Modelacién Hidroldgica con HBVlight

- Modelo conceptual, semi-distribuido

- Estudio de caso: sub-cuenca Rio Grande, Limari

1. Aplicacion del modelo basico con datos limitados

2. Calibracion automatica del modelo

3. Evaluacion inicial de las incertidumbres de los resultados
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Modelacién Hidroldgica con HBVlight

-Instalar el programa con “HBVsetup.zip”

-Crear siguiente estructura en el directorio:

e ChileRioGrande - a
Home Share View 9
- 1t b ThisPC » Windows8_05(C:) » Program Files (x86) » HBV-light » ChileRioGrande » v & Search ChileRioGrande 2
4 Program Files (x86) ~ MName Date modified Type Size
Adobe .
Data File folder
ArcGIS .
Results File folder
AVG . ) )
G | MCstd_snowdistr XML Document G KB
isco
| MCstd_snowdistr_constr XML Document 6 KB

Common Files

CyberLink

ESRI

FilZip

Google

4 HEBV-light
ChileHBY
> ChileRioGrande

HEV3_ex_data
HBV-land

Help
Mong Son
SARB290_scenariol
SARB290_scenariod
SARB290_scenario3
Sarapiquif2%0_lumped
Thanh My

HEC

Intel

Internet Explorer

Java

Lenovo

LibreOffice 4

Lidar Tools

4 items
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-Requisitos y formato de datos de entrada:

| [ = | Data
Home Share View
:(-:I * 1 b This PC » Windows8_05(C) » Program Files (x86) » HBV-light » ChileRioGrande » Data
Privat ) MName : Date modified Type
Program Files b )
. | batch Text Document
Program Files (x86) )
Adobe || Clarea XML Document
ArcGlS | EvaP Text Document
A:G || Parameter XML Document
Cieco | ptg Text Document
X | Simulation AML Document
Common Files
CyberLink o
E;rRl E ptq - Notepad = B
FilZip File Edit Format View Help
Google Las Ramadas &
HBV-light Day P (mm/day) Tmean  Q (mm/day)
ChileHBY 196808614 8 12.7 B.165176471
ren 19680615 e 13.85  0.190588235
ChileRioGrande 19680616 38 1.2 ©.193764706
Data 19680617 8 2.25 8.247764706
Results 19680618 8 6 B.244588235
HBV3_ex_data 196808619 8 18.75 8.228785882
HEV-land 19680620 8 13.55 @.2287085882
Hel 196808621 8 16.85 ©.231882353
&P 19680622 ) 17.95  ©.235058824
Nong Son 19680623 ) 18.85  8.233470588
SARB290_scenariol 196868624 8 17.45 8.219176471
SAR8290_scenariod 19680625 3.5 12.8 B.225529412
SARB290_scenariod 19680626 8 15 8.244588235
SarapiquiB290_lumped 196808627 8 19.85 8.238235294
Thanh M - 19680628 8 22.35  8.217588235
anh Wy 19680629 ) 17.8  ©.228705882
HEC 19680630 e 16.55  8.214411765
Intel 19688781 8 16.3 B.222352941
Internet Explorer 196808762 8 17.85 8.217588235
_ . v 196808783 8 18.4 B.206478588
6 items 196808784 8 17.5 B.204882353

Size

10KB
1 KB
1 KB
2KB
469 KB
2KB

v G Search Data

= EVAP - Notepad = =

File Edit Format View Help

Limari_pot_evap
232
213,19
231,5
222,8
192,80
184,5
172,5
193,7
195,6
229,2
237,9
235,5
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-Superficie grafica del programa:

HBV-light
File  Settings Results Tools  Help
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® PO Soil+E=Q GW-Q  gupcatchment:

