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Introduction

The following manual has been prepared with the idea of facilitating the learning process in the
use of the Hydro-BID model and the Analytical Hydrographic Database for Latin America and the
Caribbean (LAC-AHD). The instructions below are supported by the material distributed in Hydro-
BID’s installation package and that is based on the simplified case study of Una River basin in
the state of Pernambuco, Brazil.

By following the instructions you should be able to understand how to set up a simulation in Hydro-
BID, how to proceed for the interpolation of climate data, how to calibrate the model and how to
visualize the results obtained.

The technical information relating to the model and the LAC-AHD database can be obtained by
downloading the technical notes from our website www.hydrobidlac.org.

The necessary support material for the development of the processes described in this guide are
available through the following link: https://code.iadb.org/en/repository/12/hydro-bid

Links to Technical Notes:

e Hydro-BID: An Integrated System for Modeling impacts of Climate Change on Water
Resources

e Analytical Hydrology Dataset for LAC (Spanish)

e Hydro-BID: New Functionalities (Reservoir, Sediment and Groundwater Simulation
Modules



file:///C:/Users/PCOLI/AppData/Roaming/Microsoft/Word/www.hydrobidlac.org
https://publications.iadb.org/handle/11319/6776
https://publications.iadb.org/handle/11319/6776
https://publications.iadb.org/handle/11319/6749
https://publications.iadb.org/handle/11319/7957
https://publications.iadb.org/handle/11319/7957

1. How to Install the Software of Support for Hydro-BID?

In this chapter you will find a tutorial of how to install QGIS, SQLite and Java software.

How to Install QGIS?

1. Go to: https://qgis.org/en/site/forusers/download.html

2. Click on the operating system that you use on your computer

Download QGIS for your platform

e = 15.12.201

Download for Windows. <
Downdoad for Mac OS X <
Downioad for Linux <
Dawnload fer BSD <
Download for Android <

3. Under "Long term release repository (most stable):", select "QGIS Standalone installer
version 2.18" of 32 bit or 64 bit depending on your operating system (version 3.2 is still not
recommended).

Download for Windows v

/
s / QGIS Standstons Installer Versies 2.10 {32 b
i Y
mas
/
& ) QGLS SLandscos InMater Yersce 2,10 {66 bi)
~

Lotg term reledse (e for conporate users):

i z GGHS Standaices INMINer Versics 2,18 {32 bi)

ry ’z BG5S Standaione installer Yersicn 2.14 (64 bit)

mds


https://qgis.org/en/site/forusers/download.html

4. Click on "RUN" in the message that appears

£330 A 0 11 01 400 QRS OB GOOIN- 1A K Setag- e, e (X0 MM 130 it el

T pe o He Ceu oW OO

If a warning message appears, click "Run" again

w The publsher of QGIS-05Gecd W-2,162-1-Setup-d5_64.oe conddn't be verified, Are you sure you want to run the program? ‘ -
Learn mers Run View downloads

5. In the Setup window of QGIS, click on "Next"

-

,,'»5 QGIS ‘Las Palmas' (2.18.2) Setup = | —

N

Welcome to the QGIS 'Las Palmas’
(2.18.2) Setup Wizard

This wizard will guide you through the installation of QGIS
'Las Palmas’ (2.18.2),

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue,

e

6. Click on "I Agree" to accept the license agreement

. i )
£ QGIS 'Las Palmas’ (2.18.2) Setup ==

License Agreement g
Please review the license terms before instaling QGIS 'Las Palmas' (2.18.2). B

Press Page Down to see the rest of the agreement.

License overview:
1. QGIS @
2. MrSID Raster Plugin for GDAL

3. SZIP compression library

4. Oradle Instant Client

5. ECW Raster Plugin for GDAL

1. License of '"QGIS'

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install QGIS 'Las Palmas' (2.18.2).

Mullsoft Install System 2,50

<Back || 1agree | [ cancel




7. Click on "Browse" if you want to change the destination folder where the QGIS program will
be installed. Then click on "Next"

7
,'%r QGIS "Las Palmas' (2.18.2) Setup

Choose Install Location g
Choose the folder in which to install QGIS 'Las Palmas' (2. 18.2). <

Setup will install QGIS 'Las Palmas’ (2.18.2) in the following folder. To install in a different
folder, dick Browse and select anather folder. Click Next to continue.

Destination Folder

C:\Program Files\QGIS 2, 18]

Space reguired: 1.5G8
Space available: 190,568

Mullsoft Install System w250

< Back ” MNext > ][ Cancel

8. In the Choose Components window, click on "Install”

.
,'%r QGIS "Las Palmas' (2.18.2) Setup

Choose Components
£

Choose which features of QGIS 'Las Palmas' (2. 18.2) you want to install.

Check the components you want to install and unchedk the components you don't want to
install. Click Instzll to start the installation.

. Description
Select components to install: 5
= N Position your mouse

[Inorth Carolina Data Set over a component ko
[ south Dakota (Spearfish) see its description,
[[] Alaska Data Set

Space reguired: 1.5G8

'l i r

Mullsoft Install System w250

[ < Back ][ Install ] [ Cancel




9. The installation of QGIS will start automatically

F —
.,'i QGIS ‘Las Palmas’ (2.18.2) Setup = b S|
Installing g

Pleaze wait while QGIS 'Las Palmas' (2.18.2) is being installed. v

Extract: PpmImagePlugin.py
-

Extract: PcfFontFile.pyc -
Extract: PoxImagePlugin.py

Extract: PexImagePlugin.pyc

Extract: PdfImageFlugin.py

Extract: PdfImagePlugin. pyc

Extract: PixarImagePlugin.py

Extract: PixarImagePlugin.pyc

Extract: PngImagePlugin.py

Extract: PngImagePlugin.pyc |j
Extract: PpmImagePlugin.py i

Mullsaft Install System w250

< Back Next > Cancel

10. To complete the installation, click on "Finish"

- 5
Z QGIS 'Las Palmas' (2.18.2) Setup [ =

X
o ‘»/ " Completing the QGIS 'Las Palmas’
# (2.18.2) Setup Wizard

QGIS 'Las Palmas' (2. 18.2) has been installed on your
computer.

Click Finish to dlose this wizard.

< Back Cancel

11. How to Install the OpenLayer Plugin:

a. Start QGIS by going to the Start menu and typing "QGIS" in the search bar. Click on the icon
"QGIS Desktop 2.18.2"

QGIS
Desktop

1The version of QGIS may vary, this will not affect the operation of the AHDTool



b. Within QGIS, select "Plugins" and then click on “Manage and Install Plugins"

h_lr:ﬁ
@ e-EH-E-ERNEL =~ n
-
@
- Pow o
“heYi-S20
{ coewaw Q smeimonre vl @ ety o 4 wmen oe S Maes Qmxan @
c. In the Search bar, type "Openlayer"? and click on "Install Plugin”
'/ Moy | W47 ._“.n
o

OpenlLayers Plugin
Google Maps, Bing Maps, OpeaStrestMap layers and more
* 13 raprg votols). 1100722 domnicass

Tage: P20, Lpariansars, bing, oTanmen, map Quest o
Noe ofo: Dgenone  tug taaks:  coos sepiclvey

AU Bourcapoia

Aunbabie verson] 14,1 (0 G6LS OMod Fhuge Reosertony)

2 Openlayers do not support printing, if you want to use the QGIS Print Composer you need to install the QuickMapServices

Plugin.



How to Install SQLite Data Browser?

1. Go to: http://salitebrowser.org/

2. Click on the operating system that you use on your computer

DB Browser
For s@Lite

The Official home of the DB Browser for
SQLite

News

2016-12-17 - The v3.9.1 binary for OSX has been rebuilt using Qt 5.7.1, to fix an important colour

display problem on macOS Sierra.

2016-12-15 - An initial DBHub.io server is online, running our latest development code. Testing and

feedback is encouraged.

Note - The data on this server will probably be wiped/reset every few days.
2016-10-20 - PortableApp version of DB4S 3.9.1 now available. Thanks John! :)

Screenshot

‘alale] |1 5QLite Database Browser - /Users{jc/tmp/example.db

o New Database 2 Open Database 3 Write Changes & Revert Changes

| Database Structure [RIGTRICICH  Edit Pragmas | Execute SQL -

Table: | | total_members | [
list ‘month members

Fite [Fine |

1 gluster-board’ZOB-DQ-OS 99999

2 gluster-users | 2013-09-05 99999

<| 1-20f12 >

3. Click on "RUN" in the message that appears

| NewRecord | | Delete Record |

770 | F—

e o
, GitHub

Dowrioad 32 b

Windows exe

Dowrload Ga bit

Windows exe

Dowrload
D PortableApp

[) 5o e

Do youwant te run ec save DB.Browser.for SQLite-1.9.1-winfd exe (150 ME) from github- cloud s3.amazonaws.com’

W This type of file could harm your computer.

H

Cancol



http://sqlitebrowser.org/

4. In the Setup window, click on "Next"

" A OB Browse- for SQLite Setup O |

Welcome to DB Browser for SQLite
Setup

Satup wil gude you thraugh the instalation of DE Broveser
for SCLIte,

1tz recommended that you cose al other apphcators
before startng Setup, This wil make it possible to update
relevant system fles without having to reboot your
computer,

Chok Next to conbrus.

