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IWBMIso

|AEA Water Balance Model with Isotopes

Simple monthly water balance model (Wolock
Temperature Precipitation and McCabe, 1999),
Monthly isotope-enabled water balance model
SPrecin (Fekete, et al., 2006),
Daily hydrologic model PRMS (Leavesley et al.
2005),
Isotope-enabled lake model (Hostetler and
Rain Benson, 1994).
Developed using the Object Modeling System
Storage 1 %lﬂla;: (OMS) modeling framework (David et al., 2010).
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Flow Components
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. . . Total stream discharge
rodirect = Prain x directfac
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Soil Moisture Fracﬁona'rion

Modelled as a drying water body from which water is removed onIy by evaporation
Vapour flux equations

v E-nra 3=(80—A/B)f B+ A/B
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Ae = 0-n.Ck. (1 h) et 14201

Ae?H%; = 12.6 (1 —h)
Ck = ((D/Di)*n - 1).1000
(Ck=Kinetic constant: 25.1 and 28.5 for O &D)

1.2 08
Residual fraction, f

Gonfiantini & Fontes, 1963

n = 1 for stagnant, and
n =%, for fully turbulent wind

r“w Yy | Water = (C2/T2 + CL/T +C0) conditions
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IWBMIso Lake Parameters

temp_adjust
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hamon_c
lake elev_init

lake elev_outflow
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IWBMIso Model Components

Developed in the Object Modeling System (OMS) Framework on Java

StationUpdater Reads parameter and data files.

Obslso Estimates and assigns climate

variables to HRU .
Climate

Calculates water & isotope balances
for each HRU.

WbSubbasinlso

_ Computes water & isotope balances for

WbSummarylso
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Model Components and Basic Information Flow
Model Monthly Input Data File Generation

Remotely Sensed and

Atmospheric Model Data

CRU: P, T, RH, WET

MODIS: NDVI, LAI, VCF

A ORSTe]]

Global Precip. Isotope

WATERISOTOPES.ORG
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g Measurements

Streamflow

*Discharge
*Diversions

Meteorological

*Temperature
*Precipitation
*R Humidity

Water Bodies / Wetlands

*Surface Elevations
«Temperature
|sotopes
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*River and Tribs
*GW Wells
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IWBMIso Code Snippet

P oms3.pri.wbm - NetBeans IDE 7.4

File Edit View ource Debug Profle Team Tools Window Help

rh =
tmn k =
egfac_c2;
egfac_cl;
eqfac_c0;
D;
hru iso;
5] whm_blue.luca — iso_air;
[&] whmiakeiso_blue

_blu 1

im_graph_

\_'aanur;.u
=] bt

alpha = Math.exp( teqfac_cz/ (tmn_k*tmn k)) + (quac_cl/trm_k] + egfac c0);
teta = 1.0;
n = 0.5;
= teta* (Math.pow(D,n)
(1-rh) *Ck:
= (alpha-1);

1):

hru iso/alpha - (1-1/alpha)*1000.;

= (rh*iso_air/1ll +ek+ (eefalpha) )/ (1-rhtek) ;

({rh-ek- (ee/alpha) )/ (1-rh+ek) ;
- {(&/B)*Math.pow(f, B) + A/B)*10
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Case Study 1

Upper Blue Nile Basin, Ethiopia

16 Subbasins

438 HRUs

Catch. 174,800 km?
Lake: 3280 km?

A Discharge Stations HRU Topography
@ Rain Stations [ ]HRU Value
. _ High : 5866
@ Major towns [ ] LakeTana k
4 grdc stations L ow: 428
" linternational Boundal
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Selected Model Calibration and Evaluation Results

Flow at Jemma (m3/s)

Observed NSE Calibration NSE Evaluation
Simulated (Period) (Period)
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Selected Model Calibration and Evaluation Results

Lake Tana

Lake Tana Surface Elevation (m)

Lake Tana Outflow (m3/s)
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Selected Model Calibration and Evaluation Results
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Case Study 2

Lake Victoria, East Africa

11 Subbasins

368 HRUS

Catch.: 252,000 km?
Lake: 68,800 km?
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Selected Model Calibration and Evaluation Results

Nzoia Rive, tributary to L. Victoria, Kenya

Flow at Nzoia (m3/s)

Nzoia dO18 (permil)

Nzoia dH2 (permil)
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Selected Model Calibration and Evaluation Results

Lake Victoria

Lake Surface Elevation (m)

Lake Victoria Outflow (m3/s)
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Selected Model Calibration and Evaluation Results

Lake Victoria

Lake Victoria d018 (permil)

Lake Victoria dH2 (permil)
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Parana River @ Corrientes, Argentina
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&« C M [ wwwjavaforge.com/project/oms

E=' Apps AS Popular Python reci...

