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Abstract

Distributed models represent watersheds using a network of numerous, uniform calculation units to provide spatially detailed

and consistent evaluations across the watershed. However, these models have a disadvantage in general requiring a high
computing cost. Semi-distributed models, on the other hand, delineate watersheds using a simplified network of non-uniform
calculation units requiring a much lower computing cost than distributed models. Employing a simplified network of

non-uniform units, however, semi-distributed models cannot but have limitations in spatially-consistent simulations of
hydrogeochemical processes and are often not favoured for such a task as identifying critical source areas within a watershed.
Aiming to overcome these shortcomings of both groups of models, a hybrid watershed model STREAM (Spatio-Temporal
River-basin Ecohydrology Analysis Model) was developed in this study. Like a distributed model, STREAM divides a
watershed into square grid cells of a same size each of which may have a different set of hydrogeochemical parameters
reflecting the spatial heterogeneity. Like many semi-distributed models, STREAM groups individual cells of similar
hydrogeochemical properties into representative cells for which real computations of the model are carried out. With this
hybrid structure, STREAM requires a relatively small computational cost although it still keeps the critical advantage of

distributed models.
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Fig. 1. Representation of a watershed using square grid cells and link-node structures in STREAM.
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Table 1. The model input data required for STREAM

Data Attributes
Weather rainfall, air temperature, relative humidity, solar radiation, wind speed, atmospheric pressure
Topology elevation, slope, flow direction, flow accumulation
Land use land use classification, impervious surface area ratio, dyke height
vegetation density, canopy storage capacity of rainfall interception, surface roughness, crop height, root depth, crop
Vegetation coefficient, leaf area index at each of the growth stages, soil cohesion increase by root reinforcement, incorporation
rate of plant residue, application of fertilizer and manure
depth, water contents at saturation, field capacity and wilting point, and residual water content, saturated hydraulic
Soil conductivity, fractions of sediment particle size classes, detachability and cohesion of the top soil, volume fraction of
the interactive zone around macro pores, equilibrium coefficient for C, N, P adsorption
Geology (aquifer) | depth, water contents at saturation, saturated hydraulic conductivity, groundwater recession constant
Channel channel (stream or sewer) width and depth, bed roughness
3. Results and Discussion oA FASd HIFLd FEHF R AHgstvtar &
Utk 2y A 7128 Fe 287 S #
31 FELES 22| = mARe g olsiet By 2 Aol a7HE ¢A
FEALES BYste P we FYRLS HEH e o] itk & dTFolA AAIG STREAMS 79 W +&d
Argshe BdR B 71x% mdE FRE £ Ak g9 A4 ANS fse] Bedel Axeld SEARS
AvHoR g FYRDNN AGHS Ags $EA  RAF 5 Q=S ST
Fe BT O dRH] P vF SCS(Soil Con- STREAM< F#&84o] HAste 3 X wet A=t
servation Service)ollA] 713k CN (Curve Number) 7] ©] (cell), &9 (subcatchment), 2'd(channel) & & 37| F=
g3 o]€53 9tk SCS-CN ¥y 7tHsy 44 3§ 22 FEITHFig. 2). AFILE TRE 4 FANAE A
g F de ol doeud FerE AE Al ARt ©E Y, EYS, U394 R FERES 23T
Z9AE U 39 EGAT Wit wEEA gk wE 4A5Ee SEARS 29, 39AY B9, EFIT,
o] 9JthMishra, 2003; Ponce and Hawkins, 1996). wWatA A T, ARA 7FF, TUF #&, AT & 522
BHE F99 B4A AN AFAT Z954 Wsh THAL 2499 FERPL AXF, FAF, A5 3
S olo] B o@gEA] EF ) WH Y o5 AHAE | AZAE olgstel EFATh 4 Aol AY 259
2osjof st Fedde FAE M 5 Aok ol gkt W AR A wf AxAZei A" ARF fE, SR
of, shtshtel SRAYS BeAel Flxdte) FPSE B §E AS: AL AW, F AZE2RE 299
42 Y FEAYS AT F JLBE AR {9 ZO 2 Muskingum-Cunge &40 & FFo] TAgth
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Fig. 2. Hydrological processes in STREAM.
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Table 2. Selected equations

for hydrologic processes in STREAM

Components Equations Reference
6(R, +4,) 4 643(14+0.5360,)D
EL = 6+’y m By Shuttleworth (1993)
R —G)
o ) n ~ 900 0,0
e §+~(140.330,)  6+~(1+0.330,) T+275
Evaporation E=kK,EV,~E,,_
C co~re 907 vege
Eiwil Esutl bare +Esutl vege
Ejsm‘lfbarc = [(9_67‘05)/(950[ _eres)}k((l_ V;i)
Ejsoilf'l‘eye = [((OE; (exp( leA[) [(9797'65 )/(esal 707‘05)]]“ Vd
Infiltration = 1000k ff[lJrS at —9)/F] Mein and Larson (1973)

