24
2
R2 _ ( 1C0i-06)(Pj-P)
(2-24)
\Jr, opls (/
R2 Coefficient of determination, / ,
, 0/ ‘ /, 0 , P,
/ P
(Donigian, 2002) R2 r

(model performance) 2-2
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2-2 R2 r
R ~ > 0.00 . u.yu u.yo
R2
Daily Poor Fair Good Very Good
Monthly Poor Fair Good Very Good
2.2.6 (Model sensitivity analysis)

(Monte  Carlo)
(Beven & Binley, 1992)

(Morgan & Herion, 1990)

(Karuchit, 2002)

2.2.7 (Model uncertainty analysis)

(uncertainty)
3 (Helton, 1993)

2.2.5.1 Scenario Uncertainty

2.2.5.2 Parameter Uncertainty

2.2.5.3 Model Uncertainty
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(model structure) (model detail) (validation)
(extrapolation)
2.3
231 SWAT

(Pohlert, Huisman, Breuer, & Frede, 2005) Soil and Water
Assessment Tool (SWAT)

' (point and non-point source)

Dill Hesse
4 3
3
2000 2002 2002 2003
(Hu, Mclsaac, David, & Louwers, 2007) SWAT
Embarras
lllinois 482
97
1994 2002 (9 ) 1985 1993 '

(Coefficient of Determination: R2)
0.36 0.74
10 50

(Vassilios, Christos, Georgios, & Gikas, 2009)
Soil and Water Assessment Tool (SWAT)
Kosynthos 52 440
32
Kosynthos
' 2003 2006
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: QY
® (0
2003 2005
2005
(Alansi, 2009) SWAT
Bemam
27 (1981-2007) 5
8% 39%
16% 59% 1 A 3% 32%
15 2020
50%
(Jamshidi & Tajrishy, 2010)
(point source) ; (non-point source)
SWAT Jajrood
(R2 Nash-Sutcliffe efficiency (E) 0.81-0.82
0.57-0.61 R2
E 0.55-0.59 0.36-0.56
(Mishra & Kar, 2012) Soil and Water Assessment
Tool (SWAT)

(non-point source, NPS)
1,695

(Takeda, 2012)
Hii
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(S9)
2.3.2 , SWAT
( , 2546)
SWAT/GIS . 1500
Data Analysis Base Flow
Hysepw
3 ' 0.5795
0.5361
(HRUs)
( , 2548)
SWAT
DEM
. . 2520, 2537, 2544
5-10 SWAT
0
Curve Number (CN)
. . 2541-2545
3
( ' , 2549) SWAT

(Water Balance)

. . 2518 - 2547
6,051.16 . . 2547
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1,005.74 281.64
28
5,345.34
. . 2557 1,225.86
326.02
5,198.01
( & , 2552)
, SWAT SWAT
SWAT
SWAT
( , 2555)
SWAT
14 3
, . .2543 . .2547
Accumulated Mass Balance
Square of Carrelation Coefficient (R2)
( , 2555)
: ( . . 2554)
( . . 2554) 3
1
2
3

95
SWAT



DO)

2.3.3

1.35:1

,  2555)
SWAT
2547-2550
R2 = 0.903
26.6%
2
, 2546)
. . 2518 - 2541

2548)

1:1.04

Et

31

(CBOD

1.08%

910 - 1,020



2-3

2551

32

2
3
, 2550)
. .2538 2546
2
, 2553)
2
2
0
2
2-3
3
, 2553)
. 2549 - 2551 13
(Water Quality Index : WQI)
2550 2549
, 3 3



Y014

C )
2
10
( Y014)
YO10)
3.
4
Y004
. . 2550
( , 2552)
11
3
3
YOo1
( 3
L (

2554 ' (

YOO06

2554)

(.

13

2
YOO05
( YO06) -
/N\
3
Y001
(
.2540-2550)
Y013
Y005

) 2550 2553
) (

33
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) ( ) 3 :
(BOD) ]
2553 2554
( 1 4, 2554)
( ) 2550 2552 2553 2554 2555
3 ( ) ( )
( )
2550
v 5 ( )
Y002
YOO03
4
2552 YO0l
YO02 YO05 YO08 YO10 Y011
2553 2554 2555
3
3 BOD FCB \ 3
(Cd)
( , 2556) (land-use
change) . .2531-2552 . . 2531
. . 2552 3.7
( ) 5.67
( ) .. 2531
. . 2552 2.26
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