5. Click on "I Agree" to accept the license agreement

| - g Y
8 DB Browser for SQLite Setup [E1==) -
License Agreament
Pleaze review the beense terms before nstaling DB Browser for
SQLite.

Presg Page Down to see the rect of the agresment.

DE Browser for SQUite is bi-iomnsed under the Mozila Public Licenss
Yerson 2, as wel 25 the GNU Ganeral Publiz Licarss Yersion 3 or later.

You can modify of redstribute it under the condtions of these

foenges,

GNJ GENERAL PUELIC LICENSE
Yersion 3, 29 June 2007

[f you accept the terms of the agreement, ddI Agree to continue, You must accept the
sgre=meant to nstall D8 rovwee for SQLIbe.

< Back [ Agree || Cancel I




6. Click on "Browse" if you want to change the destination folder where the DB
Browser program for SQLite will be installed. Then click on "Next"

-
B 08 Browser for SQLits Setup

Choose Install Location
Chooge the folder nowhich to nstal DS Broaser for SQUt=,

Satup val nstall DB Browser for SQLits n the folowing folder. To nstal n a dfferent faldar,
cick Browse and selact another foider, Cick Next to contrue,

Destination Fokder

[0 Srovese, ., |

Spaca requirad: 11.6MB
Sp3ce avalable; 135,268

Nt Irstal System+3,0

7. In the window "Choose Smart Folder Menu", click on "Install"

rﬂ DB Browser for SQLite Setup o

(hoos= Start Menu Folder

Choose & Start Meru folder for the DB Browes for SOLite
sharbouts.

Select the Start Menu folder in which you would Wee to oeate the program's shortouts. You
can also enter a name to aeate 3 new folder,

= -
72

Accessones =
Admnistrative Took

CutePOF =

Doby

Games

avs

niper Netwarks

LAMNDESK Management

Lenovo

Lenova Thinkvantage Took X

| Do not craate shortauts

»

fadlsoft Irera] Systam 50




8. Once the installation is complete, click on "Finish"

-
f8 DB Browser for SQLite Setup

lepesal

Completing DB Browser for SQLite
Setup

08 Browser for SQUte has basn installed on your computer,

Qick Finigh to ciose Satup,

VIRun D8 Erowser for SQLite

12



How to Install Java Runtime Environment?

1. Go to: http://www.oracle.com/technetwork/java/javase/downloads/index.html

2. Click on the "Java Download" box. You will be installing the latest Java Platform available

Overview | Downloads | Documentation || Community || Technologies || Training

Java SE Downloads

= Java  NetBeans

Java Platform (JOK) 8u121 NetSeans with JOK 2

3. Click on “Accept License Agreement" to accept the license agreement

Java SE Development Kit 8u121
You must accept the Cracle Binary Code License Agreement for Java SE to download this
software.

O Accept License Agreement @® Decline License Agreement

4. From the Download column, select the operating system you use on your computer. If your
system is Windows and you installed the 32-bit version of QGIS, you should install the version for
“‘Windows x86".

Product / File Description File Size Download
Linux ARM 32 Hard Float ABI 77.86 MB  #jdk-8u121-linux-arm32-vip-hfit.tar.gz
Linux ARM 64 Hard Float ABI 74.83MB  #dk-8u121-linux-armB4-vip-hfit.tar.gz
Linux x88 18241 MB  #idk-8u121-linux-:538.rpm
Linux x88 177.13MB  8jdk-8u121-linux-+538.tar.gz
Linux x84 158.96 MB  #jdk-8u121-linux-x84.rom
Linux x64 17476 MB  8jdk-8u121-linux-x64.tar.gz
Mac OS X 22321 MB  #jdk-8u121-macosx-x34.dmg
Selans SPARC 64-bit 123984 MB #idk-8u121-sclans-sparcv@ tar Z
Solans SFARC 64-bit 99.07 MB  #jdk-8u121-solans-sparcv tar gz
Solans %54 14042 MB #)dk-8u121-solans-xG4 tarZ
Solaris %64 98.0MB #jdk-Su121-solans-xB4 targz
Windows x88 188.36 MB  #8dk-Su121-windows-538 exe
Windows x84 195.51 MB  #jdk-8u121-windows-x64.exe

5. Click on "RUN" in the message that appears

Do you want to run or save jdk-8u111-windows-x64.exe (194 ME) from download.oraclecom?

& This type of file could harm your computer Run I Save | v Cancel

13


http://www.oracle.com/technetwork/java/javase/downloads/index.html

6.

7.

In the Setup window, click on "Next"

Welcome to the Irstalation Wizard for Java SE Development Kit 8 Ubdate 111

Thiz wzard wil guide you thraugh the nstallation process for the Java SE Develbpment
Kt 8 Update 111,

The Java Megion Control profing and diagnostics tooks suite € now avallabie aspartof
the 10K,

[ Java S& Development Kit & Update 111 (64-0it) - Setup o

e —— W
[ tet> J| concel |

In the Custom Setup window, click on "Next"

| 1 Java SE Development Kit 8 Update 111 (64-bit) - Custom Setup

‘ Selact optional features to instal from the kst bebow, You can change vour chcice of features after
retalation by using the AddRemove Programs uliity in the Control Pane!

Feature Descnphion

Jova SE Development Kt 8
Undate 111 (§4-0it), nduding

the JavaFX SOK, a private RE,
and th= lava Misson Control

tools sute:, Thes wil require
1B0ME on your hard dnve,

l;sml to:

Ci\Pregram Rles\dava\dk 1.8.0_111\

14



8. Click on "Change" if you want to change the destination folder where the Java program will
be installed. Then, click on "Next"

Java Setup - Destination Folder pa|nEh

Destination Folder

Click "Change” to install Java to 3 different folder,

i

C\Program Files\Javarel 80 111

9. Click on “Close” to complete the installation process

[ Java SE Development Kit 8 Update 111 (64-bit) - Complete [

Jave SE Developrent Kt B Undate 111 (64-01t) Successfuly Installed

Chck Next Steps to acoess tutorials, APL documentation, developer guldes, release notes
ard more to help you get started with the JDK,

| st

i

15



2. Organization of the material

This step-by-step manual includes supporting materials that are separated into 2 folders, the
GIS_Una folder and the Hydro-BID folder.

The GIS_Una folder contains 2 sub-folders: AHDTool and Una River (or Rio Una)

AHDTools
Rio Una

In the AHDTool sub-folder you will find the navigation tool of the hydrology dataset for Latin
America and the Caribbean (AHD-LAC). The installation procedure for this tool is explained in the
next chapter.

In the sub-folder Una River (or Rio Una) you will find the shapefiles (files of river basins) relating
to the AHD-LAC for the case of the Una River basin (State of Pernambuco, Brazil). The folder
contains the following files:

- Rio Una Example.qgs (project with the catchments in QGIS)
- Rio Una_Catchments (shp file with the delineation of catchments)
- Rio Una_Streamline  (shp file with the delineation of streamlines)

- AHDFlow.dbf (table with the connectivities between catchments and streams)
- Climate stations (vector shp file with the locations of weather stations)

- Flow stations (vector shp file with the locations of the hydrometric stations)

- Reservoirs (vector shp file with the location of the reservoirs)

The folder Hydro-BID, for its part, contains sub-folders with data files and the executable file3.

Climate
db
Flow
Out
| edit.ini
—| Hyd err.log
lz=2) HydroBID-2.0.jar
! launchlWRM.bat
— settings.txt
Al Una Basin Map.PNG

3 Folder and data file names can be changed by the user without affecting the simulations

16



The structure of the internal sub-folders is as follows:

1. "Climate" folder: This folder contains the climate data and location of weather stations and
catchment centroids, and presents the following structure

precip
temp
catchment_centroids_una.csv

H:) station_coords.csv

precip is the folder that contains precipitation historical data

temp is the folder containing temperature historical data
catchment_centroids_una.csv is the file with the coordinates of the
catchment centroids

stations_coords.csv is the file with the coordinates of the weather stations

Note: The files in precip and temp folders should correspond to the same stations and must
match in name.

The files are comma separated values "csv” with the following structure:

precip

temp

Header Date Precip
Format/units DD/MM/YYYY Cm

Header Date Temp
Format/units DD/MM/YYYY Celsius

Catchment_centroids_una.csv

Header Centroid_x Centroid_y COMID
Format/units degrees degree Catchment
Identifier

COMID: is the identifier number unique to each catchment in the AHD-LAC.

17



Stations_coords.csv
Header Name Lat_deg Long_deg

Format/units Station name rad rad

2. "db" folder: This folder contains the database with the parameters of the catchments.
You will find the database with the Una catchment parameters in SQLITE format.

| una.sqlite

3. "Flow" folder: This folder contains the flow data required for the calibration of the model.
The files are comma separated values "csv” with the following structure:

Station.csv
Header Date format Flow
Format/units DD/MM/YYYY m3/s

4. Folder "Out": this folder is initially empty and it stores the output files after running the model.

- Monthlysummary.csv (monthly time series of precipitation, temperature, simulated and
observed flows)

- Outlet.csv (Simulated time series of output variables by catchment)

- Summary.csv (total number of catchments, drainage area, computational time, and
COMID of the outlet catchment)

- Spatial_file.csv (catchment averages of temperature, precipitation, runoff, and sediment
load)

- Annual_file.csv (annual time series of precipitation, temperature, runoff, and sediment
load)

- Settings.txt (all input parameters and model configuration that correspond to the last
simulation performed)

- flowDurationObs (observed data for the duration curve)

- flowDurationSim (simulated data for the duration curve)

o

"Cdit.ini": file of the AHD tool

"Hyd_err.log": file of the log of simulation errors

7. Executable file "HydroBID-2.0.jar": Hydro-BID executable (double-click to launch the Hydro-
BID interface)

8. "launchIWRM.bat": batch file pre-loaded with the files of the case study.

