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Introduction

Beginning in 1999, scientists at the US Geological Survey’s EROS Data Center began
developing a streamflow model for monitoring hydrologic conditions over large areas.
The activity was initiated with resources from the USAID sponsored Famine Early
Warning System Network. While development of the model was progressing, a series
of major cyclones hit the Mozambican Coast in Southern Africa in late January and
February of 2000. The repeated waves of heavy rainfall, saturated soils and
abnormally high reservoir levels combined to generate the flood of record in the lower
reaches of the Limpopo basin. In the aftermath of the storm, the need for tool for
monitoring streamflow over large areas became evident. The GeoSFM model was
selected for the implementation of a flood warning system in the Limpopo Basin. This
training manual contains a series of exercises that were developed from the Limpopo

Basin application.

GIS software ArcView (version 3.2 or higher) is used a long with the installed spatial
analyst extension. Other required data sets and programs are provided in the
installation package on the CD-ROM or from the FTP site of the USGS EROS Data
Center. While previous knowledge of geographic information systems (GIS) is
beneficial, it is not a requirement for using the model and this training guide. There
are eight exercises; four are focusing on different aspects of setting up and using
GeoSFM for monitoring and forecasting streamflow in a large basin at a daily time step
and four are focusing on additional tools that maybe required to complete the
modelling. Exercise one introduces the user to GeoSFM and its use in setting up a
model of a basin. Exercise two introduces the user to the processing of meteorological
data and performing stream flow analysis. In exercise three, the user generates flow
statistics and flow hydrographs. The user is provided guidance on how to calibrate the
model in exercise four. Exercises five through eight give instruction on how to use the

various GeoSFM utility tools.

Many individual have contributed to the development of the GeoSFM model. Dr. James
Verdin, the International Project Manager at the EDC first recognized the need for a

wide area hydrologic model which uses available remotely sensed data for



parameterization. His persistence in pursuing the resources necessary to get this work
under way is exemplary. Dr. Guleid Artan led the team of hydrologists who developed
GeoSFM, and he contributed many of the water balance and routing modules in
GeoSFM. Dr. Kwabena Asante was responsible for developing the geospatial modules
in GeoSFM and for integrating the various modules into a single model. He also led the
first field implementation of the model in Mozambique. Dr. Hussein Gadain, Mr.
Tamuka Madagzire, Mr. James Kiesler and Dr. Miguel Restrepo were responsible for
extensively testing and documenting the model and for making suggestions for its
improvement. Contributions by Sr. Rodriguez Dezanove, Sr. Agostinho Vilanculos and
Sra. Monica Frederico made the Limpopo basin implementation possible. The difficult
task of incorporating the various documents into a single coherent set of exercises was
very ably performed by Ms. Jodie Smith and Ms. Debbie Entenman. This training
manual would not have been completed without their contributions. Other
International Program staff including Mr. James Rowland, the USGS FEWS Net Team
Leader, Mr. Ronald Lietzow and Mr. Ronald Smith who process and manage the input
data, Dr. Saud Amer and Mrs. Theresa Rhodes who provide technical and
administrative support, and the staff of FEWS Net in Mozambique who supported us
during various phases of this effort. Our gratitude goes to all of them for their
important contributions. Last but not least, the contributions of USAID who provide the
funds, other FEWS Net partners including NOAA who process the meteorological data,
NASA who process the land cover data and Chemonics international who support the
work of our field scientists are much appreciated. We hope the Training Manual will be

useful to you in your work.

USGS/FEWS Net Team
EROS Data Center
Sioux Falls, SD 57198
November, 2003
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GeoSFM

demdata raindata evapdat landcov

elevations rain_1999 evap_1999 usgslandcov
rain_19991 evap_19991
! !
rain_1999365 evap_1999111

soildata program presentation documentation
ks geosfm.avx v1.0 GeoSFM Training
maxcover geosfm.dll Manual
rcn geosfmcalib.exe GeoSFM Users Manual
soildepth geosfmzip.exe GeoSFM Technical
texture geosfmpost.exe Manual
whc geosfmstats.dll