MOdel Deployment @CodeBeamer

Login Projects v

OMS3

OMS Console

D Dsta analysis in Pyt.. [ Packages in "GRASS... 9 PRMS-OMS weo Python Extension Pa...

Intland'’s free requirements, development and test management hosti
This server hosts 100.000+ users on the cloud!

Documents v | Trackers v Reports v Baselines v

Wiki  #36439 0

£ more ¥

=10l ]

Eg x ‘ Project: Ioms&prj.wbm - D:\oms

D wbmlalaeim_Tana.simI D wbm_Tana.IumI D wbm_blue.luca I D whmlakeiso_blueNile2.sim I D wbm_NBeR.AMS.IUG:I

=10

ct Modeling System (OMS)

e to the Object Modeling System (OMS). a pure Java. ohject-criented medeling fram

Blam BB Do BB 2oH

uctien and medel application based on components. This is a collaberative project activy
tureb and partner agencies and crganizations invelved with agro-envirenmental modeling

parameter
gwflow coef({lower:0.005, upper:0.50, calib strategy:MEAN, filter param:"hru subbasin", subset:"3,7,
ssflow_coef(lower:0.005, upper:0.50, calib strategy:MERN, filter param:"hru subbasin", subset:"53,7
s0il2gw max(lower:5.0, upper:25.0, calib strategy:MERN, filter param:"hru subbasin", subset:"5,7,11,
//gvDirect coef (lover:0.0001, upper:0.025, calib strategqy:MEAN, filter param:"hru subbasin”,subset:

2 aam

hamon c(lower:0.8, upper:1.2, calib strategy:MEAN, subset_col:"53,7, 2", subset row:"0-*")

12")
1,12")
1om

1z2™)
"5.7,8

drdsdy

directfac{lower:0.0, upper:0.50, calib strategy:MEAN, filter param: =ubbasin", subset:"5,7,11,12")

ppt_adjust(lower:0.8, upper:1.2, calib strategy:MEAN, subset col:"5,7,11,12", subset row:"6-9")

am

objfunc (method:N5, timestep:MONTHLY MEAN, period range:"1-12",invalidDataValue:"-3353")
sim(file:"out.csv", table:"Blue luca", column:"lakesurf elev[0]")

oba(file:"out.cav", table:"Blue luca", column:"cbs[13]")

erable and lightweight modeling framewerk for component-based model and simulation d

¥
oms-3.2-console.zip nEw]

Unzip this file, start the OMS3 Console. [t will install everything you
need. It contains the OMS Console, the core framework, all OMS
binaries for development and runtime, and the scurces)

See Installation instructions

Version 3.2 Release Notes [

354: 0.715517672581707 [0.7155851144084728/0.7152734212249652] c:1 d:0.0114091475638298745

Optimization terminated, OF walue has not changed 0.01% in 5 shuffling loops.

Final parameter estimates: 0.4912270066617432 0.46034101667710237 0.06135267649270177 1.163666820208614 0.8979181063534818
Final OF walue: 0.715619764559789
Final parameter file: 'D:‘\oms‘oms3.pr].wbm\cutput\Blue_ luca‘cut\params-r2si.csv'

DONE. (856.28 seconds)

MS3 framewerk geal is to provide features to the medeler to make easy to create, inter-
ened models that take full advantage of contemperary computing. management, and inf|

ion\blueNile \wbmlakeiso_blueNile2.sim' saved. http:/foms.javaforge. com
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eRAMS Implementation of IWBMIso