i
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S8~ 1
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ﬁ
[
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ol HBV-light - g
File  Settings Results Tools Help
Catchment: ChileRioGrande
Snow Routine From: 01-05-1571 Previous Plot Same min/max for each perind
Veq. zone 1 To: 30041972 Next ® PTG (0 Sol+E+Q (0 GW+Q g pcatohment: SubCatchment 1 Resst
l O
CFMAX O
SECF O General Settings Hfficiency for specfied season Model Structure
- 0 Save resuits Compute efficiency forthe s2ason @) Standard version
[[] Save distributed simulations between .. ) Only snow routine distrbuted
CWH O M
() Distributed SUZ-box-calculations
Soil Moisture Routine Defauit no. of steps for plot: IEI ~and... () Three GW boxes
i ,
Veq. zone 1 Eficiency based on intervals of n imesteps (") Three GW-boxes, STZ distributed
FC |:| Compute efficiency based on intervals Efficiency based on weighted G D Three GW-baoxes, STZ and SUZ distibuted
P O of ntime steps: [ Compute efficiency based on () Different response function (delay)
weighted Q ) One GW-box
BETA O
[] Use UZL and KDin SUZ-bax
Re Routi
sponse Rouling - ® Basic Mode!
69.3
PERC O Use Aspecis
Apha 0 ) Include Glacier
K1 g Simulation Period
K2 [l Efficiency for peak flows Start of warming-up period | 14-Jun-1968 B~
Compute efficiency for peak flows
Routing Routine Start of simulation peiod | 01-May-1971 E-
MAXBAS O Endof smusonperiod  [30-Apr2013 [~
‘ Load parameters ‘ ‘ Save parameters | | Fun
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u HBV-light - O
File  Settings Results Tools Help
Catchment: ChileRioGrande
Snow Routine From: 01-05-1571 Previous | [ Plot Same min/max for each period
Veg. zone 1 To: 20041972 New | @ PTQ (O SoieEQ (O GWSQ | g pCatchment: SubCatchment 1 Reset

noops 0
cw 5|0
N =

Catchment properties Lake properties Sum areas

crR s |0 -
Number of elevation zones |2 Blevation Sum areas

CwH 0 _ Subcatchment 1|0 o Subcatchment 1 1
Number of vegetation zones |1

Soil Moisturs Routine o ) Catchment Elevations and Areas

Veg. zone 1 Height increment variables e Subcaich, 1

FC O PCALT U elevation jn] ~ Ved.zone 1

P O TCALT [ Elevation zone 1 | |D.DD42

BETA O Bev.of P 1215 O Blevation zone 2 | |D.0595

Response Routing Blev.of T |1215 O Elevation zone 3 | |D.1 165

PERC [l Elevation zone 4 | |D.1365

Alpha [ Hlevation zone 5 | |D.6329

« g0

o Wm0

Routing Routine

s 0

‘ Load parameters ‘ ‘Sa\re parameters ‘ ‘_‘
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( HBV-light - a
File  Settings Results Tools Help
Catchment: ChileRioGrande E D] :]
Snow Routine Fom: 01051371 [ | Previous lf'lot ) ) [ Same min/max for each period Efficiency of the madel: 0.3530
Veg. zone 1 To: 30041572 [ | Ned @ FTQ ) Sol+E«Q ) GWAA g cochment; |SubCatchment 1 v| | Reset Mean dfference [mm/year]: 44
T 0.85 |:| 25— — Mezsured tempersturz [°0] = Qdiff [mm] . —25
_ M A W | B L
CEMAX 791 0 20 (qllm NI 4 |"| I f"'-.».r\ o | “ ll.lw_l..lw.m.\ ﬁhwu'“"-g'r\'\.".;'\'\uu”.‘ fﬂ'\L\\'} W \,V,U\,/' \ "I,leJUn'l MM . 20
I Ffd / [, w, L I (=
SFCF 081 O 57 'Jll‘J \[ I'**'I'| A |/ | M, [||| \| " rm‘./"I WY b |r "
- W) LA | 10
CFR 005 0 - | | ;
CWH 0.21 O
0
Soil Moisture Routine 25— I 1=zsured pracipitation [mm) = Simulzted snow [mm] —50
Veg. zone 1 20 |r"'. J '—'Il 40
FC 435 [l 15 lJ'J | \ L3p
| " '| | 20
LP 06 O 10 |,II e 20
BETA 123 O 5 | | | | | 10
0 | ) I | 0
Response Routine
= Ohbserved dischargs [mm/day] = Simulzted dischargs [mmiday]
PERC 693 O 0.35—
Hpha 0.35 O 03
K1 0.047 O
0.25+
K2 0.0086 O
0.2
Rotting Routing
0.15
MAXBAS 248 O
0.1+
Load parameters | | Sgf¥ parameters
05+
0 T T T
01-05-1971 0908197 17-11-1971 25-02-1972