Aquifer Recharge

Qroug =(0—0,,)V, [1—exp(— At/ TT)]
T= 1/2( buzl/kunsat)
kun cat cat [ 6 67'93 )/(esa,t T‘P9 ]U ? X

[1_ 1_(0_07'6’6)/(95(11‘ 9 )1/,”)”1]2

res

Van Genuchten (1980)

Interflow k. =k A Rawls et al. (1989)
Base flow Qa,,g;, 0= Qugen.i—16xp(K, )+ @, (1—exp(K,,.)) Neitsch et al. (2009)
Stream flow stch, i C Qu sch,i + G Q schyi—1 + Gistch,.'i —1 Fread (1992)

Nomenclature: E, = potential evaporation (mm s’ , E..=reference crop evapotranspiration (mm s , R,=net radiation exchange for the free
p=P P p p p g

water surface (MJ m” s), 4= energy advected to the water body (MJ m”
(kPa °C™), Y= psychrometric constant (kPa °C™), U,=

s"), &= gradient of saturated vapour pressure over temperature
wind speed measured at 2 m above the ground surface (m s'l), D = vapour pressure

deficit (kPa), A= latent heat of vaporisation of water (MJ kg"), G = heat conduction into the soil (MJ m? "), T=air temperature (°C), E. =

transpiration rate of a crop (mm s), k, = soil water stress factor, K, =
from the vegetated area (mm s’), k, = soil water stress factor, K., =
$"), Esoit.bare = Evaporation from the bare soil area (mm s'), LAl =

potential crop coefficient, V4= vegetation density, Eoirveqe = Evaporation
potential crop coefﬁment Es.i = evaporation from the soil surface (mm
leaf area mdex (m* m’ ) ©=soil water content (m m’) at a given time,

O, = saturated soil water content (m’ m'3) Ores = residual soil water content (m’ m’ ) k, = Attenuation coefficient of evaporation from soil
surface due to vegetation water use, k= soil evaporation coefficient, Eyqe = evaporation from the water surface (mm ™), Eyger-bare = €vaporation
from the water surface on the bare soil area (mm s™), E\vater-vege = €vaporation from the water surface on the vegetated soil area (mm s'l), f=

maximum infiltration rate (mm hour™), key = effective hydraulic conductivity (m hour'l), S

= matric potential of suction at the wetting front

(mm), F=accumulated infiltration (mm), k. = effective hydraulic conductivity of the soil (m hour') ksar = saturated hydraulic conductivity of

the soil (m hour"), 4 =macroporosity factor. Osoug =

amount of water flow from the soil to the aquifer (m) Vs = volume of the soil layer

(m) TT = travel time of the recharge flow (sec), dyi = depth of the soil layer (m), kunses = unsaturated hydrauhc conductivity of the soil layer

(m s™), n=Van Genuchten constan, Qaq(hl

groundwater flow into the channel on current time step (m s, Qugeni-1 = groundwater flow into

the channel on previous time step (m s, K, = base flow recession constant, Qwh,ﬁ the channel inflow rate at the beginning of the time

step (m s "), Oueni=the channel inflow rate at the end of the time step (m’ s™), Queni=

the channel outflow rate at the end of the time

step (m’ s), € =(At—2KX)/(2K(1— X)+ At), G =(At+2KX)/(2K(1—X)+At), C = (2K(1—X)—At)/2K(1—X)+ At), Ar=
time step (sec), K =the storage time constant for the link (sec), X'=Muskingum-Cunge weighting factor.