geosfmtar.exe
install.bat
samples
Grids Shapefiles Text files Text files
basins basplyl.shp actualevap.txt localflow.txt
downstream rivlinl.shp balfiles.txt logfileflow.txt
elevations limpbas.shp balparam.txt logfilesoil.txt
flowacc gauges2.shp baseflow.txt massbalance.txt
flowdir basin.txt maxtime.txt
flowlen Project basinrunoffyield.txt obsflow.txt
outlets project.apr cswater.txt order.txt
hilllength damlink.txt rain.txt
slope damstatus.txt rainstations.txt
streams describe.txt rating.txt
strlinks evap.txt response.txt
traveltime evapstations.txt river.txt
velocity excessflow.txt riverdepth.txt
Sinks forecastl.txt routfiles.txt
dem forecast2.txt routparam.txt

forecast3.txt
gwloss.txt
inflow.txt
initial.txt
interflow.txt

soilwater.txt
streamflow.txt
testfile.txt
times.txt

Above is a list of all data files contained on the GeoSFM CD. The GeoSFM Training Manual is
accompanied by the GeoSFM Users Manual and the GeoSFM Technical Manual.



Training Manual for the Geospatial Stream Flow Model
Ex 1: Introduction to the GeoSFM

Contents:

1.1 Model Installation

1.2 Opening Project and Loading Extensions
1.3 Processing Elevation Data

1.4 Performing Terrain Analysis

1.5 Creating a Basin Characteristics File

1.6 Creating a Basin Response File

Data and Computer Requirements

1. ArcView version 3.x with the Spatial Analyst Extension installed
2. GeoSFM extension (geosfm.avx and geosfm.dll)

3. Access to the internet or a GeoSFM CD-ROM with input datasets

1.1 Model Installation

To install this version, download or copy from CD all files to your C drive. The 3 files
(INSTALL.bat, geosfm.avx, geosfm.dll) are the actual Geospatial Stream Flow Model.
The other files will be needed to complete the exercises. In c:\GeoSFM\Programs
double-click the INSTALL.bat file and installation is complete. This will copy all
geoSFM files and register the .dll files to the local computer. Create a new directory,

c:\GeoSFM\workspace, for the ArcView files you will be creating.

1.2 Opening Project and Loading Extensions

3 Open ArcView GIS by clicking the shortcut on your desktop or by selecting it
from your Programs menu. When ArcView opens, the Welcome to ArcView GIS
dialog box is displayed. Depending on the setup configuration there are different ways

in which to create a new project.



2 wWelcome to Arc¥iew GIS x|

. [Create a new project

(=  Open an existing project

[ Show thiz window when Arciew GIS starts

ok | Cancel |

If the above dialog box is displayed - Click the Create a new project —with a new

View radio button, and then click OK.

The Add data dialog box appears asking if you would like to add data to the View

now, click No.

nddaara

0 Wiould you like ta add data ko the View now?

an

If the dialog box is not displayed — as below — Click on the Views icon and then click
on the New button in the untitled Project window. This will open the View 1
window, click and drag the bottom right corner to expand view and then position next

to the untitled Project window.

=10l =)
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Next, from the File menu, select Extensions.... to load Geospatial Stream Flow
Model and the Spatial Analyst.
x|

Available Extensions:

_|_Goamiascssins L -l
Geozpatial Stream Flow kodel, +1.0
] . L Cancel |

Hydrologic Modeling

_
_
| IMAGIME Image Support R esat |
_

JPEG [JFIF] Image Support [ Make Default
| Legend Toal LI

Check the boxes next to the Geospatial Stream Flow Model and Spatial Analyst

to load the extensions to the project, and click OK.