9. "Settings.txt": file with the input and model set-up parameters

10. "Una Basin Map.PNG": image of pre-visualization of the catchment (added for reference only)

o

18



3. How to install the navigation AHD-Tool

1. Copy the folder "AHDTools" in the following directory: C:\Program Files\QGIS

2.18\apps\qgis\python\plugin (The directory can vary with respect to the QGIS version
installed)

2. In QGIS select "Plugins" and then "Manage and Install Plugins"

7 QGIs 2182 =]

Project Edit View Layer Settings | Plugins

DB RL R

| #, Python Console

//' { Ll_} 2 = :} PR 6 e B B e (W @ Wy G g aml csw .‘)

Vector Raster Database Web Processing Help

Browser Panel

&) .
Ve cevmo Recent Projects

3. Browse and click on "AHD Tools Menu” to install the AHD Tool

Z Plugins | All (447) m
Search
J Acouracy Assessment -
e Acarhes “ AHD Tools Menu .
Je AequibeaE

Constructs a menu for AHD options

Jv AecheoCAD

o Area Nong Vector

i Arrows Category: Plugins

#¢ Attrbute based custering Tags: flow, network analysis

#r Attrbute panter

o Automeids Author: Mark C Bruhn/RTI International
Jr autoSaver -

 AutoTrace Installed version: 0.2 (in

: ~ ~1. is\. \
& Aot ond Cstaoce - C:\PROGRA~1\QGIS2~1.18\apps\qgis\.\python\plugins\AHDTools)

. Avevs ith and Niatanes Dk nin

4. Now, the AHD tool will be visible on the toolbar

7/ QGIS 2.182

Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help § AHD Tools

DNEBRGRJNIPL2L PP R LM

19



5. Follow the instructions in point 2, scroll down to "OpenLayers Plugin®. Click on the plug-in to
access Google Earth

7' Plugins | All (447) )

D

Y‘rhls plugin is trusted
OpenlLayers Plugin -

Google Maps, Bing Maps, OpenStreetMap layers and more |

SRS
J+ OpenQuake Integrated Risk Mc
& Oracle Spatial GeoRaster

d O Transiator II Google Maps, Bing Maps, OpenStreetMap layers and more
# OSM route

# OSMDownloader " 818 rating vote(s), 1101340 downloads

# OSMEditorRemoteControl

# OSMInfo Tags: openlayers,OSM,google,bing,mapquest,stamen

# csmpoly_expert More info: homepage bug tracker code repository

6. OpenLayers Plugin will appear on the “Web” tab of the toolbar and all the support imaging
options will appear on the displayable menu

tor Raster Database | Web | Processing Help AHD Tools

Y o MetaSearch 4 ( A T o M
d }D p - :: OpenLayers plugin  » h g;ezyerséve;vggvy ““““ Y B8Y g
el B = ®% %= % | Terms of Service / About N
#2 OpenStreetMap »
*§ Google Maps »
= Bing Maps 4
R 0sm/Stamen ’
@ Wikimedia Maps »
|2 OSM/Thunderforest »
1[] Apple Maps »

7. Once you select the map type by clicking on it, the map will be automatically loaded into the
project

8. OpenLayers Plugin does not support printing of the work area, if you want to make print-outs
derived from data processing in QGIS of georeferenced images you must use the procedure
explained in point 2 to install QuickMapServices

20



9. Once installed this plugin you should display its menu options, select "Settings", go to the
"More Services" tab and click on "Get contributed pack" to access the Google mapping tools.

/ QuickMapServices Settings ? X

General Tiles Add\Edit\Remove Visibility More services
Attention!

Contributed services definitions are provided 'as is' and are not validated by plugin
authors. These are proof-of-concept and for testing only. Visit

https://github.com/nextgis/quickmapservices_contrib to add new services. Use at your

own risk!

Get contributed pack

Guardar Cancelar

21



4. Visualization of the AHD-LAC in QGIS

To be able to access the hydrographic databases of the AHD-LAC you must load files in QGIS
that characterize the delimitation of catchments, flows and additionally, you will need to upload
the file that contains the connectivity between catchments and streamlines (AHDFlow.dbf).

To load the files you must simply locate them in the QGIS browser panel and double click on each
one.

In the case of the UNA river basin, it is necessary to upload the files located in the Rio Una sub-
folder within the QGIS Una folder:

- Rio Una_Catchments.shp
- Rio Una_Streamline.shp
- AHDFlow.dbf

The following image will appear in the QGIS work pane.

P
Proyecto Edicién Ver Capa Configuracién Complementos Vectorial Réster Base de datos Web Procesos Ayuda AHD Tools
NEARLR @2, RNPPRAGR Qe Evevg oSS ay g |

. @b A

Panel del axplorader

1 Ejercicios

+ * Hydro-BID Model
AHD 2015
AHDTaois
Campeta paso a paso

L) Hydro-BID

% QGIS Una
P AHDTools
- io Una

% = Rio U
8 3 AHDFlow.dbf
Ya ¥ [ climate stations.csv.
& Climate._Stations.shp
. ow stations.s
w ) Reservoirs.shp
£ 4 Ri6 Una Example.ags
i J Rio Una_Catchiments.shp
® T Rio Una_Streamline shp.
GIS
= Hydro-BID Chaloi
Hyclro-B1ID Una
P -
- stall-QGIS-SGLite-Java
¢ sialQGIS-SQLine-Java_
Notas Tec I

¥

.....

AHDFlow
Rio Una_Streamline
Rio Una Catchments
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In addition, you must upload the following files which will serve as a reference for the simulations:

- Climate_Stations.shp
- Flow stations.shp
- Reservoirs.shp

7 QGIS 2.148 Essen - X
Proyects Edicén Ver Capa Configuracién Complementos Vectorial Réster Bae de dstos Wieb Procesos Ayuda AHD Tools

eERSR AErAL s HPPEAS Aa-B-a-rLBEE=-0Q3" Iv B

BI/BIR BB NE ~aAwzras QF A

[ Climate_Stwtionssh
[ flow stations.csv

() Reservoirs.shp
| -4 RioUna Example.qgs
(5 Rio Una_Catehments.shp

Wt FTESE08809NANS

|
| - [ Rio Una_Strearmline.shpx
Lo
1 Hydro-BID Chelpi
| |4 Hydre-8ID Una
| Presentaciones
I Hew-to- Install-QGI5-5QLite-Jawa
|| 09 How-to-Install- QGIS-SQLite-Java !
|7 Notas Tecnicas 4
1 Faina KHL —
et ffednofit NEG)
sevavaac
| AHDFlow

| % © Flow stations
© Reservoirs
| X ® Climata_Stations

— Rio Una_Streamiine

! X T Rio Una_Catchments
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You can eventually use the Properties window that appears when you right-click on each of the
shapefiles (shp) in order to graphically customize each layer. If you want, this final set-up is
already pre-developed in the Rio Una Example.qgs project file.

/ QGIS 2.14.8 Essen - Rio Una Example

Proyecto Ediién Ver Capa Configuracidn Complementos Vectorial Réster Base de datos Web Procesos Ayuda AHD Tools
DEBRCER 4(Qe AR ARPPALR e -HraviEEr s 3O Ev B
A/BSR-M AT~ 0 “"ESFEIE Qel A

Panel del exploracar 1)
Gevae

HEder ﬁf!a‘ﬁl!:’:”:\e‘:’ﬁ
TE

307586800
307586700 ‘
4 \.,., =

X Pane! de capes i 307601400
AsTRTEE0

|_X & Climate Stations
* K Reservoirs

A Morenga
| X A PouFerro

® Flow stations
— Rio Una_Streamline
= X - Rio Una_Catchments
r§ T Segunda
% Catende
L
- AHDFlow
_ Google Satallite
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5. Visualization of the SQLITE database

The database with pre-loaded and pre-validated variables is stored in SQLITE format; to view its
structure and the values of the variables you can use the DB Browser for SQLite. The file for
this case study is located inside the db folder.

To display the database of the Una river basin you must follow these steps:

1. Open the browser and go to the Start menu and type "DB Browser for SQLite" in the search

bar. Click on the icon:

2. The DB Browser will open in its initial window

DB Browser for
SQlite

prowser 1or >ULite

s New Database +Open Database

Database Structure Browse Data

Create Table Create Index

MName Type

Write Changes
Edit Pragmas  Exed 1: P

Modify Table »

Schema

: Revert Changes

Edit Database Cell

Mode: Text Import Export

Type of data currently in cell: NULL

0 byte(s)
DB Schema
Name Type
<
SQL Log Plot DB Schema

Set as NULL

Apply

Schema

UTF-8
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3. To open the database, click on "File" and "Open Database"

’_é DB Browser for SQLite

File Edit View Help

Close Database

Ctrl+N
Ctrl+O

Ctrl+W Exp

4. Navigate to the SQLite file you want to open, in this case select "una.sqglite". All of the input

data for this Catchment is stored in this database

5. To visualize the structure of the data, in the "Database Structure" tab, expand the tables by
clicking on the arrows next to the name

File Edit View Help

s New Database + Open Database

Database Structure Browse Data

dCreate Table s Create Index

Name
callpratea_paramerters

catchment_navigation
! catchment_nlcd_soils

catchments
met_una
modflow_grid
monthly_reservoirs
rch_adjust
reservoirs

v Indices (3)

“ Views (0)
L Triggers (0)

Write Changes

Edit Pragmas

Medify Table

Type

sqlite_autoindex_catchment...
sqlite_autoindex_catchment...
sqlite_autoindex_modflow ...