Zr afg 1Y ety #Ale =E-JaY UESZa 9F o wat I §/4go] Fodtt EFF2 AR Fod E
2 FYsty rY3tt QgL st BLdoE FRIH, & 7o), ELFT4F(saturation, field capacity, wilting point,
AR B mEt st Fgo] sttt = Al £ residual water content), ESIFIAEE, ESYE FAgH],
g Ak FAF #FIAY E£9 5F2 Muskingum- o &= (macropore) LEFE F¢ FE 5440 Fodn
Cunge 2o &) sfMgct #LY HA/HFS AR} EFS oioll= 3ol EASH, das $42=2= o
ARG Fs AESAY 4EE T BEE o] &stq iR F29 TIFYAEE, X3E 59 HXo] aFHT
Aoz e, AUFFE 24 FF2 FA B o 2 Al Ay 9= 4489 F(canopy)el o5 A
2 AFHA AFHAY st 2 dR/sHA 9ok 4 FE2 gEth Folzl A7l 8 2 A2 A9 4
e X5 f8 AHEHE $E 42 Table 29 2t HZA A F(LAL Leaf Area Index)$t Hl#| et ALE 713t
Ron, Ay JEDA 9 sHE Fo BE GHIAST
311, AXMe &2 Z2EMA 9 AdHETE AFEATE AFS Seao] o) Fodt
STREAME A& Az §9& FE3H, 4 A T Y3 ADHA LA EY FHA Egste FEHE
£ A ARHTH 73 oY EYS 2 gF3eE 74 F-¢-&H(through fall)& Z-¢FAAM FEAG¢ZFS A 9st
drk AW ARV A BEFARHY g whet of gt #ASEF 9 71 HM(reference crop)9
BEFAGN EEAGow TRAG EFAGe)e o] AATEUAFE WP 915t STREAM2 Penman 37
ZAT F d=d, A2t A BAN LY Y =R 2]1& o] &3ttk(Shuttleworth, 1993). FHOZHEQ A
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Al
27| et FIRdS EFSE, U=
33t USLE (Universal Soil Loss Equation) 29
A& AHEete BdF EG JATH/ /A olegs ET4
of 7Z]x3ty Rste= EdE FEE 4 Itk USLE: 7
Jol tgstal ARgo] golste AAFoZ B2 RddA
AeE3 9tk 28y Jetten and Favis-Mortlock (2006)<>
USLEZ} = BFAHE SAHOE /dd FdHez 2,
Fo FEIAY, F hFd(landscape diversity) 5 20| 2
st F8AY & FAVE wEvt dFsach U
FES 1T 9 ol Aole FYE ALE wHHM,
wetA Fu A& Al USLE Wol 2gH i/l 3t 43
o Fo7} a7dn. ol#g °|+=2 < WEPP, EUROSEM
5 B 7128 FHAF olsE EYs] 99 2l
o AAlEo] 2 o]go] FForta e Aot EF
2o 71z U A7 EGFEA 2d AL AF=2
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£ GRISMORM (Kim and Chae, 2000), CAMEL (Koo et Ho] Qith. STREAM2 HFZ Hded s3S HA ¥
al., 2005), DANSAT (Cho and Mostaghimi, 2009) §°] %} ARNE B o3 EHE FESI PG A THBrandt,

ot 2 AFolA AAF STREAME F/4F ol #B& 1989, 1990). & &soldA= 44, AxF & AxEY &
=2 7125t RGeS HA A EHE Zerete] A, el 9 FAF e o
Eo} %MJJF - Ksediment) ©]% FFL §47 A HZ A i Morgan et al., 1998). HlEHgo] o) £
A 25 ARt fA4 ol #F & STREAMAA = $F Fd A S89 A ALl daixinh BiEEed oS
'@’3‘3’4 Y5t AR, &f9, stHeR FES 2o 2HE A dAES 0*1'210%1]"1-4 AZfET 93l
o AR A= S(interril)F Bl)AA S ES FAFH 7R olsdTh E Atold] SAAHANA Y FAF ol FHFL
ol5g R, AFYoME &FYo XIH AA AR A& E(shear velocity)oll 7]1%3F Everaert (1991) &4
oA A EY AAF olgF T &FY LYY 75 < WE2H, {4 o]Fo] AFHE YAAGEE(critical
E3) 317 Ao R oE3= FAFS modit) kA A shear velocity)= 9744 wet A HTH
9] A olF 2 AA FHE TS 4 &FFelA FF £9 55 g 2 9 MY F4F E28l= Smith
A FAPE R e #gelA 53, A2, olsHe #3 et al. (1995)°] A¢tet FA-EH o]E& utgoz Ry
S 23 tKTable 3). AR %*h)r g, &%9, A= ok Smith et al. (1995)7} Al FA-FF o022 F&
A AZAE 2 Q1o olF A Adies A 9= AEo mE A YA ABEES 525 Y FAF &
o] Wit AE, wAl, APA T ZHA S 49 AL vH53(sediment transport capacity)2 ©]8&3te] T
BEt 4 Agad 2973 712 USDA (1987)9 A YA FAAE=()E B9 2E9% A=7F dFsid
A B TE(coarse sand: 500~2,000 pm, medium sand: 250~ = 7}338H Stokes AL o] &ate] AT A 2uk

500 pm, find sand: 50~500 pm, silt: 2~50 pum, clay: < 2 pm) FEE A YA =71 fAFEEZE 87EE,

< Fuste AEYALE FE | um, "AF 10 pm, AF STREAMO X = & Ato] A oA WEHE FAMFS A
AF 100 pm 2 ZHA} 1000 pme 2 AP oH, AR} ERETFLZ Yo AFSth o, Folzl Al A
YL B3l o] #S WAY F UAEF FHrh AEFY A RN e A FAFeR ALE

Ao A ES B Qe 9A} AAEL uueo 27 THGovers, 1990; Morgan et al., 1998). @3} 3119 A}
o 93 ZalHEd, o Y F¢ eEAUAYG & o] x7] MAFSREET ZW fAF YA FUE

Table 3. Selected equations for sediment transport processes in STREAM

Components Equations Reference
KE, = max(8.95+8.44log(t),0) R
KE, = max(15.8/H,—5.87,0) (R—1I)

Kinetic energy of rainfall Brandt (1989, 1990)

