Sub OneDimWater()

Set Inputs = Worksheets("1d Wat").Range("b7")

Set Distance = Worksheets("1d Wat").Range("f7")

Set Characteristics = Worksheets("1d Wat").Range("'s7")
Set PeakFlow = Worksheets("1d Wat").Range("x7")

Set MonthlyFlow = Worksheets("1d Wat").Range("ac7")
Set MonthlyHeights = Worksheets("1d Wat").Range("ag7")
Set Distance2 = Worksheets("1d Wat").Range("at7")

Set XY Z = Worksheets("1d Wat").Range("bf7")

Set Elevation = Worksheety("1d Sed").Range("AJ7")

Set GrainSize = Elevation.Offset(0, 8)

Set ChaCha = Worksheets("1d Sed").Range("n5")

Set Mannings = Worksheets("1d Wat").Range("g37")

tNext=0

m=1

DoUntil m> 12

QO = MonthlyFlow.Cells(m, 2).Vaue
Peak = Inputs.Cells(10).Vaue

tLast = Inputs.Cells(3).Vaue
If Peak = True Then

m=12

QO = Inputs.Cells(8).Vaue
Else

tLast=tLast/4

End If

FLAG =Fdse

'Steady state conditions

YO0 = Inputs.Cells(6).Vaue

i=1

Do Until Distance.Cells(i) = ""

Characterigtics.Cellg(i, 1).Vaue = ChaChaCells(i, 1).Vdue
Characterigtics.Cellg(i, 2).Vaue = ChaChaCells(i, 2).Vdue
Characterigtics.Cell«(i, 3).Vaue = ChaChaCells(i, 3).Vadue

S(i) = Characteristics.Cellg(i, 1).Vaue
BO(i) = Characteristics.Cells(i, 2).Vdue
S0(i) = Characteristics.Cells(i, 3).Vaue

i=i+1
Loop

NPL=i-1

i=2



DoWhilei <=NP1-1

t1 = Worksheets("1d Sed").Range("c18").Value
Ift1=0 Then

CMN(i) =0.029

Characteristics.Cell<(i, 4).Value= CMN(i)
Mannings.Cell«(i, t1 + 1).Vaue= CMN(i)

End If

i=i+1

Loop

ar = (BO(1) + YO * S(1)) * YO

HR=a /(BO(L) +2* YO* (1 + (1)~ 2) A 0.5)
Top(1) =BO(1) +2* YO * S(1)
CENTR=YO0"2* (BO(1)/2+YO0* S(1)/3)

c=(g*a/Top(1))~05

VO=QO0/ar

dx = Distance.Cells(2) - Distance.Cdls(1)
dt =dx / (Abg(VO0) + c)

Inputs.Cdl1s(2).Vaue = dt

1
0

ip=
n=
iprint = Inputs.Cells(12).Vaue

Ntoprint = Inputs.Cell5(13).Vaue

ok = Fdse
If t = tNext Then

i=1
Do Whilei <= NP1

Distance.Cells(i, 2) = Q0

Do

CMN(i) = Charecteristics.Cells(i, 4).Vaue

YNEW = (Q0/ (Abs(S0(i)) » 0.5/ CMN(i) * (BO(i) + YO* (i)) * YO/ (BO(i) +2* YO* (1 + S(i) ~ 2)
N0.5))-Y0N2* (i) / BO(i)

YO=Y0+0.1* (YNEW-YO0)

Loop Until (YNEW - Y0) <0.01 And (YNEW - Y0) >-0.01

Distance.Cells(i, 3) = YNEW
ARNEW = (BO(i) + YNEW * S(i)) * YNEW
Distance.Cells(i, 4) = Q0 / ARNEW

i=i+1
Loop

End If



‘Computetransient conditions

t = Inputs.Cells(2).Vaue

Do Whilet <=tLast

‘Upstream end

Distance.Cells(1, 2) = Q0
Distance.Cells(2, 2) = Q0

Do

YNEW = (Q0/(S0(1) » 0.5/ CMN(L) * (BO(L) + YO* S(1))* YO/ (BO(L) +2* YO* (L+ (1)~ 2)»
0.5)) - YO 2* S(1)) / BO(1)

YO=YO0+0.1* (YNEW - Y0)

Loop Until (YNEW - Y0) < 0.01 And (YNEW - Y0) > -0.01

Distance.Cells(1, 3).Vaue=YO0

Do

YNEW = (Q0/(S0(2) *0.5/CMN(2) * (BO(i) + YO* S(2))* YO/(BO(2) +2* YO* (1 +S(2) ~2) »
0.5))-Y0~2* S(2)) / BO(2)

YO=Y0+0.1* (YNEW - Y0)

Loop Until (YNEW - Y0) <0.01 And (YNEW - Y0) >-0.01

Distance.Cells(2, 3).Vaue=YO0

Distance.Cells(1, 4).Vaue = Distance.Cdlg(2, 4).Vaue
Distance.Cells(2, 4).Vaue = Distance.Cdls(3, 4).Value

Distance.Cells(2, 5).Vaue = Distance.Cdl(3, 5).Vaue
Distance.Cells(2, 6).Vaue= Q0

Distance.Cells(3, 6).Vaue= Q0

Distance.Cells(2, 7).Vaue = Distance.Cdl(3, 7).Vaue
Distance.Cells(2, 8).Vaue = Distance.Cdl(3, 8).Vaue
Distance.Cells(2, 9).Vaue= Q0

Distance.Cells(2, 10).Vadue = Distance.Cells(3, 10).Value

'Downstream end

Distance.Cells(NP1, 2).Value = Distance.Cells(NP1 - 1, 2).Value
Distance.Cells(NP1 - 1, 2).Vdue = Distance.CelIs(NP1 - 2, 2).Vdue
Distance.Cells(NP1, 3).Value = Distance.Cells(NP1 - 1, 3).Value
Distance.Cells(NP1 - 1, 3).Vaue = Distance.CelIS(NP1 - 2, 3).Vdue
Distance.Cells(NP1, 4).Value = Distance.Cells(NP1 - 1, 4).Value
Distance.Cells(NP1 - 1, 4).Vdue = Distance.CelIs(NP1 - 2, 4).Vdue
Distance.Cells(NP1 - 1, 5).Vaue = Distance.CelIS(NP1 - 2, 5).Vdue
Distance.Cells(NP1, 6) = Distance.Cells(NP1 - 1, 6)



Distance.Cells(NP1 - 1, 6) = Distance. CdIS(NPL - 2, 6)

'FACTORP1

Distance.Cells(NP1, 7) = Distance.Cells(NP1 - 1, 7)
Distance.Cells(NP1 - 1, 7) = Distance.CdIs(NP1 - 2, 7)
Distance.Cells(NP1 - 1, 8).Vaue = Distance.CelIS(NP1 - 2, 8).Vdue
Distance.Cells(NP1 - 1, 9).Vaue = Distance.CelIS(NP1 - 2, 9).Vdue
Distance.Cells(NP1 - 1, 10).Vaue = Distance.Cells(NP1 - 2, 10).Vaue

'INTERIOR NODES

'PREDICTOR STEP

FLAG=True
Do While FLAG = True

DTDX =dt/dx

i=2
DoWhilei <=NP1-1

QI1 = Distance.Cdlg(i - 1, 2)

Y1 =Distance.Cdlg(i - 1, 3)

ARI1=(BO(i) +YI1* S(i)) * YI1
CENTRIL=YIL"A2* (BO(i))/2+YI1* S(i)/3)
HRI1=ARI1/(BO@)+2* YI1* (1+ (i)~ 2)*0.5)

QI2 = Distance.Cdl4(i, 2)

Y2 = Distance.Cdlg(i, 3)

ARI2=(BO(i) + YI2* S(i)) * YI2
CENTRI2=YI222* (BO(i)/ 2+ YI2* S(i) / 3)
HRI2=ARI2/(BO(@) +2* YI2* (1 + S(i) ~2) * 0.5)

QVI=QI2~2/ARI2+g* CENTRI2
QVIM1=QI1"2/ARI1+g* CENTRI1
SFI = CMN(i) * 2* QI2* Abs(QI2) / (ARI2A 2 * HRI2 " (4/ 3))

SOSFI = g* ARI2* (SO(i) - SFI)

QPL=QI2-DTDX * (QVI - QVIM1) + SOSFI * dt
Distance.Cdlls(i, 6) = QP1

AP1=ARI2-DTDX * (QI2 - QI1)
Distance.Cells(i, 5) = AP1

If S(i) <=0 Then

ypl =AP1/BO0(i)

Else

YBACK =(-B0(i) + (BO(i) 2+ 4* AP1* S(i)) *0.5) / (2* (i)
ypl =YBACK

End If



HRP1 = (BO(i) + yp1* S(i)) * yp1/(BO(i) +2* ypl* (1 +S(i) * 2) ~0.5)
SFP1=CMN(i)*2* QPL* Abs(QP1) / (AP1"2* HRP1 " (4/3))
SOSFP1 =g* AP1* (S0(i) - SFP1)

Distance.Cells(i, 8) = SOSFP1

CENTRPL=yp1~2* (BO(i)/2 +ypl* S(i)/3)
FACTORI = QPLA2/AP1 + g* CENTRPL
Distance.Cells(i, 7) = FACTORI

i=i+1
Loop

'CORRECTOR STEP

i=2
DTMIN = 1000
FLAG =Fdse

Do Whilei <=NP1- 1

FACTORI2 = Distance.Cells(i, 7)
FACTORI3 = Distance.Cells(i + 1, 7)
SOSFP1 = Distance.Cellg(i, 8)

QI2 = Distance.Cdl4(i, 2)
QP2=QI2-DTDX * (FACTORI3 - FACTORI2) + SOSFP1 * dt

Y2 = Distance.Cdlg(i, 3)
ARI2=(BO(i) + YI2* S(i)) * Y12

QP112 = Distance.Célls(i, 6)

QP1I3 = Distance.Cells(i + 1, 6)
AP2=ARI2 - DTDX * (QP1I3 - QP1I2)
QNEW =0.5* (QP1I12 + QP2)
Distance.Cells(i, 9).Vdue = QNEW

AP112 = Distance.Clls(i, 5)
ARNEW =05* (APLI2 + AP2)

If S(i) <=0 Then

YNEW = ARNEW / BO(i)

Else

YBACK = (-BO(i) + (BO(i) *2 + 4* ARNEW * S(i)) ~ 0.5) / (2* S(i))
YNEW = YBACK

End If

Distance.Cells(i, 10).Vaue=YNEW
VNEW = QNEW / ARNEW

Ifip =iprint And Peak = True And t1 > 0 And Inputs.Cells(15).Value = True Then



AggAggRoughness
Characteristics.Cell<(i, 4).Value= CMN(i)
Mannings.Cell«(i, t1 + 1).Vaue= CMN(i)
End If

Distance.Cells(i, 4).Vaue = VNEW
Distance2.Cells(i, 4).Value = VNEW

Distance2.Cell (i, 2).Vaue = Distance.Cells(i, 9).Vaue
Distance2.Cell§(i, 3).Vaue = Distance.Cells(i, 10).Vaue

'Check for stability

Top(i) = BO(i) + 2* YNEW * (i)

c=(9* ARNEW/Top(i)) ~ 0.5

If dt > dx / (Ab(VNEW) + c) Then
FLAG = True

End If

DTCHECK = 0.9* dx / (Abs(VNEW) + c)

If DTCHECK < DTMIN Then
DTMIN = DTCHECK
End If

i=i+1
Loop

dt=DTMIN
Inputs.Cells(1).Vaue = dt
Loop

i=2

Do Whilei <=NP1-1

Distance.Cells(i, 2).Vdue = Distance.Cell«(i, 9).Value
Distance.Cells(i, 3).Vdue = Distance.Cell(i, 10).Value

i=i+1
Loop

Ifip=iprint And Peak = True Then

Ift1=0 Then

Worksheets("1d Wat").Range("bf5:iv1000").ClearContents
End If

ok = Fdse
Do



If XYZ.Cels(1,3* n+ 1).0ffset(-1).Vaue<>"" Then
n=n+1

Else

ok =True

End If

Loop Until ok

End If

t=t+dt
Inputs.Cdlg(2).Vdue =t

Ifip=iprint Then
ip=0

End If
ip=ip+1

Application.Wait (True)
Loop

t=tLast

If Peak = True Then

Top(1) =Top(2)

Top(NP1) = Top(NP1 - 1)

Fori=1ToNP1

PeskFlow.Cellg(i, 1).Value = Distance.Cells(i, 2).Vaue
PeskFlow.Cellg(i, 2).Vaue = Distance.Cells(i, 3).Vaue
PeakFlow.Cell«(i, 3).Vaue = Distance.Cells(i, 4).Vaue
PeakFlow.Cell«(i, 4).Vaue=Top(i)

Nexti

Else

Fori=1ToNP1

MonthlyHeights.Cells(i, m).Value = Distance.Cells(i, 3).Vaue
Nexti

End If
tNext = tLast

m=m+1
LOOp

End Sub

Sub AggAggRoughness()

Set Topography = Worksheets("2d Wat").Range("i 3:ab22")
mmax = Topography.Rows.Count

nmax = Topography.Columns.Count

Set Roughness = Topography.Offset(0, nmax + 4)

Set Heights = Topography.Offset(mmax + 4, 0)



'Model cross over

Worksheets("2d Wat").Range("e3").Vaue= i
Worksheets("2d Sed").Range("c8").Vdue =i
Templae

sumh=0

sumks=0

no=0

For n=1 To nmax

For m=1 To mmax

Z(m, n) = Topography.Cells(m, n).Value
ks(m, n) = Roughness.Cdls(m, n).Value
H(m, n) = Heights.Cells(m, n).Vaue

If H(m, n) > Z(m, n) Then

ks(m, n) = Roughness.Cdls(m, n).Value
sumh = sumh + (H(m, n) - Z(m, n))
sumks = sumks + ks(m, n)

no=no+1

End If

Nextm

Nextn

tg=rho* VNEW ~ 2/ (5.75 * WorksheetFunction.Log10(12 * sumh/ sumks)) * 2
HR=ARNEW/ (BO(i) +2* YNEW * (1 + S(i) * 2) ~ 0.5)
CMN() =(tg* ARNEW"2* HR"(4/3)/(rho* g* YNEW * QNEW *2)) 0.5

End Sub



Sub OneDimSediment()
Set Inputs = Worksheets("1d Sed").Range("c6™)

j = Inputs.Cells(13).Vaue

set_drain_curves

Get_Data

Get_Auxiliary_Data

Setup_Initid_Bed and Time

Send_Output

Ifj=0Then

Worksheets("1d Sed").Range("be3:iv1000").ClearContents
Worksheets("2d Wat").Range(*cal:iv20000").Cl earContents
Worksheets("2d Sed").Range("bf1:iv20000").ClearContents
Worksheets("2d Veg").Range("bi 1:iv20000").ClearContents
End If

Do

'Model cross over

Worksheets("1d Wat").Range("b16") = True
OneDimWater

Worksheets("1d Wat").Range("b16") = False

W=0
DonelnnerLoop = Fase
Do

Find_Slopes and Shields_Stresses
Find_Load
Find_New_eta

W=W+1
If W = Mtoprint Then DonelnnerLoop = True

Loop Until DonelnnerLoop

j=i+1

Inputs.Cells(13).Vaue=|

Send_Output

If Worksheets("1d Wat").Range("b21") = True Then
'Model cross over

Worksheets("1d Wat").Range("'b16") = False
OneDimWater

'Model cross over

OneDimReeds

End If

If j = Mprint Then



Finished = True
Output_Disgtribution
End If

Loop Until Finished
End Sub

Sub set_drain_curves()

po(1) =0.6684: oo(1) = 1.011:
po(2) =0.7639: 00(2) = 1.011:
po(3) =0.8601: 00(3) =1.01:
po(4) =0.9096: 0o(4) =1.008: so(4) =0.8233
po(5) =0.9615: 00(5) =1.004: so(5) =0.8333
po(6) =1#:  00(6) =0.9997: s0(6) =0.8439

so(1) = 0.8157
s0(2) = 0.8157
50(3) = 0.8182

po(7) =1.055: 00(7) =0.9903: so(7) =0.8621
po(8) =1.108: 00(8) =0.9789: so(8) =0.8825
po(9) =1.197: 00(9) =0.9567: so(9) =0.9214

po(10) = 1.302:
po(11) = 1.407:
po(12) = 1.529:
po(13) = 1.641:
po(14) = 1.702:
po(15) = 1.832:
po(16) = 1.937:
po(17) = 2.044:
po(18) = 2.261.:
po(19) = 2.499:
po(20) = 2.732:
po(21) = 2.993:
po(22) = 3.477:
po(23) = 4.075:
po(24) = 4.469:
po(25) = 5.016:
po(26) = 6.158:
po(27) = 7.821:
po(28) = 10.06:
po(29) = 14.38:
po(30) =19.97:
po(31) = 25.79:
po(32) = 38.57:
po(33) = 68.74:
po(34) = 91.95:
po(35) = 231.2:

00(10) = 0.9273:
00(11) = 0.8964:
00(12) = 0.8604:
00(13) = 0.8287:
00(14) = 0.8123:
00(15) = 0.7796:
00(16) = 0.7554:
00(17) = 0.7326:
00(18) = 0.6928:
00(19) = 0.6585:
00(20) = 0.6345:

00(21) = 0.615:

00(22) = 0.5877:

00(23) = 0.564:

00(24) = 0.5523:
00(25) = 0.5395:
00(26) = 0.5200:
00(27) = 0.5045:
00(28) = 0.4917:

00(29) =0.479:

00(30) =0.4712:
00(31) = 0.4668:

00(32) = 0.462:

00(33) =0.4578:
00(34) = 0.4564:
00(35) = 0.4541.:

s0(10) = 0.9723
s0(11) = 1.025
s0(12) =1.083
0(13) =1.13
s0(14) = 1.153
s0(15) = 1.196
s0(16) = 1.225
s0(17) = 1.25
s0(18) = 1.287
s0(19) = 1.313
s0(20) =1.333
0(21) =1.352
0(22) =1.38
s0(23) = 1.403
s0(24) = 1.414
S0(25) = 1.426
s0(26) = 1.444
s0(27) = 1.458
s0(28) = 1.469
s0(29) = 1.48
s0(30) = 1.486
s0(31) = 1.49
0(32) = 1.493
50(33) = 1.497
50(34) = 1.498
s0(35) = 1.499

po(36) = 2320#: 00(36) = 04527: s0(36) = 1.5

End Sub

Sub Get_Data()

Set Inputs = Worksheets("1d Sed").Range("c6")

Set InputDistribution = Worksheets("1d Sed") Range("b23")

Set Peak = Worksheets("1d Wat").Range("'y7")
Set ChaCha= Worksheets("1d Sed").Range("'n5")



gbTf = Inputs.Cells(2).Vaue
Inter = Inputs.Cells(3).Vaue
etadl = Inputs.Cells(4).Vaue
Sfbi = Inputs.CdIg(5).Vaue
L = Inputs.Cdlg(6).Vdue
dt = Inputs.Cdlg(7).Vdue

m = Inputs.Cdlg(8).Vaue
Mtoprint = Inputs.Cells(9).Vaue
Mprint = Inputs.Cells(10).Vaue

For jj=1Tonpp

di(jj) = InputDistribution.Cells(jj, 1).Value
plff(jj) = InputDistribution.Cells(jj, 2).Value
Ff1(jj) = InputDistribution.Cells(jj, 3).Vaue
Ffs(jj) = InputDistribution.Cells(jj, 4).Vaue

Next jj

dx=L/m

dt = timeday * dt

Forjj=1Tonp

ds(jj) = (di(jj) * di(jj + 1)) * 05
psi(jj) = Log(ds(jj)) / Log(2)

pIf(jj) = (pIff(jj) - pIff(jj + 1))/ 100

FI(j) = (FFI(jj) - FfI(jj + 1)) / 100

fs(jj) = (Ffs(jj) - Ffs(jj + 1)) / 100

If di(jj) > 2 And di(jj + 1) <=2 Then

fracsandl = (FFI(jj + 1) + (FFI(jj) - FfI(j + 1)) / (Log(di(jj)) - Log(di(jj + 1))) * (Log(2) - Log(di(jj +
1)))) / 100

End If

Next jj

rload = tausr50 / tausc50

If rload > 1 Then

Cexp=doad™* (1-1/rload) ™ nload
nexp =nload/ rload / (1 - 1/ rload)
End If

Fori=1Tom+1

H(i) = Peak.Cells(i).Vaue

V(i) = Peak.Cells(i, 2).Vaue
sddl(i) = ChaCha.Cdll(i, 1).Vaue
BO(i) = ChaCha.Cells(i, 2).Vaue
Next i

End Sub



Sub Get_Auxiliary_Data()
Set Parameters = Worksheets("1d Sed").Range("'v5")

nactive = Parameters.Cells(2).Vaue
Rr = Parameters.Cells(4).Vaue

Ips = Parameters.Cell5(5).Vaue

au = Parameters.Cells(6).Vaue
atrans = Parameters.Cdlg(7).Vaue
End Sub

Sub Setup_Initid_Bed and_Time()