The Menu and tool bar will update to reflect the additional functions of the Geospatial

Stream Flow Model and the Spatial Analyst extensions.
=[Ol

Eile Edit “iew Theme Analysis Suface Graphice Window Help Geospatial Stream Flow Model  GeoSFM Utilities

B FEEE] Bl @

(@[> E S 7 [ =[T] -] (220 -] See 1 2 BERE ¥

L. < I ]
New | Ooen | Pt | [l hacnbe hn N

Begin by selecting File — Save Project As...from the top menu. Save your project to
your workspace c:\GeoSFM\workspace\ with the file name Limpopo.apr. The

extensions will then be preloaded next time you open the project.
= saveprojecths a
File: FJams: Disclonas
OFk
| Limpopo am C:\oeosm _l

5 bwonne - & o - Carsd
E= geosim
=] =
Orves
[ =l
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1.3 Processing Elevation Data

+
Click the Add Theme button to add the Limpopo Basin shapefile. Change the
Data source types to Feature Data Source. Add the shapefile named limpbas.shp

from the c:\GeoSFM\samples\limpbas directory. Click OK.

x
Directory: | o hgeosfmbsampleshimphas oK, |
= ot - C
— ancel |
[= geosfm
[= zamples

&= limpbas

' Directaries

— € Libraries

[ata Source Types: Dirives:
| Feature Data Source B3 I [=3 |

The Geospatial Stream Flow Model uses a digital elevation model for the delineation of

hydrologic modeling units.

Add the elevations grid to the View using the Add Theme button. Change the
Data Source Types to Grid Data Source. Click on elevations from the
c:\GeoSFM\demdata directory and click OK to add the DEM to the View.

x

Directory: | c:hgeosfmhdemdata ok, |
elevations - = o - Cancel |

(¢ Directories

" Libraries

Data Source Types: Drrivves:
| Grid Diata Source =l e E3|
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Click and drag the Limpbas.shp theme to the top of the table of contents and check

the box so that it is visible over the elevations grid.

=l#i =

[_I0[]

Bl [ ew Irems fragus Suisce [ophcr Widoes Meb  Gacspeid Seasn Fowbode  GeoSiM Utitis

Wienl

Lel

Seleels, nirves, andeunes paphect

Next, set the analysis environment from the Analysis menu by selecting Properties.
Change the Analysis Extent to Same As Limpbas.shp and the Analysis Cell Size
to Same as Elevations. All other parameters will adjust themselves.

Click OK.

Analyziz Extent

Left [Emontars | Top[Zraesmn
Eottam [-3468500 Right [ 1533500.125
Analysiz Cell Size | Same As Elevations 3|
Cell Size I‘IDDD— dg
732

Murnbeer of Rows

Mumber of Columns I 1004

Analysis Mask Mo Mask Set =1

(u] Cancel |
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1.4 Performing Terrain Analysis
Begin by clipping the DEM to the extent of the analysis area. In the Analysis menu
select the Map Calculator. Double-click [Elevations] from the Layers list and

click Evaluate.

| [Elewation ||

Evahasla |

Select Map Calculation 1 in the table of contents to display theme in a raised box,
from the Theme menu select Save Data Set... In the Save Data Set: Map
Calculation 1 Dialog box navigate to the c:\GeoSFM\workspace directory and in

Grid Name, name your new grid extent Limpopo_elev. Then click OK.

=
Click the Add themes button to add the new permanent Limpopo_elev grid to
the View. Change Data Source Type to Grid Data Source and click on

Limpopo_elev to add to View.

Next, remove all Themes except for the new Limpopo_elev theme. Select the
Theme to be removed by clicking on Theme, which is now a raised box. In the Edit
menu select Delete Themes to remove selected theme. Continue until all themes
are removed except for the Limpop_elev. theme. Multiple themes can be selected by

holding down the shift key while selecting the themes.

From the View menu select Zoom To Themes to focus on the new extent area. You
may wish to apply an elevations type legend to the theme. To do so, from the Theme
menu select Edit Legend. In the Color Ramps drop down list at the bottom of the

Legend Editor select Elevation #1 and click Apply.
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You are now ready to begin running the Geospatial Stream Flow Model!

In the Geospatial Stream Flow Model select Complete Terrain Analysis from the

drop down list.

Generate B azin Responze File

Generate Rain/Evap Data Files
Compute Soil Water Balance

Compute Stream Flow

Perform S enzitivity Analysiz

Perform todel Calibration

Update Bankfull and Flow Statistics
Diizplay Flow Percentile b ap
Dizplay Flow Hydrographs

Confirm your working directory as c:\GeoSFM\workspace and click OK.

