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ISI-MIP2
Inter-Sectoral Impact Model Integration and Intercomparison Project

« community-driven modelling effort
* bringing together impact models across sectors and scales coordinated by

» to create consistent and comprehensive projections of the impacts of
different levels of global warming

h D
l“l D
b}

O
~

Focus regions

ISI-MIP Framework:
" 10 :
«"\! T Common set of input data

Common modelling protocol
Central output data archive

W
24
0 2500 5.000
M| Kilometers
Europe Africa Asia N.America Australia S.America
[ 11.Rhine [ 13. Niger [ 14.Ganges | |7.Mississippi [ 8. Murray Darling 9. Amazon
[ 2. Tagus 10. Blue Nile [ 5. Yellow
12. Finland [ 6. Yangtze
11. Lena
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(g\,Upper Amazon®

X < | SWAT Soil & Water
\ PEUD. ;i Assessment Tool

/LT/

input data

DEM HydroSHEDS (SRTM, 90 m, hydrol. conditioned,
Lehner et al. 2008)

Soil Harmonized World Soil Database, Version 1.2,
SOL_K calc. using ROSETTA (Schaap et al., 2001)

Land use GLC2000 product South America (Eva et al., 2002)

Climate WFD ERA 40 (Weedon et al., 2010)

Calibration/validation Global Runoff Data Centre (GRDC),
Hidroweb (http://hidroweb.ana.gov.br/)

__



Digital Elevation Model

SRTM 90 m,
hydrologically conditioned

m a.s.l.

-High : 6599 Hydrological data and maps based on SHuttle Elevation
— Derivatives at multiple Scales (Lehner et al., 2008)
- Low: 25
1.02 mio km?

HydroSHEDS




Sao Paulo de
Olivenga

Streamflow data

® Stream gauge

Global Runoff Data Centre

m a.s.l.

“High : 6599
—

-Low : 25

1.02 mio km?

Sistema de Informacoes Hidrologicas




® Stream gauge
[ ] SWAT subbasin

m a.s.l.
-High : 6599

-Low : 25

1.02 mio km?

Subbasin delineation

Based on suggested minimum
size: 719,600 ha

= 82 subbasins (4 12,500 km?)

= too large for physically
meaningful Muskingum
routing???



Land use

39 GLC classes aggregated to 16 SWAT classes

[ JAGRL - Agriculture - intensive

[ 1PAST - Mosaic agriculture / degraded vegetation

B BARR - Barren / bare soil; Desert; Permanent snow/ice
[ FRSD - Deciduous forest

I FRSE - Evergreen tropical forest

B FRST - Bamboo dominated and semi-deciduous forest
[ 1FSDM - Montane deciduous forests (>500m)

I FSEM - Montane evergreen forests (>500m)

B FSTM - Montane bamboo / semi-deciduous (>500m)
RNGB - Shrub savannah and shrublands

[ 1RNGE - Steppe and montane grasslands

B URLD - Urban

B WATR - Water bodies

M WETF - Flooded / permament swamp forest

B WETL - Periodically flooded savannah

B WTFM - Montane flooded forests (>500m)

JOINT RESEARCH CENTRE

Land Resource Management Unit



Soil class [JPE25
I BR214 [ PE28
[ BR215 Il PE3

B BR217 I PE30
| BR221 [ PE31
BN BR223 [T PE34
B BR228 [ PE35
I BR233 M PE36
I BR234 [ PE37
[1BR280 [ PE38
N CcOo27 M PE39
I CO34 M PE4

B CO45 Ml PE41
[ CO54 Ml PE42
[1CO56 M PE43
EmCcos [MPE44
EmECT [PE4S
[JEC10 WM PE46
[JEC11 IMPES

[JEC12 M PE52
EmEC13 WM PES3
I EC14 I PES4
[JEC15 IMPE55
EmEC17 M PE56
EmEC1s [ PE57

[mEC2 WEPESS Y
EmEc2o WMPES Slope in

EMEC3 [ PEST )