Set ChaCha= Worksheets("1d Sed").Range("'n5")
Set Elevation = Worksheety("1d Sed").Range("AJ7")

time=j* dt* Mtoprint

dsgs =0

Forjj=1Tonp

dsgs = dsgsi + FI(jj) * ps(jj)
Next jj

dsgs = Exp(Log(2) * dsgsi)

Ffl(1) = 100

For jj =2 Tonpp

Ff1(jj) = Ffl(j - 1) - FI(jj - 1) * 100
Next jj

Z =False

ji=0

Do

ji=ji+1

If (FFI(jj) >= 90) And (Ffl(jj + 1) <90) Then Z = True

Loop Until Z

ds90si = Exp(Log(di(jj + 1)) + (Log(di(jj)) - Log(di(jj + 1)))/ _
(FFIQ)) - FAI@G) + 1)) * (90 - FFI(jj + 1))

Z = False

ji=0

Do

ji=ij+1

If (FFI(jj) >= 50) And (Ffl(jj + 1) <50) ThenZ = True

Loop Until Z

ds50si = Exp(Log(di(jj + 1)) + (Log(di(jj)) - Log(di(jj + 1)))/ _
(FFIQ)) - FAIG) + 1)) * (50 - FfI(jj + 1))

Fori=1Tom+1
xxX(i)=dx* (i-1)

If j =0 Then



eta(i) = etadl + L * Sfbi - xx(i) * Sfbi
Else

eta(i) = Elevation.Cdlg(i, 4).Vaue
End If

ChaCha.Cdlg(i, 3).Vaue = Sfhi

If Worksheets("1d Sed").Range("'¢c19").Value = True Then
etarock(i) = L * Sfbi - xx(i) * Sfbi

ChaCha.Cdlg(i, 4).Vaue = etarock(i)

Else

ChaCha.Cdls(i, 4).Value=0

End If

Forjj=1Tonp
f(i, Jj) = FIGj)
Next jj

dsgs(i) = dsgs
ds90s(i) = ds90s
ds50s(i) = ds50s
fracsand(i) = fracsandl

Next i
Finished = False
End Sub

Sub Find_Slopes and_Shidds_Stresses()
Set ChaCha= Worksheets("1d Sed").Range("'n5")

S(1) = (eta(1) - eta(2)) / dx
Sf() =((H@Q) +Ve@)~2/(2* g)) - (H2) +Vd((@2)~2/(2* g))) / dx + S(1)

S(m + 1) = (eta(m) - eta(m + 1)) / dx
Sfim + 1) = (H(m) + Vel(m) A 2/ (2* g)) - (H(m + 1) + Vel(m+ 1)~ 2/ (2* g))) / dx + S(m + 1)

Fori=2Tom

S(i) = (eta(i - 1) - eta(i + 1)) / (2* dx)
Sfi)=(H({i-1)+Ve(@i-1)"2/(2*g)-(H(i+1)+Vd(i+1)"2/(2* g)))/ (2* dx) + S(i)
Next i

Fori=1Tom+1

ChaCha.Cdls(i, 3).Value = (i)
ChaCha.Cdls(i, 1).Value = sdsi(i)

R = (BO(i) + H(i) * sdd(i)) * H(i) / (BO(i) + 2* H(i) * (1 + (sdd(i))~ 2) * 0.5)
If Sf(i) <=0 Then

tausg(i) =0

Else

tausg(i) = R* Sf(i) / (Rr * ds50s(i) / 1000)

End If

Nexti



End Sub
Sub Find_Load()
Set EquationSelector = Worksheets("1d Sed™).Range("i9")

If EquationSelector = 1 Then 'Parker bedload relation
Fori=1Tom+1
If etarock(i) <= eta(i) Then

dsgt=0
Forjj=1Tonp

FtGi) =10, ji)

dsgt = dsgt + Ft(jj) * psi(ij)
Next jj
dsgt = Exp(Log(2) * dsgt)

sas=0

xfm = Log(dsgt) / Log(2)
Forjj=1Tonp

sas = sas + ((psi(jj) - xfm) ~ 2) * F(jj)

Next jj

sas=2" (sas” 0.5)
sas= Log(sas) / Log(2)

phisgo = tausg(i) / taursgo

If phisgo < lowphi Then
gbT(i)=0
Forjj=1Tonp

pi(i,jj)=1/np
Next jj

Else
Gsum=0
find_omega
Forjj=1Tonp

Zs=ds(jj) / dsgt
arg = omega* phisgo * Exp(-beta* Log(Zs))

Ifarg<1Then

99 = Exp(Mo* Log(arg))

Else

If arg <=1.59 Then

gg=Exp(14.2* (arg-1)-9.28* (arg-1) " 2)
Else

09 =5474* Exp(4.5* Log(1 - 0.853/ arg))



End If

End If
plt(jj) = F(j) * 99
Gsum = Gsum + plt(jj)

Next jj
Forjj=1Tonp

pI(i, jj) = plt(jj) / Gsum
Next jj

ustar = (Rr* g * (dsgs(i) / 1000) * tausg(i)) * 0.5
gbT (i) = Gsum* 0.00218 * ustar * 3/Rr / g

End If

Else

gbT(@i)=0

End If

Nexti

Else

Fori=1Tom+1

If etarock(i) <= eta(i) Then

taussrg = 0.021 + 0.015 * Exp(-20* fracsand(i))
phisgo = tausg(i) / taussrg

If phisgo < 0.01 Then
gbT(i)=0
Forjj=1Tonp

pi(i,jj)=1/np
Next jj

Else
Gsum=0
Forjj=1Tonp

b=0.67/(L+ Exp(L5 - ds(jj) / dsgs(i)))
arg = phisgo * (ds(jj) / dsgs(i)) " (-b)

If arg < 1.35 Then
GGwc=0.002* aag™ 7.5
Else
GGwc=14* (1-0.894/(arg” 05)) "~ 4.5
End If
plt(jj) = 1(i, jj) * GGwe
Gsum = Gsum + plt(jj)

Next jj
Forjj=1Tonp
pI(i, jj) = plt(jj) / Gsum
Next jj

ustar = (Rr* g * (dsgs(i) / 1000) * tausg(i)) * 0.5
gbT(i) = Gsum* ustar *3/Rr /g
End If

Else
gbT(i)=0
End If



Next i
End If
End Sub

Sub find_omega()
If phisgo > po(35) Then
omegaoak = 00(35) + (00(36) - 00(35)) / (po(36) - po(35)) _
* (phisgo - po(35))
sigoak = so(35) + (s0(36) - so(35)) / (po(36) - po(35)) _
* (phisgo - po(35))
Else
If phisgo <= 0.7639 Then
omegaoak = 1.011
sigoak = 0.8157
Else
foundit = False
kk=1
Do
kk =kk + 1
If (phisgo > po(kk)) And (phisgo <= po(kk + 1)) Then foundit = True
Loop Until foundit
xml = po(kk - 1): x = po(kk): xp1 = po(kk + 1): xp2 = po(kk + 2)
yml = oo(kk - 1): y = 0o(kk): yp1 = oo(kk + 1): yp2 = oo(kk + 2)
cubic_interpolator omegaoak
yml = so(kk - 1): y = so(kk): yp1 = so(kk + 1): yp2 = so(kk + 2)
cubic_interpolator sigoak
End If
End If
omega=1 + sas/ sigoak * (omegaoak - 1)
End Sub

Sub cubic_interpolator(yout)

al=yml

a2=(y-al)/(x-xml)

a3=(ypl-al-a2* (xpl-xml))/_

(xpl-xml) / (xpl - x)

ad=yp2-al-a2* (xp2-xml)_

-a3* (xp2 - xml) * (xp2 - X)

a4 =2ad/(xp2-xml)/(Xp2-x)/(xp2 - xpl)

yout = al + a2 * (phisgo - xml) + a3 * (phisgo - xm1) * (phisgo - X) _
+ a4 * (phisgo - xm1) * (phisgo - x) * (phisgo - xpl)
End Sub

Sub Find_New_eta()

Fori=1Tom+1
La(i) = nactive* ds90s(i) / 1000
Ifi=1Then
gbTdev =au* (qbT(i) - gbTf) /dx + (1 -au) * (gbT(i + 1) - gbT(i)) / dx
Forjj=1Tonp
If gbTdev >0 Then



Flexc(i, jj) = fs(jj)
Else
Flexc(i, jj) = atrans™* (i, jj) + (1 - atrans) * pl(i, jj)
End If
ojjLdev(jj) = au* (GbT (i) * pl(i, jj) - gbTf * pIf(jj)) / dx +_
(1-au)* (gbT(i +1)* pl(i +1,]j) - agbT (i) * pI(i, jj)) / dx
gjj2dev(jj) = Flexc(i, jj) * gbTdev

Next jj
Else
Ifi=m+1Then

gbTdev = (gbT(i) - qbT(i - 1)) / dx
Forjj=1Tonp
If gbTdev >0 Then
Flexc(i, jj) = fs(jj)
Else
Flexc(i, jj) = arans* (i, jj) + (1 - atrans) * pl(i, jj)
End If
qjj1dev(jj) = (abT (i) * pI(i, jj) - abT(i - 1) * pl(i - 1, jj)) / dx
gjj2dev(jj) = Flexc(i, jj) * gbTdev
Next jj
Else
gbTdev =au* (gqbT(i) - gbT(i- 1)) /dx + _
(1-au)* (gbT(i +1)-qbT(i))/dx
Forjj=1Tonp
If gbTdev >0 Then
Flexc(i, jj) = fs(jj)
Else
Flexc(i, jj) = arans™* (i, jj) + (1 - atrans) * pl(i, jj)
End If
ajiLdev(jj) = au* (abT () * pI(i,ji) - gbT(i - 1) * pi(i - 1, j)) /dx + _
(1-au)* (gbT(i +1)* pl(i + 1, j) - abT(i) * pI(i, jj)) / dx
gjj2dev(jj) = Flexc(i, jj) * gbTdev
Next jj
End If
End If
etanew(i) = eta(i) + dt * (-qbTdev * Inter / (1 - Ips))
Forjj=1Tonp
Fnew(i, jj) = f(i, jj) + dt* Inter * (-qjj1dev(jj) + ajj2dev(jj)) / (1 - Ips) / La(i)
If time> 0 Then
Fnew(i, jj) = Fnew(i, jj) + (Flexc(i, jj) - f(i, jj)) / La(i) * (La(i) - Laold(i))
End If
Next jj
Next i
Fori=1Tom+1
Laold(i) = La(i)
Ifi<m+1Then
eta(i) = etanew(i)
If eta(i) < etarock(i) Then
eta(i) = etarock(i)
End If
End If

Forjj=1Tonp
Fa(ij) = Frew(i, jj)



If Ft(jj) < 0 Then Fi(jj) =0
Next jj

Sum=0
Forjj=1Tonp
If Ft(jj) <O Then Ft(jj) =0
Sum = Sum + Ft(jj)
Next jj

Forjj=1Tonp
Ft(jj) = Ft(j) / Sum
f(i, ) = F(i)
Next jj

dsgst =0
Forjj=1Tonp
dsgst = dsgst + Ft(jj) * psi(jj)

Next jj
dsgst = Exp(Log(2) * dsgst)

dsgg(i) = dsgst

Fft(1) = 100

For jj =2 Tonpp

Fft(j) = Fft(jj - 1) - Ft(jj - 1) * 100
Next jj

Z =False

ji=0

Do

ji=ji+1

If (Fft(jj) >= 90) And (Fft(jj + 1) <90) Then Z = True

Loop Until Z

ds90st = Exp(Log(di(jj + 1)) + (Log(di(jj)) - Log(di(jj + 1))) / _
(Fft(j) - Fft@j + 1)) * (90 - Ft(jj + 1))

Z =False

ji=0

Do

ji=ji+1

If (Fft(jj) >=50) And (Fft(jj + 1) <50) Then Z = True

Loop Until Z

ds50st = Exp(Log(di(jj + 1)) + (Log(di(jj)) - Log(di(jj + 1)))/ _
(Fft(j) - Fft@j + 1)) * (30 - Ft(jj + 1))

fracsandt =0

Forjj=1Tonp

If di(jj) >2 And di(jj + 1) <=2 Then

fracsandt = Fft(jj + 1) + (Fft(jj) - Fft(j + 1)) / (Log(di(jj)) - Log(di(jj + 1))) * (Log(2) - Log(di(jj + 1)))
fracsandt = fracsandt / 100

End If

Next jj



ds90s(i) = ds90st
ds50s(i) = ds50st
fracsand(i) = fracsandt

Nexti

time=time+ dt
End Sub

Sub Send_Output()
Set ChaCha= Worksheets("1d Sed").Range("n5")

Set Inputs = Worksheets("1d Sed").Range("c6")
Inputs.Cells(13).Vaue=|

Set Elevation = Worksheety("1d Sed").Range("AJ7")
Set GrainSize = Elevation.Offset(0, 8)

Set Load = GrainSize.Offset(0, 8)

Set XY Z = Load.Offset(0, 8)

Elevation.Offset(-1) = "elev (m)"
GrainSize.Offset(-1) = "Dsg (mm)"
Load.Offset(-1) = "gqbT/gbTf"

Elevation.Offset(-1, 2) = Elevation.Offset(-1, 3)
Load.Offset(-1, 2) = Elevation.Offset(-1, 3)
GrainSize.Offset(-1, 2) = Elevation.Offset(-1, 3)

Elevation.Offset(-1, 3) = "t =" + CStr(j) + "yr"
Load.Offset(-1, 3) ="t ="+ CStr(j) + "yr"
GrainSize.Offset(-1, 3) = "t =" + CStr(j) + "yr"

Fori=1Tom+1
If time=0Then

Elevation.Cells(i, 1) = xx(i)
GrainSize.Cell(i, 1) = xx(i)
Load.Cells(i, 1) = xx(i)

Elevation.Cells(i, 2).Vaue = eta(i)
GrainSize.Cell(i, 2) = dsgs(i)
Load.Cells(i, 2) = gqbT(i) / gbTf

End If

Elevation.Cells(i, 3) = Elevation.Cell (i, 4)
GrainSize.Cell(i, 3) = GrainSize.Cdll«(i, 4)
Load.Cells(i, 3) = Load.Cell(i, 4)

Elevation.Cells(i, 4).Vaue = eta(i)
GrainSize.Cell(i, 4) = dsgs(i)
Load.Cells(i, 4) = gbT(i) / gbTf



Nexti

R=1
Fori=2Tom+1

x1(i) = Elevation.Cdlg(i - 1, 1).Vdue
x2(i) = Elevation.Cdlg(i - 1, 1).Vdue
x3(i) = Elevation.Cdlg(i - 1, 1).Vdue
X4(i) = Elevation.Cdlg(i - 1, 1).Vdue
x5(i) = Elevation.Cdlg(i - 1, 1).Vdue
x6(i) = Elevation.Cdlg(i - 1, 1).Vdue
X7(i) = Elevation.Cdlg(i, 1).Vaue
x8(i) = Elevation.Cdlg(i - 1, 1).Vdue
x9(i) = Elevation.Cdlg(i - 1, 1).Vdue
x10(i) = Elevation.Cells(i, 1).Vaue

yA(i) = BO(i - 1) / 2
y2(i) = 50

y3(i) =BO(i - 1) / 2
vA(i) =-BO(i - 1) / 2
y5(i) = -50

y6(i) = -BO(i - 1) / 2
y7(i) = -BO(i) / 2
y8(i) = -BO(i - 1) / 2
yo(i) =BO(i - 1) / 2
y10(i) = BO(i) / 2

z1(i) = Elevation.Cellg(i - 1, 4).Vdue

22(i) = Elevation.Cells(i - 1, 4).Vaue+ (50 - BO(i - 1) / 2) / sddl(i - 1)
z3(i) = Elevation.Cell«(i - 1, 4).Vdue

ZA(i) = Elevation.Cellg(i - 1, 4).Vaue

Z5(i) = Elevation.Cells(i - 1, 4).Vaue+ (50 - BO(i - 1) / 2) / sddl(i - 1)
26(i) = Elevation.Cell«(i - 1, 4).Vdue

Z7(i) = Elevation.Cell(i, 4).Vaue

28(i) = Elevation.Cell«(i - 1, 4).Vdue

29(i) = Elevation.Cell«(i - 1, 4).Vdue

z10(i) = Elevation.Cells(i, 4).Vaue

XYZ.Cels(R, 3* j + 1) = x1(i)
XYZ.Cels(R+1,3* j + 1) = x2(i)
XYZ.Cels(R+2,3* j + 1) = x3()
XYZ.Cells(R+3,3* j + 1) = x4())
XYZ.Cels(R+4,3* j + 1) = x5()
XYZ.Cels(R+5,3* j + 1) = x6(i)
XYZ.Cels(R+6,3* j + 1) = x7())
XYZ.Cels(R+7,3* j + 1) = x8()
XYZ.Cells(R+8,3* j + 1) = x9(i)
XYZ.Cells(R+9,3* j + 1) = x10(i)

XYZ.Cels(R,3* j + 2) = yi(i)

XYZ.CelsR+1,3* j+2) =y2(i)
XYZ.CelsR+2,3* j+2) = y3(i)
XYZ.Cels(R+3,3* j +2) = y4(i)
XYZ.Cels(R +4,3* j +2) = y5(i)



XYZ.Cels(R+5,3* j +2) = y6(i)
XYZ.Cels(R+6,3* j +2) = y7(i)
XYZ.Cels(R+7,3* j+2) = y8(i)
XYZ.Cels(R+8,3* j +2) =y9(i)
XYZ.CellsR+9,3* j+2) =y10(i)

XYZ.Cels(R, 3* j +3) = z1(i)
XYZ.CellsR +1,3* j + 3) = 22(i)
XYZ.Cells(R + 2, 3* j + 3) = z3(i)
XYZ.Cells(R +3,3* j + 3) = Z4(i)
XYZ.Cells(R + 4, 3* j + 3) = 25(i)
XYZ.Cells(R +5,3* j + 3) = z6(i)
XYZ.Cells(R +6,3* j + 3) = 7(i)
XYZ.CellsR +7,3* j + 3) = 28())
XYZ.Cells(R +8,3* j + 3) = 29(i)
XYZ.Cells(R +9,3* j + 3) = z10(i)

If Worksheets("1d Sed").Range("c19").Vaue= True And j = 0 Then

x1(i) = Elevation.Cdlg(i - 1, 1).Vdue
x2(i) = Elevation.Cdlg(i - 1, 1).Vdue
x3(i) = Elevation.Cdlg(i - 1, 1).Vdue
X4(i) = Elevation.Cdlg(i - 1, 1).Vdue
x5(i) = Elevation.Cdlg(i - 1, 1).Vdue
x6(i) = Elevation.Cdlg(i - 1, 1).Vdue
X7(i) = Elevation.Cdlg(i, 1).Vaue
x8(i) = Elevation.Cdlg(i - 1, 1).Vdue
x9(i) = Elevation.Cdlg(i - 1, 1).Vdue
x10(i) = Elevation.Cells(i, 1).Vaue

yA(i) = BO(i - 1) / 2
y2(i) = 50

y3(i) =BO(i - 1) / 2
va(i) =-B0(i - 1) / 2
y5(i) = -50

y6(i) = -BO(i - 1) / 2
y7(i) = -BO(i) / 2
y8(i) = -BO(i - 1) / 2
yo(i) =BO(i - 1) / 2
y10(i) = BO(i) / 2

z1(i) = ChaCha.Cells(i - 1, 4).Vaue

22(i) = ChaCha.Cells(i - 1, 4).Vaue + (50 - BO(i - 1) / 2) / sdsl(i - 1)
z3(i) = ChaCha.Cells(i - 1, 4).Vaue

Z4(i) = ChaChaCdlls(i - 1, 4).Value

75(i) = ChaCha.Cells(i - 1, 4).Value + (50 - BO(i - 1) / 2) / sdisl(i - 1)
26(i) = ChaCha.Cells(i - 1, 4).Vaue

z7(i) = ChaCha.Cells(i, 4).Vaue

28(i) = ChaCha.Cells(i - 1, 4).Vaue

29(i) = ChaCha.Cells(i - 1, 4).Vaue

z10(i) = ChaCha.Cells(i, 4).Value

XYZ.Cels(R, 1).Offset(0, -3).Value = (i)
XYZ.Cels(R + 1, 1).Offset(0, -3).Value = x2(i)



XYZ.Cels(R + 2, 1).0ffset(0, -3).Value = x3(i)
XYZ.Cels(R + 3, 1).Offset(0, -3).Value = x4(i)
XYZ.Cels(R + 4, 1).0ffset(0, -3).Value = x5(i)
XYZ.Cels(R + 5, 1).Offset(0, -3).Value = x6(i)
XYZ.Cels(R + 6, 1).Offset(0, -3).Vaue = x7(i)
XYZ.Cels(R + 7, 1).0ffset(0, -3).Value = x8(i)
XYZ.Cels(R + 8, 1).0ffset(0, -3).Value = x9(i)
XYZ.Cells(R + 9, 1).0ffset(0, -3).Value = x10(i)