Splash detachment SD=10n[KE_ (1—\,) + KEX lexp(—bd,,, )¢ Morgan et al. (1998)
Sediment discharge by interrill flow q,:a(u**u*c)” Everaert (1991)
Sediment detachment by channel flow FD=¢ew, (TC—-OW Smith et al. (1995)

m :Ol,[p(w_;,‘,)ﬁ’
w=su, o = [($,+5)/0.32]7 "0
8, = [(&, +5)/300]°%

Govers (1990)
Morgan et al. (1998)

Sediment transport
capacity of channel flow

Bed load B, =, (7%'/d)®)/(X,/Y, —1)gd,

Van Rijn (1984)
Suspended load 5. = f,u,D,.C

Sediment channel routing

Nomenclature: KE, = kinetic energy of direct rainfall (J m®), KE;= kinetic energy of leaf drainage from the canopy (J m’ %), t=rainfall intensity
(mm hour-1), R = rainfall (mm s h, L= canopy interception (mm), H.= canopy height (m). Sp=splash detachment by rain drop impact (kg
ha), 1= soil detachability index (g 1", ¢=a fraction of ground surface covered by plant canopy, b =rain drop impact attenuation coefficient,
dy, = depth of overland surface water (mm), ¢=fraction of a given particle size class in the top soil. Fp=sediment detachment by flow (kg
m-1'5"), &= detachment efficiency coefficient, v, = settling velocity of sediment particles (m s, aB= experimentally-determined coefficients,
p=density of sediment particles (2650 kg m?), = unit stream power (cm s"), @= critical value of unit stream power (cm sh, § = energy
slope of water, i = mean flow velocity (cm s), ¢=median particle size (m). TC = sediment transport capacity of the flow (kg m”), C = initial
sediment concentration in the flow (kg m?), W =flow width (m). q:=sediment discharge by interrill flow (kg m' s"), us = shear velocity (m
§), ure= critical shear velocity to maintain sediment transport (m s), a,b =empirical constants depending on sediment particle size. B, = bed
load (m” ™), ¢ =bed load coefficient, T = shear-stress parameter related to sediment transport, d- = dimensionless grain diameter, 1;= specific
weight of sediment, 15, = specific weight of water, g = acceleration of gravity (m s %), d5)=median diameter of sediment (m), 7= (T*g/T*C)*l,

d. = [( Y,/Y, — gdgﬂ/l/] , Tx=value of Shields parameter for the grain shear stress, 7:. = critical value of Shields parameter, v=kinematic
viscosity of water (m’ s") §,=SS discharge (m* sh, fi=integration factor, v, = flow velocity (m s™), D, =flow depth (m), C,=SS$ reference
concentration at level a (m’ m™). fi= [(a/D,,A)R“ —(a/D,,A)"Z]/[(a/D,_)H”(1.2—1?(;)}, G =0.015(dy,/a)(T"*/d*), a = height of the reference

level above the rill/channel bottom (m), R, = adjusted Rouse number.
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2] Foj(flow detachment) SHFZ 28tEH, I1¥Ex &
el 7] $AREES $A 29 Aolwae] Fib
7t gA o] Agidd gtk Govers (1990)= FAF &
go] Al&AE = @9 £/ (unit stream power)®] FA XS
04 cm s'2 ANIFFEH, 19 ATE coarse siltFE
coarse sandZ7FA1 9] AGE YE HY oA o] Fojd Ao
oA clayy fine silt YAl= FHsA && & Atk o
ZA STREAMAA = @9 +7E JAA(9E Y=o o
2 AFEATE A ¢ =S ST Smith et al. (1995)°]
AAIG FF A 23E FAF £ AF(a)e 22 EYY
ARG A4 By 1y ZA& 9 FAF 2E7F T4
ste 43S JXAs s Aotk A 2 Alve A
g F7tel ek g, =079¢ 0 9 o] AfHom
ZagthMorgan et al,, 1998). A71A ¢& A2 EFY A
2 (kPa), ne A4 P g8 Frtste EY AFY
(kPa)& YERdTE STREAMOIA = ¢ & HUlFoz &3
EYH 22 EGOE FEIY AEAZFE dE¥Es
A £ AlF(a)e AP 2RbeEHol 27 fAMEEED
A2 A, & & 50 doAYde -, 19 #gs Zeth

g3 A9 fAF ol52 olF FEH wet Eol u
Al o] &dte FfAKsuspended load)$}t Hietoll EE AU
WA o]FaE 2FAKbed load)E T-EH T STREAMe] A
£ Van Rijn(1984)°] AASF P& FHEst] F/AF 2
27 olgs 47 Abeith sk @AY [AE
ols FFL DAY A ol5FH B2 Fo
t}. STREAM2 A o5 #3835 4719 J=d
71 WZo] 99 Azt AHAA ALY FAF *ubs
of wat sHY HAEY Y& Tl WEste

T AUtk

0l

33 YY=EH
331 L=E H &

FLFEZE A71A7F BEstn Fddsted ZoR o=
SEdolAl, /71A9 AXAALS & FH FAdA A
of
B
o]tiTable 4). @LFEZL FA H7]=(organic matter)T
7] E(inorganic matter)Z TEITE F71ES YA F7]
o &2 Fejol wt YA FHE EA3HE POM (Particu-