#2 Working Directory x|
Specify vour warking directory Ok
| o hgeozfmhmork space Cancel
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If you have existing river or basin coverages you may add them. For this exercise you

will select NO.

Geospatial Stream Flow Model

g Do pou want bo impart exigting river and bazin coverages?

Select the Corrected DEM as the only existing grid and click OK.

#2 Which Grids Do You Have?

Select ALL Exizting Grids

Cancel

il

Flow Drirection Grid

Flow Accumulation Grid

Downztream Flow Length

Stream Grid

Strearn Link, Grid

Outlet Grid

Subbasin Grid |

Select Yes to confirm that you want to create the missing grids.

#! Do you want ko create missing grids? i[

Mizzing grids are  Flow Direction Grid, Flow Accumulation Grid,
Downstream Flow Length, Stream Gd, Stream Link Gnd, Qutlet
Grid. Subbasin Grid. Hill Length Grid, Hill Slope Grid and

D ownstrearn Grid

Mo | Cancel |

Confirm that the grid called Limpopo_elev is indeed the Corrected DEM.
Click OK.

! Identify Grid

Select the Comected DE M

| Lirmpopa_elev =] Cancel |

The program should begin performing the terrain analysis. After a while it will ask you
to input the stream delineation threshold. This is the minimum number of cells that

must be upstream of a given location before a river can be initiated.

15



Use the suggested default of 1000 and click OK. Using a different threshold will result

in a model with a different number of streams and watersheds.

#2 Minimum Threshold = 500 x|
Murmnber of cells to initiate a stream [ztream threshold) 0k,
m Cancel

In a few minutes you should get a message telling you the terrain analysis is

complete. Click OK. (Limpopo.elev theme is replaced with Elevations Theme during
the processing.)

1.5 Creating a Basin Characteristics File

Next, you need to generate a file that summarizes basin characteristics. From the

Geospatial Stream Flow Model menu, select Generate Basin Characteristics
File.
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Geozpatial Stream Flow Model [REETEI ENN)

Complete Terrain Analysis

Generate Basin Charac

Generate Basin Responze File

Generate Rain/Evap Data Files
Compute Soil \Water Balance

Compute Stream Flaow

Perform Sensitivity Analysis

Perform bodel Calibration

Update Bankfull and Flow Statistics
Dizplay Flow Percentile Map

Dizplay Flow Hydrographs

Confirm your working directory as c:\GeoSFM\workspace. Select YES when

presented with the question “Add Soils & LandCover Data to View?”

Geospatial Stream Flow Model

9 Add Sods & LandCover Data to View?

#! Geospatial Stream Flow Model

Add the following grids to the Yiew -

11 Funaff Curve Mumber Grid

2] SailWwater Holding Capacity Grid
31 Sail Depth Grid

41 Sail Texture Grid

B] Hydraulic Conductivity Gnd

E] Maxirmurm Impervious Cover Gnd

The required data sets are provided for you in the c:\GeoSFM\soildata directory.
Change the Data Source Types to Grid Data Source. Hold the shift key down to
select all the grids, (ks, maxcover, rcn, soildepth, texture, and whc.) Click OK to add

them to the View.

17



x
Diirectany: | c:hgeosfmieoildata oK. |

= o -

Cancel
= geosfm

% Directories
— — ™ Libraries

[Data Source Types: Dirives:
| Grid Data Source =l | =l

The program will present a new list of your input grids including all the input

parameters.

) Specify Names of Input Grids il

Input Grid Thenes

Basin Grid |

Frocessed DEM | Elevations Cancel |
Flow Accurulation Grid | Flows.co

Hill Length Grid | Hillength

Runoff Curve Number Grid [Fcn

WWater holding Capacity Ith
Sail Depth Grd | Soildepth

Soil Texture Grid | Texture

Hydraulic: Conductivity Grid | Kz

Downstream Flov Length Grid | FlowLen

Stream Link Grid | StiLinks

Downstream Bazin id Grid | Downstream

b a Impervious Cover Grid | Mavcover

The program will produce 2 files containing the characteristics of each sub-basin and
river. It will also produce a file containing the computational order, which is required
for subsequent program operations. When it is done processing, it will bring up a

message indicating the name and location of the output files. Click OK

18



! Geospatial Stream Flow Model
Basin Charactenstics Computed. Outputs witten to
6 CAGeoSFM workspaceibasin bt
C\GeoSFM\workspacehorder. bt
CAGeoSFM\workzpaceinver ta

Below all the input grids are added to the table of contents.