XYZ.Cals(R, 2).0ffset(0, -3).Value = yi(i)
XYZ.Cels(R + 1, 2).Offset(0, -3).Value = y2(i)
XYZ.Cels(R + 2, 2).Offset(0, -3).Value = y3(i)
XYZ.Cels(R + 3, 2).Offset(0, -3).Value = y4(i)
XYZ.Cels(R + 4, 2).Offset(0, -3).Value = y5(i)
XYZ.Cels(R + 5, 2).Offset(0, -3).Value = y6(i)
XYZ.Cels(R + 6, 2).Offset(0, -3).Value = y7(i)
XYZ.Cels(R + 7, 2).Offset(0, -3).Value = y8(i)
XYZ.Cels(R + 8, 2).0ffset(0, -3).Value = yo(i)
XYZ.Cels(R + 9, 2).0ffset(0, -3).Value = y10(i)

XYZ.Cells(R, 3).0ffset(0, -3).Vaue = z1(i)
XYZ.Cels(R + 1, 3).0ffset(0, -3).Value = z2(i)
XYZ.Cels(R + 2, 3).0ffset(0, -3).Value = z3(i)
XYZ.Cels(R + 3, 3).0ffset(0, -3).Value = Z4(i)
XYZ.Cels(R + 4, 3).0ffset(0, -3).Value = z5(i)
XYZ.Cels(R + 5, 3).0ffset(0, -3).Value = z6(i)
XYZ.Cels(R + 6, 3).0ffset(0, -3).Value = z7(i)
XYZ.Cels(R + 7, 3).0ffset(0, -3).Value = z8(i)
XYZ.Cels(R + 8, 3).0ffset(0, -3).Value = z9(i)
XYZ.Cells(R + 9, 3).0ffset(0, -3).Value = z10(i)

End If

R=10*i-10

Nexti

XYZ.Cdls(1, 3* j + 1).0ffset(-1).Vaue="t =" + CStr(Round(j, 0)) + "yr"
Application.Wait (True)

End Sub

Sub Output_Distribution()

Set Digribution = Worksheets("1d Sed").Range("ae8")
Distribution.Offset(-1, 0).Vaue = "Di mm"
Distribution.Offset(-1, 1).Vaue = "Ffs"
Distribution.Offset(-1, 2).Vaue = "pfeed"
Distribution.Offset(-1, 3).Value = "Ff"
Forjj=1Tonp

plt(ij) = pl(1, jj)

Ft()) = f(L. 1))
Next jj



pfl1(1) = 100

For jj =2 Tonpp

pfl1(j) = pfl1(j - 1) - plt(j - 1) * 100
Next jj

Ff1(1) = 100

For jj =2 Tonpp

Ff1(jj) = Ff1(j - 1) - F(j - 1) * 100
Next jj

For jj=1Tonpp
Distribution.Cells(jj, 1) = di(jj)
Distribution.Cells(jj, 2) = Ff(jj)
Distribution.Cells(jj, 3) = pfl1(jj)
Distribution.Cells(jj, 4) = Ff1(jj)
Next jj

End Sub



Sub OneDimReeds()

Set Inputs = Worksheets("1d V eg").Range("y4")
Set Rules = Worksheets("1d Veg").Range("ai2")
Set CrossSec = Worksheets("1d Veg").Range("agl")
Set Data = Worksheets("1d Veg").Range("ac2")

Set AverageDepth = Worksheets("1d Veg").Range("c23")
Set Variability = Worksheets("1d V eg").Range("c49")

Set MonthlyHeights = Worksheets("1d Wat").Range("ag7")
Set MonthlyHeightsd = Worksheets("1d Veg").Range("m4™)
i=1

Do Until CrossSec.Cells(1, i) =""

i=i+1

Loop

NPL=i-1

Fori=1ToNP1

Form=1To12

MonthlyHeightsd.Cdls(1, m).Value = MonthlyHeights.Cdls(i, m).Vaue
Nextm

R=0

Do

R=R+1

Loop Until Rules.Célls(R).Vdue=""

NoRIs=R-1

n=1
Do

X = Inputs.Cellg(n).Value
y = Inputs.Cellg(n, 2).Vdue

LinguisticVariables

DOF2=0
DOF1=0

Rule no2 =0
Rule nol1=0

Depths2 = "None"
FlowVariability2 = "None"

Depthsl = "None"
FlowVariabilityl = "None"

R=1



Do

Depths = Rules.Cell§(R, 2)

If Depths = AverageDepth.Cells(1, 1) Then
Rules.Cdls(R, 4) = AverageDepth.Cells(2, 1)
Elself Depths = AverageDepth.Cell(1, 2) Then
Rules.Cdls(R, 4) = AverageDepth.Cells(2, 2)
Elself Depths = AverageDepth.Cdlg(1, 3) Then
Rules.Cdls(R, 4) = AverageDepth.Cells(2, 3)
Elself Depths = AverageDepth.Cells(1, 4) Then
Rules.Cdls(R, 4) = AverageDepth.Cells(2, 4)
Elself Depths = AverageDepth.Cdlg(1, 5) Then
Rules.Cdls(R, 4) = AverageDepth.Cells(2, 5)
End If

FlowVariability = Rules.Cells(R, 3)

If FlowVariability = Variability.Cells(1, 1) Then
Rules.Cdls(R, 5) = Variability.Cdlg(2, 1)

Elself FlowV ariability = Variability.Cells(1, 2) Then
Rules.Cdls(R, 5) = Variability.Cdlg(2, 2)

Elself FlowV ariability = Variability.Cells(1, 3) Then
Rules.Cdls(R, 5) = Variability.Celg(2, 3)

Elself FlowV ariability = Variability.Cells(1, 4) Then
Rules.Cdls(R, 5) = Variability.Cdlg(2, 4)

End If

R=R+1
Loop Until R>NoRIs+ 1

R=1
Do
If Rules.Célls(R, 6).Vaue>0 Then

Depths2 = Depthsl
FlowV ariability2 = FlowV ariabilityl

Depthsl = Rules.Cdlls(R, 2).Vaue
FlowV ariabilityl = Rules.Cells(R, 3).Vadue

DOF2 = DOF1
DOF1 = Rules.CellR, 6).Vaue

Rule_no2 = Rule_nol
Rule_nol = Rules.Cells(R).Vaue

If x <DataCdlg(1, 1).Vdue Then
aal = DaaCdlg(1, 3).Vdue
bbl = DaaCedls(1, 4).Vaue
ccl = Data.Celg(1, 5).Vaue

Elself x > Data.Cells(NoRIs + 8, 1).Vaue Then
aal = Data.Cells(NoRIs + 8, 3).Vaue
bbl = Data.Cells(NoRIs + 8, 4).Vaue
ccl = Data.Cells(NoRIs + 8, 5).Vaue



Else

PB1 = DaacCells(R, 3).Vaue
PB2 = Data.Cells(R + 8, 3).Vdue
H1 =DataCdlgR, 1).Vdue

H2 = Data.CdIsR + 8, 1).Vdue

aa2 = aal
aal = (H2-X) * (PB2- PB1)/ (H2 - H1) + PB1

PB1 = DaaCells(R, 4).Vaue
PB2 = DataCells(R + 8, 4).Value
H1 =DataCdlgR, 1).Vdue

H2 = Data.CdIsR + 8, 1).Vdue

bb2 = bbl
bbl = (H2 - ) * (PB2 - PB1) / (H2 - H1) + PB1

PB1 = DaacCells(R, 5).Vaue
PB2 = Data.Cells(R + 8, 5).Vdue
H1 =Data.CdlgR, 1).Vdue

H2 =Data.CdlgR + 8, 1).Vdue

cc2 =ccl
ccl=(H2-x)* (PB2-PB1)/(H2-H1) +PB1
End If

End If

R=R+1
Loop Until R>NoRIs+ 1

L1=(aal +bbl+ccl)/3

L2=(aal + bbl+ccl- DOFL* aal + 2* DOFL* bbl - DOF1* ccl) /3
al=0.5* (ccl - aal)

a2=05* (1-DOF1) * (ccl - aal + DOF1 * aal - DOFL * ccl)
Areal=al - a2

If Areal = 0 Then

Centrel =0

Else

Centrel=(L1* al-L2* a2)/(al-a2)

End If

L1=(a82 +bb2+cc2)/3

L2=(a82 + bb2 + cc2- DOF2* aa2 + 2* DOF2* bb2 - DOF2 * cc2) / 3
al=05* (cc2 - aa?)

a2=05* (1-DOF2) * (cc2 - aa2 + DOF2 * aa2 - DOF2 * cc2)
Aree2=al-a2

If Area2 = 0 Then

Centre2=0

Else

Centre2=(L1*al-L2* a2)/(al-a2)

End If



If Areal > 0 Then

COG = (Centrel * Areal + Centre2 * Area?) / (Areal + Area2)
Elses COG=0

End If

Inputs.Cdls(n, 3).Vaue= COG
CrossSec.Cdlls(2, i).Cdls(n).Vadue = COG

n=n+1
Loop Until Inputs.Cells(n).Vaue=""

Next i
End Sub
Sub LinguigticV ariables()

Set Rules = Worksheets("1d Veg").Range("ai2")

Set Depths = Worksheets("1d Veg").Range("h15")

Set DepthDots = Depths.Offset(9, 1)

Set Variabilities= Worksheets("1d Veg").Range("b43")
Set VariabilityDots = Variabilities.Offset(7, 1)

Set Data = Worksheets("1d Veg").Range("ac2")

a= Depths.Cdlg2).Vdue
b = Depths.Cdls(3).Vaue
¢ = Depths.Cdlg(4).Vdue
d = Depths.Cdls(5).Vaue
e = Depths.Cdlg(6).Vdue

Select Case x
Casels<a

yl=1

y2=0

y3=0

y4=0

y5=0

CaseaTob
yl=x/(a-b)+b/(b-d
y2=x/(b-a +al(a-b)
y3=0

y4=0

y5=0

CasebToc

yl=0
y2=x/(b-c)+c/(c-b)
y3=x/(c-b)+b/(b-c)
y4=0

y5=0

CasecTod

yl=0

y2=0
y3=x/(c-d)y+d/(d-c)
yAd=x/(d-c)+c/(c-d)



y5=0

CasedToe

yl=0

y2=0

y3=0

yAd=x/(d-e) +e/(e-d)
y5=x/(e-d)y+d/(d-e
Casels>e

yl=0

y2=0

y3=0

y4=0

y5=1

End Select

DepthDots.Cdls(1, 1) Vdue =yl
DepthDots.Cdls(1, 2).Vdue=y2
DepthDots.Cdlg(1, 3).Vadue=y3
DepthDots.Cdlg(1, 4).Vdue=y4
DepthDots.Cdlg(1, 5).Vadue=y5

If x < Data.Cedls(1).Vdue Then
a=0

b=0

c=0

d=0

Elself x >= Data.Cells(NoRls).Vaue Then
a= Data.Celg25, 2).Vdue

b = Data.Cell5(26, 2).Vdue

c = Data.Celg(27, 2).Value

d = Data.Cdlg(28, 2).Vaue
Else

R=1
Done= False
Do

H1 = Data.CdIgR, 1).Vdue
H2 =Data.CdlgR + 4, 1).Vdue

If X >=H1And X < H2 Then

COV21 = DaaCellR + 4, 2) Vaue
COV22 = DataCellR + 5, 2) Vaue
COV23 = DataCellR + 6, 2).Vaue
COV24 = DataCellgR + 7, 2) Vaue

COV11 = DataCells(R, 2) Value

COV12 = DataCellsR + 1, 2).Vaue
COV13 = DataCellR + 2, 2).Vaue
COV14 = DataCellSR + 3, 2).Vaue

a=(H2-x)* (COV11- COV2l)/(H2- H1) + COV21
b= (H2-x) * (COV12 - COV22) / (H2 - H1) + COV22



c=(H2-x)* (COV13- COV23)/ (H2 - H1) + COV23
d=(H2-x)* (COV14 - COV24) / (H2 - H1) + COV24

Done= True
Else

R=R+4
End If
Loop Until R > NoRIsOr Done

End If

Variabilities.Cdlg(1).Vaue=a
Variabilities.Cdls(2). Vaue=b
Variabilities.Cdls(3).Vaue=c
Variabilities.Cdls(4).Vaue=d

Amplitude
Application.Wait (True)
End Sub

Sub Amplitude()

Set Variabilities = Worksheets("1d Veg").Range("b43")
Set VariabilityDots = Variabilities.Offset(7, 1)

a=Variabilities.Cells(1).Vaue
b = Variabilities.Cells(2).Vaue
¢ = Variabilities.Cellg(3).Value
d = Vaiabilities.Cells(4).Vaue

Sdlect Casey
Casels<a

yl=1

y2=0

y3=0

y4=0

CaseaTob
yl=y/(a-b)+b/(b-2a
y2=y/(b-a+al(a-b)
y3=0

y4=0

CasebToc

yl=0
y2=y/(b-c)+c/(c-b)
y3=y/(c-b)+b/(b-c)
y4=0

CasecTod

yl=0

y2=0
y3=y/(c-d)y+d/(d-c)
yd=y/(d-c)+c/(c-d)
Casels>d

yl=0



y2=0
y3=0
vad=1
End Select

VariabilityDots.Cels(1, 1).Vaue =yl
VariabilityDots.Cels(1, 2).Vaue=y2
VariabilityDots.Cdls(1, 3).Vaue=y3
VariabilityDots.Cels(1, 4).Vaue=y4

End Sub



Sub TwoDimWaterFlow()

Set GrainSize = Worksheets("1d Sed").Range("asr™)

Set SedimentTopography = Worksheets("2d Sed").Range("f3:y22")
Set ConcreteRock = SedimentTopography.Offset(0, jmax + 8)

Set PeakFlow = Worksheets("1d Wat").Range("x7")

Set Characteristics = Worksheets("1d Sed").Range("n5")

Set Elevation = Worksheety("1d Sed").Range("AJ7")

Set Topography = Worksheets("2d Wat").Range("i 3:ab22")
imax = Topography.Rows.Count

jmax = Topography.Columns.Count

Set Roughness = Topography.Offset(0, jmax + 4)

Set Heights = Topography.Offset(imax + 4, 0)

Set Veocityx = Heights.Offset(0, jmax + 4)

Set Veocityy = Velocityx.Offset(0, jmax + 4)

Set Inputs = Worksheets("2d Wat").Range("B1")
CRSC = Inputs.Cd (3, 4).Vdue

Inputs.Cel15(3).Vaue = PeakFlow.CellS(CRSC, 3).Vaue
Inputs.Cells5(4).Vaue = PeakFlow.CellS(CRSC + 1, 3).Value

Inputs.Cells(5).Vdue = PeakFlow.CellS(CRSC, 2).Vdue + Elevation.Cell§(CRSC, 4).Vaue
Inputs.Cells(6).Vaue = PeakFlow.Cells(CRSC + 1, 2).Value + Elevation.CdlI§(CRSC + 1, 4).Vadue

Inputs.Cel15(7).Vadue = PeakFlow.CellS(CRSC, 4).Vaue
Inputs.Cel15(8).Vaue = PeakFlow.CellS(CRSC + 1, 4).Value

Ul = Inputs.Cells(3).Vaue
U2 = Inputs.Cells(4).Vaue

H1 = Inputs.Cells(5).Vaue
H2 = Inputs.Cells(6).Vaue

Inputs.Ces(5, 4).V aue = Characteristics.CellS(CRSC, 1).Vdue
Inputs.Cell9(6, 4).Vdue = Characteristics.CellIfCRSC + 1, 1).Vdue

Inputs.Cel15(7).Vaue = Characteristics.CellS(CRSC, 2).Vaue
Inputs.Cel15(8).Vaue = Characteristics.CellS(CRSC + 1, 2) Vaue

B1 = Inputs.Cells(7).Vaue
B2 = Inputs.Cells(8).Vaue

sdd1 = Inputs.Cells(5, 4).Vaue
sddl2 = Inputs.Cells(6, 4).Vaue

el = Inputs.Cells(17).Vdue 'stabilizes shallow flows
€2 = Inputs.Cells(18).Vdue'0.2-1.0 istypical
€3 = Inputs.Cells(19).Vdue'0.1 istypicd

X = Inputs.Cell5(9).Vaue
y = Inputs.Cell5(10).Value



dt = Inputs.Celg(11).Vaue

t = Inputs.Cells(12).Vaue
tLast = Inputs.Cells(13).Vaue

ArtVis= Inputs.Cells(14).Vadue
HZo = Inputs.Cells(15).Vadue

ti=t
f=1

vchart = Inputs.Cell5(22).Vaue

1
0

ip=
n=
iprint = Inputs.Cells(24).Vaue

Ntoprint = Inputs.Cell(25).Vaue

ds= GrainSize.Cels(CRSC, 3) / 1000
ok = False

Do Whilet <=tLast

[ft=0Then

For j=1Tojmax
Fori=1Toimax

H(i,j) = H1-]* (H1- H2)/jmax
UG, j)=U1-j* (UL-U2)/jmax
V(i,j)=0

Heights.Cellg(i, j).Vaue =H(, j)
Vdocityx.Cells(i, j).Vaue=U(, j)
Veocityy.Cells(i, j).Vaue=V(i, )
ks(i,j)=2* ds

Roughness.Cédls(i, j).Vaue=ks(i, j)
Nexti

Next |

End If

For j =1 Tojmax
Fori=1Toimax

Z(i, j) = SedimentTopography.Cell«(i, j).Value
R(i, j) = ConcreteRock.Cdlls(i, j).Vaue
Topography.Cells(i, j).Vaue = Z(i, )

ks(i, j) = Roughness.Cells(i, j).Vadue

H(i, j) = Heights.Cells(i, j).Vadue



U(i, j) = Veocityx.Cells(i, j).Vdue
V(i,]) = Vdocityy.Cells(i, j).Vaue

Nexti
Next

TotaAreal = (B1 + PeakFlow.CellS(CRSC, 2).Vaue* sdd1) * PeakFow.Cells(CRSC, 2).Value
Do

TotaArea2 =0

Inflow=0

Fori=1Toimax

IfH(@i,2)-Z(,2) >0Then

TotaArea2 = Tota Area2 + (H(i, 2) - Z(i, 2)) * y

Inflow = Inflow + 1

End If

Nexti

Fori=1Toimax

IfH(@i,2)-Z(,2) >0Then

H(i, 2) =H(i, 2) + 0.1 * (TotalAreal - TotalArea2) / Inflow
End If

Nexti

Loop Until (TotalArea2 - TotalAreal) < 0.1 And (TotaArea2 - Tota Areal) >-0.1

Fori=1Toimax
H(i, 1) = H(i, 2)
Next i

Iff=5Then

f=1

Elself f =4 Then

pux2 = 2: pux1 = 0: puy2 = 2: puyl =0
cux2 =0: cuxl =-2:cuy2 =0: cuyl =-2
pvx2 =2: pvx1=0:pvy2=2: pvyl =0
cvx2=0:cvx1=-2:cvy2=0:cvyl =-2
f=5

Elself f = 3 Then

pux2 = 2: pux1 = 0: puy2 = 0: puyl = -2:
cux2=0:cuxl=-2:cuy2=2:cuyl=0
pvx2 = 2: pvx1=0: pvy2 =0: pvyl =-2
cvx2=0:cvx1=-2:cvy2=2:cvyl =0
f=4

Elself f = 2 Then

pux2 = 0: pux1 =-2: puy2 = 0: puyl =-2
cux2=2:cux1=0:cuy2=2:cuyl =0
pvx2 =2: pvx1=0:pvy2=2: pvyl =0
cvx2=0:cvx1=-2:cvy2=0:cvyl =-2
f=3

Elself f =1 Then

pux2 = 2: pux1 = 0: puy2 = 2: puyl =0
cux2 =0: cux1l =-2:cuy2 =0: cuyl =-2
pvx2 =0: pvx1=-2: pvy2 = 0: pvyl =-2
cvx2=2:cvx1=0:cvy2=2:cvyl =0



f=2
End If

DTMIN = 1000
FLAG=1

DoWhileFLAG =1

'Initial values
For j=1Tojmax
Fori=1Toimax
Ha(i, j) = H(i, j)
va(i, j) = U(i, j)
Va(i,j) = V()
Nexti

Next |

Forj=2Tojmax -1
Fori=2Toimax -1

HZ(i, ) =H(,j) - 0.25* (Z(i-1,j-1)+ Z(i+1,j- 1)+ Z( - 1,j + 1) + Z(i + 1,] + 1))