Execute SQL

Scher
CHEAI

CREAT
CREAT
CREAT
CREAT
CREAT
CREAT
CREAT
CREAT

'_a’ DB Browser for SQLite - C:/Users/mnale/OneDrive/Proyectos/RG-T2828/Aplicaciones/Universidades/Colombia...

Revert Changes

Edit Database Cell

Mode: Text = Import

Type of data currently in cell: NULL
0 byte(s)

DB Schema

Name
v I Tables (10)
> U land_use_type._...
calibrated_para...
catchment_navi...
catchment_nled...

Type

<

SQL Log Plot DB Schema

Export

O X

& x

Set as NULL

Apply

£

Schema

CREATE TAE
CREATE TAE
CREATE TAE
CREATE TAE v

>

UTF-8
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6. To search, view and edit the tables, click on the "Browse Data" tab and select the table from
the "Table" menu

? DB Browser for SQLite - C:/Users/mnale/OneDrive/Proyectos/RG-T2828/Aplicaciones/Universidades/Colombia.. — O X
File Edit View Help
s New Database +Open Database Write Changes - Revert Changes
Database Structure Edit Pragmas Execute SQL EossPambeseiCe] o
@ 3 Land_uce 7| [@ 2 New Record  Delete Record Mode: Text = Import Export Set as NULL
usqs wf Code L
Filter |Filter Filter Filte
1 24 90 900 Snho
2 23 31 830 Bar Type of data currently in cell: NULL
0 byte(s) Appty
3 22 50 850 Mixi
DB Schem s x
4 21 50 810 Wor =
~
5 20 50 820 Her Name Type Schema
v U Tables (10)
6 19 31 770 Bari > U land use type ... CREATE TAE
: calibrated_para... CREATE TAE
7 18 70 610 Wor ~ > ' catchment_navi... CREATE TAE
L€ i > I catchment nlcd... CREATE TAE v
< < 1-70f24 > >| Go to: 1 : < >
SQL Log Plot DB Schema
UTF-8
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6. How to use the AHD-TOOL Navigator

The navigation AHD-Tool allows you to identify the drainage patterns both upstream or
downstream from any of the catchments or streamlines defined in the AHD-LAC.

1. Once the project is opened in QGIS the tool opens by clicking on AHD Tools > AHD Navigator

f QGIS 2.14.8-Essen - Rio Una Example
Proyecto Edicion Ver Capa Configuracion Complementos Vectorial Raster Base de datos Web Procesos Ayuda |AHD Tools

0 R A0, rRPPLARR e YRy S @ AHD Navigator

A /& @ =< " HRERRE QA Groundwater Data Prep
VA Panel del explorador About AHD Tools
n

2. The AHD Navigator, after following the connectivities that are stored in the AHDFlow.dbf file,
will select the catchment or rivers according to the direction of the flow and will provide
important statistics

/. RTI Analytical Hydrology Dataset Navigator ? =

161644.473: Geometry Layers found: isFlowlineOrCatchment
161644.488: Geometry Layers found: isFlowlineOrCatchment
161644.488: Found Flow Table

Geometry Layer......... AHDFLOWLINE ¥
AHD Flow Table......... AHDFlow v
Navigate Direction
Activate
(check) & L psrean Reset Close
Downstream
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3. Selection of upstream catchments
a- Active the "Catchment" layer by clicking on it

~X @ Climate Stations
o X :° Reservoirs
X A Morenga
- X A Pau Ferro
A
X @ Flow stations
- — Rio Una_Streamline
X [ Segunda
- X [T Catende

-~ = AHDFlow

b- Open the AHD Navigator, select the "Rio Una Catchments" from the Geometry Layer
menu, make sure that the direction of navigationisset to "Upstream" and
the "Activate" box is enabled

[ 7 RT1 Analytical Hydrology D. i 1?2 =
X y Dataset Navigator Ui O

161644.473: Geometry Layers found: isFlowlineOrCatchment
161644.488: Geometry Layers found: isFlowlineOrCatchment
161644.488: Found Flow Table

162216.853: COMID; FROMCOMID; TOCOMID

162216.853: Geometry Layers found: isFlowlineOrCatchment
162216.868: Geometry Layers found: isFlowlineOrCatchment
162223.982: Found Flow Table

162223,982: state == Qt.Checked

162244.117: Geometry Layers found: isFlowlineOrCatchment
162244.117: Geometry Layers found: isFlowlineOrCatchment
162250.778: Found Flow Table

162250.778: self.geo_layer.name() =Catchment
162250.778: self.ahd_flow_table_layer.name() =AHDFlow

Geometry Layer......... ' Catchment vl
AHD Flow Table......... AHDFlow v
i Dicact
et =
[ Downstream
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c- Move the cursor over the map, then you will see that it becomes a black cross sign

# QoIS 2148 Esson - Rio Una Bample B .
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@ |  Desktop isFlowlineOrCatchment.
= Docum 180443 850 Geometry Layers found:
& |2 Downads isFlowiineOrCatchment
|| > Fevorites Slatent 180443 B5 11 Geometry Layers found:
9, || 2 3Unk i isFlowineOrCatchment o +
@ \:72“‘;“;’“ 180443,852; Found Flow Table =)
Vv || - Dotos adjuntos de correo & Geomelry LaveRk
& || . oRsho /\mnaw
|| |10 x e | Yo Direct ‘il Canat
fa ' Cursos Sikucted | Douns
||+ Becutobles Hyro-8ID PR
[ || Mernl Garsor 307586600 unda
+ las 307586700
2| | = .E’;xiins 307562200 lorenga
= Hydro-BID Model ten: Y
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|3 ool
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|7 HyroBD
- QGIS Una
[ * | AHDTools.
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| b gl
Ponel de caps = 307601400

TvvavEAL
X ® Climate Stations
X " Reservoirs

X
|
H

d- Click on the catchment that contains the “Catende” station, the AHD Navigator will select
all the sub-basins that drain to the station

# QGIs 214.8-Essen - Rio Una Example - X
Proyecto Edicién Ver Capa Configuracién Complementos Vectorial Réster Base de datos \Web Procesos Ayuda AHD Tooks
LEERLA 40222 APPRALAY G vEvyEvEEES=avyE ¢ v B
E/BREAAT=F I ~ASEESE G A
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v TeTAS
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= [ GoPro

1 matolotib
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1 GriebEngineProcess

! Contacts

- Qurses
. Executables Hydro-81D
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e- The AHD Navigator window will show the COMID of the sub-basinthat is
more downstream, the number of sub-basins selected and the total area of the catchment.

/ RTI Analytical Hydrology Dataset N... ? X

181852.266: AHD Layer= Rio Una_Catchments
181852.267: FlowLayer= AHDFlow

181852.268: start catchment COMID==307621000
181852.286: count of catchments = 5

181852.286: total GRID_COUNT (nu) == 3406
181852.287: total area (sq km) == 719.54

Geometry LayeRio Una Catchments >

AHD Flow TableAHDFlow -

Active avigate Direct
) Ve o Cerrar

(chec Downs

f- The procedure is the same for downstream drainage and for the Geometry Layer of
streamlines (flowlines).
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7. How to use the Hydro-BID Interface to carry out a simulation.

The AHD-Tool is used not only to display the catchments, view the location of stations and
reservoirs and consequently confine the area of study, but it is also important to locate the COMID
(unique catchment identifier) of the catchment more downstream of the system subject of
analysis. In the Hydro-BID interface, it is vital to identify the COMID of the initial catchment of the
study and which will be used to obtain the total water balance.

In this chapter we will be using the files and sub-folders that we find in the "Hydro-BID" folder

1. To activate the Hydro-BID interface of the case study, double-click on "launchIWRM.bat" file
which already has pre-loaded the corresponding data implemented in the file "Settings.txt". If
you want to start an analysis from scratch you must use the executable "Hydro-BID 2.0.jar"

b HydroBID bl &) S
File Tools Help
Setup | Chimate Scenario 1 Model Parameters | Reservors | Sedment Parameters | Groundwater | Run Model i Output

Setup Options:
Run Name: |Una_Catende
Catchment: | 307621000

o0

LROC
Start date (dd/mm/yyyy): 01/01/2001 O‘-
End date (dd/mm/yyyy): 30/12/2014 y ro l J
Database File Options:

DB Location:  una.sqite Browse...