£ viewl 1=l B

| Wihe =
B 20 - 42333
[ 42333 - Ba.5t
[ 54567 - 87
CJer- 100333
[ twaszz- 131
[ 131857 - 154
[ 154 - 176533
[ 176333 - 198
[ 1o 667 - 221
B oD st

1.6 Creating a Basin Response File

From the Geospatial Stream Flow Model menu select Generate Basin Response

File.

|
Geospatial Stream Flow Model REEsi RN

Complete Terrain Analysis

Generate Bagin Charactenztics File

Generate Bazin Responze File

Generate Rain/Evap Data Filez
Cormpute Sall W ater B alance
Compute Stream Flow

Perfarm Senzitivity Analyziz
Perfarm Model Calibration

|Ipdate Bankfull and Flow Statistics
Dizplay Flow Percentile bap
Dizplay Flow Hydrographs

Confirm your working directory and click OK.

19



#! Working Directory x|

Specify waur working directory Ok

Cancel

Select the Non-Uniform from USGS Land Cover Grid option for determining the

overland flow velocity. Click OK.

#! Geospatial Stream Flow Model

Method of Overland Flow Velocity Computation: 0.

X

Cancel

| Mor-Uriformn from USGS Land Cover Grid

Man-Unifarm friom eer Supplied Yelocity Gr

| Urniform from Uzer Supplied YWelocity Walue

A list of the required inputs is displayed. Click OK.

# Required Inputs 5'

For Mon-Uniform Welocity from USGS Land Cover Grid, -
required inputs include;

[1] Basin Grid

[2] Flow Direction Grid

[31 Flow Lenath Grid

[4] Stream Outlet Grid

[B] USGS Land Cover Grid

[B] Elewation Grid

[¥]  Flow Accumulation Grd

[8] Computational Order File [created along with bazin file]

Click Yes when asked whether you want to add USGS Land Cover grid to the View.

20



Geospatial Stream Flow Model

wiould vou like to add the USGS Land Cover grid to the view
now?

Mo

Change the Data Source Types to Grid Data Source. Select usgslandcov from

c:\GeoSFM\landcov directory and click OK to add the land cover grid to View.

!} Add Theme x|
Directany: | c:hgeosfmilandcoy oK |
o Er et (= Cancel |

= geosfm

P.' landcow

£ infao
& Directories
=  Libraries

Data Source Types: Dirivves;
| Grid Data Source =l = E3|

Confirm the names of the input grids and the Computational Order File with values

displayed in the Specify Required Inputs dialog box. Click OK.

#! Geospatial Stream Flow Model ﬂ

Specify Required Inputs

] 4

Basin Giid |l

Flews Direction Grid | Flowdir Cancel

Flaws Length Grid | Flowlen

Stream Outlet Grid | Dutlets

Eleration Grid | Elevations

Flaws Accurmulation Gid | Flowac:

USGES Land Cover Grid | Usgslandcoy

Computational Order File | c:hgeostmiworkspacehorder. bt

21



The Land Cover, Anderson Code, Manning’s N should now be displayed. Use the
default Manning’s Coefficient values when Specifying Manning’s (Velocity)

Coefficients for each land cover. Click OK.

#! Land Cover, Anderson Code, Manning's N x|

Specify Mannings [Welocity] Coefficients for each land cover
Urban and Built Up. 100 [THE

Dinyland Cropland and Pazture, 211 | 0.040 Cancel |

Imgated Cropland and Fasture, 212 | 0.040

Cropland/Grassland Mosaic, 280 [ 0,037

CroplandMwondland Mosaic, 230 | 0.070
Grassland, 311 [ 0.035

Shrubland, 321 | 0.050

Savanna, 332 [ 0.040

Decidunus Broadleaf Forest, 411 | 0080

Evergreen Broadleaf Forest, 421 0.1
‘water Bodies, 500 | 0.04

‘Wooded Wetlands, 10 | 0.05
Herbaceous Wetland, 520 [0.10

Barren or Sparzely Wegetated, 770 | 0.030

Need to update print screen with added codes

The program will compute a response file (similar to a unit hydrograph) for each sub-
basin. This may take a few minutes. After the computations are complete a dialog

box will appear and indicate to you the location of the output file.