Modelacién Hidroldgica con HBVlight

- Modelo conceptual, semi-distribuido
- Estudio de caso: sub-cuenca Rio Grande, Limari

1. Aplicaciéon del modelo basico con datos limitados
2. Calibracion automatica del modelo
3. Evaluacion inicial de las incertidumbres de los resultados

- Calibracion manual del modelo ajustando los parametros
- Evaluacion visual y con la ayuda de los criterios estadisticos NSE y
INNSE



Modelacién Hidroldgica con HBVlight

- Modelo conceptual, semi-distribuido
- Estudio de caso: sub-cuenca Rio Grande, Limari

1. Aplicacion del modelo basico con datos limitados
2. Calibracion automatica del modelo
3. Evaluacion inicial de las incertidumbres de los resultados

- Calibracion automatica (Monte Carlo) del modelo usando intervalos
de parametros
- Evaluacion con la ayuda de los criterios estadisticos NSE y INNSE
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| i a
a HBV-light g Monte Carlo Runs = B
File  Settings Results Tools Help "
Monte Carlo Settings Vegetation zone parameters D] :]
Catchment: ChileRioG - -
Number of model runs: 100000 Farmeter Lower Limit Upper Lim.
Snow Routine Fom: 01051971 [I' | Previous | = Flot ) i 2 2
Veg. zone 1 Tor 0041972 [ Nex | @ P OB OawsQ Save alluns . .
(L) Save only f obj. function » 06 CRMAX
0.85 25 = Measured temperature [*C] Lor
m . T @® Save 100runs with highest obi. SFCF 0 1
CFMAX  |751 O 20+ | | 1A, |‘\ function value -20
154 | I||'|||'q| / I|,| T f . |I| |Il iy | | CFR 0.05 0.05 15
SFCF 0.81 O - [ \I| 'n|lI A ' 11 / || || Ll ['|| | II .'*1' \ Objective function:
oy WAL WY Cw o o 10
CFR 005 O V |r\| i Y| | e =
- Obj. Function Weight c
. HI FC 1 500
CWH 0.21 [l 0 Reff v|05 "
b | LogRef Hos P Lp 06 08
Soil Maisture Routine 25 — I Messurad precipitation [mm] 1 - ]
L BETA
Veg. zone 1 20— ||' i —'Il L4
FC 4315 O 15 lJ|'J | . Catchment parameters -30
Lp 06 O 10— b—.l I|I ‘_| Parameter Lower Limit Upper Limit L0
BETA 13 0 5 ” | lll || | PERC 0 10 Lo
0 | e 1l Alpha 0 1 -0
Response Routine
= Ohbsemved discharge [mmiday] K1 0.01 05
PERC 69.3 O 0.35— e [ Gaussian random numbers
K2 5E-05 0.1
0.35
Apha . 0.3 Mult Peiod s 1 .
K1 0.047 O [] Divide simulation period into muttiple parts
0.254
PCALT 0 5
K2 0.0036 m oo |
0.24 TCALT 06 06
Routing Routi
e mee 015 Hev.ofP  [1215 1215
MAXBAS 248 O ’
014 Blev.of T 1215 1215
Load parameters | | Save parameters Run
0.054
Progress
0 . Done so far; 0
01-05-1971 0%-08-1971
__ Fstimated endtime:
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E Multi - Notepad - g
File Edit Feormat View Help