EmEC3s [TIPE62 MO - 15.45
MmEC3o WEPES [ 1>15.45-43.54

MMEC4 [TIPE6S
I EC40 M PEG6
IEWEC41 [ PEGY
EmEC43 MM PE7

[EC5 [JPE70
MmEce EWPET71
EmEC? WWPET2
WEcs EWPE7T3
[ImECO WMPE74
[DPe1 [EEPE75
[JPeE10 [EZPE76
EmPE1T [IPE77
[JPE12 MPE78
W PE13 [DPET79

I >43.54

u{f» mmrEi4 EEPES

A EmPE1S I PESO

o EmPE17 W PE9
EPE2

sic. B JRC

= waoreancommssiv - Harmonized World Soil Database, Version 1.2
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HRU definition by error analysis
§ 4 Each dot represents a certain threshold
set for land use / soil / slope
We chose:
w | 15000 /15000 /20000 [ha] RTE:
° Relative Total Error
" (of land use, soil, and
e slope distribution com-
o pared to full HRU map)
< -
3
° o° Oo % O&O
Oé)O oo (980%8 &P
008 0% 7 remaining number of HRUs: 999

| | | | |
4600 4800 5000 5200 5400 5600 5800 6000
Number of HRUs reduced from 6245

__



Weather data
s { ‘"'\-%/?; © WFD — WATCH Forcing Data (Basis ERA 40),
: :’: ;’;E;%}‘: - daily for time period 1/1/1958 — 31/12/2001
.H . ( ‘fﬂJ:’ ; . T
AT
[ e » Temperature (max, min in K)
ARIEIOE > Precipitation (in kg/m?/s)
ﬁﬂ\ » Wind speed (in m/s)
: :i}: o » Solar radiation (in W/m2)
SBbanE > Specific humidity (in kg/kg)
. 43“:\\:\ » Surface pressure (in Pa)
= OLE
LR

R A A Weedon et al. (2010)

A &

Water and Global Change =

[ ] SWAT subbasins
*  WEFD grid points
:| WEFD Thiessen polygons




Model calibration: Plant growth

. . ) Land use
Time of NDVI peaks SWAT*-LAI simulations — FRSE
_ —— FRST
(Brando et al., 2010) (for all HRUs of a certain land use) ~ FSTM
~— RNGB
< |
S
:I early Jan - early Jul
|:| late Jan -Iate Jul ~
[JearyFep [ earlyAug
[Jiateren [ ]lateAug
- early Mar I:l early Sep ] : : : : ‘ |
[ tate Mar [ 1ate sep 0 500 1000 1500 2000 2500
- early Apr I:l early Oct day
- late Apr I:llate Oct
[ eary way ] cany Nov *Seasonal pattern depending on latitude & soil moisture using

[ rate May [] tate Nov
-eanwuyn I cary Dec the modified SWAT version for tropics! (Strauch & Volk, 2013)

- late Jun - late Dec

e



Model calibration: Water balance Pcp observed

(1986-1994) - S&oP. 0.

Borja Pep [mm]
<=800
>800 - 1000
>1000 - 1200

>1200 - 1400

T >1400 - 1600
I >1600 - 1800
B >1800 - 2000
B >2000 - 2200
B >2200 - 2400
I 2400 - 2600
I >2500 - 2800
I 2500 - 3000
I >3000 - 3200

Sé&o Paulo de Olivenca
R (mm) ET (P-R, mm)

660 1021 893

1429 1068 1281

observed sim initial sim elevb

Borja

R (mm) ET (P-R, mm) B 3200 - 3400
>3400 - 3512
97

698 ation

in

1147
546
e. b. from DEM

observed sim initial sim elevb PLAPS: 500 mm/km

TLAPS: -8 °C/km

,



Model calibration

Multi-site autocalibration

Sao Paulo de
Olivenga

.- patinga

Calibration gauge

montainous

[ ] lowland |

lowland Il

“High : 6599
-

-Low : 25

Latin-Hypercube sampling
(n=3000)