22



1 1.000000 0.000000 0.000000 A >'

2 1.000000 0.000000 0.000000 . !'
3 0.044526 0114831 0152327 02 F
4 0925774 n.on22a2 0.000000 0o

5 1.000000 0.000000 0.000000 0o

[ 0138325 0162437 0.233281 .

a 0.373610 0.457701

| 0.143477 0.316333
10 0.034732 0243513
11 0990291 0.003709

PEY A ATATn A AAnETn

Bazin Fesponze Computed. Output file:
chgeonsfmiuwork spacetresponze. bt

Traveltime and Velocity themes are added to the table of contents. Also, displayed
is the response table. Click OK in the dialog box. You have now finished the terrain
analysis; and have generated the basin characteristics file and the response file. Next,

you will generate the rain and evapotranspiration files.

This has completed Exercise 1. Save your project. If continuing on to the next
exercise you can leave the project open. If you wish to continue with the next exercise

at a later time you can close the project now.

Training Manual for the Geospatial Stream Flow Model

Ex 2: Performing Stream Flow Analysis

Contents:
2.1 Generating Rainfall and Evaporation Basin Files
2.2 Computing Soil Water Balance

2.3 Perform Stream Flow Routing
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2.1 Generating Rainfall and Evaporation files

In this next step you will estimate a rainfall value for each sub-basin from the daily
rainfall grids. To begin this computation, from the Geospatial Stream Flow Model

menu select Generate Rain/Evap Data Files.

Geozpatial Stream Flow Model REEEEGRE]

Caomplete Terrain Analysis

Generate Basin Characternistics File

Generate Bazin Responze File

Generate Rain/Evap Data Files

Compute Soil \water Balance

Compute Stream Flow

Perform Senzitivity Analpsis
Perform todel Calibration

Update Bankfull and Flow Statistics
Dizplay Flow Percentile kap

Display Flow Hedrographs

Select Rainfall and Evaporation when prompted to Select Parameter to Extract.
Click OK.

! Extraction Parameter i[

Select Parameter to Extract O,

Cancel

Next, you will be prompted to Enter Model Parameters. Specify the location and
dates to be processed as shown in the figure below. The Rain Data Directory and
Evap Data Directory need to reflect the correct path as seen below, these fields may
need to be updated from the default path. The End Day Number field should be
changed from the default of 240 to 10, which will result in a shorter processing time.

Click OK.
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#! Geospatial Stream Flow Model 5'

Enter bModel Parameters

0K

Basin Grid | Basin:

Output Directory | c:\geosfmiaworkspace Cancel

Fain Data Directary | c:hgeosfmbraindatahrain_1339

Evap Data Directon | chgeosfmbevapdatahevap 1999
Start rear | 1339

End*rear | 1339

Start Day Mumber |1

End Dap Mumber |10

Computational Order File | o hgeosfmbworkspacehorder. bt

After a few moments a message box will appear indicating that the processing is
complete. The message also gives the location of the output files: rain.txt and

evap.txt. Click OK

#! Geospatial Stream Flow Model l'

Proceszing Complete. Output files:
O c:hgeosfmiworkspaceirain. bt
o hgeozfmbwork spaceheyap. bt

The rain.txt file created from this process contains an average rainfall value, in
millimeters, for each sub-basin per day. The evap.txt file contains a potential
evapotranspiration (PET) value, in tenths of millimeters, for each sub-basin per day.

The routing program will use these files when you calculate the soil water balance.