HU(i, j))=05* (H(i,j-1) +H(i,j +1))-05* (Z(i - 1,)) + Z(i + 1, )))
HV(,j))=05* (H(i-1,j)+H(@{ +1,j))-05* (Z(i,j - 1) + Z(i, | + 1))
um(i,j)=0.25* (U(-1,j-1)+U@i+1,j-D)+U@{-1,j+1)+U(+1,j+1))
vm(i,j) =025* (V(i+1,j+1)+V(i-1,j-)+V(i-1,j+1)+V(i+1,j-1))
HB(i,j) =0.25* (H(i +1,j) + H(@i - 1,j) + H(i,j - 1) + H(i, j + 1)) - Z(i, j)

If HZ(i, j) <= HZo Then
HZ(i, j) =0.9* HZo
End If

If HU(i, j) <HZo Then
HU(i, j) =0.9* HZo
End If

If HV(i, j) <HZo Then
HV(i, ) =0.9* HZo
End If

If HB(i, j) < HZo Then
HB(, j) =0.9* HZo
End If

Next i

Next |

For j=1Tojmax
Fori=1Toimax
Select Casej
Casels<2

HV(, ) =HV(,j + 1)
um(,j) =um(i, j + 1)
HV(, ) =HV(,j + 1)
um(i,j) =um(i, j+ 1)
HB(i, j) =HB(i,j+ 1)
Casels>jmax - 1
HU(i, j) = HU(,j - 1)
vm(i, ) =vVm(,j- 1)



HV(,j) =HV(,j- 1)
um(i,j) =um(, j- 1)
HB(, j) =HB(,j- 1)
End Select

Select Casei
Casels<2

HU(G, j) =HU(i + 1,j)
vm(i,j) =vm(i + 1, )
HV(,j))=HV(@i+1,j)
um(i, j) =Um(i + 1, )
HB(i, ) =HB(i +1,j)
Casels=imax - 1
HU(G, ) =HU(@ - 1,))
vVm(i,)) =vVm(i - 1,])
HV(,)) =HV(- 1,))
um(, j) =um( - 1,j)
HB(i, j) = HB(i - 1,))
End Select

Next i

Next |

'Eddy viscosity vt
For j=1Tojmax
Fori=1Toimax

If ks(i, j) <= 0 Then

vi(i,j) =0

Else

'For very small depth to roughnessratios:

If HZ(i, j) < (ks(i, j) * 2.71828182845905 " 2/ 12) Then
HZ(i, j) =0.9* HZo

End If

If HZ(, j) < ks(i, j) Then

ks(i, j) = HZ(i, )

End If

ld=0.1* HZ(, j)
Ifj<30rj>jmax-20ri<30ri>imax-2Then

Term1l=0
Else

Tam2=1/(2*y)* (UG{+2,j-1)-UG{+2,j+1)/2-(U(i-2,j-1)-UG{-2,j+1)/2) _
+1/(2* )% ((V(i-1,]+2)-V(i+1,j+2)/2-(V(i-1,]-2)-V(i+1j-2)/2)
Terml=e372* HZ(i,j) A 2* 2* (L/x* (UG, ] +1) -UG,j - 1)) A2+ Term2~2 _

+2* (L/y* (V(@i+1,))-V(3i-1,))*2)"05
End If

cs(i, j) = 5.75 * WorksheetFunction.Log10(12 * HZ(i, j) / ks(i, j))

vi@i, j) = el +e2* HZ(i,j) * (Um(i,j) *2+Vm(i,j)~2) 0.5/ cs(i, j) _

+ Terml



End If

cu=0.09
cd=017

Id=0.1* HZ(, )

K(i, j) = (cd / cu* vi(i, j) / Id)
e(i, ) =cd* k(i, ) » (3/2)/1d

Nexti
Next

Forj=2Tojmax -1

Fori=2Toimax- 1

vtm(i, ) =0.25* (vt(i - 1,j-1) +vt(i+1,j-21)+vt(i- 1,j+ 1) +vt(i+1,j + 1))
Nexti

Next |

Forj=3Tojmax - 2

Fori=3Toimax -2

'FRICTION SLOPE (WU, 2004):

Stx = (UG, j) * (UG, j))"2+Vm(i,j)~2)~0.5) /HZ(i, j) / cs(i, j) 2/ g/ x

Sty =(V(@i,j))* (Um@,j))"2+V(@i,))*2)~0.5)/HZ(,j) /cs(i,j)~2/gly

'FLOW DEPTH:

Hs(i, J, 1) = Ha(i, j) +dt* (_

-(1/x* (HUG,j +2)* U(i,j+1) - HU@,j-1) * UGi,j- 1)) _

-(L/y* (HV(i+1,))* V(i+1,j)-HV(i-1,j)* V(i- 1,))))

'FLOW VELOCITY U IN THE X DIRECTION:

'Predictor step

Us(i,j, 1) =Ua(i, j) +dt* (_

(UG, ) * (UG, ] +pux2) - U(i, ] +puxl)) /x _

+Vm(i, ) * (UG +puy2,j) - U(i +puyl,j)) /y) _

-(@* (H@,j+ 1) -H(,j-1)/x+g* Sfx) _

+(@/x 2/HUG, ) * (2* HZ3,j+ 1) * vt(i,j + 1) * (UG,j+2)- UG, )) _

-2* HZ(i,j - 1) * vii,j- 1) * (UG, )) - U(, - 2)))) _

+((L/HUG, ) Ix)* (213> HZ(i,j+ 1) * k(i,j+1)-2/3* HZ(,j - 1) * k(i,j - 1)) _
+((1/y~2/HUG, ) * (HB(i + 1,)) * vim(i + 1,j) * (U + 2,j) - U(, ))) _
“HB(- L) * vim(i- L) * (UGL)-UG-2)_ o
+((L/(x*y)THUG, ) * (HB(G +1,j) * vtm(i +1,)) * (V(i+1,j+1)-V(i+1,j-1))_
-HB(i-1,j)* vtm(i - 1,j) * (V(i-1,j+1)-V(i- 1,j- 1)))))

'FLOW VELOCITY U IN THE Y DIRECTION:

'Predictor step

vs(i, j, 1) =Va(, j) +dt* (_

-(Um(i, j) * (V(i,j +pvx2) - V(i,j + pvx1)) I x _

£ V(i,J) * (Vi +pvy2,j) - V(i +pvyL, ) 1)

@ HE+L)-HGi-1))+g* Sy)_ o o
+((L/(x*y)/HV(, ) * (HB@,j+ 1) * vtm(i,j+1)* (U(i+1,j+1)-U(@{-1,j+1))_
-HB(@,j-21)* vtm(i,j-1)* (U@i+1,j-1)-U(-1,j-1))) _
+((1/x~2/HV(3, D) * (HB(i,j +1) * vtm(i, j+ 1) * (V(i,j +2)-V(,]))) _

-HB(i, j- 1) * vtm(i, j - 1) * (V(i,]) - V(i,] - 2)))) _

+(@/y"r2/HVE, D)) *@*HZGE+ L, ) * vt +1,)* (Vi +2,))-V(,)) _

- 2% HZ(i - 1,1)* Vi(i - 1,))* (V(i.§) - V(i - 2,)) _ S
+((L/HVG, DIy *(2/3*HZ(i+1,))* k(i+21,))-2/3*HZ(@{-1,))* k(i - 1,))))

‘Store predictor values to corrector values



H(, j) = Hs(i, ), 1)

u(,j) =udi,j, 1)
V(i) = vs(i, j, 1)
Nexti
Next

Forj=3Tojmax - 2

Fori=3Toimax -2

'FRICTION SLOPE (WU, 2004):

Stx = (UG, ) * (UG, j))"*2+Vm(i,j)~2)~0.5) /HZ(i, j) / cs(i, j) 2/ g/ x

Sty =(V(@i,j)* (Um@,j))"2+V(i,))*2)~05)/HZ(,j) /cs(i,j)~2/gly

'FLOW DEPTH:

'CORRECTOR STEP

Hs(i, j, 2) = Ha(i, j) +dt™ (_

-(1/x* (HUG,j +21)* U(i,j+1) - HU@,j-1) * U(i,j - 1)) _

-(7y* (HV(I+L))* V(i+1,))-HV(i-1,j)* V(i- 1))

'FLOW VELOCITY U IN THE X DIRECTION:

'CORRECTOR STEP

Us(i, j, 2) = Ua(i, j) +dt™ (_

(UG, j) * (UG, j - pux2) - UG, j - pux1)) / x _

+Vvm(i, ) * (UG - puy2, j) - UG - puyd, ) /'y) _

-(@* (H(,j+1)-H(i,j- 1)) /x+g* Sfx) _

+(@/xM2/HUG, ) * (2* HZ@,j+ 1) * vt(i,j + 1) * (UG, j+2)- UG, )) _

-2* HZ(i,j-1)* vi(i,j - 1) * (UG, ) - UG, j - 2)))) _

+((L/HUG, ) Ix)* (213> HZ(i,j+ 1) * k(i,j+1)-2/3* HZ(,j - 1) * k(i,j - 1)) _
+((1/y~2/HUG, ) * (HB(i + 1,)) * vim(i + 1,j) * (U + 2,j) - U(, ))) _

-HB(i - 1, j) * vtm(i - 1,j) * (U(i, ) - U(i - 2,])))) _

+((L/(x*y)/HUG ) * (HB@{ +1,)) * vtm(i+1,)) * (V(i+1,j+1)-V(+1,j-1)) _
-HB(i- 1,j) * vtm(i - 1,j) * (V(i- 1, j+1)-V(i-1,j- 1)))))

'FLOW VELOCITY U IN THE Y DIRECTION:

'CORRECTOR STEP

vs(i, j, 2) = Va(i, j) +dt™ (_

-(Um(i, j) * (V(,j-pvx2) - V(i,j- pvx1)) I X _

+V(i, ) * (V(i-pvy2,i) - V(i - pwyl, ) 1Y) _

-(@* (H(i+1,))-H(@i-1,j)+g* Sfy) _

+((L/(x*y)/HV(, ) * (HB@,j+ 1) *vtm(i,j+1)* (U(i+1,j+1)-U@{-1,j+1))_
-HB(@,j-1)* vtm(i,j-1)* (UGi+1,j-1)-U(-1,j-1)) _
+((1/x~2/HV(, D) * (HB(i,j +1) * vtm(i, j+ 1) * (V(i,j +2)-V(,]))) _

-HB(i, j- 1) * vtm(i, j - 1) * (V(i,}) - V(i,] - 2)))) _

+(@/y"r2/HVE, D)) *@*HZGE+ L, ) * vt +1,)* (Vi +2,))-V(,)) _
-2*HZ(i-1,))* vt(i - 1,7) * (V(i,)) - V(- 2,})))) _

+((L/HVG, DIy *(213*HZ(i+1,))* k(i+21,))-2/3*HZ@{-1,j)* k(i - 1,))))

H(,j) =0.5* (Hs(i, j, 1) + Hs(i, ], 2))
If H(i, j) < HZo Then

H(i, ) =0.9* HZo

End If

U(i,j) =05* (Us(i, j, 1) + Us(i, j, 2))
V(i,j)=05* (vs(i, j, 1) + vs(i, |, 2))

Nexti
Next |



FLAG=0

Forj=2Tojmax -1
Fori=2Toimax- 1

Sox(i, ) = (H@,j+1)-H(@,j-1)/(2* x)
Soy(i, j) = (H(i +1,j) - H(i- 1,})) / (2* y)
Nexti

Next |

Forj=2Tojmax -1

Fori=2Toimax- 1

If Sox(i, j + 1) =0 And Sox(i, j) = 0 And Sox(i,j - 1) =0 Then

vx(i,j)=0

Else

vXx(i, j) = (Sox(i, j + 1) - 2* Sox(i, j) + Sox(i, j - 1)) / (Abs(Sox(i, j + 1)) + 2* Abs(Sox(i, j)) +
Abs(Sox(i, j - 1)))

End If

If Soy(i +1,j) =0And Soy(i, j)) =0And Soy(i - 1,j) =0 Then

vy(i,j)=0

Else

vy(i, J) = (Soy(i + 1, ]) - 2* Soy(i, j) + Soy(i - 1, j)) / (Abs(Soy(i + 1,])) +2* Abs(Soy(i, j)) +
Abs(Soy(i - 1, )))

End If

Nexti

Next |

Forj=3Tojmax - 2
Fori=3Toimax -2

Ex2 = ArtVis* WorksheetFunction.Max(vx(i, j + 1), vx(i, j))
Ex1 = ArtVis* WorksheetFunction.Max(vx(i, j), vx(i, j - 1))
Ey2 = ArtVis* WorksheetFunction.Max(vy(i + 1, ), vy(i, j))
Eyl = ArtVis* WorksheetFunction.Max(vy(i, j), v¥(i - 1,]))

H(, ) =H(@, j) + Ex2* (H(i,] + 1) - H(i, ) - Bx1* (H@0, j) - H(0, ] - 1)) + By2* (H(i, | + 1) - H(, J)) -
Eyl* (H@i,j) - H(i,j - 1))
If H(i, j) < HZo Then
H(i, ) =0.9* HZo

End If

U@, j) =UG, j) + Ex2* (UG, + 1) - U@, j)) - Bx1* (UG, )) - UG, ] - 1)) + By2* (UG, ] + 1) - UG, ) -
BV (UGD-UG-1) o o
V(i) =V, ) +BEx2* (V(i,j+1)-V(i,])) - Ex1* (V(i,]) - V(i,j - D) + By2* (V(i,j + 1) - V(i,])) -
Eyl* (V(i,))-V(i,j-1)
Nexti

Next |

For j=1Tojmax
Fori=1Toimax

Select Casei

Casels<3

u@,j)=0

H(@, ) =H(@i +2,))
IfH(@,j) - Z(@,j)>0Then



V(i,j))=V(i+2j)
Else

V(,j)=0

End If
Casels>imax - 2
u@,j)=0

H(,j) =H(i - 2,])
IfH(@,j) - Z(i,j)>0Then
V(i,j)=V(i-2])
Else

V(,j)=0

End If

End Select

Select Casej

Casels<3

V(i,j)=0

H(i,j) =H1

If H(, j) - Z(i,j) > 0 Then
uU(@,j)=U1

Else

u@,j)=0

End If

Casels>jmax - 2
V(i,j)=0

H(i, j) =H2

If H(, j) - Z(i,j) > 0 Then
u(,j)=u2

Else

u@,j)=0

End If

End Select

Next i

Next |

Forj=2Tojmax -1
Fori=2Toimax - 1
HZ(@,)) =H(,j)-025* (Z(i-1,j-1)+Z(i+1,j-)+2Z(i-1,j+1)+Z>1+1,j +1))
If HZ(i, j) <= HZo Then
HZ(i, j) =0.9* HZo
End If
IfH(,j) - Z(i,j)>0Then
ReedRoughness

End If

Nexti

Next |

Forj=3Tojmax - 2
Fori=3Toimax -2

If HZ(i, j) <= HZo Then
IfHZ(i - 1,j +1) <=HZo Then
Ind4=0

Else



Ind4=1

End If

IfHZ(i +1,j + 1) <= HZo Then
Indl=0

Else

Indl=1

End If

IfHZ(@{ +1,j-1) <=HZoThen
Ind2=0

Else

Ind2=1

End If

IfHZ(@-1,j-1) <=HZoThen
Ind3=0

Else

Ind3=1

End If

If (Ind1 + Ind2 + Ind3 + Ind4) =3 Then

H(, j) = (Ha(i, j) + 1/ (Ind1 + Ind2 + Ind3 + Ind4) * (Ind4* Ha(i - 1,j + 1) + Ind2 * Ha(i + 1,j - 1) +
Ind3* Ha(i - 1, - 1) + Ind1* Ha(i + 1, ] + 1))/ 2

V(i,j) =1/ (Indl + Ind2 + Ind3 + Indd) * (Indd* 1/3* (Va(i-1,j+1)-6* Vai- 2,j+2)) + Ind3*
1/3* (Vai-1,j-1)-6*Va(i-2,j-2)+Ind2* 1/3* (Va(i +1,j-1)-6* Va(i + 2, - 2)) + IndL
*1/3% (Va(i +1,j+1)-6* Va(i+2,j +2)))

UG,j)=1/(Indl + Ind2 + Ind3 + Ind4) * (Ind4* 1/3* (Ua(i- 1,j+1)-6* Ua(i- 2, j+2)) + Ind3 *
1/3* (Ua(i-1,j-1)-6* Ua(i-2,j-2) +Ind2* 1/3* (Uai +1,j- 1) - 6* Ua(i + 2, ] - 2)) + IndL
*1/3% (Ua(i +1,j+1)-6* Uali + 2,] +2)))

Elself (Ind1 + Ind2 + Ind3 + Ind4) = 2 Then

If (Ind1 + Ind2) = 0 Then

H(i + 1, ) = (Ha(i + 1, ) + Ha(i, j)) / 2
H(, j) = (Ha(i, j) +Ha(i- 1,j))/ 2
V(i+2,j)=0

V(i,j)=1/3* (Va(i-1,j)-6* Vai - 2,]))
V(i+1,j)=1/3* (Vai,j)-6* Vai-1,j)
V(i-1,j)=0

UG +2j)=0

UG,j)=1/3* (Uai- 1,j) - 6* Ua(i - 2, ))
UG+1,j)=1/3* (Ua(i,]) - 6* Ui - 1, )
UG-1,j)=0

Elself (Ind3 + Ind4) = 0 Then

H(i - 1,j) = (Ha(i - 1, j) + Ha(i, j)) / 2

H(, j) = (Ha(i, j) + Ha(i + 1, ) / 2
V(i-2,j)=0

V(i,j)=1/3* (Va(i +1,j)-6* Va(i + 2, j))
V(i-1,))=1/3* (Vai,j)-6* Vai +1,)))
V(i+1,j)=0

U@-2,j)=0

UG, j)=1/3* (Uali +1,j) - 6* Ui + 2, )
UG-1,j)=1/3* (Ua(,]) - 6* Uai + 1, )
UG +1j)=0

Elself (Ind1 + Ind4) = 0 Then



H@,j+1) = Hal,j+1) +Hai, )/ 2
H(,j) = (Ha(i, j) + Ha(i,j- 1))/ 2
V(i,j+2)=0

V(i,))=1/3* (Va(i,j-1)-6* Vai,]j - 2))
V(i,j+1)=1/3* (Vai,j)-6* Vai,j- 1))
V(i,j-1)=0

U@i,j+2)=0

U@,j)=1/3* (Ua(l,j-1)-6* Ua(i,] - 2))
U@G,j+1)=21/3* Uai,j)-6* Uai,j- 1)
U@,j-1)=0

Elself (Ind2 + Ind3) =0 Then

H(,j- 1) =(Ha,j- 1) + Ha(i,j)) /2
H(@,j) = (Ha(i, j) + Ha(i,j + 1))/ 2
U@i,j+2)=0

V(@i,))=1/3* (Vai,j+1)-6* Vai, |+ 2))
V(i,j-1)=1/3* (vVai,j) - 6* Va(i,] +1))
V(i,j+1)=0

U@,j-2)=0

U(i,j)=1/3* (Ua(i,j+1)-6* Udi,j + 2))
U@,j-1)=1/3* (Ua(i,j)-6* Ua(i,j + 1))
U@i,j+1)=0

End If

Elself (Ind1 + Ind2 + Ind3 + Ind4) = 1 Then

H(, j) = (Ha(i, j) + 1/ (Ind1 + Ind2 + Ind3 + Ind4) * (Ind4* Ha(i - 1,j + 1) + Ind2 * Ha(i + 1,j - 1) +
Ind3* Ha(i - 1, - 1) + Ind1* Ha(i + 1, ] + 1))/ 2

V(i,j) =1/ (IndL + Ind2 + Ind3 + Indd) * (Indd* 1/3* (Va(i-1,j+1)-6* Vai- 2,j+2)) + Ind3*
1/3* (Va(i-1,j-1)-6*Va(i-2,j-2)+Ind2* 1/3* (Va(i +1,j-1)-6* Va(i + 2, - 2)) + IndL

*1/3% (Va(i +1,j+1)-6* Va(i+2,j +2)))

UG, j)=1/(Indl + Ind2 + Ind3 + Ind4) * (Ind4* 1/3* (Ua(i- 1,j+1)-6* Ua(i- 2,j+2)) + Ind3 *
1/3* (Ua(i-1,j-1)-6*Ua(i-2,j-2) +Ind2* 1/3* (Uai +1,j- 1) - 6* Ua(i + 2, ] - 2)) + IndL

*1/3% (Ua(i +1,j+1)-6* Uali + 2,] +2)))

If Indl=1Then
H(i+1,j+1)=(Ha(i+1,j+1)+Ha(i,j)/2
Ui +1,j+1)=Ua(,j)
V(i+1,j+1)=Va,j)

Elself Ind2 =1 Then
Hi+1,j-1)=(Ha(i+1,j-1)+Hai,j)/2
U@ +1,j-1)=Uai,j)
V(i+1,j-1)=Vai,j)