32 parameters (5 basin wide +
8 + 11 + 7 regional parameters)

Best solution defined by
minimum rank sum of 11
performance metrics over all
three calibration gauges

Uncertainty interval (Ul) by
considering as many (sorted)
solutions as necessary that:
width, = 0 s




Model evaluation

Rank sum of 11 performance metrics over three gauges

PBIAS Percent Bias

NSE Nash-Sutcliff Efficiency

MNSE Modified Nash-Sutcliff Efficiency
rNSE Relative Nash-Sutcliff Efficiency

d Index of Agreement

md Modified Index of Agreement
rd Relative Index of Agreement
cp Persistence Index

bR2 R2 multiplied by coefficient of regression line between sim and obs
KGE  Kling-Gupta Efficiency
VE Volumetric Efficiency

s S —



Borja g = s Calibration
NSE = 0.52 I
PBIAS = 3.5% Ok
d-factor = 1.11 ™ -
POC = 61% g -
Tamishiyacu i |
NSE = 0.63 s
PBIAS = -4.8% E 8
d-factor = 1.01 § 7
POC = 59% £ A
Séo Paulo de O. S -
NSE = 0.78 7
PBIAS = 8.8% £ g
d-factor = 0.51 = g |
POC = 43% S

0 20 40 60 80 100
Months in period 1986 - 1994

__



Borja g1 = o Validation
NSE = 0.65 o]
PBIAS = -3.5% g C
Tamishiyacu 7
NSE = 0.51 - &
PBIAS = -13.5% E°
g —
. | I 1 | |
0 20 40 60 80
S&o Paulo de O. g 1
NSE = 0.89 7 .
PBIAS = 4% S 87

Months in period 1995 - 2001

__



Cross Validation

(at gauges not used for calibration)
17

: s///’ Tabatinga

Calibration gauge

San Regis

| montainous

E’ lowland |

|| lowland Il

o
o —

_ S —— obs
High : 6599 4 — sim
Low : 25 — 8

% g A
t &
= .
o o
L o
O -
=
o -
T T T T T
0 20 40 60 80
o
o
S
(=)
(o]
. o

Tabatinga 7 S -

T v

NSE = 0.84 £

o o

PBIAS = 0.8% L 8 4

™~
o —

Months in period 1995 - 2001

__



Summary / conclusion

 Ready-to-use global datasets for fast model setup available

« However, many tricky issues:

Maximum area of subbasins in large-scale applications?
Assigning tropical vegetation types to SWAT land use classes
Plant growth seasonal pattern (modified version useful!)
Abnormal water balance according observations

Elevation bands significantly improved model performance but are
not justified when using grid data averaged over subbasins

« Multi-site autocalibration and multi-metrics model evaluation to
provide robust calibration results and uncertainty intervals

e S
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£ RStudio

File  Edit

419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453

453:2

ol -

©902_rewrite 1.R #

Console ~/

sion Build Debug Tools Help

E Project: (None) -

=0

Source -

[[]Source on Save | G [=#Run | (2% | | %

#read in 1ist of directories (MGT) e
filenames<-dir(paste(getwd(), " \backup"”,sep="") ,pattern=".mgt")
sapply(1:Tength(filenames),adj.mgt)

#read in 1ist of directories (BsSN)
filenames<-dir(paste(getwd(), " \backup”,sep=""),pattern="bsn")
sapply(1:Tength(filenames),adj.bsn)

#read in 1ist of directories (.sub)
filenames<-dir (paste(getwd(), "\ \backup”,sep=""),pattern=
sapply(1:Tength(filenames),adj.sub)

#read in 1ist of directories (.rte)
filenames<-dir (paste(getwd(), "\ \backup”,sep="") ,pattern=
sapply(1:Tength(filenames),adj.rte)

#execure SWAT
setwd (paste(basepath,”/txtinout_1",sep=""))
system("swat2012.exe™)