=]

fr et
ol
_Orlg

E30ltt. 9F=2 F STREAMOIA AEH
KeX

B2 Bk (carbon), 2 4x(nitrogen), 2](phosphorus)

o

Table 4. Nutrient variables for soil and water in STREAM

late Organic Matter)¥ €& FHZ EA3= DOM (Dis-
solved Organic Matter) 12]3 FHAF = ES YA
£4" FHZ EA3F= SedOC (Organic Carbon adsorbed
to Sediments)Z TEETE I3 o|H 37FA 9 /IE
9 Fe= PAEd Y5 ElHe Sxo m &=
7 w2 AEAA(Labile)F EHEEF = FEH Y (Re-
fractory) 2.2 TEHT} LPOMS EFolA &3t e ol
wet AE9 9, By 59 & Eitter)F E H](manure) =
TEHH, EHEE7E W w2t Humusd 2 EA
3h= RPOM "¢ HE3tH o] e R7IEEA Ef&E=
7b wj e =gt 2 fUlES EAATIE 9Es she
u] &2 MBM (microbial biomass)2Z, nAE2] )}
ol TABsE F7ES CO, NHi, POE Fostth
NH7F 2418tE 9 NOs7F B e, EF JA F2=H
PIN (Particulate Inorganic Nitrogen)22 WHT} PO}
EF dAe F#H" 243t PIPa(Active Particulate
Inorganic Phosphorus)9} P83t PIPs (Stable Particulate
Inorganic Phosphorus)Z &=t}

332 JYUSEo| R 0|

9 Ul d9EE AZLhe F0H X @ A EW,
EYS, U3, shez FEATHFig 3). #9 W /712
9] o]F2 X EHAN BT NEFES, EGQUIFA T
Aete TR, TS LA ASdFETE 53 E
FolA stHoR o)Fdtt EFOR {fHE A2 4
E, 58, A &5 7tk AEAA #AS= /7]
B2 Ilitter), A E(residue)?] FEIZ, FEIA
A= G782 529 vlAdE(excretion)d] FHZE, QI
9 FHEFAA A= F71E2 HY|(manure)$ H

E(fertilizer)®] FEHZE, &A1Y BFFAIZHAA A=
7182 JAY 2= (particulate pollutants)®] FEf 2
Egoz f4¥9T 499 782 AEH B EQUHF

arn
FET, SO, AstrirETe =49 dgddA fd5=

=
AfEs, SeADg o

o
i
¥
i
oft
Sl
Ho
jines
it
v

Classification Carbon Nitrogen Phosphorus
Particulate Labile LPOC LPON LPOP
(POM) Refractory RPOC RPON RPOP
Dissolved Labile LDOC LDON LDOP
Organic
Matter (DOM) Refractory RDOC RDON RDOP
Adsorption to Sediment Labile LSedOC LSedON LSedOP
(SedOM) Refractory RSedOC RSedON RSedOP
Microbial Biomass (MBM) MBMC MBMN MBMP
Inorganic Dissolved CO, NHy4, NO; PO,
Matter Particulate - PIN PIPa, PIPs
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Irrigation

P T H Litter . Manure Particulate <
i 1 1 <
i Plont 31 Atmosphere i pesique XCrefON ferfiizer Ppollutants External
A A Nitrogen l l 1 Irrigation Inflows
Deposition
Soil Suraface —_— —
(pervious/impervious) surface External
Plank Soil Respiration . rriggfi Runoff Inflows
uptatk &Volatilization Infiltration rHEanon
G——
Interflow Stream Point source
Aquifer /LQ ke Inflows

Recharge

Aquifer

—_—
Groundwater
Discharge

Fig. 3. A schematic diagram showing input and transport processes of nutrients in STREAM.

333 JY=Ho| Hat

EgT FACdAY g4, A4, 19 AE FFL Fig. 4~6
3 2Zth Fig. 4= STREAMYIANY B2 £3RF S =2
skt Zolt

#7189 e PAEMBM)O] #7188 VAR ALE
3Fo] A3 (biosynthesis)S 3 oUAE FHdle= ol
H, o] i FAEZA FrE0] AHE FU1E9 EalFH
BelA wAES] ARGl ol &HE A71EY vES AF
8 HlE(o)olH, F71E0] B2 | AFd o] &HA
%3 F2 fU1EY 4Fe dENY E2E HEEH=
a HEE fiy R FYdnh mAE Ja AFgol =HA
SAY dEY EZE HIHA F2 fUEY
Jeoz, fama, frosS BlEZ CO, NHi, POZ HEFH Yz
= S g5 duXdez ol &Ht. ELH} FA U

H
OERS

B, Ak 9 #7129 AsRge NEHoR 59% 3
HE Uehile Ao sFEsigon, dx W8S ON H
gol W Ba WH AREonA WASE Aoz A

AstAe AT F7189 FH2 415 LPOMS} RPOM
£ WAEY F& AEoz s A7 Rif&e] wt
LDOM$ RDOME #HEE™, o] & | AES] A4F
2 Qs e AAZ F4d o]&HH, dRE 357