Elself Ind3 =1 Then
H(i-1,j-1)=Ha(i-1,j-1) +Ha(,j)/2
U@i-1,j-1)=Uai,j)
V(i-1,j-1)=Vaji,j)

Elself Ind4 =1 Then
H(i-1,j+1)=(Hali-1,j+21)+Hai,j)/2
U@ -1,j+1)=Ua,j)
V(i-1,j+1)=Va(,j)

End If

Elself (Ind1 + Ind2 + Ind3 + Ind4) = 0 Then

H(@i,j) =025* (H(i +1,j) + H(i - 1,j) + H(i,j - 1) + H(i, ] + 1))



V(i,j)=0
uG,j) =0

End If
End If
Next i
Next |

Forj=2Tojmax -1
Fori=2Toimax-1

If Abs(U(i, j)) > vchart Then

U(i, j) = vchart * U(, j) / Abs(U(i, j))
End If

If Abs(V(i, j)) > vchart Then

V(i,j) =vchart* V(i, ) / Abs(V (i, ]))
End If

Nexti

Next |

For j=1Tojmax

Fori=1Toimax

If HZ(i, j) > HZo Then

If H(i, j) < HZo Then

H(,j) =0.9* HZo

End If

Ifdt>(1/U(,j)+(@* H(,j)"05) /x+ (V(i,j) +(g* H(i,j)~05)/y _
+2* vi(i,j) /Ix"2+2* vin/y”" 2)) And dt> O Then

FLAG=1

End If

DTCHECK =05* 1/((U(i,j) + (@* H({,))*0.5) /I x+ (V(i,j) + (@* H(, ) ~05)/y+2* vi(i, ) /
XN2+2*vi(i,j) 1 y”" 2)

If DTCHECK < DTMIN And DTCHECK >0 Then

DTMIN = DTCHECK

End If

End If

Nexti

Next |

Forj=2Tojmax -1

Fori=2Toimax- 1

H(i,j) =0.25* (H(i,j + 1) + H(i,j- 1) + H(i + 1,j) + H(i - 1,}))
Nexti

Next |

If FLAG=0 Then
Forj=2Tojmax -1
Fori=2Toimax -1

Heights.Cellg(i, j).Vaue = H(i, j)

IfH(@,j) > Z(i, j) + HZo And Um(i, j) + Vm(, j) <> 0 And U(i, j) + V(i,j) <> 0And ip =1 Then
If R(i, j) > Z(i, j) Then

ks(i,j)=2* ds

Else



AggRoughness
End If
End If

Roughness.Cdls(i, j).Vaue=ks(i, j)
Vdocityx.Cells(i, j).Vaue=U(, j)
Veocityy.Cells(i, j).Vaue=V(i, )

Inputs.Cells(11).Vaue = dt
Inputs.Cel15(12).Vaue =t

Nexti
Next |

dt=DTMIN
Else

dt=0

End If

Loop

Ifip=iprint Then

CRSC1 = Worksheets("Display results’).Range("i19").Vaue
CRSC2 = Worksheets("Display results’).Range("k19").Value
If CRSC >= CRSC1 And CRSC <= CRSC2 Then

ok = Fdse
Do Until ok

If ip=iprint+ 1 Then
ip=0

End If

ip=ip+1

Application.Wait (True)
t=t+dt
Loop

End Sub

Sub ReedRoughness()

Set Reeds = Worksheets("2d V eg").Range("'f4:y23")
imax = Reeds.Rows.Count

jmax = Reeds.Columns.Count

Set BeginTime = Reeds.Offset(imax + 4, jmax + 10)

ve = (U(i,j) »2+V(,j) ~2) ~ 05



If Reeds.Cdlg(i, j).Interior.Colorindex <> 2 And U(i, j) + V(i, j) <> 0 Then

‘a= stem spacing

'Dsnt = Stem diameter

If Reeds.Cdlg(i, j).Interior.Colorindex = 36 Then 'dark green-Dense
a=0.05

Elself Reeds.Cell<(i, j).Interior.Colorindex = 6 Then 'medium dark green
a=0.75

Elself Reeds.Céll<(i, j).Interior.Colorindex = 43 Then 'medium green-HalfDense
a=0.1

Elself Reeds.Céll(i, j).Interior.Colorindex = 12 Then 'medium light green
a=0.125

Elself Reeds.Céll4(i, j).Interior.Colorindex = 52 Then 'light green-Sparce
a=0.15

End If

tb = BeginTime.Cells(i, j).Vaue

If tb <=10 Then
apha=30
beta=-0.38

Dsht = 0.005

Elself tb <= 20 Then
alpha= 200
beta=-0.58
Dsht=0.01

Elself tb <= 70 Then
alpha= 1000
beta=-0.8
Dsht=0.02

Elself tbh <= 300 Then
alpha=210
beta=-0.58
Dsht=0.02

Elself tb > 300 Then
apha=30
beta=-0.38

Dsht = 0.025

End If

Do

fo=4

Do

fs=1/(-2* WorksheetFunction.Log10(ks(i, j) / (3.71* (H(i, j) - Z(i, j))) + 2.51* 0.000001/ (Ve *
(H(i,j) - 20, ))) * fo"0.5)) * 2

fo=fo+0.25* (fs- fo)

Loop Until (fs- fo) <0.1 And (fs- fo) >-0.1

vd =(U(@,j))*2+V(i,j)*2)"~05

Sle=fs* Ve ~2/(8* g* (H(,]) - Z(i, j)))

Shevd = Abs(Vel) / (8/f9) » 0.5



Re= SheVd * ds/0.0000013

cdrag = dpha* Re” beta

FV =1.885* (a/ Dsht) " (-0.65) * (Dsht/ (H(i, j) - Z(, j))) » 0.07 * cdrag * 0.48
Ve =1/FV * Sle

Veo=Veo+05* (Ve - Vdo)

Loop Until (Vel - Velo) <0.001 And (Ve - Veo) > -0.001

IfU(@,j)+V(,j) <>0Then

u@,j)=uUq@,j)* vdo/ (UG, H)"2+V(i,j))~2)~05
End If

IfU(@,j)+V(,]j) <>0Then

V(@i,j)=V(@,j)* vdo/ (U(i,j))*2+V(i,j)*2)~05
End If

End If
End Sub
Sub AggRoughness()

Set Bed = Worksheets("3d Sed").Range("i2")
Set NewCdl | = Worksheets("3d Wat").Range("b3")
Set GrainSize = Worksheets("3d Sed").Range("'b12")

NewCedl.Cdls(9).Vadue=i
NewCel.Cdls(10).Vaue=|
Interpolator
GrainSizeVadue=ds

IfUG@,j)+V(,]j) <0.0LAnd U(,j) +V(,]j)>-0.01L And U, j) + V(i,j) <>0Then
Theta(i, j) = WorksheetFunction.Acos(U(i, ) / (U(i,j)) * 2+ V(i,j) *2) ~ 0.5)

Elself U(i, j) +V(i,j) <>0Then

Theta(i, j) = WorksheetFunction.Asin(V (i, j) / (U(i,j) * 2+ V(i, j) * 2) * 0.5)

Else

Theta(i, j) =0

End If

Worksheets("3d Sed").Range("b5").Vaue = Theta(i, j)
t1 = Worksheets("1d Sed").Range("c18").Vaue
t2 = Worksheets("2d Sed").Range("'c10").Value

Worksheets("3d Sed").Range("b8").Vaue = t1 * Worksheets("2d Sed").Range("c11").Vaue* 60 + t2
* 60
Onlyks

sumbedforms= 0
sumdarcy =0

jimax =10
Forjj=2Tojjmax - 1



HB(jj) = Bed.Cdls(5, jj).Vaue

L(jj) = Bed.Cellg(6, jj).Vaue

f(jj) = Bed.CdI«(7, jj).Vdue

sumdarcy = sumdarcy + f(jj) * rho* (Um(i,j) *2+Vm(i,j)~2)/8

sumbedforms = sumbedforms+ 1/8* rho* (Um(i,j) 2+ Vm(, j) ~ 2) * HB(jj) ~ 2/ (L(jj) * (HZ(,
)

Nextjj

ts= sumdarcy / jjmax

tbf = sumbedforms / jjmax

If ts+ tbf =0 Then

ks(i,j)=2* ds

Else

csn=(rho* (Um(i, j) *2+Vm(i, )~ 2) / (ts+ tbf)) ~ 0.5
ks(i, j) =12* HZ(i,j) / 10~ (csn/ 5.75)

End If

End Sub



Sub TwoDimSediment ()

Set Topography = Worksheets("2d Sed").Range("f3:y22")
imax = Topography.Rows.Count
jmax = Topography.Columns.Count

Set Heights = Topography.Offset(imax + 4, 0)

Set Veocityx = Heights.Offset(imax + 4, 0)

Set Veocityy = Vel ocityx.Offset(imax + 4, 0)

Set ConcreteRock = Topogragphy.Offset(0, jmax + 8)
Set Transport = ConcreteRock.Offset(imax + 4, 0)
Set GrainSizel = Transport.Offset(imax + 4, 0)

Set Inputs = Worksheets("2d Sed").Range("c3")

Set Elevation = Worksheets("1d Sed").Range("AJ7")

Set XY Z = Worksheets("2d Sed").Range("bj3")

Set CountCoordinates = Worksheets("Display results”).Range("ar26")
Set VegTopography = Worksheets("2d Veg").Range("f4:y23")

Set WaterTopography = Worksheets("2d Wat").Range("i3:ab22")

Set WaterHeights = Water Topography.Offset(imax + 4, 0)

Set WaterVelocityx = WaterHeights.Offset(0, jmax + 4)

Set WaterVelocityy = WaterV docityx.Offset(0, jmax + 4)

Qsl = Inputs.Cdls(2).Vaue
Q<2 = Inputs.Cdl«(3).Vaue

dti = Inputs.Cells(6).Vaue* 60
dte = Inputs.Cells(7).Vaue* 60

t = Inputs.Cells(8).Vaue* 60
tLast = Inputs.Cells(9).Vaue* 60

X = Inputs.Cellg(4).Vaue
y = Inputs.Cells(5).Value

k1 = Inputs.Cells(34).Vaue
k2 = Inputs.Cells(35).Vaue
k3 = Inputs.Cells(36).Vaue
no = Inputs.Cells(11).Vaue

InputFlowGrainSize

1
0

ip=
n=

iprint = Inputs.Cells(41).Vaue

Ntoprint = Inputs.Cell5(43).Vaue
ok = False



V docityx.ClearContents
V docityy.ClearContents
t=0

Do Whilet <=tLast

'‘Model cross over

Ifip=1Then

[ft=0Then

Worksheets("2d Wat").Range("b12") = 0
Else

Worksheets("2d Wat").Range("b12") = 0.001
End If

Worksheets("2d Wat").Range("e3") = CRSC
TwoDimWaterFlow

Heights.Vaue = WaterHeights.Vaue
Vdocityx.Value = WaterV elocityx.Vaue
Vdocityy.Value = WaterV elocityy.Vaue
End If

For j=1Tojmax

Fori=1Toimax

Z(i, j) = Topography.Cells(i, j).Vaue
R(i, j) = ConcreteRock.Cdlls(i, j).Vaue
H(i, j) = Heights.Cells(i, j).Vaue
U(i, ) = Veocityx.Cells(i, j).Vdue
V(i,]) = Vdocityy.Cells(i, j).Vaue
ds(i, j, 1) = GrainSizel.Cells(i, j).Value
Transport.Cells(i, j).Vdue = Outflow(i, j)
Nexti

Next |

InCells=0

OutCells=0

Fori=1Toimax
IfH(@i,2)-Z(,2)>0Then
InCells=InCells+ 1

End If

If H(i, jmax) - Z(i, jmax) >0 Then
OutCells=OutCdls+ 1

End If

Next i

Fori=1Toimax

IfH(@i,2)-Z(,2)>0Then

Inflow(i, 2) = Qsl * dte/ (y * InCells) + Outflows/ InCells - Qs2 * dte/ (y * OutCedls)
End If

Nexti

Transport.ClearContents
‘Equilibruim sope

Forj=2Tojmax -1
Fori=2Toimax -1



Outflow(i, j) =0
If H(i, ) > Z(, j) Then

IfUG@,j)+V(,]j) <0.0LAnd U(,j) +V(,]j)>-0.01L And U@, ) +V(i,j) <>0Then
Theta(i, j) = WorksheetFunction.Acos(U(i, ) / (U(i,j)) * 2+ V(i,j) *2) ~ 0.5)

Elself Ui, j) +V(i,]) <>0Then

Theta(i, j) = WorksheetFunction.Asin(V (i, j) / (U(i,j) * 2+ V(i, j) * 2) * 0.5)

Else

Theta(i, j) =0

End If

veu(i,j) = (UG, )~ 2+ V(i,j)~ 2)~ 05

'Height differences between the cell and downstream cells
'1
If Theta(i, j) > -0.464 And Theta(i, j) < 0.464 Then

Difa=Z(i,j)-Z(i-1,j +1)

Difb=(2705)* (Z(i,]) - 2@, + 1))

Difc=Z(i,j)-Z(i+1,j+ 1)

L@,j)=x

b(i,j) =y

vdd=(U@,j+1)*2+V(,j+1)"2)~05

zd=Z(i,j+1)

wd=H(,j+1)

‘where sleis the energy dope, H(i, j) and H(i, j + 1) are the high water marks, L(i, j) isthe distance
between the two sections

2
Elself Theta(i, j) > -1.107 And Theta(i, j) < -0.464 Then
Difa=(2705)* (Z(,j) - Z(@i,j + 1))

Difb=Z(i,j)- 231 +1,j+1)

Difc=(2705)* (Z(i,)) - Z(i + 1,}))

LG, )=(x"2+y”r2)"05
b(i,))=x"2+y~2)"05
Vdd=(U(@+1,j+1)"2+V(i+1,j+1)*2)~05
zd=Z(i+1,j+1)

wd=H(@+1,j+1)

'3

Elself Theta(i, j) > -2.034 And Theta(i, j) < -1.107 Then
Difa= Z(i, j) - Z(i + 1, + 1)

Difb = (27 05)* (Z(i,]) - Z(i + 1, )

Difc=Z(i,j) - Z(i + 1, - 1)

L)) =y

b(i, j) = x

vedd= (U(i+1,))"2+V(i+1,j)~2) 05

zd=2Z(i + 1, j)

wd = H(i + 1, j)

4

Elself Theta(i, j) > -2.678 And Theta(i, j) < -2.034 Then
Difa= (2~ 05) * (Z(i, j) - Z(i + 1, )

Difb = Z(i,j) - (i + 1, ] - 1)

Difc= (22 05) * (Z(i, j) - Z(i, j - 1))

LG,j) =(x"2+y~2)A05

bi,j) =(x*2+y~2)~05



vdd=(U(i+1,j-1)~2+V(i+1,j-1)"2)~05
2d=27(i+1,j-1)

wd=H(i +1,j - 1)

'5

Elself Theta(i, j) > 2.678 Or Theta(i, j) <-2.678 Then
Difa=(2705)* (Z(i,j) - Z(i +1,j - 1))

Difb = Z(i,j) - Z(i,j - 1)

Difc=(2705)* (Z(i,j) - Z(i - 1,j - 1))

L@,j)=x

b(i,j) =y
Ved=(U(@{+1,j+1)"2+V(i+1j+1)*2)~05
zd=Z(i+1,j+1)

wd=H(@+1,j +1)

'6
Elself Theta(i, j) > 2.034 And Theta(i, j) < 2.678 Then
Difa= (27 0.5) * (Z(i,j) - Z(i,j - 1))
Difb=Z(i,j)-2(-1,j-1)

Difc=(270.5) * (Z(i,j) - Z(i - 1,}))

LG, j)=(x"2+y"r2)"05
b(i,j)=x"2+y~2)~05
vdd=(U(@i-1,j-)"2+V(i-1,j-1)~2)~05
zd=Z(i-1,j-1)

wd=H(i-1,j-1)

7

Elself Theta(i, j) > 1.107 And Theta(i, j) < 2.034 Then
Difa=Z(i,j)- Z(i - 1,j - 1)

Difb = (27 05) * (i, ) - Z(i - 1,]))
Difc=Z(,j)- Z( - 1, + 1)

LG, ) =y

b(i, j) = x

vedd=(U@i-1,)72+V(i-1,j)~2) 05

zd=2(i - 1,])

wd = H(i - 1, j)

'8

Elself Theta(i, j) > 0.464 And Theta(i, j) < 1.107 Then
Difa=(2705)* (Z(i,j) - Z(i - 1,}))
Difb=Z(i,j)-2(-1,j + 1)

Difc=(2705)* (Z(,j) - Z(@i,j + 1))

LG, )=(x"2+y”r2)"05
b(i,))=x"2+y~2)"05
vdd=(U(@-1,j+1)"2+V(i-1,j+1)"*2)"05
zd=Z(i-1,j+1)

wd=H(i-1,j+1)

End If

End If

Nexti
Next |

TwoDimTransportVolume

Forj=2Tojmax -1
Fori=2Toimax -1



If H(i, j) - Z(i, j) > 2 * Worksheets("2d Wat").Range("b15").Vadue And Velu(i, j) > 0 Then

cici(i,j)=1

If VegTopography.Cells(i, j).Interior.Colorindex <> Inputs.Cell (26).Offset(0, -1).Interior.Colorindex
Then

'Sparse

If VegTopography.Cells(i, j).Interior.Colorindex = Inputs.Cells(29).0ffset(0, -1).Interior.Colorlndex
Then

cici(i, j) = Inputs.Cells(29).Vaue

'More dense

Elself VegTopography.Cells(i, j).Interior.Colorindex = Inputs.Cell5(30).Offset(0, -
1).Interior.Colorindex Then

cici(i, j) = Inputs.Cell5(30).Vaue

'Dense

Elself VegTopography.Cells(i, j).Interior.Colorindex = Inputs.Cell5(31).Offset(0, -
1).Interior.Colorindex Then

cici(i, j) = Inputs.Cell§(31).Vaue

‘Very dense

Elself VegTopography.Cells(i, j).Interior.Colorindex = Inputs.Cell5(32).Offset(0, -
1).Interior.Colorindex Then

cici(i, j) = Inputs.Cell§(32).Vaue

'Elself ConcreteRock.Cellg(i, j).Interior.Colorindex = Inputs.Cells(27).Offset(0, -
2).Interior.ColorIndex Then

'Elself ConcreteRock.Cellg(i, j).Interior.Colorindex = Inputs.Cells(28).0ffset(0, -
2).Interior.ColorIndex Then

End If
End If

Storage(i, j) = cici(i, j) * S(, j)
If Storage(i, j) > 1 Then
Storage(i, j) =1

End If

‘Any uphills?