#store output.rch files

filenamesfirst<-dir (pattern="output.std")
newnumber<-sprintf("%05d", t)

filenamenew<-paste( output”,newnumber,”.std"”,sep=
file.rename(filenamesfirst, filenamenew)

#store reach outputs
dat <- read.table(paste(basepath, " /txtinout_1/output.rch”,sep=
dat_1 < dat[,6][dat[,?]—REACH_1

write(file = paste("out_",REACH_1,".txt",sep=""), c(paste("#",t,sef
dat_2 <- dat[,6][dat[,2 REACH_2]

write(file = paste("out_",REACH_2,".txt",sep=""),
dat_3 <- dat[,6][dat[,2 REACH_3]

write(file = paste("out REACH_3,".txt",sep=""),

c(paste("#",t,sef

c(paste("#",t,sef
4 m L3
€3 (Untitled) * R Script *

®=D

+ dat_1 <- dat[,6][dat[,2]==REACH_1]

+ write(file = paste("out_",REACH_1,".txt",sep=""),
,dat_1), append = TRUE)

+ dat_2 <- dat[,6][dat[,2]==REACH_2]

+ write(file = paste("out_",REACH_2,".txt",sep=
,dat_2), append = TRUE)

+ dat_3 «- dat[,6][dat[,2]==REACH_3]

+ write(file = paste("out_",REACH_3,".

,dat_3), append = TRUE)

+ 3

c(paste("#",t,sep="")
), clpaste("#",t,sep="")
, c(paste("#",t,sep="")

SWAT2012

Rev. 588
Modified for tropics by M. strauch

5011 & water Assessment Tool

PC Version
program reading from file.cio . executing
Executing year
Executing year
Executing year
Executing year
Executing year
Executing year
Executing year
Executing year
Executing year

[ R L RN

Session  Build Tools

File Edit
LAt

Code Debug Help

K Project: (Nonej -

=0

_Source -

(37 02_rewrite 2.R %

[Csourceonsave | Q A= ]
#read in list of directories (MGT) e
filenames<-dir (paste(getwd (), "\ \backup",sep=""),pattern=".n
sapply(1:length(filenames),adj.mgt)

[=#Run | [t%

419
420
421
422
423
424
425
426

#read in Tist of directories (BSN)
filenames<-dir (paste(getwd(), "\ \backup”,sep=""),pattern="bs
sapply(1:length{filenames),adj.bsn)

427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453 3}
4 1 L3
E3 (Untitled) + R Script +

Console ~/ ® =D
"), h=F, skip=9, as.is=TRUE) -
+ dat_1 <- dat[,6][dat[,2]==REACH_1]
+ write(file = paste("out_",REACH_1,".TxT",5ep=""),
,sep=""),dat_1), append = TRUE)
+ dat_2 <- dat[,6][dat[,2]==REACH_2]
+ write(file = paste("out_",REACH_2,".Txt",sep=""
.sep=""),dat_2), append = TRUE)
+ dat_3 <- dat[,6][dat[,2]==REACH_3]

ite(file = paste("out_",REACH_3,".txt",sep=""),

,dat_3), append = TRUE)

#read in Tist of directories (.sub)
filenames<-dir (paste(getwd (), "\\backup”,sep=""),pattern=".:=
sapply(1:length{filenames),adj.sub)

#read in list of directories (.rte)
filenames<-dir (paste(getwd(),"\\backup",sep=
sapply(1:length{filenames), adj.rte)

J,pattern=".r

#execute SWAT
setwd(paste(basepath,” /txtinout_2",sep=""1)
system("swat2012. exe")

#store output.rch files
filenamesfirst<-dir(pattern="output.std")

newnumber <-sprintf ("%05d", t)
filenamenew=-paste("output”,newnumber,”.std",sep="")
file.rename(filenamesfirst, filenamenew)