2.2 Computing Soil Water Balance

The next item in the Geospatial Stream Flow Model menu allows you to compute
how much water is contributed to stream flow through the soil. From the Geospatial

Stream Flow Model select Compute Soil Water Balance.
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FeaSFM L
Complete Terrain Snalysis

Fenerate Bagzin Charactenistics File
[Generate B asin Aesponze File

Generate R ain/Evap Data Files

|:: ampL

Compute Strearn Flow

Perfarm 5 ensitivity Analysiz
Pertormn Model Calibration

Update B ankfull and Flow Statistics
Dizplay Flow Percentile Map

Dizplay Flow Hydrographs

Confirm the working directory as c:\geosfm\workspace. Click OK.

2 Working Directory x|

Specify pour working directary 0k

o hgeasfmworkzpac Cancel

You will then be prompted to verify the input and output files in the Enter Model

Parameters dialog box, use the default files listed. Click OK.
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#!} Geospatial Stream Flow Model ﬂ

Enter Model Parameters.

Input Rainfall File [TEEXE

Input Evap File | evap.tst Cancel |

Input Basin File | basir tat

Ihput Response File | responge. bt

Ihput Parameter File | balpararm. tst

Basin Runaff field File | basinrunaffyield b

Dutput Soil Moisture File | soilwater bt

Dutput Actual Evap.File | actualevap. bt

Ground 'water Loss File | gwloss. bt

Current Soil ‘wiater File | cawater tat

Excess Runoff File | excessflow.tat

Interflowe File | interflow tet

Baseflow File | baseflow bt

Mass Balance File | massbalance.tst

Process/Emor Log File | logfilesoil bt

Initial S oil b oisture File | initial tat

Next, Enter Model Parameters as shown below, use the default values. Click OK.

#! Geospatial Stream Flow Model 5'

Enter Model Parameters.
Computation Start Year rm
Cornputation Start 0ay |EIEI1 Cancel
Mumber of Rain/Evap Days | 10

0K

Mumber of Responge Days | |
Murber of Subbazine | 365

Imitial S oil Maisture | 0.1
[rata Farmat [0=Hourly1 = aily) | 1

Mew Bun [0] or Contifue Previous Bun(1] | ]

B azin Polygon Theme | baszply. zhp
k.ey Field eg Grid Code | gridcode
Simulation[0] or Calibration(1] Mode | ]

For short runs, 30 days or less, getting the initial soil moisture content correct greatly

influences the accuracy of your calculated flows. For this run, you will assume that the
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soil is initially dry, containing only 10% of its storage capacity. You report this as a

fraction of 0.1. As seen above in the Initial Soil Moisture field.

Next, you will be asked to Select the Soil Model for this computation. The
available choices include: Single Layer Soil Model and Double Layer Soil Model.

For this exercise you will choose the Single Layer Soil Model. Click OK.

#2 Geospatial Stream Flow Model ﬂ
Select the Sail Model for thiz computation 0K
| Single Layer Soil Model B Cancel

The model computes the soil water balance and indicates the location of the key
output file containing the local contribution of each sub-basin to downstream river

flow. The Final Soil Moisture table is also displayed. Click OK.

< Final Soil Moisture O] x| _
#! Geospatial Stream Flow Model il
2811 22184

12;; 122223 Soil Water Balance Complete. Results written bo:
: C:AGeoSFMyworkzpacehbazinmunofiviehd, bt
147 15304

146 14.073
141 15479
145: 16.201

The basinrunoffyield.txt file produced will be used by the flow routing program in
subsequent operations. The basin polygon theme, basply.shp, is also color coded to

indicate the spatial distribution of soil moisture at the end of the simulation period.

Check the box next to this theme to turn it on and make sure the theme is in a raised
box. From the Theme menu choose Hide/Show Legend to display the legend. You

will notice there are three categories for soil moisture, dry, moist, and wet.
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2.3 Performing Stream Flow Routing

Finally, you get to the part engineers like; moving the water around.
To begin, click on the Geospatial Stream Flow Model menu and select Compute

Stream Flow.