Mo PERC Alpha K1 K2 MAXBAS PCALT  TCALT Pelev Telev TT_1 CFMAX_1 SFCF_1 CFR.1  CWH 1 FCA2 LP_1 BETA 1 contr_Q2 contr_Q ~
44 89.6362559919414 8.883149596808082 8.424619915133631 8.0652086342884268 4.238835208496955 32.3049641252984 8.6 1378
212 153.869389221756 8.986223523501663 0.493786813609203 8.8565463155241899 8.76843823248914 44.,0193846449346 8.6 1370
297 392.610753192851 8.228139993840894 0.191277258489876 8.8989353982263266 1.84554897@55288 29.7873936112911 8.6 1378
685 47.4572428462362 8.512237292621623 8.113186374638782 8.8670913365321659 2.91895928852819 21.5776266881154 8.6 1378
1111 242.726595137607 8.93110362623404 0.120499859559582 8.8019426760677447 8.7240830895137516 33.88498085066758 8.6 1370
1354 431.683289333919 8.673820775781675 0.221825587466278 8.819780547323162 1.55269576355475 16.18311@791232 8.6 1370 1378
1566 428.589466704218 8.0769597437882524 8.153312283686176 8.08525827355378227 9.18659926888746 42.72810294513284 8.6 1378
1758 205.604212541415 8.195151466501482 0.41555384487638 8.083166083614450713 1.56520810023751 16.65884590865346 8.6 1370
1786 461.849770422489 8.88348517188%646 0.8763418105413866 8.8177614384175564 1.87746300402911 2.21416376028869 8.6 1378
1982 138.935117521759 8.177418997593885 8.3424530896483004 8.8552846988452527 6.66366918788462 25.8956669352463 8.6 1378
2597 265.591142575066 8.958013689125894 0.487106648072184 8.08418306420342208 4.086806883498471 38.5617386468508 8.6 1370
2664 329.741204730115 8.180902969995934 0.419806060520842 0.08282326430209133 4.9938757186727 28.3679103927537 0.6 1370 1370
2926 248.558058797581 8.645678525625578 8.11658@346523123 8.0801563837326822 7.268305553330825 49.6179188343171 8.6 1378
3512 43.5872345029317 8.8083895740678485 0.4430867197982719 8.8318581175126406 8.98392833815139 17.8875092805771 8.6 1370
3869 287.311729552369 8.644318480810299 0.426683197518198 8.8398988359618461 9.54994518801102 21.4348186200647 0.6 1370
4813 154.81586716917 ©.349368019274375 @.486643318113239 8.88514617192123629 1.23153774963298 4.98519897786211 8.6 1378 1378
4672 327.65418796784 ©.374201249505487 8.8913423729181953 0.0524110682792082 5.82451800248796 32.642829855272 ©.6 1370 1370 1.78371
4139 207.406188573877 8.565157234931904 0.374152701741156 8.08193267989038937 5.22704289771013 20.5499899841612 0.6 1370
4242 286.756085161472 8.590873242165369 8.427176123474341 8.0124868199349681 §.15654@852948967 18.8420621616962 8.6 1378
4549 282.886667025223 8.795134871165293 0.232660547235357 8.8373156545183229 3.844130889409663 44.,652038322073 8.6 1370 1378
4617 478.488605174929 8.372714821416714 0.157381846936132 8.8879339870954091 3.3205265036414 20.3862978431332 0.6 1370 1370
5177 182.765564584902 8.498142952331488 8.146881728986595 8.8805978475572531 2.59869655068002 3.332790834650549 8.6 1370
5587 258.106746316937 8.974896890559147 0.121716143512966 8.08481034339293388 4.25451984588579 28.8370284651579 8.6 1378
5885 274,372628407726 8.657450405721297 0.837192141342532 0.08658348543247452 1.27018710331534 11.7429525841693 0.6 1370
6263 234.7962831486 0.2614447148421 ©.155488141884485 0.829239291512937 1.52295925823209 31.7318051283473 8.6 1378 1378 0.46602
6856 187.599430463556 8.493965187805689 0.324611571442621 8.8137662787878729 7.14641040477269 26.8646935568492 8.6 1378
6921 216.287799083296 0.668418829174907 0.113198470600507 0.0021670667135469 6.3613229349@755 24.,9348575221071 8.6 1370
6950 387.586877973092 8.8762217096487999 0.186120279648397 0.088400578401564 5.28890211847094 4.85316447767111 8.6 1378
6975 134.410611253423 8.244804325627538 0.08330736363646917 8.8428818449982357 2.111708681757466 17.87485942635917 8.6 1378
7106 455,912462415133 8.930180647843601 0.498994616618843 0.08485487342354603 8.99157648114095 15.5325437153375 8.6 1370
8276 466.510491938182 8.859296686416164 0.0472811983792439 8.8767047085382532 8.28309783771778 11.5671496501839 8.6 1378
8397 362.997372188976 8.597976983709572 8.85683234892805682 8.08762176178285934 4.83771671887381 38.837218851639 8.6 1378
8404 41.2499643723713 8.238206389936715 0.284848874832899 8.8768277180312796 8.51966136811285 27.5723465637175 8.6 1370
8551 77.7604500029304 8.196278296@836775 0.430346024309566 0.00148898826483124 9.8544081501293438 2.8@1693590826556 8.6 1378
86683 321.863532688675 8.24574883945554 8.215484115930965 8.8579779669627867 5.96434936624223 14.6393539843333 8.6 1378