#store reach outputs
dat <- read.table(paste(basepath,”/txtinout_2/output.rch”,=
dat_1 <- dat[,6][dat[,2]=—=REACH_1]

write(file = paste("out_",REACH_1,".txt",sep=""), clpaste(’
dat_2 <- dat[,6][dat[,2]-——REACH_2]

write(file = paste("out REACH_2,".txt",sep=""),
dat_3 <- dat[,6][dat[,2]=—=REACH_3]

write(file = paste("out_",REACH_3,".txt",sep=""),

c(paste(’

c{pastel

4532

c(paste("#",T

), c(paste("#",t

c(paste("#",t

SWAT2012

Rev. 588
Modified for tropics by M. Strauch

soil & water Assessment Tool

PC Version
program reading from file.cio . executing
Executing year
Executing year
Executing year
Executing year
Executing year
Executing year
Executing year
Executing

0O B R

File Edit Code Build

ol &~ =E

View Plots Session Debug Tools Help

E Project: (None) -

=0

Q /- & [“®Run | 5% | = Source -

#read in list of directories (MGT) \Zl
filenames<-dir (paste(getwd()," " \backup",sep="") ,pattern=".mgt")
sapply(1:1ength({filenames),adj.mgr)

(37 02_rewrite 3.R
[] Source on Save

418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451

#read in Tist of directories (BsSN)
filenames<-dir (paste(getwd(), " \backup",sep=""),pattern="bsn")
sapply(1:length({filenames),adj.bsn)

#read in Tist of directories (.sub)
filenames<-dir (paste(getwd(),"\\backup",sep=""),pattern=".sub™)
sapply(1:length{filenames),adj.sub}

#read in list of directories (.rte)
filenames<-dir (paste(getwd(),"\\backup",sep=
sapply(1:Tength{filenames),adj.rte)

J,pattern=".rte")

#execute SWAT
setwd(paste(basepath,”/txtinout_3",sep=""7]
system("swat2012. exe")

#store output.rch files
filenamesfirst<-dir(pattern="output.std")

newnumber <-sprintf ("%05d", t)
filenamenew=-paste("output",newnumber,”.std",sep="")
file.rename(filenamesfirst, filenamenew)

#store reach outputs
dat <- read.table(paste(basepath,”/txtinout_3/output.rch”,sep=""7,
dat_1 <- dat[,6][dat[,2]==REACH_1]

write(file = paste("out_",REACH_1,".txt",sep=
dat_2 <- dat[,6][dat[,2]-—REACH_2]

write(file = paste("out_",REACH_2,".txt",sep=""),
dat_3 «<- dat[,6][dat[,2]==REACH_3]

write(file = paste("out_",REACH_3,".txt",sep=""),

), clpaste("#",t,se

c(paste("#",t,se__
clpaste("#",t,se__
[ —— .

E3 (Untitled) + R Script

Console ~/ @ =0
+ dat =<- read.table(paste(basepath,”/txtinout_3/output.rch”,sep=""), h=F .

skip=9, as.is=TRUE)

dat_1 <- dat[,6][dat[,2]==REACH_1]

write(file = paste("out_",REACH_1,".txt",sep=""),
,dat_1), append = TRUE)

dat_2 <- dat[,6][dat[,2]==REACH_2]

write(file = paste(out_",REACH_2,".txt",sep=""),
,dat_2), append = TRUE)}

dat_3 <- dat[,6][dat[,2] EACH_3]

write(file = paste("out_",REACH_3,".Txt",s5ep=""),
,dat_3), append = TRUE)
¥

ot R

SWAT2012
Rev. 588
Modified for tropics by M. strauch
Soi1 & water Assessment Tool
PC Version
Program reading from file.cio . executing
Executing year
Executing year
Executing year
Executing year
Executing year
Executing year
Executing year

c(paste("#",t,sep=

c(paste("#",t,sep=

c(paste("#",t,5ep=""