22 QlE CO¢ FHRE WIEo] gy FLo=2 o]Fdth ¢
A §718 F LPOM2 F2lst #3& B3 d&Esy &
Z9l RPOME W&l Fig. 5= STREAMeIA 9 FAA
+8RH S =455 Aotk A T F49 FEYo}
Ik, Aztsh, 243 59 AP L 12 PFAeE x@HH,
o] yo] H|F AH], 7] s, EGHAE] 27 A 13
52 AR g8 H42 FoAo Fig. 62 STREAM

A} =3HRE S =459 Aotk STREAMIA <l

77

RDOP, LSedOP, RSedOP, MBMP)$} 3702 R7]¢1 A&
(POs, PIP, ¥ PIP)E ©]&3te] EYHAT {711 A E
ZAE, 715 Bk, Hy 2 WAELOZRE YA
g4 T/ AZE(PIP)E FAE A xdd E9F
o2 39 ey FriQleln, H|E F710 A ZF4(PIP)
HHE 4A9 xdd gstHez At Fee 7]
< vt H, AEo] FA] o] & /e FHY F
12 POE F ot PIPS PO HEol wEA =2
W PIP,% PIP= B0 =3t Altte]l 2 ZHye

= or—

P

first-order kinetic equations& ©]-&3td F=HH, 7/E &
442 4th-order Runge-Kutta HH o 2 sjA @t} STREAM

LPOC =TT > RPOC
Microbial | ____________ i Microbial
Biomass ; . decomposition i decomposition |F———--———————— P a
biosynthesis : biosynthesis Biomass
I
Co2 T coaranse ] S Y S —— > co2
humification cozr
adsorption / adsorption
Lsedoc [€ = LDOC RDOC > RSedOC
>
desorption A :d " ©
lesorption
decomposition P
| mineralization f----———————--
Microbial humification
Biomass | piosynthesis
cozrel Y Y
P mineralization biosynthesis | wicrobial
CO g« """ Biomass

Fig. 4. A schematic diagram showing soil carbon storages and transformation processes in STREAM.
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LPON o > RPON
|
I
Microbial |, | N Microbial
Biomass biosynthesis i biosynthesis Biomass
I
NH4 € decomposition | decompositionf-———————————— »  NH4
NH4 release ! NH4 rel
humification
adsorption Y 4 adsorption
LSedON [~ > LDON jm————= > RDON < —| RSedON
desorption : desorption
decomposition 1 : . A
= R 1 mineralization A K
: — mineralization conversion Y Y - A J -
! Microbial | | NH4 Microbial
| [ Biomass | piosynthesis Biomass
b
i i bilization
NH4 release ¢ v imfro
volatilization T itrificati
NH3 gas |« NH4 [—nirification o f N5z denitrfication _,, ARSI
A
desorption| adsorption
A
PIN

Fig. 5. A schematic diagram showing soil nitrogen storages and transformation processes in STREAM.

LPOP T > RPOP
|
|
Microbial | | N I Microbial
Biomass biosynthesis i biosynthesis Biomass
|
PO4 |€--—-—————————1 decomposition | decompositionf-—--———————=-=-) >» PO4
PO4 release : PO4 release
humification
adsorption Y Y adsorptio&
LSedOP [ > LDOP - > RDOP P RSedOP
desorption : de>ulpﬁun
‘ \ I
decomposition i mineralization [~~~ T
T bl v biosynthesis v
I mineralization :
I'| Microbial | _______ | conversion PO4 Microbial
: Biomass | ‘piosynthesis Biomass
I
__________________ .
PO4 release ! immobilization
Yy fast adsorption slow adsorption
PO4 | active PIP < stable PIP

desorption

desorption

Fig. 6. A schematic diagram showing soil phosphorus storages and transformation processes in STREAM.

ANA AEEE olFY EFH A W 9FER
215 d25tH Table 59 Zth

STREAMZ E<¢ 5 ©4, A4, Q19 ¥ T
HAs F8 Q%102 EY EYF 2EE FAHe
2 1 TTable 6). EFFTEZGAT(k)e MY EF
FEO)H EFEZ BAH wilting point (), field capacity
(0)), saturated water content (¢,)E Hlalste] AbgHTh E
FeEe MAEY E5H 55 wged 9FS
Jez Agort HESH whgd did EY
(kyp)E Thornton and Lessem (1978)°] A<t

o, 35tge] Ug EFXEZFAG (ke Jones et al.

[e2

2~H8 7
T

l
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(1984)el ATt A& WET kypy, kool TFE EGS
T A49 JuAASY EY XF9 dHE 1Y

2PgHthKang et al., 2000). A< A FEo] Xshd
HHE s W2 XFAF FoE2 18 ARSI, %
ZZATE FALEE o&std ELH 5USA Jones et
al. (1984)cl At A& o] &ste] P FALEE
7| 2EE o] &3t Stefan and Preud’homme (1993)¢] A|
A& A (Tuaer = 5.0 +0.75 x Tair)oll <3 28 Jhek.