DB Met Data Table: | met_una = Refresh Database Connection

Watershed File Options:

Flows to compare: | C:\Hydro-8ID\HydroBID ModelFlow catende-flow.csv [Browse... |
Cutoff Files Folder: Browse...
Output File Options:
Reservor Dir: Browse
OutputDir:  out Browse...
Output: © Outlet catchment Al catchments

Note: The .bat file does not use a pattern for saved relative to the folders, therefore you must
verify that the pre-loaded directories correspond to the location of these files in your computer, if
they do not correspond then use the button "Browse" to locate the correct directory.
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In the interface’s main window you will find the following variables:

a) Setup Options:

Run Name: The name of the simulation

Catchment: The COMID of the catchment more downstream of the system subject of
study. In this case, it corresponds to the sub-basin of the Catende hydrometric station
identified with the COMID "307621000"

Start date: start date of the simulation

End date: date of completion of the simulation

Note: The simulation period must be within the availability of climate data. The first year is
considered as a warm-up period.

b) Database File Options:

DB Location: Name of the database for the project. Click the "Browse" button to navigate
to the folder where you saved the DB. In this case the name is Una.sqlite

DB Met Data Table: Select the table with the meteorological data to be used. A
subsequent chapter will cover the creation of this DB.

NOTE: Once the path to access the DB is provided, click on “Refresh Database Connection”
for updating the options of “DB Met Data Table"

c) Watershed File Options:

Flows to Compare: input file with the time series of observed flow rates. This file is used
to compare the simulated flows. Time series can be daily or monthly.

Cutoff Files Folder: Contains a list of files with time series of upstream catchment flows
(this file is optional).

This option allows you to add contributions of water to the catchment and/or subtract
losses.

d) Output File Options:

2.

Reservoir Dir: If the reservoirs are included in the model, this directory will include the
data of demand, in and out flows of the reservoir.

Output Dir: Directory where the results of modeling are saved

Outlet Catchments: Select this option to save the output files only for the catchment more
downstream. Use this option for the calibration process.

All Catchments: Select this option to save the output files of all catchments included in
the simulation.

The first thing required to perform a simulation is climate data in the centroid of each one of
the catchments; for this purpose we will use Hydro-BID’s "Climate Data Interpolation Tool”,
a preprocessor that interpolates the daily time series of temperature and rainfall of the
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weather stations in each catchment using the weighted average distance method of
interpolation.

3. In the upper left corner of Hydro-BID, click on "Tools", select "Climate Data Interpolation
Tool".

"hb HydroBID

File |Tools| Help _
Se _Climate Data Interpolati@leservoirs | sedment Parameters | Groundwater | Run Mode! | Output |

Database Editor Tool
Scoup upuons:

Run Name: |Una_Catende

Catchment: | 307621000

4. Once you click, the pop-up window of the interpolator will appear.

|| Climate Data Interpolating Tool El X

Climate Data Interpolating Tool

Start Date (ddfmmjyyyy):  01j01/1980| End Date (ddjmmjyyyy):  31/12/2014
Navigated COMID [] use Navigated COMID
C5Y with COMIDs: ClimateilUnalcatchment_centroids_una.csv
CSV with Stations: ClimatelUnalstation_coords.csv
Folder with precipitation C5Vs: ClimatelUnaprecip =
Folder with temperature CSVs: Climate_Unaltemp
SQLite database path:  una.sqlite Browse...

Mew database table name: new_climate

Mumber of stations to use for averaging: 215
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7.

8.

Verify that both the Start date and the End date correspond in the period used to perform the
simulation (in this case, with the pre-assigned period that you can see in Hydro-BID’s main
screen).

Start Date {ddjmmjyyyy): ( 01/01/1980 ) End Date {dd/mm/fyyyy ‘ 3141242014 )

Navigated COMID Use Navigated COMID

In the option "CSV with COMIDS" upload the file "catchment_centroids.csv" with the
COMIDs of the catchments and their latitude and longitude coordinates, which is located in
the "climate" folder . Repeat the same operation in the option below, "CSV with Stations,
uploading the file "station_coord.csv" with the weather stations and their latitude and
longitude coordinates.

CSY with COMIDs: Climate\Una\catchment_centroids_una.csv

C5Y with Stations: Climate\Una\station_coords.csv
In the options "Folder with precipitation CSVs" and "Folder with temperature
CSVs" upload the folders that contain daily data of each station in .csv format
(subfolders Precip and Temp in the climate folder).

Folder with precipitation CSY¥s: Climate\Unalprecip
Folder with temperature CSYs: Climate_Una\temp

The option "SQLite database path" contains the path for the database that will be used to

run the tool. Here is the place to save the table with the interpolated climate data.
The location of the database should automatically match with the one imposed in Hydro-BID’s
initial screen. However, it is recommended to verify that it is correct, otherwise, to search for
the SQLite database, you must find the correct ".sqlite" address in the main folder of the
exercise.

In the option of "New database table name", you should write the name of the table that will
contain the interpolated climate data. When you go run Hydro-BID, from the main screen, this
table is then selected in DB Met Data Table” for use of the interpolated values. For this
exercise we will use the name "new_climate".

SQLite database path: una.sqlite

MNew database table name: new_climate
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9. Inthe window "Number of stations to use for averaging" you indicate the number of nearby
stations used to calculate the interpolated climate variable. The higher the number it will result
in greater accuracy but will make the model run longer. It is recommended that you use a
number between 2 and 4 stations.

-

Number of stations to use for averaging: 25

10. Now click on "Go!" to run the CDIT tool. Once Hydro-BID ends running successfully, the
progress bar turns blue and the message "Done!" appears.

[ ] T

11. Once the climate variables have been interpolated you can make your first simulation with
Hydro-BID.

Note: To understand more about the capabilities and limitations of Hydro-BID’s climate
interpolator we invite you to read the Technical Note: Hydro-BID: An Integrated System for
Modeling Impacts of Climate Change on Water Resources, which you can download
at this link.

If you want to view the interpolated time series for each sub-basin you must click on "Tools" at
the top left corner and select "Database Editor Tool".*

hb HydroBID o=l B W
File Help
[ se imate Data Interpolation Tool  |Reservoirs | Sed: Ground [RmNodel]Ouwut

Sculp O

Catchment:

2 g‘q
Start date (dd/mm/yyyy): %
End date (dd/mm/yyyy): y r O l o

4 Note: you may need to restart Hydro-BID to upload the new table.
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12. Once the pop-up window appears, from the list of tables, select the table you just created. In
this case it is "new_climate” or any name that you assigned to the table in step 8 of this

chapter.
| £/ Database Editor [ &) =]
‘Wiew Monthly Remove Record Mew Record Save
. avg_temp avg_precip

25.979 0| a

26,059 0 =

26.579 0.27 =
25,999 0.379
25.979 0
Inew_cimate 6 25,332 i
07562200 26.043 0.565
307562200 19800108 25.119 0.816
307562200 19500109 24,899 0.649
307562200 19500110 25.519 0
307562200 19800111 25.979 0
307562200 19500112 26,159 0
307562200 19800113 26.279 1]
307562200 19500114 25.679 0
307562200 19800115 26,079 0.501
307562200 19800116 25.239 0.013
307562200 19500117 26,279 0.392
307562200 19800118 25.039 0

13. Once you are ready to make the first simulation, select the module "Run Model" in Hydro-
BID’s main screen and click on "GO". Automatically, the model will start running.

|| HydroBi0 N
File Tools

Go

- ‘Warking on COMID 307260400

14. To view the results you must click on the “Output” tab in Hydro-BID’s main screen. Then
click on "View Stats and Graphs"

hb HydroBID

File Tools Help
| Setup ] Climate Scenario ] Model Parameters ] Reservoirs ] Sediment Parameters ] Groundwater [ Run Model }

| View Stats and Graphs I
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15.

16.

In the pop-up window, you will see all the options for visualization of the results. In addition,

Hydro-BID provides daily and monthly statistics to evaluate the model’s performance, such
as: Overall volume error, Ove (%), correlation, r (-), modified Correlation, Rmod
and Nash-Sutcliffe Efficiency, R*2.
r
|| Run: Una_Catende - catchment: 307621000
SGUSUCS[ Graph ] Flow Duration Curves [ Scatter Plot [ Water Balance
Overall Statistics | Reservoir Statistics |
Statistic Daily Value Monthly ...
Overall volume error, ove(%) |[-7.02 -6.52
Correlation, r(-) 0.53 0.68
Modified Correlation, Rmod ~ 0.44 0.58
|Nash-Sutdiiffe Effidency, R~2 |-0.19 0.43
I
In addition, errors of monthly and annual volume are provided.
Monthly volume error
Month Observed Mean (m~3/s) Simulated Mean (m~3/s) Ove(%)
January 3.38 4.1 21.4
February 3.72 3.84 3.96
March 3.8 3.41 -10.27
April 5.04 2.74 -45.71
May 9.06 5.81 -35.92
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17. The"Graph” tab shows a hydrograph and allows other time-series to be displayed in a daily
or monthly time scale and with a logarithmic or normal scale.

A e =)
[ Statistics || Graph | Fiow Duration Curves [ Scatter Piot | Water Balance |

Right Y-Axis
[¥)tnvert [7]Use same range [ Hide

Daily Results

600 {1}
550
500
450
400
350

:
=

3 ® ® % 6 & & & B - o

Ikepws) uonendidaid abesany [eany

8

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Date
[—Modeled Outflow [m3/s) — Observed Flow [m3/s] — Areal Average Precipitation (cm/day]]

18. Flow Duration Curve: A graph to show the percentage of time that a given flow is being
matched or exceeded. It is useful to evaluate the model’s performance during the calibration.