»
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RStudio e ——— ool

File Edit Code View Plots Session Build Debug Tools Help

Ql-=- 1 =N &l Project: (Nong) -
@7 03_gof_multi.R* % =[] | Environment History a0
= [0 [[JSourceonsave G 7 LS| CHRun 5% | SSeurce v L L Packages | Help | Viewer =
REACH Next || Prev 3 Repiace || Al o & 2 zoom | 3 Bxport~ g {C‘QE,A” =
[ 1n selection [] Match case [] Whole word [ Regex (W] Wrap
410 sim_j_2 <~ as.numeric(out_2[(1*tlength+j[1]+1): (j[1]*tlength-j[1])]) B Reach 31: NSE=0.48, PBIAS= 3.9
411 out.best =- as. matr1xkcb'lnd[paste[format Date{obsdat.time,"%y"),format. Date(obsdat. time, "%m") ,sep=".")
412 ,obsdat.data,sim_j_2)) o
413 sim_j.mon_2 <- as.matrix(tapply(as.numeric(out.best[,3]),out.best[,1],mean,na.rm = FALSE)) § T
414
415 #Reach 3 o
416 sim_j_3 <- as.numeric{out_3[(1*tlength+j[17+1):(j[1] *t'IEngth+] ani § —
417 out.best <- as.matrix{cbhind{paste(format. Datekobsdat time,"%y"),format. Date{obsdat. time, "%m"),sep=".") i)
418 ,obsdat.data,sim_j_3)) "E. -
419  sim_j.mon_3 <- as.matrix(tapply(as.numeric(out.best[,3]),out.best[,1],mean,na.rm = FALSE)) B § B
420 [
421  ##plot monthly wydrngraphs o
422 par(mfrow = (3, 1 S 4
423 x_<- seq(l:length(obs.mon_1)) =
424 plot(x, sim_j.mon_1, type="1", ylab="Flow [m*/s]", xlab="Months in simulation period"”, col="red",
425 ylim=c(0, (max(s'i m_j.mon_1,obs.mon_1,na.rm = TRUE))), main=paste("Reach”,REACH_1,": n~se=",metrics.mon[j,9]," o 4
426 Tlines(x, obs.mon_1, type="T1", xlab="", ylab="", col="black") T T T T T T
427 Tlegend(0, min(obs.mon_1,sim_j.mon_1,na.rm = TRUE}, c("obs", "sim"), col = c("black”,"red"), 0 20 40 80 20 100
428 Tty = (1, 1), pch = (1, 1),merge = TRUE) o .
429 Menths in simulation period
430 plot(x, sim_j.mon_2, type="1", ylab="Flow [m>/5]",xTab="mMonths in simulation period”, to'l:"r'ed",
431 y1im=c(0, (max(sim_j.mon_2,obs.mon_2,na.rm = TRUE))), main=paste("Reach” ,REACH_2, NSE=",metrics.mon[j,42]
432 Tines(x, obs.mon_2, type="1", xlab="", ylab="", to'l—"b'lack ) Reach 24 : NSE=0.65, PBIAS=4.4
433 legend(0, min{obs.mon_2,sim_j.mon_2,na.rm = TRUE), c("obs™, "sim"), <ol = c{"black”, "red"),
434 Tty = c(1, 1), pch = c(1, 1),merge = TRUE)
435 g
436 plot(x, sim_j.mon_3, type="1", ylab="Flow [m*/s]",xlab="Months in simulation period”, col="red", § b
437 y1im=c(0, (max(sim_j.mon_3,obs n_3,na.rm = TRUE))), main=paste("Reach”,REACH_3,": NsE=",metrics.mon[j,75]
438 Tlines(x, obs.mon_3, type= , xTab="", ylab="", col="black™) b § J
439 Tlegendf0, min{obs.mon_3,sim_j.mon_3,na.rm = TRUE), c("obs™, "sim"), col = c("black™, "red"), 7 8
440 Tty = ¢(1, 1), pch = (1, 1),merge = TRUE)| T
441 <5 B4
442 [ - i . | m | = 8
440:50 | €3 (Untitled) = R Script g
2
2
(]unsok ( REgMIP fR/autocal2/txtinout 3/ = = -
I S e e L T e L T L S S I RTe
IAS— ,metrwcs mon[j,6],s5e » [E = 4
> lines(x, obs.mon_1, type="1", xlab="", ylab="", col="black™) T T T T T T
> Tegend(0, m'in(ohs.mon_l,s‘im_j.mon_l,na.rm = TRUE), c("ohs", "sim"), col = c("black","red"), 0 20 40 60 80 100
+ Tty = c(1, 1), pch = ¢{1, 1),merge = TRUE)