If Difa< 0 Or Difb <0 Or Difc < 0 Then
If Difa<= Difb And Difa<= Difc Then
Difl=1

Dif2 = Difb - Difa+ 1

Dif3 = Difc - Difa+ 1

Elself Difb <= Difa And Difb <= Difc Then
Dif2=1

Difl = Difa- Difb + 1
Dif3=Difc-Difb+1

Elself Difc <= Difb And Difc <= DifaThen
Dif3=1

Difl = Difa- Difc+ 1

Dif2 = Difb - Difc+ 1

End If
Else: Difl = Difa



Dif2 = Difb
Dif3 = Difc
End If

Tota_Dif = Difl + Dif2 + Dif3

If Totd_Dif =0 Then
Difi=1

Dif2=1

Dif3=1

Totad_Dif =3

End If

'01
01 = Storage(i, j) * Dif1/ Total_Dif
'02
02 = Storage(i, j) * Dif2/ Total_Dif
'03
03 = Storage(i, j) * Dif3/ Total_Dif

‘Cant go lower than rigid member i.e. floor or obstacle

If Z(@i, j) <= R(i, j) Then

01 =(Z(,j) - R(i, ) + Inflow(i, j)) * Dif1/ Total_Dif

02 =(Z(,j) - R(i, j) + Inflow(i, j)) * Dif2/ Total_Dif

03 =(Z(i,j) - R(i, ) + Inflow(i, j)) * Dif3/ Total_Dif

Z(i,j) =R, j)

ConcreteRock.Cells(i, j).Interior.Colorindex = Inputs.Cel15(28).Offset(0, -1).Interior.Colorindex
Else

ConcreteRock.Cells(i, j).Interior.Colorindex = Inputs.Ce15(26).Offset(0, -1).Interior.Colorindex
End If

Z(i, j) = Z(i, j) + Inflow(i, j) - (O1 + O2 + 03)

'l

If Theta(i, j) > -0.464 And Theta(i, j) < 0.464 Then
Ouitflow(i - 1,j + 1) = Outflow(i - 1,j + 1) + O1
Ouitflow(i, j + 1) = Outflow(i, j + 1) + O2

Outflow(i + 1, j + 1) = Outflow(i + 1, j + 1) + O3

2

Elself Theta(i, j) >-1.107 And Theta(i, j) <-0.464 Then
Ouitflow(i, j + 1) = Outflow(i, j + 1) + O1

Outflow(i + 1, j + 1) = Outflow(i + 1, j + 1) + O2
Outflow(i + 1, j) = Outflow(i + 1, ) + O3

‘3

Elself Theta(i, j) >-2.034 And Theta(i, j) <-1.107 Then
Outflow(i + 1, )+ 1) = Outflow(i + 1,j + 1) + O1
Ouitflow(i + 1, j) = Outflow(i + 1, j) + O2

Outflow(i + 1, - 1) = Outflow(i + 1,j - 1) + O3

'4

Elself Theta(i, j) >-2.678 And Theta(i, j) <-2.034 Then
Ouitflow(i + 1, j) = Outflow(i + 1, ) + O1

Outflow(i + 1, - 1) = Outflow(i + 1,j - 1) + O2
Outflow(i, j - 1) = Outflow(i, j - 1) + O3

'5



Elself Theta(i, j) > 2.678 Or Theta(i, j) <-2.678 Then
Outflow(i + 1, - 1) = Outflow(i + 1,j - 1) + O1
Outflow(i, j - 1) = Outflow(i, j - 1) + O2

Outflow(i - 1,j - 1) = Outflow(i - 1,j - 1) + O3

'6

Elself Theta(i, j) > 2.034 And Theta(i, j) < 2.678 Then
Outflow(i, j - 1) = Outflow(i, j - 1) + O1

Outflow(i - 1,j - 1) = Outflow(i - 1,] - 1) + O2
Outflow(i - 1, ]) = Outflow(i - 1, j) + O3

7

Elself Theta(i, j) > 1.107 And Theta(i, j) < 2.034 Then
Outflow(i - 1,j - 1) = Outflow(i - 1, - 1) + O1
Outflow(i - 1, ]) = Outflow(i - 1, j) + O2

Outflow(i - 1, + 1) = Outflow(i - 1,j + 1) + O3

'8

Elself Theta(i, j) > 0.464 And Theta(i, j) < 1.107 Then
Outflow(i - 1,]) = Outflow(i - 1, ) + O1

Ouitflow(i - 1,j + 1) = Outflow(i - 1,j + 1) + O2
Outflow(i, j + 1) = Outflow(i, j + 1) + O3

End If

End If

Nexti
Next |

B2 = Inputs.Cells(19).Vdue

sddl2 = Inputs.Cells(21).Vdue

Z(1,jmax) = Z(imax / 2, jmax) + ((imax - 2) * y/2-B2/2) / sds2
Z(1,1)=2(1,3)

Fori=2Toimax

IfH(@i,2)-Z(,2)>0Then

Ifi <>imax /2 Then
Z(,2)=2(i-1,2)-y/sdd2
End If
Ifi>imax/2-(B2/2)/yThen
Z(i,2)=Z(imax/ 2, 2)

End If
Ifi>imax/2+(B2/2)/yThen
2(,2)=Z(-1,2)+y/sdd2
End If

End If

26, 1) = 2(i, 2)

If H(i, jmax) - Z(i, jmax) >0 Then
Ifi<>imax/2Then

Z(i, jmax) = Z(i - 1, jmax) - y / sdsl2
End If
Ifi>imax/2-(B2/2)/yThen
Z(i, jmax) = Z(imax / 2, jmax)
End If



Ifi>imax/2+(B2/2)/yThen
Z(i, jmax) = Z(i - 1, jmax) + y / sdsl2
End If

End If

Z(i, jmax - 1) = Z(i, jmax)
Nexti

If Worksheets("2d Sed").Range("c47") = True Then

Forj=2Tojmax -1

Fori=2Toimax - 1

If VegTopography.Cells(i, j).Interior.Colorindex = Inputs.Cell5(26).0ffset(0, -1).Interior.ColorIndex
Then

Avalances

End If

Nexti

Next |

End If

For j=1Tojmax

Fori=1Toimax

Topography.Cells(i, j).Vaue = Z(i, )
Transport.Cdlls(i, j).Vdue = Outflow(i, j)
Inflow(i, j) = Outflow(i, j)
GrainSizel.Cdlls(i, j).Vadue=ds(i, j, 1)
Nexti

Next |

Outflows=0

Fori=1Toimax

IfH(i, 19) - Z(i, 19) >0 Then

If Outflow(i, 19) <0 Then

Outflow(i, 19) =0

End If

Ouitflows = Outflows + Outflow(i, 19)
End If

Nexti

t1 = Worksheets("1d Sed").Range("c18").Vaue
Ift=0Then

pr = (t1 - 1) * Ntoprint

End If

End If

Ifip=iprint+ 1 Then
ip=0
Inputs.Cel15(39).Vaue = pr
pr=pr+1

End If

ip=ip+1

Inputs.Cdls(8).Vadue=1/60



t=t+ dte
Application.Wait (True)
Loop

End Sub
Sub InputF owGrainSize()

Set Inputs = Worksheets("2d Sed").Range("c3")
Set Elevation = Worksheets("1d Sed").Range("AJ7")
Set GrainSize = Elevation.Offset(0, 8)

CRSC = Inputs.Cdlg(6, 1).Vadue

Inputs.Cells(14).Vaue = GrainSize.CellS{CRSC, 4)
Inputs.Cell5(15).Vaue = GrainSize.Cell(CRSC + 1, 4)

Inputs.Cell5(12).Value = Elevation.Cell(CRSC, 1)
Inputs.Cell5(13).Vaue = Elevation.CellS(CRSC + 1, 1)

x1 = Inputs.Cells(12).Vdue
x2 = Inputs.Cells(13).Vdue
dsl = Inputs.Cdls(14).Value/ 1000
ds2 = Inputs.Cdlg(15).Vaue/ 1000

For j=1Tojmax

Fori=1Toimax

ds(i,j, 1) =dsl-j* (dsl - ds2) / jmax
GrainSizel.Cdllg(i, j).Vadue=ds(i, j, 1)
Nexti

Next |

End Sub

Sub TwoDimTransportV olume()

Set Roughness = Worksheets("2d Wat").Range("'ag3:az22")
ps=0.35

Forj=2Tojmax -1
Fori=2Toimax -1

zui = Z(i, j)
ZU = zUi

If H(i, j) - Z(i, j) > 2 * Worksheets("2d Wat").Range("b15").Vadue And Velu(i, j) > 0 Then

If Veu(i,j) >0 Then

fo=1

Do

ks(i,j)=2* ds(i, j, 1)

fs(i, ) =1/ (-2 * WorksheetFunction.Log10(k(i, j) / (3.71* (H(i, j) - zu)) + 251 * vs/ (Velu(i, j) *
(H(@, ) - zu) * fo~ 0.5))) ~ 2



fo=fo+0.1* (fs(i, j) - fo)

Loop Until (f(i, ) - fo) < 0.1 And (fs(i, j) - fo) >-0.1
Sle(i, j) = fs(i, ) * Velu(i, )~ 2/ (8* g* (H(i,]) - zu))
Else

Sle(i, j) =0

End If

Rs=(ds(i, j, 1) * (ss* g/vs"2)"(1/3))"(3/2)

If Rs<6.61 Then

Shidds=0.1414* Rs” -0.2306

Elself Rs> 282.84 Then

Shidds = 0.045

Else

Shidds= (1 + (0.0223 * Rs) " 2.8358) ~ 0.3542 / (3.0946 * Rs” 0.6769)
End If

If Sle(i, j) =0 Then

ib=0

Else

W=rho* g* (H(i,]) - zu) * Slei, j) * Velu(i, j)

wo =5.75* (Shidds* (ss- 1) * rho) ~ (3/2)* (g/rho)~0.5* ds(i,j, 1)~ (3/2) *
WorksheetFunction.Log10(12 * (H(i, j) - zu) / ds(i, j, 1))

End If

If W< wo Then

ZU = zUi

Else

ib=ss/(ss-1)*0.1* (W-wo)/0.5)"(@3/2)* ((H(i,j)- zu) /0.1) ~ (-2/ 3) * (ds(i, j, 1) /0.0011) ~
(-0.5)

gb=ib/(rho* ss* (1- ps)) ‘ibisdry weight

zu=zui - gb * dte/ b(i, j)
End If

S, j) = (zui - zu)
Else

SG,j)=0

End If

Nexti
Next |

End Sub

Sub Template()

Dim Z(101, 101) AsDouble

Set Inputs = Worksheets("2d Sed").Range("c3")

Set Topography = Worksheets("2d Sed").Range("f3:y22")

imax = Topography.Rows.Count
jmax = Topography.Columns.Count



Set ConcreteRock = Topogragphy.Offset(0, jmax + 8)

CRSC = Inputs.Cdlg(6, 1).Vadue
Set Outcrop = ConcreteRock.Offset((CRSC + 2) * (imax + 4), 0)

Set Characteristics = Worksheets("1d Sed").Range("n5")
Set Elevation = Worksheets("1d Sed").Range("AJ7")

Set GrainSize = Elevation.Offset(0, 8)

Set Load = GrainSize.Offset(0, 8)

Set SedimentInputs = Worksheets("1d Sed").Range(*"c6")
Set PeakFlow = Worksheets("1d Wat").Range("x7")

Set XY Z = Worksheets("2d Sed").Range("bj3")

Set ChaCha= Worksheets("1d Sed").Range("'n5")

sli = (Elevation.CellS(CRSC, 4).Value - Elevation.CellS(CRSC + 1, 4).Value) / (Elevation.CellS(CRSC
+1,1).Value- Elevation.Cells(CRSC, 1).Value) + 0.0000000001

Inputs.Cel15(20).Vaue = Characteristics.CellS(CRSC, 1).Value
Inputs.Cells(21).Vaue = Characteristics.CelIS(CRSC + 1, 1).Vaue

Inputs.Cel15(18).Vaue = Characteristics.CellS(CRSC, 2).Vaue
Inputs.Cel15(19).Vaue = Characteristics.CelIS(CRSC + 1, 2).Vaue

Inputs.Cells(1).Vaue = di
Ntoprint = Inputs.Cell5(43).Vaue
B1 = Inputs.Cells(18).Vdue

B2 = Inputs.Cells(19).Vdue

X = Inputs.Cellg(4).Vaue
y = Inputs.Cells(5).Value

sdd1 = Inputs.Cells(20).Vdue
sdsl2 = Inputs.Cells(21).Vaue

dte = Inputs.Cells(7).Vaue

gbTf = Sedimentinputs.Cells(2).Vaue

Inputs.Cell5(2).Vdue = Load.Cells(CRSC, 4) * gbTf / Sedimentinputs.Cells(3).Vaue
Inputs.Cell5(3).Vdue = Load.Cells(CRSC + 1, 4) * gbTf/ Sedimentinputs.Cells(3).Vaue

If Worksheets("1d Sed").Range("c19").Vaue = True Then

R(1,1) = (imax / 2* x - B1) / sdsl1 + ChaCha.CdIS(CRSC, 4).Vaue
R(imax, 1) = R(1, 1)

Fori=2Toimax
R@i,D)=R(@{-1,1)-y/sdd1

Ifi>=imax/2-(B1/2)/yThen
R(i,1)=R(@-1,1)



End If
Ifi>imax/2+(B1/2)/yThen
R(@,1)=R(@-1,1) +y/sdsl1
End If

Next i

slic = (ChaCha.Cell(CRSC, 4).Value - ChaCha Cells(CRSC + 1, 4).Vaue) / (Elevation.CellS(CRSC +
1,1).Value- Elevation.Cells(CCRSC, 1).Vaue) + 0.0000000001

For j =2 To jmax

R(@imax /2,j) =R(imax/2,j- 1) - dic* x

Next |

R(1, jmax) = R(imax / 2, jmax) + ((imax - 2) * y/ 2 - B2/ 2) / sdsl2

For i =2 Toimax

Ifi <>imax /2 Then

R(i, jmax) = R(i - 1, jmax) - y / sdsl2
End If
Ifi>imax/2-(B2/2)/yThen
R(i, jmax) = R(imax / 2, jmax)
End If
Ifi>imax/2+(B2/2)/yThen
R(i, jmax) = R(i - 1, jmax) + y / sdsl2
End If

Nexti

For j=1Tojmax

Fori=1Toimax

Ifi <>imax /2 Then

R(,]) =R(i, 1) - (R(i, 1) - R(i, jmax)) * j / jmax
End If

R(i, J) = R(, j) + Outcrop.Cdlls(i, j).Vaue
ConcreteRock.Cells(i, j).Vaue=R(i, j)
Nexti

Next |

Else

ConcreteRock.ClearContents

End If

Z(1,1)=(imax/ 2* x - B1) / sdsl1 + Elevation.CelIS(CRSC, 4).Vaue
Z(imax, 1) = Z(1, 1)

Fori=2Toimax

Z(1,)=2(i-1,1)-y/s0d1
Ifi>=imax/2-(B1/2)/yThen
Z(3,1)=2(i-1,1)

End If
Ifi>imax/2+(B1/2)/yThen
Z(G,1)=2Z(>-1,1) +y/sdd1
End If



Nexti

For j =2 Tojmax

Z(imax /2,j)=Z(imax/2,j-1)-dli * x

Next |

Z(1,jmax) = Z(imax / 2, jmax) + ((imax - 2) * y/2-B2/2) / sds2

For i =2 Toimax

Ifi <>imax /2 Then

Z(i, jmax) = Z(i - 1, jmax) - y / sdsl2
End If
Ifi>imax/2-(B2/2)/yThen
Z(i, jmax) = Z(imax / 2, jmax)
End If
Ifi>imax/2+(B2/2)/yThen
Z(i, jmax) = Z(i - 1, jmax) + y / sdsl2
End If

Nexti

For j=1Tojmax

Fori=1Toimax

Ifi <>imax /2 Then

Z(1,)) =23,1) - (Z(, 1) - Z(i, jmax)) * j / jmax
End If

If Z(i, j) <= R(i, ) Then

ZG,)=RG) |
ConcreteRock.Cells(i, j).Interior.Colorindex = Inputs.Cel15(28).Offset(0, -1).Interior.Colorindex
Else

ConcreteRock.Cells(i, j).Interior.Colorindex = Inputs.Cel15(26).Offset(0, -1).Interior.Colorindex
End If

Topography.Cells(i, j).Vaue = Z(i, )
Nexti
Next |

'‘Model cross over 2d Veg

Worksheets("2d Veg").Range("b11") = 0
Worksheets("2d Veg").Range("b12") = 180
Worksheets("2d Veg").Range("b5") = CRSC
TwoDimVeg

Inputs.Cels(8).Vadue=0
TwoDimSedimentRoute

'‘Model cross over 2d Veg

Worksheets("2d Veg").Range("b12") = 360
TwoDimVeg

End Sub

Sub Avalances()



If dg(i, j, 1) < 0.0001 Then
Latact = x * Tan(0.523598776)
Elself ds(i, j, 1) <0.001 Then
Latact = x * Tan(0.558505361)
Elself ds(i, j, 1) <0.01 Then
Latact = x * Tan(0.610865238)
Elself ds(i, j, 1) <0.05 Then
Latact = x * Tan(0.645771823)
Elself ds(i, j, 1) >=0.1 Then
Latact = x * Tan(0.698131701)
End If

Latl=2Z(i-1,j+1)-Z(, j)
Lat2 = Z(i, j + 1) - Z(i, )
La3=2Z(i+1,j+1)-Z(,])
Latd = Z(i +1,]) - Z(i, )
La5=2(i+1,]-1) - Z(, j)
Lat6 = Z(i, j - 1) - Z(, )
La7=2(i-1,j-1)- Z(,j)
La8 =Z(i - 1, ) - Z(, )

If Latl <= Latact Then
Latl=0

End If

If Lat2 <= Latact Then
Lat2=0

End If

If Lat3 <= Latact Then
Lat3=0

End If

If Lat4 <= Latact Then
Lat4=0

End If

If Lat5 <= Latact Then
Lat5=0

End If

If Lat6 <= Latact Then
Lat6=0

End If

If Lat7 <= Latact Then
Lat7=0

End If

If Lat8 <= Latact Then
Lat8=0

End If

Lat total = Lal + Lat2 + Lat3 + La4 + Lats + Lat6 + Lat7 + Lat8
If Lat_total > 0 Then
Outl =0.5* (Latl - Latact) * Latl/ Lat_total

Out2=0.5* (Lat2 - Latact) * Lat2/ Lat_total
Out3=05* (Lat3 - Latact) * Lat3/ Lat_total



Outd=0.5* (Lat4 - Latact) * Lat4 / Lat_total
Outs5 =0.5* (Lat5 - Latact) * Lat5/ Lat_total
Out6 =0.5* (Lat6 - Latact) * Lat6 / Lat_total
Out7 =0.5* (Lat7 - Latact) * Lat7 / Lat_total
Out8=0.5* (Lat8 - Latact) * Lat8/ Lat_total

Else
Outl=0
Out2=0
Out3=0
Out4=0
Out5=0
Out =0
Out7=0
Out8 =0
End If

‘Cant go lower than rigid member i.e. floor or obstacle
If Z(i, j) + (Outl + Out2 + Out3 + Out4 + Out5 + Out6 + Out7 + Out8) <= R(i, j) Then
Outl=0

Out2=0

Out3=0

Out4=0

Out5=0

Out6 =0

Out7=0

Out8=0

End If

Z(-1,j+1)=2(-1,j+1)-Outl
Z(,j+1)=2(G,j+1) - Out2
Z(i+1,j+1)=2(+1,j+1)-Out3
Z(+1,j)=2(i +1,j) - Outd
Z(i+1,j-1)=2(+1,j-1)-Out5
Z(i-1,j)=2( - 1,]) - Out6
2(-1,j-1)=2(-1,j-1)-0ut7
Z(i-1,j)=2(-1,j) - out8

Z(i, j) = Z(i, j) + (Outl + Out2 + Out3 + Out4 + Out5 + Out6 + Out7 + Out8)

End Sub



Sub TwoDimV eg()

Set Topography = Worksheets("2d Veg").Range("f4:y23")

imax = Topography.Rows.Count

jmax = Topography.Columns.Count

Set ActualBiomass = Topography.Offset(imax + 4, 0)

Set Rhizomes = Actual Biomass.Offset(imax + 4, 0)

Set BeginTime = ActualBiomass.Offset(0, jmax + 10)

Set ShootL engths = Rhizomes.Offset(0, jmax + 10)

Set NewRhizomes = Rhizomes.Offset(imax + 4, 0)

Set Expansion = NewRhizomes.Offset(0, jmax + 10)

Set Shoots = NewRhizomes.Offset(imax + 4, 0)

Set Roots = Shoots.Offset(imax + 4, 0)

Set Panicles = Roots.Offset(imax + 4, 0)

Set SedimentTopography = Worksheets("2d Sed").Range("f3:y22")
Set WaterHeights = Worksheets("2d Wat").Range("i3:ab22").Offset(imax + 4, 0)

Set Inputs = Worksheets("2d V eg").Range("b3")

Set Percent = Worksheets("1d Veg").Range("y4")

Set CrossSec = Worksheets("1d Veg").Range("ap2")

Set Colour = Worksheets("2d Veg").Range("ad5")

Set Variables = Worksheets("3d Veg").Range("b31")

Set Elevation = Worksheety("1d Sed").Range("AJ7")

Set XY Z = Worksheets("2d Veg'").Range("bi6")

Set CountCoordinates = Worksheets("Display results”).Range("ar46")

CRSC = Inputs.Cd14(3).Vaue
Set InitColours = Shoots.Offset((CRSC - 1) * (imax + 4), jmax + 10)

dt = Inputs.Cels(4).Vdue
t = Inputs.Cells(9).Vaue
tLast = Inputs.Cells(10).Vaue

1
0

ip=
n=
iprint = Inputs.Cells(12).Vaue

Ntoprint = Inputs.Cell5(13).Vaue

t1 = Worksheets("1d Sed").Range("c18").Vaue
cut =Fase
Ift=0Then

ActualBiomass.ClearContents
Rhizomes.ClearContents
BeginTime.ClearContents
ShootLengths.ClearContents
NewRhizomes.ClearContents
Expansion.ClearContents
Shoots.ClearContents
Roots.ClearContents
Panicles.ClearContents



For j =1 Tojmax
Fori=1Toimax

Topography.Cell«(i, j).Interior.Colorindex = InitColours.Cells(i, j).Interior.Colorindex

If Topography.Cell(i, j).Interior.Colorindex = Colour.Cells(1, 3).Vaue Then
Brhio(i, j) = Colour.Cellg(1).Vdue* 1000

Rhizomes.Cell(i, j).Value = Brhio(i, j) / 1000

Elself Topography.Cells(i, j).Interior.Colorindex = Colour.Cells(2, 3).Vaue Then
Brhio(i, j) = Colour.Cellg(2).Vdue* 1000