T =TT}
ﬁ mmﬂmi

Flow Duration

Log flow

01

0 S 10 15 20 2 30 35 40 4 50 S5 60 € 70 75 80 B 90 95 100
Percent of Time Flow is Equaled or Exceeded

[ Modeled Flow m3/s — Observed Fow (units from fie)]
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19.
the simulated flows.

|2/ Run: Una_Catende - catchment: 307621000

=1

1=

Statistics | Graph | Flow Duration Curves | Scatter Plot || wiater Balance |

Best fit Linear Regression of Modeled vs Observed Flow

20. Water Balance : It provides an annual summary of all of the parameters

-5

o

23 S0

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 S00 525 S50 S7S 600 625
Observed Flow [m3/s]

™ Observed flow vs Modeled ® Line of best fit (least-squares) |

water balance.

Scatter Plot: The pattern of points reveals any correlation between the observed flows and

included in the

£/ Run: Una_Catende - catchment: 307621000 ppE

| statistics | Graph | Flow Duration Curves | Scatter Piot | Water Balance
Units: :M:Ihons m3 - Aggregate to:  Year -
Surface Water Balance
Date Range Precipitation Evapotransp... Runoff Shallow GW ... Total Flow AUnsaturat.,, A Saturated... NetGW Con... Recharge Volume Balan...
2001 2.33422E-4 1.811126-4 8.93873E-6 2.76045E-5 3.65432E-1 5.18418E-3 3.95507E-3 0.0 3.9159E-6 1.64705E-8
2002 2.81437E-4 2.08103E-4 8.0055E-6 5.53123E-5 6.33178E-1 8.55403E-3 7.90421E-3 0.0 7.84644E-6 3.01555€E-9
2003 1,95858E-4 1.9007E-4 4.24548E-6 1.21275E-5 1.6373E-1 5.36458E-3 1.7195E-3 0.0 1.72037E-6 -1.71022E-8
2004 3.61977E-4 2.04854E-4 1.81153E-5 9.75628E-5 1.15678E0 9.07909E-3 1.39658E-2 0.0 1.384E-5 3.83656E-8
2005 2.57089E-4 1.71948E4 8.49168E-6 7.59888E-5 18.44805E-1 5.67106E-3 1.08454E-2 0.0 1.07796E-5 -1.40635E-8
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21. Each "run" or execution of the model, produces four files with the name of the run (Run
Name) provided by the user in the set-up window (Set up). The files are saved in the "out"
folder. Additionally, files relating to the duration curves are produced.

. out

flowDurationObs-307621000.csv
flowDurationSim-307621000.csv
annual_fileUna_Catende.csv
spatial_file-Una_Catende.csv
Una_Catende-monthlySummary.csv

Una_Catende-Outlet.csv

Una_Catende-summary.csv

Una_Catende-settings.txt

- MonthlySummary: monthly time series of precipitation, temperature, simulated flow and
observed flow.

- Outlet: simulated time series of output variables by catchment.

- Summary: The total number of catchments, drainage area, computational time, and the
COMID of the outlet catchment.

- Settings: All the input parameters and model set-up.
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8. Model Calibration

1. The Hydro-BID database is parameterized and pre-calibrated using values from regional
databases, for this reason the process of calibration and validation is nhecessary to ensure that
the model represents the reality as correctly as possible.

2. During the calibration, the values of the measured flows that are located in the flow files in the
folder "Flow" are used to compare with the flows simulated by Hydro-BID.

3. First, ensure that the "Outlet Catchment" option is enabled in the main screen. Once the
process is complete the option "All Catchment" option can be activated, if you want detailed
information of each sub-basin of the analyzed system. Additionally, verify that the file
corresponding to the flow measurement station that you want to calibrate is loaded in the
"Flows to Compare" option.

ne HydroBID = O X
File Tools Help
Setup Climate Scenario Model Parameters Reservoirs Sediment Parameters Groundwater Run Model Output
Setup Options:
Run Name: Una_segundd SO
Catchment: 307621000 hy dr—o bld Q@

Start date (dd/mm/yyyy): 01/01/2001

End date (dd/mm/yyyy): 30/12/2014
Database File Options:
DB Location:  C:\Hydro-BID Una\db\una.sqlite Browse...

DB Met Data Table: Una_met4 v Refresh Databa...

Watershed File Options:

I Flows to compare: ' :\Hydro-BID Una\Flow\segunda-flow-outlet.csv | Browse... I

Cutoff Files Folder: Browse...
Output File Options:

Reservoir Dir: Bro...

Oumut.)ir: C:\Hydro-BID Una\Out Browse...
Output: (®)Outlet catchment | (DAll catchments
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4. For the calibration you must click on the "Model Parameters” tab in Hydro-BID’s main screen
and at the bottom you will find all the calibration parameters.

s = 2weees 5 wmoema

File Tools
| _'sl Gmnavet: [rnvoas [

Hydro Model Parameters:
Stream velodity (m/s): .5 (V] Get Latitude from Database
Latiude (degrees): ] Save Deep Seepage

Start of growing season (day of year): 1115
End of growing season (day of year): 210

Calibration Cutoff COMID:

Single Value  Multipher Use Calibrated  Replace All
Curve Number: ®
AWC: @

g
|
i

5. To calibrate a particular parameter you need to activate the "Replace All" option; once the
parameter has been calibrated you must activate the "Use Calibrated" option to fix the
value and prevent it continue being modified.

File Tools

-

| [senn] Reservors | | Groundwater | Run Model | Output]|
Hydro Model Parameters:
Stream velooty (fs): |.5 7] Get Lattude from Database
Labtude (degrees): [ Save Deep Seepage

Start of growing season (day of year): 115
End of growing season (day of year): | 210

Calibration Cutoff COMID:

Single Value  Multiplier Use Calibrated  Replace All
Curve Number: °

Awc: ®
0.003

0.005

2

:

n

i
© ©® ® © ©
©©e © © © © ©
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6. The parameters to calibrate are the following:

- Curve Number: parameter used to characterize the type of land use and represent the
land’s hydrology. A curve number is assigned to each sub-basin in the database.

- Available Water Content (AWC): AWC estimates the amount of water that can be stored
in the soil to be used by plants, affecting the infiltration into the groundwater. A value is
assigned to each sub-basin in the database.

- Coefficient of recession (R): The R coefficient characterizes how ground water near the
surface contributes to the flow in the rivers after an event of great flows.

- Losses (seepage): is the exchange between groundwater close to the surface and the
deepest groundwater.

7. To verify the simulations of calibrations, you can use the variables of error, the time series
graph and the flow duration curve.

8. The variables used in the statistical determination of the errors in Hydro-BID’s simulations are
the following:

- Overall Volume Error: it indicates the average percent of error between the simulated
values and the observed values. Optimum value close to the % of maximum permissible
error.

- Correlation (r): it analyzes the standard deviations of the time series of observed and
simulated flows. Optimal value close to 1.

- Modified Correlation Coefficient (rmod): it analyzes the standard deviations of the time
series of observed and simulated flows, by applying a factor that relates the maximum and
minimum values. Optimal value close to 1.

- Nash-Sutcliffe Efficiency Index (R?): it analyzes the magnitude of the relation between
the variances of the simulated flows and the variances of the observed flows. Optimal
value close to 1.

Note: to understand more about the calibration parameters and the statistics presented for
Hydro-BID’s simulations, we invite you to read the Technical Note:" Hydro-BID: An
Integrated System for Modeling Impacts of Climate Change on Water Resources, which
you can download at this link.

9. The pre-determined case study is already calibrated, if you want to practice the calibration
process you must follow these steps:

- The initial run corresponds to the sub-basin identified by the "CATENDE" hydrometric
identified by the COMID "307621000" and is used below to illustrate the influence of each

parameter in the calibration process.

- To practice the calibration process, you must use the catchment identified with the
hydrometric "SECOND"; it is characterized by the COMID "307586800". Thisis the
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catchment most downstream of the Una River and it is the one that, once calibrated, allows
obtaining the water balances for the entire catchment.

10. The following points illustrate the relevance of each of the parameters used in the calibration
process of the catchment identified by the COMID "307621000" which is the one that we have
been using throughout this tutorial.

Note: There is no specific order to calibrate each parameter, this will depend on each

simulation to be calibrated depending on the first comparison between observed and simulated
values.

- The following figure shows the initial parameterization of the simulation with their
respective graphs and final errors of simulation:

Initial calibration

CN: 1

AWC: 1
RC: 0.003
Seep: 0.005
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Muiltiple variables

'zomzoozzooamzooszooszm7mzoo92mozouzoxzzou20142015

Average Daily Results, by Month

Flow Duration

Oversl Statistis | Reservor Statists|

S 0 15 M % 3 I 4 45 0 S 6 65 P 75 9 8 W B 0
Percent of Time Flow is Equaled or Exceeded

[ Moceied Flow /s — Cbserved Flow (urits Som )|

Month
| —Modeled Flow (M3/Second) [m3/s) — Observed Fow (m3/s]|

The graph of flow duration of this initial simulation shows how the simulated volume is less
than the observed volume; in addition, you can see the mismatch of the flow peaks in the
average monthly hydrograph.

In this particular case, the first problem to be solved was the total volume. Hence, as a
first step the parameter “SEEPAGE (SEEP)" was reduced to consequently reduce the
infiltration and increase the runoff.

The new value of "SEEPAGE" was reduced from 0.005 to 0.001.