> par(mfrow = c(3, 1)) Months in simulation period

> % <- seq(l:length(obs.mon_1))

> plot(x, sim_j.mon_1, type="1", ylab="Flow [m®/s]", xlab="Months in simulation period”, col="red",
+ ylim=c(0, (max(sim_j. mon_1, obs.mon_1,na.rm = TRUE))), main=paste("Reach”,REACH_1,": NSE=",metrics.mon[j,9],", PB Reach 8 : NSE=0.77 , PBIAS= 8.9
IAs=",metrics.mon[j,6],se "

> '\1nes(x, obs.mon_1, type: , xlab="", ylab="", col="black™)

> legend(0, min(obs.mon_1,sim_j.mon_1,na.rm = TRUE), c("obs", "sim"), col = c("black","red"}, o

+ Tty = c(1, 1), pch = c(1, 1),merge = TRUE) § 4

> 2

> plot(x, sim_j.mon_2, type="1", ylab="Flow [m*/s]",x1ab="Months in simulation period”, col="red",

+ ylim=c (0, (max(sim_j. mon_2 obs.mon_2,na.rm = TRUE))), main=paste("Reach”,REACH_2,": NSE=",metrics.mon[j,42],", P T g

BIAS=",metrics.mon[j,39],se " =

> '\'ines(x, obs.mon_2, typ , xlab: , ylab , col="black") FE

> legend(0, min(obs.mon_2,sim_j.mon_2,na.rm = TRUE), c("obs", "sim"), col = c("black","red"), 2

+ Tty = c(1, 1), pch = c¢(1, 1),merge = TRUE) § i

> 2

> plot(x, sim_j.mon_3, type="1", ylab="Flow [m*/s]",x1ab="Months in simulation period"”, co'\— red" o

+ ylim=c (0, (max(sim_j. mon_3 obs.mon_3,na.rm = TRUE))), main=paste("Reach”,REACH_3, NSE=",metrics.mon[j,75],", P

BIAS=",metrics.mon[j,72],sep=" = 4

> lines(x, obs.mon_3, type= , x1ab="", ylab="", col="black™) T T T T T T
> legend(0, min(obs.mon_3,sim_j.mon_3,na.rm = TRUE), c("obs", "sim"), col = c("black","red"), 0 20 40 60 80 100
+ Tty = c(1, 1), pch = c(1, 1),merge = TRUE) |:|

N E Wonths in simulation period
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Initial simulations — problem with water balance
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Simulations considering elevation bands
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Calibrated parameter values

Regional Mountains Lowlands| Lowlands Il Basin wide

GW_DELAY 25.36 60.24 14.33 SFTMP 3.88

ALPHA_BF 0.03 0.08 0.12 SURLAG 0.12

GWQMN 875.75 0.00 0.00 MSK_CO1  0.14

GW_REVAP 0.02 0.06 0.01 MSK_CO2  1.46

REVAPMN 409.76 135.35 0.72 MSK_X 0.01

RCHRG_DP 0.00 0.08 0.00

OV_N 0.10 0.11 0.10

EPCO 1.00 0.01 1.00

CH_N2 0.01 0.03 0.01

CN2 0.00 -0.21 0.00

PLAPS 648.49 353.86 334.96

TLAPS -6.73 -7.16 -8.20 ﬁ B i
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