3.34. AlMo| 2lst E
STREAMOIA 218 ol o3t F7189 F5& Michaelis-
Menten Kinetics (Barber, 1980)& WETHTable 7). 4 & ¥
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Table 5. Selected equations for nutrients transformations in STREAM

Components Equations
dLPOM,
—a = = kgdokrpor POM,;
dRPOM,
—a kgl ((1= fii0) (L= foo, (o1 frmy [0 f ek LponePOM; = k gpopRPOM; )]
ALDOM. Eghol(1— fm)(‘)f fA\'H‘v fpo‘))(“ - frpf)((l = foio) k1poaL POM; + (01 KipinodVH s KinonP O1)) + K7 MBM)
Organic matter T’ =
transformations — krpoad D OAJ,] — kacky [k(ulsD().‘l,(LD OM;— UDUJ/,LSC dp 0‘1’]5,)]
i=carbon, dRDOM,
:li trogen —a Ko (1= f1i0) (frefhzpoallPOM; + (1= ., (or [z /po)) ki rposRPOM;) = k iy [k sy pon; (RD OM; = 7 1y RSed OM;)]
phosphorus) dLSed OM,
—a = kg [k(ul,«DU.\l,(LP OM; — U[IUJI,LSEd oM;)]
dRSedOM; §
—a k gk [kad,«pu.\l,(RPOAJ: - UDU.MH*SedOAJ:”
dMBM,
at = kakolfoio(kLpoal POM; + k ppopRPOM; + k 1poy D OM; + k ppoyRD OM;) = ke MBM;]
aco, Epefeg (1= fii0) (fm,, (kporlPOCH kppoyRPOC) + (1= f, )k 1 porl DOC
dt koD OC) + f oo kyyin MBMC
AN, Eqekol (1= f1i0) f vz, (kppoalPON + k gpoy RPON + k1 poy LD ON + k gpoaRD ON + ki sy MBMN)
it -
¢ - kw‘nmw NVH, — knm-N H,— k'rr)luNN H1] - lekﬂ [kaxisu\'b’\(N H,— UNH\P IN. )
AN Oy
. = kogkolk i VH, = kN O5]
Inorganic dt
mater . 4PIN = kackolkugnn (NH, = 0 yy PIN)
transformations dt : :
apro, ko [(1— fbi<>)fP()\<kLPU.\ILPOP+ krportRPOP+ k pporlD OP+ k gpoyRDOP + kjy MBMP)
dt N
= FinnopP Oy = Y(kﬂ[kwl,sﬁ)s/ (PO, — UPU‘P[Pu)
apPIP,
dt - kn,ke[k'mzv«/m(POa - UP()‘P1P11> - ktlzissl(ru'(4P[P{1 - P[Ps)]
dPIP,
= bkl (4PIP,~ PIP,)]

Nomenclature: krp =soil temperature adjustment factor for biological processes, k, =soil water content adjustment factor for biological

processes, Kipou = LPOM decomposition rate constant, fi, = Fraction of POM transformed to biomass, Fco, = Fraction of POM transformed to
COy, Fwmy=Fraction of POM transformed to NH4-N, Fpos = Fraction of POM transformed to PO4-P, F,s=Fraction of POM transformed to
refractory matter, Keeonr = RPOM decomposition rate constant (day™), K = Micro-Biomass decomposition rate constant (day), Kagspou = DOM
adsorption rate constant (day™), 0 poar, = Equilibrium  coeff. for DOM adsorption, o, =Equilibrium coeff. for NH, adsorption, op, =

Equilibrium coeff. for PO4 adsorption, K;poy = LPOM decomposition rate constant (day'l), Krponw = RPOM decomposition rate constant (day’l),
Kimmon = Nitrogen immobilization rate constant (day'l), Kimmop = DIP immobilization rate canstant (day'l), Koy = Ammonia volatilization rate
constant (day'l), K = Nitrification rate constant (day'l), Kanie = Denitrification rate constant (day’l), Kaaspoc =DOC adsorption rate constant
(day'l), Kaasvns = NHy adsorption rate constant (day'l), Kadspop = DOP adsorption rate constant (day'l), Kadsrast = PO4 rapid adsorption rate constant
(PO4->PIP,) (day’l), Kadssiow = PIP, slow adsorption rate constant (PIP, -> PIPy) (day'l)

gl g F52 F e HNES ET W VE T 2
A(rhizosphere)] G ¢t Qe FrEZ, EY ) 77
A2 EF M2 YHZTE AFFo2 Fastes AL=
Hgstch A8 B g7 R F5F gl A}
EHE WARE T Uy, Up, by kavp S 34 99

oo
%
o

Aeddrle(us
B 4 F7E &7EY

BERYAR(k)E AEFL

=4 A e 4%
dsan. Ed £G4
F FFFN gAHE T

B 2
X o

l'm mlo

&

hu

F

71€9 A& FFEe] AddArt. ELFTH] field capacity
olfel™ RIIES FFol Aol §12H field capacity ©]
stol® APor Zasle] wilting pointel] o]2W F7)E9
g5E WA A,