€« C | [} localhost:8081/map/#

Water Balance Modeling with IWNBMiso
{version 1.0} Home My Account My Groups Resource Center dagnachewl | BlueNile | Help | Sign Out

| =

2 K "I"L\ QAR a LYY # BlueNile_sc1 a

WBMiso Tools
MODIS Download to: -

LE=T Manage Scenarios
sannar

Modis Product| MOD13A3.005 ! Create/Edit Basin

“ad an Nail

ListofTiles  [n21v07,n21v08 =
. Bl Calibrate Model
Tadjourah Run Model & Analyse

Jjibowt

From 2000-01-01 |To [2012-12-21

Download Process Clear MODIS Data Cache ““Q?Ejﬁ“
[VF

Downloaded files

MOD13A3.A2005001.h21v07.005.2007355100315.0 3 Gndsize:po__]
MOD13A3.A2005001.h21v08.005.2007355100541 1 TooLat
MOD13A3.A2005032.n21v07.005.2007365125402.
MOD13A3.A2005032.n21vD8.005.2007365130242.¢ Leftlong RigntLong
MOD13A3.A2005060.h21v07.005.2008015002011.¢
MOD13A3.A2005060.h21v08.005.2008015002044.t Bottom Lat y e
MOD13A3.A2005081.h21v07.005.2008025110839.¢ Mttt s
MOD13A3.A2005091.h21vD8.005.2008025111702.4 Generate Clear SRTM Data Cache
MOD13A3.A2005121.n21v07.005.2008039142334 ¢ Hargeysa
MOD13A3.A2005121.n21vD8.005.2008039092259.

MOD13A3.A2005152.21v07.005.2008050200734.1 Y
MOD13A3.A2005152.h21vD8.005.2008050201513. : i 2 :
MOD13A3.A2005182.n21v07.005.2008058164908.¢ Jgre Delineate Watershed

MOD13A3.A2005182.h21v08.005.2008058165437.F
MAM4247 A20NR242 h24unT NNR 2NNRNAGE 84227 F

Processed files

~ Options & Settings
Edit Parameters

scalar  hamon_c | nhru | nlake  nmonths  nsub  pptadjust | temp_adjust DEM: niledem_90m1_clipped tif

Edit Parameters Store results in folder: BlueNile/ New Folder
Calculate Siream Network
nruarea | muelev ¢ | nntat &/ e ton nru_subbasin ¢ | whe ¢ cou Awassa

281508 1857.0 2 21502, 7.2307099601281 | 6

118558 18220 71327 783188434854 Fill sinks

322735 1832.0 12.2449120084131 | 37.5642407548572 Regional DEM
1842 1884.0 11283878 7 a553508882007 Compute flow direction
524025 1807.0 12.2073813745168 7.5505112608577 Regional DEM: niledem 90m1.tif
8774.06 1441.0 0.14110700424420 3226325083004 COI"I‘IDUI& ﬂOW accul"l‘lulaliol"l
143482 19350 12.3753155117884 | 37.0708168947275
123485 11000 9.67426744730674 | 35.9177024991457 ; .
. . . Grid Analysis
155028 | 20880 921894112558008 | 37 5474064352055 1t ACIs: niledem_S0m1_clipped.tif Y Delkte AOI Y
130805 1570.0 9.100080555057 16 34 5525452136207
. Stream Network - Peuker-Douglas
Showing 1 to 10 of 847 entries show[10 ¥ |entries
T Create Work Directory Outlets

Weighted Flow Accumulation Area

o Ty

Water HRUY mhooses v SUbDESIN o oses Stream Network - Drop Analysis
ReSO urces Create HRUS using Watershed Taols
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eRAMS Implementation of IWBMIso

 HRU & Sub basin Delineation

« Data Downloading tools

» Global data pre-processing tools
« Simulation and Calibration
» Plotting and Comparison

« Map Generation

* Online and Offline versions |t

~ Project Layers

(= Spatial Layers
- W Test_IsoData_Kassa.csv

@ Test_lsoData_Kassacsv

- Wibluenile_hrut

/V bluenile_hrul

=- Wbluenile_hru1_summary_hru
12_do18_gw6
N -165--1318
B -1318 - -0.986
-0.986 - -0.654
-0.654 - -0.322
B -0322-001
B 001-0342
§0342-0674
B 0674 - 1006
I 1006 - 1338
W 1338 - 167

& [ Ibluenile_hru1 tif

BN bluenile_hruluif

Y LakeTana.shp

. Outlets
nila AamBENNt +f
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Conclusions

IWBMIso:

Provides a quick and easy method for regional to global water balance
assessment, especially in data scarce areas

Water stable isotopes used to constrain model calibration and to better
estimate water balance components

Freely available, well-integrated with globally available free datasets
Cross-platform: Windows, OSX, Linux, smart phone, Browser

Modular and dynamic
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How to Get a copy

IWBMIso can be obtained via

* http://www-naweb.laea.org/napc/in

* Contact: D.Belachew@iaea.org
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