Rhizomes.Cell(i, j).Value = Brhio(i, j) / 1000

Rhizomes.Cell(i, j).Value = Brhio(i, j) / 1000

Elself Topography.Cells(i, j).Interior.Colorindex = Colour.Cells(3, 3).Vaue Then
Brhio(i, j) = Colour.Cells(3).Vaue* 1000

Rhizomes.Cell(i, j).Value = Brhio(i, j) / 1000

Elself Topography.Cells(i, j).Interior.Colorindex = Colour.Cells(4, 3).Vaue Then
Brhio(i, j) = Colour.Cellg(4).Vdue* 1000

Rhizomes.Cell(i, j).Value = Brhio(i, j) / 1000

Elself Topography.Cells(i, j).Interior.Colorindex = Colour.Cells(5, 3).Vaue Then
Brhio(i, j) = Colour.Cell5(5).Vaue * 1000

Rhizomes.Cell(i, j).Value = Brhio(i, j) / 1000

End If

Nexti

Next |

End If

Topography.Vaue = SedimentTopography.Value
Bmax = Inputs.Cdlg(5).Vaue* 1000
BMin = Inputs.Cell5(6).Vadue* 1000

For j=1Tojmax
zmin = Elevation.CellS(CRSC, 4).Vaue - (Elevation.Cells(CRSC, 4).Vaue - Elevation.CellS(CRSC +
1,4).vaue) * j/ (jmax - 1)

Fori=1Toimax

th(i, J) = BeginTime.Cdlls(i, j).Vadue

B(i, j) = ActualBiomass.Cell(i, j).Vaue* 1000
Brhi(i, j) = Rhizomes.Cell«(i, j).Vaue* 1000
Bn(i, j) = Roots.Cdlls(i, j).Vaue* 1000

Bsht(i, j) = NewRhizomes.Cellg(i, j).Vaue* 1000
Brt(i, j) = Shoots.Cellg(i, j).Vaue* 1000

Bp(i, j) = Panicles.Cells(i, j).Vaue* 1000
ShootHeight(i, j) = ShootLengths.Cdlls(i, j).Vaue

Z(i, j) = Topography.Cells(i, j).Vaue

H=1

ok = False

Do

If Z(i, j) - zmin < CrossSec.Cellg(1, 1).Vaue Then
BioFrac(i, j) = CrossSec.Cells(1, CRSC).Vaue/ 100
ok = True



Elself Z(i, j) - zmin >= CrossSec.Cdls(H, 1).Vaue And Z(i, j) - zmin < CrossSec.Cells(H + 1,
1)VaueThen

BioFrac(i, j) = CrossSec.Cellg(H, CRSC).Vaue/ 100

ok = True

Elself CrossSec.Cells(H, 1) ="" Then

BioFrac(i, j) = CrossSec.Cellg(H - 1, CRSC).Vdue/ 100

ok = True

End If

H=H+1
Loop Until ok

Expansion.CdlIg(i, j).Vaue=Bmax * BioFrac(i, j) / 1000

Nexti
Next |

Do

i = Inputs.Cells(18).Vaue
j = Inputs.Cells(19).Vaue

If WaterHeights.Cell (i, j).Vaue > SedimentTopography.Cells(i, j).Vaue And BioFrac(i, j) > 0 Then
Topography.Cell«(i, j).Interior.Colorindex = Colour.Cells(1, 3).Vaue
End If

tlin=t+dt
Variables.Cells(3).Vaue = tfin

Forj=2Tojmax -1
Fori=2Toimax -1

If B(i,]) >BMin Then
Indl=0
Ind2=0
Ind3=0
Ind4 =0

If B(i,j +1) <B(i,j) And B(i, j + 1) < Bmax * BioFrac(i, j + 1) / 1000 Then
Ind1l=1

End If

IfB(@ +1,j) <B(,]j) AndB(i + 1,j) < Bmax * BioFrac(i + 1, j) / 1000 Then
Ind2=1

End If

If B(i,j - 1) <B(i,j) And B(i, j - 1) < Bmax * BioFrac(i, j - 1) / 1000 Then
Ind3=1

End If

IfB(i-1,j) <B(i,j) And B(i - 1, j) < Bmax * BioFrac(i - 1, j) / 1000 Then
Ind4=1

End If

If Indl=1Then
Brhi(i, j + 1) = Brhi(i, j + 1) + Ind1 * Bn(i, ) / (Ind1 + Ind2 + Ind3 + Ind4)
Indl=1



End If

If Ind2 =1 Then

Brhi(i + 1, j) =Brhi(i + 1, j) + Ind2 * Bn(i,j) / (Ind1 + Ind2 + Ind3 + Ind4)
Ind2=1

End If

If Ind3=1Then

Brhi(i, j - 1) = Brhi(i, j - 1) + Ind3 * Bn(i, j) / (Indl + Ind2 + Ind3 + Ind4)
Ind3=1

End If

If Ind4 =1 Then

Brhi(i - 1,j) =Brhi(i - 1,j) + Ind4 * Bn(i, j) / (Ind1 + Ind2 + Ind3 + Ind4)
Indd=1

End If

Bn(i,j)=0
End If

Nexti
Next

For j =1 Tojmax
Fori=1Toimax

Variables.Cells(2).Vaue=t
Bo(i, j) = Brhi(i, j) + Bn(i, j) + Bsht(i, j) + Brt(i, j) + Bp(i, j)
If Bo(i, j) >0 Then

IfB(i,j) =0Then
th(i,j) =t
End If

Variables.Cells(4).Vaue = th(i, j)
Variables.Cell5(7).Vaue = ShootHeight(i, j)
Variables.Cells(10).Vaue = Brhi(i, j)
Variables.Cells(11).Vaue = Bri(i, j)
Variables.Cells(12).Vaue = Bn(i, j)
Variables.Cells(13).Vaue = Bsht(i, j)
Variables.Cells(14).Vaue = Bp(i, j)

PhragmitesAustralisGrowthModel

ShootHeight(i, j) = Variables.Cells(7).Vadue
Brhi(i, j) = Variables.Cells(10).Vdue

Bn(i, j) = Variables.Cellg(11).Vaue

Bsht(i, j) = Variables.Cells(12).Vdue

Bri(i, j) = Variables.Cdl5(13).Value

Bp(i, j) = Variables.Cellg(14).Vaue

End If

B(i, j) = Brhi(i, j) + Bn(i, j) + Bsht(i, j) + Brt(i, j) + Bp(i, j)



If BioFrac(i, j) =0 Then

B(,j)=0

Brhi(i,j) =0

Bn(i,j)=0

Baht(i,j) =0

Brt(i,j) =0

Bp(i,j) =0

ShootHeight(i, j) =0

Elself B(i, j) > Bmax * BioFrac(i, j) Then

B(i, j) = Bmax * BioFrac(i, j)

Brhi(i, j) = Brhi(i, j) * Bmax * BioFrac(i, j) / B(i, j)
Bn(i, j) = Bn(i, j) * Bmax * BioFrac(i, j) / B(i, j)
Bsaht(i, j) = Bsht(i, j) * Bmax * BioFrac(i, j) / B(i, j)
Brt(i, j) = Brt(i, j) * Bmax * BioFrac(i, j) / B(i, j)
Bp(i, j) = Bp(i, j) * Bmax * BioFrac(i, j) / B(i, j)

ShootHeight(i, j) = ShootHeight(i, j) * Bmax * BioFrac(i, j) / B, j)

End If

If B(i, j) > 0 And B(i, j) <= Colour.Cellg(1).Vaue* 1000 Then

Topography.Cell«(i, j).Interior.Colorindex = Colour.Cells(1, 3).Vaue

Elself B(i, j) > Colour.Cells(1).Vaue* 1000 And B(i, j) <= Colour.Cells(2).Vaue* 1000 Then
Topography.Cell«(i, j).Interior.Colorindex = Colour.Cells(2, 3).Vaue

Elself B(i, j) > Colour.Cells(2).Vadue* 1000 And B(i, j) <= Colour.Cells(3).Vadue* 1000 Then
Topography.Cell«(i, j).Interior.Colorindex = Colour.Cells(3, 3).Vaue

Elself B(i, j) > Colour.Cells(3).Vaue* 1000 And B(i, j) <= Colour.Cells(4).Vaue* 1000 Then
Topography.Cell«(i, j).Interior.Colorindex = Colour.Cells(4, 3).Vaue

Elself B(i, j) > Colour.Cells(4).Vaue* 1000 And B(i, j) <= Colour.Cells(5).Vaue* 1000 Then
Topography.Cell«(i, j).Interior.Colorindex = Colour.Cells(5, 3).Vaue

End If

Nexti
Next |

For j =1 Tojmax
B(1.j))=B(2.))

Brhi(1, j) = Brhi(2, j)

Bn(1,j) =Bn(2,j)

Bsht(1, j) = Bsht(2, j)

Brt(1, ) = Brt(2, )

Bp(1,)) =Bp(2,))

ShootHeight(1, j) = ShootHeight(2, j)

B(imax, j) = B(imax - 1, )

Brhi(imax, j) = Brhi(imax - 1, j)

Bn(imax, j) = Bn(imax - 1, )

Bsht(imax, j) = Bsht(imax - 1, j)

Brt(imax, j) = Brt(imax - 1, j)

Bp(imax, j) = Bp(imax - 1, )
ShootHeight(imax, j) = ShootHeight(imax - 1, j)

Next |

Fori=2Tojmax -1



B(i, 1) =B(i, 2)

Brhi(i, 1) = Brhi(i, 2)

Bn(i, 1) =Bn(i, 2)

Bsht(i, 1) = Bsht(i, 2)

Brt(i, 1) = Brt(i, 2)

Bp(i, 1) = Bp(i, 2)

ShootHeight(i, 1) = ShootHeight(i, 2)

B(i, jmax) = B(i, jmax - 1)

Brhi(i, jmax) = Brhi(i, jmax - 1)

Bn(i, jmax) = Bn(i, jmax - 1)

Bsht(i, jmax) = Bsht(i, jmax - 1)

Brt(i, jmax) = Brt(i, jmax - 1)

Bp(i, jmax) = Bp(i, jmax - 1)

ShootHeight(i, jmax) = ShootHeight(i, jmax - 1)

Nexti

Forj=1Tojmax

Fori=1Toimax

BeginTime.Cells(i, j).Vdue = th(i, j)
ActualBiomass.Cell (i, j).Vaue = B(i, j) / 1000
Rhizomes.Cell«(i, j).Vaue = Brhi(i, j) / 1000
Roots.Cdllg(i, j).Vaue=Bn(i, j) / 1000
NewRhizomes.Cell«(i, j).Value = Bsht(i, j) / 1000
Shoots.Cells(i, j).Vdue = Brt(i, j) / 1000
Panicles.Cdlg(i, j).Vaue = Bp(i, j) / 1000
ShootLengths.Cells(i, j).Vaue = ShootHeight(i, j)
Nexti

Next |

For j=1Tojmax

Fori=1Toimax

InitColours.Cells(i, j).Interior.Colorindex = Topogragphy.Cells(i, j).Interior.Colorindex
Nexti

Next |

Inputs.Celg(15).Vaue= "t =" + CStr(Round(t, 0)) + "days"
ip=ip+1

Ifip=iprint+ 1 Then

ip=0

End If

Application.Wait (True)

Inputs.Cdlg(9).Vdue =t
t=t+dt

Loop Whilet <= tLast

End Sub



Sub Interpolator ()

Set Inputs = Worksheets("3d Wat").Range("b3")
Set Inflows = Worksheets("3d Wat").Range("'b14")

Set Topography = Worksheets("3d Wat").Range("i 3:ab22")

Set Heights = Topography.Offset(T opography.Rows.Count + 4, 0)
Set Veocity = Heights.Offset(Topography.Rows.Count + 4, 0)
Set Friction = Velocity.Offset(Topography.Rows.Count + 4, 0)
Set Direction = Friction.Offset(T opography.Rows.Count + 4, 0)

Set Topography2dWat = Worksheets("2d Wat").Range("i3:ab22")
imax = Topography.Rows.Count
jmax = Topography.Columns.Count

Set Heights2dWat = Topography2dWat.Offset(imax + 4, 0)
Set Veocityx2dWat = Heights2dWat.Offset(0, jmax + 4)
Set Veocityy2dWat = Velocityx2dWat.Offset(0, jmax + 4)

Set GrainSizel = Worksheets("2d Sed").Range("ah51:ba70")
Inputs.Cell5(8).Vdue = Worksheets("2d Wat") .Range("e3")

i = Inputs.Cells(9).Vaue
j = Inputs.Cells(10).Vaue

U1 = Velocityx2dwat.Cells(i - 1, j).Vaue
U2 = Velocityx2dWat.Cells(i, j + 1).Vaue
U3 = Velocityx2dWat.Cells(i + 1, j).Value
U4 = Velocityx2dWat.Cells(i, j - 1).Vaue

V1 = Velocityy2dWat.Cells(i - 1, j).Vaue
V2 = Velocityy2dWat.Cells(i, j + 1).Value
V3 = Velocityy2dWat.Cells(i + 1, j).Vaue
V4 = Velodityy2dWat.Cells(i, j - 1).Vaue

H1 = Heights2dWat.Cells(i - 1, j).Value
H2 = Heights2dWat.Cells(i, j + 1).Value
H3 = Heights2dWat.Cells(i + 1, j).Value
H4 = Heights2dWat.Cells(i, j - 1).Value

z1 = Topography2dWat.Cell<(i - 1, j).Vdue
z2 = Topography2dWat.Cell«(i, j + 1).Vaue
z3 = Topography2dWat.Cells(i + 1, j).Vadue
Z4 = Topography2dWat.Cdll«(i, j - 1).Vadue

Inflows.Cells(1).Vaue= U1
Inflows.Cells(2).Vaue= U2
Inflows.Cellg(3).Vaue= U3
Inflows.Cells(4).Vaue= U4

Inflows.Cellg(5).Vaue=V1
Inflows.Cellg(6).Vaue=V2
Inflows.Cellg(7).Vaue=V3



Inflows.Cells(8).Vadue=V4

Inflows.Cells(1, 4).Vaue=z1
Inflows.Cells(2, 4).Vaue=z2
Inflows.Cells(3, 4).Vaue=z3
Inflows.Cells(4, 4).Vaue=Z4

Inflows.Cells(5, 4).Vaue=H1
Inflows.Cells(6, 4).Vaue=H2
Inflows.Cellg(7, 4).Vaue=H3
Inflows.Cells(8, 4).Vaue=H4

imax = Topography.Rows.Count
jmax = Topography.Columns.Count

For j=1Tojmax

Fori=1Toimax

Ifi=1Then
Z(,))=(z2-21) * j/ jmax + z1
H(@,j) =(H2-HL)*j/jmax + H1
Vex(i,j)=(U2-Ul) *j/jmax + Ul
Vdy(i,j)=(V2-V1) *j/jmax + V1
Elself i = imax Then
Z(,]))=(z3-24) * jljmax + Z4
H(@,j) =(H3-H4) * j/jmax + H4
Vex(i,j))=(U3-U4) * j/jmax + U4
Vey(i,j))=(V3-V4) *j/jmax + V4
Elself j =1 Then

Z(,))=(Z4-21)* ilimax + z1
H@,j) =(H4-HL) *i/imax + H1
Vex(i,j)=(U4-Ul) *i/imax + Ul
Vdy(i,))=(V4-V1) *i/imax +V1
Elself j = jmax Then

Z(i,)) =(z3-22)* il imax + 22
H(@,j) =(H3-H2) * i/imax + H2
Vex(i,j)=(U3-U2) *i/imax + U2
Vey(i,j))=(V3-V2) *i/imax + V2
Else

Z(,j))=21

H(i,j) =H1

Vex(i,j)=Ul

Vey(i,j)=V1

End If

Nexti

Next |

Do Until rep = Worksheets("3d Wat").Range('b24").Vaue
Forj=2Tojmax -1
Fori=2Toimax - 1

a=Z(i+1,j)
b=2(-1,j)
c=Z(i,j+1)
d=2(,j-1)



Z(i,j)=Z@G,))+ (a+b+c+d-4* Z(i,j)) /4

a=H(i +1,])
b=H(G-1,j)
c=H(i,j+1)
d=H(,j- 1)

H(@,j)=H(@,j)+(@+b+c+d-4*H(,j) /4

a=\Velx(i + 1, )
b=Vex(-1,])
c=Velx(i,j + 1)
d=Vex(,j- 1)

Vex(i, j) = Vex(i, j) + (a+ b +c+d-4* Velx(i, ) / 4

a=Vely(i+1,))
b=Vdy(i- 1, ])
c=Vely(i,j + 1)
d=Vdy(,j- 1)

Vely(i,j) = Vely(i,j) + (@a+b+c+d- 4> Vely(i, j)) / 4

Nexti
Next |
rep=rep+1
Loop

For j=1Tojmax
Fori=1Toimax

Topography.Cells(i, j).Vaue = Z(i, )
Heights.Cellg(i, j).Vaue = H(i, j)

Vd(i, ) = (Vex(i,j) 2+ Vdy(i,j)*2) ~ 0.5
Vdocity.Celg(i, j).Value = Vel(i, j)

Nexti
Next |

End Sub



Sub Onlyks()

Set Topography = Worksheets("3d Wat").Range("i3:r22")

Set Heights = Topography.Offset(T opography.Rows.Count + 4, 0)
Set Veocity = Heights.Offset(Topography.Rows.Count + 4, 0)
Set Friction = Velocity.Offset(Topography.Rows.Count + 4, 0)
Set Direction = Friction.Offset(T opography.Rows.Count + 4, 0)
Set GrainSizel = Worksheets("2d Sed").Range("ah51:bar0")

Set Bed = Worksheets("3d Sed").Range("i2")

Set Inputs = Worksheets("3d Sed").Range("b5")
jimax = 20

ds=Inputs.Cells(8).Vaue

t = Inputs.Cells(4).Vaue

ThetaEst = WorksheetFunction.Radians(Inputs.Value)
Forjj=2Tojjmax - 1

If ThetaEst >= 0 And ThetaEst < WorksheetFunction.Radians(45) Then
i = Round(jjmax /2 * (1 + Tan(Theta(jj))) - jj * Tan(Theta(jj)), 0)

=]
Elself ThetaEst >= WorksheetFunction.Radiang(45) And _
ThetaEst < WorksheetFunction.Radians(90) Then
i =jjmax-jj+1
j =Round(jjmax / 2* (1 - Tan(Theta(jj))) + jj * Tan(Theta(jj)), 0)
Elself ThetaEst >= WorksheetFunction.Radians(90) _
And ThetaEst < WorksheetFunction.Radians(135) Then
i =jjmax-jj+1
j = Round(jjmax / 2 * (1 + Tan(Theta(jj))) - jj * Tan(Theta(jj)), 0)
Elself ThetaEst >= WorksheetFunction.Radiang(135) And _
ThetaEst < WorksheetFunction.Radians(180) Then
i = Round(jjmax /2 * (1 + Tan(Theta(jj))) - jj * Tan(Theta(jj)), 0)
j=jjmax-jj+1
Elself ThetaEst >= WorksheetFunction.Radians(-45) And _
ThetaEst <0 Then
i =Round(jjmax /2* (1 - Tan(Theta(jj))) + jj * Tan(Theta(jj)), 0)
Elself ThetaEst >= WorksheetFunction.Radians(-90) And _
ThetaEst < WorksheetFunction.Radians(-45) Then
=]
j =Round(jjmax / 2* (1 - Tan(Theta(jj))) + jj * Tan(Theta(jj)), 0)
Elself ThetaEst >= WorksheetFunction.Radians(-135) And _
ThetaEst < WorksheetFunction.Radians(-90) Then
=]
j = Round(jjmax / 2 * (1 + Tan(Theta(jj))) - jj * Tan(Theta(jj)), 0)
Elself ThetaEst >= WorksheetFunction.Radians(-180) And _
ThetaEst < WorksheetFunction.Radians(-135) Then
i =Round(jjmax /2* (1 - Tan(Theta(jj))) + jj * Tan(Theta(jj)), 0)
j=ijmax-jj+1
End If



ds=Inputs.Cells(8).Vaue

ks=2* ds

Li(jj) =175* (ds* 1000) ~ 0.75/ 1000

fs(jj) = Bed.Cellg(7, jj).Value

V(jj) = Velocity.Cells(i, j).Vaue

H(jj) = Heights.CdI4(i, j).Vaue- Topography.CdlIg(i, j).Vaue
HBI(jj) = Li(jj) * fs(jj) / 1.88

If Ve(jj) =0 Then

fs(jj) =0

Else

fo=1

Do

If H(jj) <0 Then

H(jj) =0.01

End If

fs(jj) = 1/ (-2 * WorksheetFunction.Log10(ks/ (3.71 * (H(jj))) + 2.51* vs/ (V€(jj) * (H(jj)) * fo”
05))~2

fo=fo+0.25* (fs(jj) - fo)

Loop Until (fs(jj) - fo) < 0.1 And (fg(jj) - fo) > -0.1

End If
Ift=00r fs(jj) =0 Then

L(j) = Li())
HB(jj) = HBI(j))