34. SYUXIY U SAIXIY 28

e 49 A% B EXSOR sje] shel
29 ol BEAGF =AAGe] A A B9
Bk webd f9Ede Fud F8a7] AdAE $&A
g5 BAAGL WA mF 4 slojof A Seluete]
BERIL =54 FHOE BY ARG WA Wws
a9, 0% 9 el WSR2 59 A998
NAgo) e 548 Zed w=lAE 249 2 W)
of e ol HYW FF] FLWH IFE Fa £49
%, 4S9 o7l Bugolnt wom fEo WA
. ole 9B WA o5 5o BAFANE IBL
A AF A ALY GREe] YA wolAe) 5
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Table 6. Adjustment factors for soil water and soil temperature for biological and chemical processes in STREAM

Components Equations Reference
0.6+08%(0,~0)/(0, 9, T 0> 1002
1 elseif 9/§0<(0f+95)/2
ko ky, = 0/6, . !
/ elseif 0, <0<0,
0 «
else
krp =kpp p>krp p
krs kyp r =k exp (7= 17)) /(14K (exp(, (7= 77)) — 1)), Thornton and Lessem (1978)
kTB,p: 4eXD(/\ (T T))(lJrk (EXD( (T 7—))_1))
Epe = exp(0.1157 — 2.88)
1;’ = /‘7;,/71 +(T,— TL Jexp(— 2 (W/kdp)l/z)exp(kﬂLL,) Jones et al. (1984)
krc Kang et al. (2000)
I — LAL + LIT; (1fT>7] »
t | GfT <7 )

Nomenclature: k, = soil water content adjustment factor for biological processes, &= soil water content (m’ m”) at a given time, & = saturated

soil water content (m3 m"3) & = soil water field capacity (m3 m'3) ks = soil temperature adjustment factor for biological processes, T = soil temperature

(°C), Ti=user supplies temperatures to make temperature rate multiplier function (°C), A,
X, =log(k, (1— k) — log(k, (1= k,))/ (T,
processes,

= log(k, (1= k) —log(k, (1 —k,))/ (7, — T7),

3), ki = multiplier factors at temperature Tj, krc = soil temperature adjustment factor for chemical
T’ =mean soil temperature (°C), z=soil depth (m), ks= thermal diffusivity of the soil (= 5%107 m’ 57, p =period of diurnal
temperature variation (86400 s), k.= extinction coefficient for solar radiation interception through the canopy, L; =

combined index of leaf area

and ground litter (m m ), LIT =LAl equivalent of ground litter (m m’ ), t=subscript for time step, z =soil depth (m)

Table 7. Selected equations for crop nutrients uptake processes in STREAM

Reference

Components Equations
Uvg, = U\#[NH HA/(kU\ (it NH, (pz) UL
Crop nutrients uptake Uyo,= Uit NOy i/ Ryt NOy o)) 1y
Upo, = UPN[PO4(1M AT Yt PO, gy )]k,

Michaelis-Menten equation
(Barber, 1980; Johnson and Goody, 2011)

Nomenclature: Uy,
coefficient for a given day to the maximum crop coefficient, k()

= potential uptake rate of nitrogen (kg-N m” b, UP

= potential uptake rate of phosphorus (kg-P m” h'), p=ratio of crop
= Michaelis-Menten's half-saturation constant of N (kg-N m™), Ky =

Michaelis-Menten's half-saturation constant of P (kg-P m”), k, =soil water content adjustment factor for biological processes
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Fig. 7. Water and nutrients mass balance in the paddy fields.
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Table 8. Selected equations for flow control structures in STREAM

Components

Equations

Reference

Underflow gate

Qd,srh = C;' VAAL =
G=¢/0+Gr/A,)"

(Vg ) (PW,

ch )At
) Henderson (1966)

o = C.Cy<0.667/2g W, (H,)'° At
Weir Qiser = GG 9 We, (1, Sturm (2010)
C, =min [0.848, (0.76+0.2H, )/ W, |
Nomenclature: @, , = discharge ), ¢, = discharge coefficient, € = contraction coefficient, 7= gate opening height (m), A, = water depth (m),
W, = channel width (m), At = time step (sec), ¢, =approach velocity coefficient, W/ . = weir width (m), g = gravity acceleration (9.8 m sec'z)

Table 9. Selected equations for particulate matter buildup processes in urban areas in STREAM

Components Equations Reference
Saturation function B= maxt/(qm'*‘t)
Power function B=Mn(C,, CLW ™) Rossman (2010)
Exponential function B=(, , (1—e " Ot 1y

Nomenclature: B = solid buildup (kg/m or kg/curb km), C,q =maximum buildup possible (kg/m or kg/curb km), Cjs = half-saturation constant

(days), Ciime =time exponent, C,u = buildup rate constant (1/days)
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