Modelacién Hidroldgica con HBVlight

- Modelo conceptual, semi-distribuido
- Estudio de caso: sub-cuenca Rio Grande, Limari

1. Aplicacion del modelo basico con datos limitados
2. Calibracion automatica del modelo
3. Evaluacion inicial de las incertidumbres de los resultados

- Renombrar el archivo “multi.txt” en “batch.txt” y copiarlo a la carpeta
“data”

- Aplicar un “batchrun”

- Evaluar la distribucion de los parametros comparado con el intervalo
inicial

- Usar todas las simulaciones aceptadas como indicador de
incertidumbre en forma de bandas
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o HBV-light - 0
g i Batch Runs = B
File  Settings Results  Tools  Help
Input file
Catchment: ChileRioGrande
(® Monte Carlo file format (_) GAP file format |: :|
Snow Routine Fom: 01051571 [ | Previous Plot [T Same min/maxfore
Veg. zone 1 To: 30041972 [ | Nex ® PTG () Sol+E=Q L) GW=Q g pcpehment: |SubCal Save Optons
Save Gsim in batch resutt file(s) jone row per parameter set)
E_ = Measured temperature [*C ot [ [
i 0.85 O 2 Messuredtempertur= ] [7] Save Qsim in separate fils(s) {one column per parameter sst) \ 5
! a0\ |
CFMAX  |791 O 20+ m'| '\-'||| [ I 'II‘H'JI‘\ 1 | \ _."I Save groundwater storage statistics ll'ilflill\ll Vx| 20
s [ ! il P Y l istributi s
SFCF 0.81 O 1 [ I \'| I|IJ 'J"||f| N l 1/ || II LN'L_\\M [|| II'J ||I | |'\II H' \'.I ANf ! Save frequency distributions ||. 15
s o / (-
CFR 005 O oy I || ."} |1l Wl | | Save peaks L‘ 10
5 I [ Save output files with headerine —5
CWH 0.21 O _
0 [7] Create Parameteram files {one file per parameter sat) 0
Soil Moisture Foutine 25— | Maas:[e: precipitation [mm)] - Defirition of Seasons —50
Veg. zone 1 _ ™ L 4n
q 20 IJ| v II Day  Morth 0
FC 435 O 15 f | X —30
LP 06 0 10 n '| - —20
BETA 123 O 5 ” | '| || | Add Row —10
] I. I | L 0
Response Routine Dynamic dentffication
PERC £93 0 0.35— = Obsarved discharge [mm/dzy] = 2m |  [7] Compute statistics for dynamic identfication
Alpha 035 O 03 Window width |0 Mo of Classes |0 M\/—\/\
K1 0.047 O 05 Test Different Climate Series
K 00036 N [ "] Diferent precipitation series file P_series bd)
02 [ "] Different temperature series file T_series )
Routing Routine ["] Diferent evaporation series file EVAP_series bd)
0,15+
MAXBAS |248 O | Run all climate sefies combinations
0.1+ Progress
Load parameters | | Save parameters Run Done sofar: 0 Estimated endtime:
0.05— —
0+ T Load Settings Save Settings
01-05-1571 09-08-15971
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Calcular bandas que representan la incertidumbre del modelo:
- Importar las simulaciones a EXCEL y calcular los percentiles 5% y 95%
- Los percentiles de las simulaciones sirven para visualizar bandas.
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k= G
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1 4
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Estimar la identifiabilidad de los parametros del modelo:
- Importar los parametros a EXCEL y graficar contra un criterio
estadistico de eficiencia (p.e. NSE).

a)

CDF (-)

— dry 73-77
— et 83-86

oo 02 04 06 08B 10

0.00 0.02 0.04 0.06 0.08 0.10

K2 (1/days)

CDF (-)

e Ay 73-77
wet 83-86

00 02 04 06 08 1.0

0 200 400 600 800 1000

FC {mm)