‘initial ripple length
Else

Us=1g(jj) /8* VA(jj)* 2
tb=rho* Us
ts=tb/(rho* (ss-1)* g* ds)

Rs=(ds* (ss* g/vs"2)"(1/3))"(3/2)

If Rs< 6.61 Then

Shields=0.1414* Rs” -0.2306

Elself Rs> 282.84 Then

Shields=0.045

Else

Shields= (1 + (0.0223 * Rs) ~ 2.8358) ~ 0.3542/ _
(3.0946 * Rs” 0.6769)

End If

‘Ripples:

ter =2.08* 10" 8* (ts/ Shields) ~ -2.42* (ds/ Us)
'‘Dunes:

te=2.05* 10" -2* (ds/H(jj)) ~-3.5* _

(ts/ Shields) ~-1.12* (ds/ Us)



If te<ter Thente=ter

GP=ds* (g* (ss-1)/vs"2)"~(1/3)
gammal =0.14* GP " 0.33
gammaH =0.22* GP " 0.22

HBe=1/6* H(jj)
Le=5* H(jj)

L(j) = (t/ te) ~ gammaL * (Le - Li(jj)) + Li(jj)

HB(jj) = (t/ te) » gammaH * (HBe- HBI(jj)) + HBI(jj)
Ifte<tThen

L(j)=Le

HB(jj) =HBe

End If

End If

Bed.Cell(5, jj).Vaue = HB(jj)
Bed.Cdlg(6, jj).Vadue= L(jj)
Bed.Cell¥(7, jj).Vdue = fs(jj)
Next jj

End Sub



Sub PhragmitesAustralisGrowthModel ()

Set Parrameters = Worksheets("3d Veg").Range("b2")
Set Variables = Worksheets("3d Veg").Range("b31")
Set Month = Worksheets("3d Veg").Range("d2")

Set EventTime = Worksheets("3d Veg").Range("el7")
Set XY Z = Worksheets("3d Veg").Range("'t2")

t = VariablesCells(2).Vdue
tfin = Variables.Cells(3).Vaue
cc=1

ts= EventTime.Cdls(6).Vaue + th

‘read input parameters

'‘Maximum specific growth rate of roots at 20dC
gm = Parrameters.Cells(1).Vaue

'Specific respiration rate of roots at 20dC

betasht = Parrameters.Cell§(2).Vaue

'Specific respiration rate of shoots at 20dC
betart = Parrameters.Cells(3).Vaue

'Specific respiration rate of old rhizomes at 20dC
betarhi = Parrameters.Cdl5(4).Vaue

'Specific respiration rate of new rhizomes at 20dC
betan = Parrameters.Cells(5).Vaue

'Specific respiration rate of panicles at 20dC
betap = Parrameters.Cells(6).Vaue

'Specific mortality reate of roots at 20dC

gammart = Parrameters.Cells(12).Vaue

'Specific mortality rate of old rhizomes a 20dC

gammarhi = Parrameters.Cells(13).Vaue

'Specific mortality rate of new rhizomes at 20dC

gamman = Parrameters.Cells(14).Vaue

'Fraction of current photosynthesis translocation to below ground structures
eph = Parrameters.Cells(15).Vaue

'Fraction of shoot assimilates trand ocation to below ground structures
esht = Parrameters.Cells(16).Vdue

'Fraction of shoot assimilates trand ocated for old rhizomes

y = Parrameters.Cells(17).Vaue

'Fraction of shoot assimilates trand ocation for inflorescence

p = Parrameters.Cells(18).Vaue

'Fraction fo current photosynthesis translocation to inflorencence
k = Parrameters.Cells(19).Vdue

'Fraction of shoot biomass for elongation

g = Parrameters.Cells(20).Vaue

'Fraction mobilized from rhizomes for root formation

X = Parrameters.Cells(21).Vdue

‘Maximum specific net daily photosynthesis rate a 20dC

Pm = Parrameters.Cells(22).Vdue

'Half saturation constant of age for shoot phtosynthesis

Kage = Parrameters.Cdl5(23).Vaue

'Half saturation constant of PAR for shoot phtosynthesis

Kpar = Parrameters.Cell5(24).Vaue



'Half saturation constant of age for root growth

Krt = Parrameters.Cells(25).Vdue

"Temperature constant

Theta = Parrameters.Cells(26).Vaue

‘Conversion constant of carbon dioxcide to ash-free dry weight
kco = Parrameters.Cells(27).Vdue

Do Whilet <=tfin

'Specific mortality rate of shoots from tb-tp a 20dC
Ift>=tb Andt<tp Then

gammasht = Parrameters.Cells(7).Vaue

'Specific mortality rate of shoots from tb-ts at 20dC
Elself t >=tp Andt <tsThen

gammasht = Parrameters.Cells(8).Vaue

'Specific mortality rate of shoots after ts at 20dC
Elself t >=tsThen

gammasht = Parrameters.Cells(9).Vaue

End If

'Specific mortality rate of panicles from tp-ts at 20dC
Ift>=tp Andt<tsThen

gammap = Parrameters.Cells(10).Vaue

'Specific mortality rate of panicles after ts at 20dC
Elself t >=tsThen

gammap = Parrameters.Cells(11).Vaue

Else

ganmap =0
End If
DoWhilec< 13
Ift-tbh<=31Then
c=0

Temp = Month.CdIs.Offset(c, 1).Vadue
GlobalRadiation = Month.Cells.Offset(c, 2).Vadue
SunAngle = Month.Cdlls.Offset(c, 3).Vaue
c=13

Elself t - tb <= 60 Then

c=1

Temp = Month.CdIs.Offset(c, 1).Vaue
GlobalRadiation = Month.Cells.Offset(c, 2).Vadue
SunAngle = Month.Cdls.Offset(c, 3).Vaue
c=13

Elself t - tb <= 90 Then

c=2

Temp = Month.CdIs.Offset(c, 1).Vaue
GlobalRadiation = Month.Cells.Offset(c, 2).Vaue
SunAngle = Month.Cdls.Offset(c, 3).Vaue
c=13

Elself t - tb <= 120 Then

c=3

Temp = Month.CdIs.Offset(c, 1).Vaue
GlobaRadiation = Month.Cells.Offset(c, 2).Vaue
SunAngle = Month.Cdls.Offset(c, 3).Vaue
c=13



Elself t - tb <= 150 Then

c=4

Temp = Month.CdIs.Offset(c, 1).Vadue
GlobalRadiation = Month.Cells.Offset(c, 2).Vaue
SunAngle = Month.Cdls.Offset(c, 3).Vaue
c=13

Elself t - tb <= 180 Then

c=5

Temp = Month.CdIs.Offset(c, 1).Vaue
GlobalRadiation = Month.Cells.Offset(c, 2).Vaue
SunAngle = Month.Cdls.Offset(c, 3).Vaue
c=13

Elself t - tb <= 210 Then

c=6

Temp = Month.CdIs.Offset(c, 1).Vaue
GlobaRadiation = Month.Cells.Offset(c, 2).Vaue
SunAngle = Month.Cdls.Offset(c, 3).Vaue
c=13

Elself t - tb <= 240 Then

c=7

Temp = Month.CdIs.Offset(c, 1).Vadue
GlobalRadiation = Month.Cells.Offset(c, 2).Vaue
SunAngle = Month.Cdls.Offset(c, 3).Vaue
c=13

Elself t - tb <= 270 Then

c=8

Temp = Month.CdIs.Offset(c, 1).Vadue
GlobalRadiation = Month.Cells.Offset(c, 2).Vadue
SunAngle = Month.Cdlls.Offset(c, 3).Vaue
c=13

Elself t - tb <= 300 Then

c=9

Temp = Month.CdIs.Offset(c, 1).Vadue
GlobalRadiation = Month.Cells.Offset(c, 2).Vadue
SunAngle = Month.Cdlls.Offset(c, 3).Vaue
c=13

Elself t - tb <= 330 Then

c=10

Temp = Month.CdIs.Offset(c, 1).Vadue
GlobalRadiation = Month.Cells.Offset(c, 2).Vadue
SunAngle = Month.Cdls.Offset(c, 3).Vaue
c=13

Elself t - tb <= 360 Then

c=11

Temp = Month.CdIs.Offset(c, 1).Vaue
GlobalRadiation = Month.Cells.Offset(c, 2).Vaue
SunAngle = Month.Cdls.Offset(c, 3).Vaue
c=13

Elself t - tb > 360 Then

tb =1tb + 360

End If

Loop



ke=-0.0008 * SunAngle” 2 + 0.0706 * SunAngle- 0.4
Ipar = 0.45 * GlobaRadiation

'Rhizome Biomass (g/m2)
Brhio = Variables.Cells(10).Vdue
ShootHeighto = Variables.Cellg(7).Vadue

Ift=1tb Then

'In the model, growth was initiated by using afraction of the initia rhizome biomass carried
‘over from the last growing season.

GrowthlnitiationParameter = 0.06 * Brhio~ -0.19'g m-1 m-2

Initial SpecificDensityOfShoots = 0.22 * Brhio~ 0.74'gm-1 m-2

'Egs. (1) and (2) were used in the model again and the other parameters were fine-tuned. The
‘growth initiation parameter and the initial specific density defined by the above equations
'were used to cal culate the initial shoot biomass and initial shoot height given by:

Bshto = GrowthlnitiationParameter * Brhio 'Initial RhizomeBiomass

ShootHeighto = Bshto / Initia SpecificDensityOf Shoots

V ariables.Cells(7).Vaue = ShootHeight

Bno=0

Bpo=0

i=1

Else

‘Newly formed rhizomes Biomass
Bno = Variables.Cells(12).Vadue
'Shoot Biomass (g/m2)

Bshto = Variables.Cells(13).Vaue
'Panicles Biomass (g/m2)

Bpo = Variables.Cells(14).Vadue
'‘Reed lenth (m)

End If

'‘Root Biomass = (g / m2)
Brto = Variables.Cells(11).Vaue

bleaf = 0.25* Bshto

LAI =0.01355 * bleaf  1.02

‘where blegf is the |eaf biomass

‘LAl = leaf surface area per unit ground area

lipar = Ipar * Exp(-ke* LAI)

Ift>=tb Andt<teThen
frhi=1

Else

frhi=0

End If
Ift>=teAndt<=tsThen
fsnt=1

Else

fsht=0

End If



Ift>=th Andt<=tsThen
fph=1

Else

fph=0

End If

Ift>=tr Andt<=tp Then
frt=1

Else

frt=0

End If

If t >=tf Then

ff=1

Else

ff=0

End If

Agert=t-tr

If Agert <0 Then
Agert=0

End If

"The supply of photosynthesized material for root growth (Grt) isgiven by

Grt=gm* Theta” (Temp - 20) * (Krt/ (Krt + Agert)) * Brto

‘where gm is the maximum specific growth rate of roots at 20dC; Krt is the half saturation
‘coefficient of root age, and Agert is the age of rootsin days from the start of root growth.

alpharhi =0.58 * (Brhio) * -0.5

Rhif = alpharhi * Theta” (Temp - 20) * Brhio

‘where alpharhi is the specific transfer rate of rhizome biomass.

' Rhif isthe

‘'mobilization of stored material from rhizome to roots and shoots during the initial stage of growth;

Agesht=t-th'?
i=1
Bsht = Bshto

Rsht = betasht * Theta” (Temp - 20) * Bsht

Dsht = gammasht * Theta” (Temp - 20) * Bsht

Phsht = Pm* kco* Theta” (Temp - 20) * (lipar / (Kpar + lipar)) * (Kage/ (Kage + Agesht)) * Bsht
k1Bsht=dt* (Phsht- Rsht- Dsht + (1 - x) * Rhif * frhi _

- esht * Bsht * fsht - eph * Phsht * fph - (Bsht * p + Phsht * k) * ff - Grt * frt)

Bsht = Bshto + k1Bsht/ 2

Rsht = betasht * Theta” (Temp - 20) * Bsht

Dsht = gammasht * Theta” (Temp - 20) * Bsht

Phsht = Pm* kco* Theta” (Temp - 20) * (lipar / (Kpar + lipar)) * (Kage/ (Kage + Agesht)) * Bsht
k2Bsht = dt * (Phsht - Rsht - Dsht + (1 - x) * Rhif * frhi _

- esht * Bsht * fsht - eph * Phsht * fph - (Bsht * p + Phsht * k) * ff - Grt * frt)

Bsht = Bshto + k2Bsht / 2

Rsht = betasht * Theta” (Temp - 20) * Bsht

Dsht = gammasht * Theta” (Temp - 20) * Bsht

Phsht = Pm* kco* Theta” (Temp - 20) * (lipar / (Kpar + lipar)) * (Kage/ (Kage + Agesht)) * Bsht
k3Bsht = dt * (Phsht - Rsht - Dsht + (1 - X) * Rhif * frhi _

- esht * Bsht * fsht - eph * Phsht * fph - (Bsht * p + Phsht * k) * ff - Grt * frt)

Bsht = Bshto + k3Bsht



Rsht = betasht * Theta” (Temp - 20) * Bsht

Dsht = gammasht * Theta” (Temp - 20) * Bsht

Phsht = Pm* kco* Theta” (Temp - 20) * (lipar / (Kpar + lipar)) * (Kage/ (Kage + Agesht)) * Bsht
k4Bsht = dt * (Phsht - Rsht - Dsht + (1 - x) * Rhif * frhi _

- esht * Bsht * fsht - eph * Phsht * fph - (Bsht * p + Phsht * k) * ff - Grt * frt)

Bsht = Bshto + (k1Bsht + 2 * k2Bsht + 2 * k3Bsht + k4Bsht) / 6

Brhi = Brhio

"The amount of material mobilized from the rhizomes was taken to be proportiond to its

‘biomass and daily mean temperature

Rrhi = betarhi * Theta”™ (Temp - 20) * Brhi

Drhi = gammarhi * Theta” (Temp - 20) * Brhi

'R and D are therespiration and mortaity (gm-2 per day), respectively, which are proportional to their
biomasses and the mean daily temperature.

Phsht = Pm* kco * Theta”™ (Temp - 20) * (lipar / (Kpar + lipar)) * (Kage/ (Kage + Agesht)) * Bshto

'in thismodel, we assumed that rhizome reserves were alocated in
‘proportion to the shoot biomass of each layer as

RhizomeReserve = (1 - x) * Rhif * frhi

‘X isthe fraction of Rhif alocated for root growth and the rest for shoots

Rrhi = betarhi * Theta”™ (Temp - 20) * Brhi

Drhi = gammarhi * Theta” (Temp - 20) * Brhi

Rhif = alpharhi * Theta” (Temp - 20) * Brhi

k1Brhi = dt* (-Rrhi - Drhi - Rhif * frhi + y* esht * Bshto * fsht + y * eph* Phsht * fph) 'B(gm-2/d)
Brhi = Brhio + k1Brhi / 2

Rrhi = betarhi * Theta”™ (Temp - 20) * Brhi

Drhi = gammarhi * Theta” (Temp - 20) * Brhi

Rhif = alpharhi * Theta” (Temp - 20) * Brhi

k2Brhi = dt* (-Rrhi - Drhi - Rhif * frhi + y* esht * Bshto* fsht + y * eph* Phsht * fph) 'B(gm-2/d)
Brhi = Brhio + k2Brhi / 2

Rrhi = betarhi * Theta”™ (Temp - 20) * Brhi

Drhi = gammarhi * Theta” (Temp - 20) * Brhi

Rhif = alpharhi * Theta” (Temp - 20) * Brhi

k3Brhi =dt* (-Rrhi - Drhi - Rhif * frhi + y* esht * Bshto * fsht + y * eph* Phsht * fph) 'B(gm-2/d)
Brhi = Brhio + k3Brhi

Rrhi = betarhi * Theta”™ (Temp - 20) * Brhi

Drhi = gammarhi * Theta” (Temp - 20) * Brhi

Rhif = alpharhi * Theta” (Temp - 20) * Brhi

k4Brhi = dt* (-Rrhi - Drhi - Rhif * frhi + y* esht * Bshto* fsht + y * eph* Phsht * fph) 'B(gm-2/d)
Brhi = Brhio + (k1Brhi + 2 * k2Brhi + 2* k3Brhi + k4Brhi) / 6

Brt = Brto

Grt=gm* Theta”™ (Temp - 20) * (Krt/ (Krt + Agert)) * Brt
Rrt = betart * Theta” (Temp - 20) * Brt

Drt = gammart * Theta” (Temp - 20) * Brt

kiBrt =dt* (Grt* frt- Rrt- Drt + x * Rhif * frhi)

Brt = Brto + k1Brt/ 2

Grt=gm* Theta”™ (Temp - 20) * (Krt/ (Krt + Agert)) * Brt
Rrt = betart * Theta” (Temp - 20) * Brt

Drt = gammart * Theta” (Temp - 20) * Brt

k2Brt =dt * (Grt * frt- Rrt- Drt + x * Rhif * frhi)

Brt = Brto + k2Brt / 2



Grt=gm* Theta”™ (Temp - 20) * (Krt/ (Krt + Agert)) * Brt
Rrt = betart * Theta” (Temp - 20) * Brt

Drt = gammart * Theta” (Temp - 20) * Brt

k3Brt =dt* (Grt* frt- Rrt- Drt + x * Rhif * frhi)

Brt = Brto + k3Brt

Grt=gm* Theta” (Temp - 20) * (Krt/ (Krt + Agert)) * Brt
Rrt = betart * Theta” (Temp - 20) * Brt

Drt = gammart * Theta” (Temp - 20) * Brt

k4Brt =dt * (Grt * frt- Rrt- Drt + x * Rhif * frhi)

Brt = Brto + (k1Brt + 2* k2Brt + 2* k3Brt + k4Brt) / 6

Bn=Bno

Rn = betan * Theta” (Temp - 20) * Bn

Dn=gamman * Theta” (Temp - 20) * Bn

kiBn=dt* (-Rn-Dn+ (1-y)* esht* Bshto* fsht+ (1 -y) * eph* Phsht * fph)
Bn=Bno+klBn/2

Rn = betan * Theta” (Temp - 20) * Bn

Dn=gamman * Theta” (Temp - 20) * Bn

k2Bn=dt* (-Rn-Dn+ (1-y)* esht* Bshto * fsht + (1 -y) * eph* Phsht * fph)
Bn=Bno+k2Bn/2

Rn = betan * Theta” (Temp - 20) * Bn

Dn=gamman * Theta” (Temp - 20) * Bn

k3Bn=dt* (-Rn-Dn+ (1-y)* esht* Bshto * fsht+ (1 -y) * eph* Phsht * fph)
Bn=Bno + k3Bn

Rn = betan * Theta” (Temp - 20) * Bn

Dn=gamman * Theta” (Temp - 20) * Bn

kdBn=dt* (-Rn-Dn+ (1-y)* esht* Bshto * fsht + (1 -y) * eph* Phsht * fph)
Bn=Bno + (k1Bn+2* k2Bn + 2 * k3Bn + k4Bn) / 6

Bp =Bpo

Rp =betap * Theta” (Temp - 20) * Bp

Dp = gammap * Theta” (Temp - 20) * Bp

kiBp =dt* (-Rp - Dp + Phsht * k* ff + p* Bshto * ff)
Bp=Bpo+klBp/2

Rp =betap * Theta” (Temp - 20) * Bp

Dp = gammap * Theta” (Temp - 20) * Bp

k2Bp =dt* (-Rp - Dp + Phsht * k* ff + p* Bshto * ff)
Bp=Bpo+k2Bp/2

Rp =betap * Theta” (Temp - 20) * Bp

Dp = gammap * Theta” (Temp - 20) * Bp

k3Bp=dt* (-Rp - Dp + Phsht * k* ff + p* Bshto * ff)
Bp = Bpo + k3Bp

Rp =betap * Theta” (Temp - 20) * Bp

Dp = gammap * Theta” (Temp - 20) * Bp

k4Bp =dt * (-Rp - Dp + Phsht * k* ff + p* Bshto * ff)
Bp =Bpo + (k1Bp +2* k2Bp + 2 * k3Bp + k4Bp) / 6

'Reed Height

If Bsht=0Then

ShootHeight = ShootHeighto

Else

ShootHeight = ShootHeighto * (1 + (Bsht - Bshto) * q/ (Bsht - (Bsht - Bshto) * q))
‘where Q is the fraction of biomass contributed to shoot elongation from each layer.
End If



'Return values

Brhio = Brhi

Brto=Brt

Bno=Bn

Bshto = Bsht

Bpo=Bp

‘ShootHeighto = ShootHeight

Variables.Cells(10).Vaue = Brhi '+ Bn
Variables.Cells(11).Vaue = Brt
Variables.Cells(12).Vaue=Bn'=0
Variables.Cells(13).Vaue = Bsht
Variables.Cells(14).Vaue = Bp

V ariables.Cells(7).Vaue = ShootHeight

Variables.Cells(2).Vaue=t
t=t+dt

Loop

End Sub