Calibration

CN: 1
AWC: 1
RC: 0.003

|

o1

5 0 15 2 23 0 B 40 45 0 S5 60 65 W 75 @ € 90 95 0
Percent of Tine Flow Is Equaled or Exceeded

[ taodebes Fiow mais — Clsarved Fow unts hom fle)]

" 2001 2002 2003 20048005 2006 2007 2008 2009 2
Month

[—Modsled Flow (M3/Second) (m3/s] — Observed Fiow [m3/s]]
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Although this variation improved significantly the difference in volume, it is noted that the
simulation overestimated the values of lower flows and underestimated the values in a
higher range.

For this reason, the second step was to increase the "Coefficient of recession (RC)"
parameter from 0.003 to 0.007, in order to force the higher flows to have a greater
repeatability and similarly to reduce the lower flows. The effect can also be seen in the
length of the spikes in the monthly hydrographs.

Calibration

CN: 1
AWC: 1

Seep: 0.001

Average Daily Results, by Month

525 Flow Duration

45.0 | Statste Vake
2 | Overal vohume er... 3.34
425 \‘ Conelaton, () 0.54
400 - Medfed Correato . 0.23

Fosh-Sadfie ... 291

275 ===

100

S 1 15 ® 3 » ® @ 6 B B 0 & =
5.0 Percent of Time Flow Is Equaled or Exceeded

25 [ i o s — O Fiow s b 1)

Month

[=Modeled Flow (M3/Second) [m3/s] — Observed Flow [m3/s]]

Once the slope of the flow duration curve was adjusted, first, it became necessary to finish
adjusting the overestimated peaks that could be seen both in the curve of the monthly
hydrographs as well as in the flow duration curve.

This is accomplished by reducing the “Curve Numbers (CN”), as it reduces the runoff
and the sensitivity to precipitation events; in this case it was reduced by 20%, which
represents a value of 0.8 once it is included in the interface.
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Calibracion

AWC: 1
RC: 0.007
Seep: 0.001

'zooxmmmmmmmmmmmumxzmummmﬁ

Average Daily Results, by Month

Flow Duration

S 1 5 2 B W I 40 4 W S5 0 6 0 5 0 5 W0 9B 10
Percent of Time Flow is Equaled or Exceeded

[ Meded Fiow majs — Cbsmred Aow funts dom te)]

Month
[—Modeled Flow (M3/Second) [m3/s) — Observed Flow [m3/s]|

Finally the "Available Water Content (AWC)" was used to adjust the small differences
in the ends. In this case, the parameter AWC was increased by 20%, which would mean a
value of 1.2 to somewhat reduce the higher flows.

Calibracion

CN: 0.8

RC: 0.007
Seep: 0.001
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Average Daily Results, by Month

Multiple variables

o e e 9 NN RN W W
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Flow Duration

Overal Statatcs | Reservor Stabstcs

Percent of Time Flow Is Equaled or Exceeded

Note: As of this moment, by modifying AWC and Rc the desired accuracy calibration can be
obtained. This will depend on each specialist, the quality of the existing data and the sensitivity
pre-established for the study (maximum percent of error allowed).

The following table presents ranges of values "recommended” for each of the variables used in

the calibration process:

Stream Velocity

Curve Number (CN)
Available Water Content
(AWC)

Recession Coefficient (r)

Seepage Coefficient (S)

Grow season ET factor

Dormant season ET
factor

Impervious cover
percent

Estimated average velocity of the river
segments.

Curve number. Controls the initial amount of

abstraction used to calculate runoff. The
default values are available in the database.
Available capacity of water in the soil. It
activates the beginning of percolation. The
default values are available in the database.
Recession Coefficient. Controls the rate of
groundwater flow from the saturated
storage.

Coefficient of percolation. Coefficient that
controls the rate of filtration in the
underground aquifer

Evapotranspiration factor during the growing

season
Factor of evapotranspiration during the
dormant season.

The estimated percent of the impervious
portion of the catchment.

0.5m/s

0.8 - 1.2 (multiplier)

0.2 - 1.2 (multiplier)

0,001 - 0.75 (day-1)

0,005 - 0.1 (day-1)

05-15
05-15

1%
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11. As indicated, the procedure above is already implemented in the case study that
accompanies this manual. Therefore, the procedure that follows will allow to carry out the
calibration exercise of the catchment identified by the COMID "307586800" and that
represents the closing of the total Una River basin:

- In"Run Name" change the name to Una_Second, and in "COMID" place the identifier of
the SECOND catchment "307586800".

- In "Flows to Compare" use "Browse" to load the file that corresponds to this station,
which you can find in the "FLOW" folder.

- The dates "Start Date" and "End Date" should remain the same because the simulation
belongs to the same simulation period.

e HydroBID = m} X

File Tools Help
Setup Climate Scenario Model Parameters Reservoirs Sediment Parameters Groundwater Run Model Output

Setup Options:
Run Name: Una_segunda

Catchment: 307586800 hydro bld Q

Start date (dd/mm/yyyy): 01/01/2001

End date (dd/mm/yyyy): 30/12/2014

Database File Options:
DB Location:  C:\Hydro-BID Una\db\una.sglite Browse...

DB Met Data Table: Una_met4 v | Refresh Databa...

Watershed File Options:

Flows to compare:l Z:\Hydro-BID Una\Flow\segunda-flow-outlet.csv Browse... I

Cutoff Files Folder: Browse...
Output File Options:
Reservoir Dir: Bro...
Output Dir:  C:\Hydro-BID Una\Out Browse...

Output: (@) Outlet catchment () All catchments

- In the "Model Parameters" window, add the COMID of the CATENDE catchment,
"307621000", on the "Upstream Calibration COMID" label ; this will prevent the model
from modifying the parameters that have been already calibrated for this sub-basin.
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- Select the option "Replace All" in the parameters you want to calibrate.

File Tools Help

‘ Setupl Climate Scenario | Model Parameters;| Reservoirsl Sediment Farametersl Groundwaterl Run Model | Dutput‘

Hydro Model Parameters:
Stream velocity (m/s): 0. Get Latitude from Database
Latitude (degrees): || save Deep Seepage
Start of growing season (day of year):

End of growing season (day of year):

Upstream Calibration COMID:

Single Value  Multiplier Use Calibrated [[ Replace Al]

Curve Number: @ ® @

AWC: @
R Coefficient:
Seepage:
Grow season ET factor:

Dormant season ET factor:

Impervious cover percent:

- Now you can run Hydro-BID and begin to calibrate the complete model of the Una river
basin.

- Once the process is complete, it is not necessary to repeat the calibration unless in the

catchments of the study a noticeable alteration in land use occurs, or that the construction
of a significant work of infrastructure is planned (reservoir, artificial canal, diversion, etc.)
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9. Simulation of Climate Change Scenarios.

Hydro-BID includes a tool to run simulations for the analysis of climate change scenarios; this tool
allows for variations of precipitation and temperature on an annual or monthly basis.

Below you will find how to simulate a climate change scenario for the Una River basin.

1. To obtain the climate change scenario we will use the information from Climate Wizard
(www.climatewizard.org ), a platform implemented by The Nature Conservancy (TNC) to
access information from global circulation models.

...........

e )\ . . WASHINGTON
Comtiny & | ClimateWizard 2.

2 ) SOUTHERN MISSISSIPPI
Protecting nature. Preserving life < g -

About Us FAQ’s Contact Us
W Follow @climatewizard
Analysis Area Time Period Map Options
United States ® Global Past 50 Years Map of Average ® Average Temperature Case Studies
Mid Century (20505) ® Map of Change Precipitation Douataten Do
Global © a5 Cantiry Cotn). Data and Map Image Download
Annual v ClimateWizard Custom Analysis
mpare & Ani M Printer Friendly Version
Future Climate Model Change in Annual Temperature by the 2080s
IPCC Fourth Assessment Model- Ensemble Average, SRES emission scenario: A2
Emission Scenario
High A2 v s Change Transparency Eactoids
General Circulation Model g [l 3 ® Topo
Ensemble Average v z R o 24 & GetValues World
z oo ST o i 4’\ -
: dparie | : " y -
. | .‘r'? ’ b
. 9 x
. ! .l ~
Mean Temp. (C)
Departure

50%: This map shows the temperature

change projected by the middle model

That is, half of the models project a "
greater amount of change, and half of

the models project less change as

compared to the 1961-1990 baseline @

2. Hydro-BID requires the increase of temperature (Celsius) and the change in precipitation
(%).

Note: If you want to use the "Precipitation" option, remember the results in Climate
Wizard are given in inches and these must be converted to cm.

3. To obtain the values we will assume the following hypothesis:
a. Inthe box of "Analysis" select "Global".
b. Inthe box of "Emission Scenario" select "Medium A1B" and in the "General
Circulation Model" select "Ensemble Average"
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; N . . WASHINGTON
Exas Q| ClimateWizard 100

About Us FAQ’s Contact Us

W Follow @climalewizard

_ Past 50 Years () Map of Average | ® average Temperature Case Studies
Mid Century (2050s) ® Map of Change (. precipitation Documentation | Developer
®/ End Century (2080s) Data and Map Image Download
Annual v ‘Climatewizard Custom Analysis
Compare & Animate Models L Friend n

Change in Annual Temperature by the 2080s

Model: Ensemble Average, SRES emission scenario: A1B

Emission Scenario
| MedumA1B v o) = -
Lo lulalha o ) Change TranspFr]ency B Factoids
leneral Circulation Model = = ® Topo
Ensemble Averag : , e §  GetValues | © word
E P »
£ TR 1 <
b,
S,
Mean Temp. (C)
Departure.
6cC
50%: This map shows the temperature )
change projected by the middle model.

That is, half of the models project a
greater amount of change, and half of
the models project less change as

compared to the 1961-1990 baseline

c. Inthe "Time Period" box select "Mid Century (2050s)"

Ematars Ca ‘ ClimateWizard e

About Us FAQs Contact Us

W Follow @climatewizard

United States '® Global ) . Map of Average '® Average Temperature Case Studies
® Map of Change \ precipitation Documentation | Developer
Global v - Data and Map Image Download
|Annual_v | Climatewizard Custom Analysis
‘Compare & Animate Models printer Friendly Version
Change in Annual Temperature by the 2050s
IPCC Fourth Assessment Model: Ensemble Average, SRES emission scenario- A18
Emission Scenario
Medium A1 v |
MediumA1B v | o) - Change Trans?arjancy B Factoids
General Circulation Model = ) Topo
[Ensomblo Average v : : AR Ctvales] @ workd
CE & e
o | é 1 h.: -
¢ w1 “m
%
Mean Temp. (C)
Departure
I 6c
4
50%: This map shows the temperature
change projected by the middie model.
Thatis, half of the project a 2

compared to the 1961-1990 baseline

d. "Zoom in" the state of Pernambuco in Brazil and use the point that identifies the
location of "Catende" (Lat: -8.67°, Lon: -35.69°) as a reference which is located
to the southwest of the city of Recife.
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TheNatul‘e ’ ClimateWizard g\t\j}imm:
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About Us FAQ's Contact Us
oo Scatas M GIabal Past 50 Years Map of Average ® Average Temperature Case Studies
® Mid Century (2050s) | ® Map of Change | Davsiopar
Sinel M End Century (20805) Data and Map Image Download
LT Climateitizand Custom Analysis
Compars & Animate Modsls TR

Change in Annual Temperature by the 2050s

IPCC Fourth Assessment Model Ensemble Average, SRES emission scenario A1B

Emission Scenario
MediumA1B v Change Transparency @ Factoids
General Circulation Model E 5 ® Topo
Ensemble Average v z GetValues | () world
O &
Mean Temp. (€)
ec
) .
50%: This map shows the temperature [ oy
«change projected by the middle model.
That is, half of the models projecta 5
greater amount of change, and half of
the models project less change as ’ "
compared to the 1961-1990 baseline . o

To find the value of the temperature, in the "Map Options" tab first select "Map
of Change", then in the "Measurement" tab select "Average Temperature" and
then click on "Get Values" and click on the selected zone.

G @y | ClimateWizard 1o

About Us FAQS Contact Us

W Follow @cimatewizard

United States ® Global Past 50 Years. = * Average Temperature Case Studies
- * e i) st
v

End Century (20805)
Compare & Animate Models Printer Friendly Version

Change in Annual Temperature by the 2050s

IPCC Fourth Assessment Model: Ensemble Average, SRES emission scenario. A18
Emission Scenario
ModumATE v - i Change Transparency

T Factosds
General Clrcutation Model ~E Topo

A

Maan Temp, (C)
Oeparture
“c
a A
50%: This map shows the temperature v
change projected by the middie model.
That is, half of the models project a 5
greater amount of change, and half of

the models project less change as
compared to the 1961-1990 baseline | 0

In the pop-up window select the value that is on the "Mid Value"; in this case it
could indicate an increase of 1.6 Celsius
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GET ALL MODEL AND SCENARIO VALUES AT INPUT LOCATION

Lon: -35.3337

Lat: -8.6709
Model 1 AIB A2
beer bem2 01 | 115 | 167 | 130
ccema_cgem3 11 | 172 | 208 | 214
enrm_cmdl 16 | 226 | 225
csiromkd 01 | 104 | 144 | 160
H gfdl em2_0.1 139 | 190 | 205
- ] gfdl_cm3 11 152 | 200 | 194
-
B ] o g gissmodele rl | 125 | 174 | 167
m~ L [ ]
e = inmem3 0.1 118 | 155 | 160
] ° B LA
H [ ] ipslemd.1 176 | 234 | 226
) [
- miroc3 2 medresl | 216 | 263 | 23
. L minh echo gl | 125 | 157 | 157
mpi echamsl | 145 | 196 | L76
mricgem2 3 2al | 126 | 181 | 166
mear_com3 01 | 124 | 173 | 182
ncar_pemll 06 | 128 | 115
0e

ukmo hademdl | 145 | 182 | 177

Mid Value © Scenario bl ® Scenario alb ® Scenario a2

To find the value of the precipitation, in the "Map Options" tab first select "Map
of Change" then in the "Measurement" tab select "Precipitation" and then click
on "Get Values" and click on the selected zone.

Delature O ‘ ClimateWizard

NServancy
About Us FAQ'S

Protecting nature. Preserving life”

UNIVERSITY OF
W\\’ASHINGTON

@ SOUTHERN MISSISSIPPI

Contact Us

United States ® Global Past 50 Years Map o
. Mid Century (2050s) oo | Developer
Global v End Century (2080s) Data and Map Image Download
ClimateWizard Custom Analysis
Compare & Animate Models ‘Printer Friendly Version
AT LR T Change in Annual Precipitation by the 2050s
IPCC Fourth Assessment Model: Ensemble Average, SRES emission scenario: A1B
Emission Scenario
MedumA1B v Change Transparency Feceoads

General Circulation Model
Ensemble Average v

Topo
Get Values World

Pracip (%)
.
0%
50%: This map shows the precipkation
change projected by the middie model. »
Areas that are blue are projected to
increase by ot least half of the models,
and areas that are yellow to red are
projected to decrease in ation )

by at least half of the models.

In the pop-up window, select the value that is on the "Mid Value"; in this case it
could indicate a decrease of 4% in precipitation.
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GET ALL MODEL AND SCENARIO VALUES AT INPUT LOCATION
Lon: -35.5158
Lat: -8.6736
Model B AB A
- beer_bem2 01 | 300 | 1100 | 10D
ceema_cgemd 11 | 300 | 200 | 200
S corm_em31 | 100 | 1900 | 2000
i esiromk3 0.1 | 000 | 000 | 200
gfllem2 01 | 300 | 700 | 900
gfll em? 11 | 21500 | 2700 | -1500
. ) giss_model e el | -13.00 | 800 | -16.00
® n & . L) L] inmem3 01 | -2400 | -34.00 | 3000
0 5 - ipslemt 1 3600 | 3100 | 2500
[ ] L miroc3 2 medres.1 | 3500 | 4200 | 3800
. minh_echo_g1 | 900 | 800 | 300
s mpi_echams1 | 300 | 000 | L0
- . mri_egem? 3 2a1 | 2100 | 2200 | 2100
e near_cesm3 01 | 400 | -11.00 | -27.00
L] H .
: near pemll | 400 | 000 | 500
a ulme_hadem3] | 3300 | 4600 | 3300
]
Mid Value Scenario bl ® Scenario alb ® Scenario a2

4. In the Hydro-BID interface, select "Climate Scenario”; in this case we will only make a
simulation with total values of change. Check that the option "Use Precipitation
Multiplier" is active.

File Tools Help

Setup) Climate Scenario ‘ llodel Parametersl Reservowrsl Sediment Parametersl Groundwaterl Run Modell Dutputl

Climate Scenario:

Temperature Adjustment (+/-): 0 Monthly Values
Precipitation Multiplier: |1 Monthly Values If@.' Use Precipitation Multiplier(s) I

Precipitation Adjustment (+/-): Monthly Values | (7) Use Precipitation Adjustment(s)

5. Now, we include the value of 1.6 in the "Temperature Adjustment” box and we will
include 0.96 (representing a reduction of 4%) in the “Precipitation Multiplier”
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HydroBID
File Tools Help
Climate Scenario ‘ Model Parametersl Reservowrsl Sediment Parametersl Groundwaterl Run Modell Dutputl

Climate Scenario:
Temperature Adjustment (+/-): § 1.6 Monthly Values
Precipitation Multiplier: § 0.96 Monthly Values ||@) Use Precipitation Multiplier(s)
Precipitation Adjustment (+/-): Monthly Values | (C) Use Precipitation Adjustment(s)

Note: The value that we include in the "Precipitation multiplier” box is a
multiplier that reflects an increase or decrease in precipitation. For example, if we
enter a value of 1, it means that there will be no variation in precipitation. If, on
the other hand, we know that the precipitation will increase by 20%, we would

enter a value of 1.2.

6. Finally, you can proceed to the "Run Model" window to run the simulation and verify
changes in the volume available within the climate change scenario that was selected.

File Tools Help

—— I
| Setupl Climate Scenar\al Model Parametersl Reservalrsl Sediment Parametersl Graundwatel‘ Run Model IDutput

| Press Go to start
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7.

Itis important to understand that Hydro-BID will simulate the same time series that is found
in the original simulation but, in this case, the results will represent the same time series
but beginning on the year 2050 as the first year and modified with the applied changes. In
this case, the values of flow observed, which are used to build the flow duration curve, will
help you obtain a good image of the possible change of behavior of the catchment due to
the effects of climate change.
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Inter-American
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