Geospatial Stream Flow Model JEFEI== TN

Complete Temain Analysis

Generate Bazin Charactenstics File

Generate Bazin Response File

Generate Rain/Ewap Data Files

Compute Soil " ater Balance

Compute Stream Flow

Perform Senzitivity Snalyziz

Perform Model Calibration

Idpdate Bankfull and Flow Statistics
Dizplay Flow Percentile bMap

Dizplay Flov Hydrographs

Specify your working directory as usual. Click OK.
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1 Working Directory |

Specify your working directon (]

C:\GeoSFh workzpac Cancel

The next dialog box that appears allows you to verify or enter the simulation input files
and output files. Pay particular attention to the No. of Days of Forecast Required

field. In this example the forecast will be for a three day period of time. Click OK.

#) Geospatial Stream Flow Model ﬂ

Enter Model Parameters.

|nput Bunaff File | [REER = g
|nput Fezponze File |re&pnnse.t>:t Cancel |

Input Basin File | river it

Input Reservoir Characteristic File | reservair bt

DOutput River Depth File | riverdepth. txt

Qutput Upstream Flow File | inflow, tut

Output Strearflow File | streamfow bt

Output Reservoir Status File | damstatus. bt

Olutput Local Flow File | localfo, b

Routing Pararneter File | routpararm, bt

Listing of R outing Files | routfiles. tat

Streamflaw Forecast File | forecast vt

Routing Lag File | Inafileflow. bt

Bazin Polpgon Theme | bazply.zhp
Key Field eg Grid Code | gridcode

Mo, of Dayps of Forecast Reguired |3

Simulation[0] or Calibration(1] Mode | 0

30



You will then be prompted to select the Routing Method for this computation. The
choices include: Simple Lag Routing Method, Diffusion Analog Routing Method,
and Muskingum Cunge Routing Method. Select the Simple Lag Routing Method

for this exercise. Click OK.

#! Geospatial Stream Flow Model x|
Select the Routing Method for thiz computation

| Sirnple: Lag Routing Method =] Cancel

Diffusion Analog Routing Method
Muszkingum Cunge Routing Method

The model will soon indicate that it has finished the computation and written the
results to the streamflow.txt file in the working directory. Click OK in the Stream

Flow Routing Complete Results dialog box.

1 limpopo.apr MEE N viewl EEE
22 Streamflow.txt j‘

Time Py LSBT SR i & Fdi

1999001 ¢ 396165 328030: 103738: 76.933: 26.046: 352 =
1939002 B03.708: 5E0.283° 165461 137.773! 620922373
1933003 . 728352 1 BBAS1S: 261678! 233679126246 4067
1933004 11034412 1014.766 1 B09.781 ; 571.557 | 308.547 ; 48544
1939005 1226358 11219.487 | 797628 7E3.E13!464.083:529.9¢
1999006 : 13771108 1375.240 895,795 O77.099: 550754 1 531 6l
1939007 1 1471.282 1 1470150 : 1009.970 : 1003.356 | GOG.619 ; 462.2¢
1933003 1 1431.715 11430031 (1 1005.094 : 1002.843 { 534.042 | 4530«
1939003 : 1166.271 (1165212 B47 656 B46.515:531.951 i

15933010 1046473 1 1045.4168: B16.843: A15.841 : 531 Gl A BRI 5 LTS AT |
La 19330111 900703 993691 763.031: 752028500,

(=] .—_4\!:::.ﬁ\< r§\||

L nnna s A YA na T SN AR A Y A E TEAn
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O Strearn Flow Routing Complete. Results written to:

HillLen gi chgeosfmiwork spacetstreamflow. bt

Basins

Outlets

StrLinks

Streams

FlowLen

Flonn A

F lowy Drir

S S S S SN

The Streamflow.txt table is also displayed. The streamflow.txt file contains a

velocity value in cubic meters per second for each stream, each day.
You have now completed Exercise 2. Save your project. If continuing on to the next

exercise you can leave the project open. If you wish to continue with the next exercise

at a later time you can close the project now.
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Training Manual for the Geospatial Stream Flow Model
Ex 3: Calibration

Contents:

3.1 Perform Sensitivity Analysis

3.2 Perform Model Calibration

3.1 Perform Sensitivity Analysis

In Exercise three you will familiarize yourself with the calibration functionality within
the Geospatial Stream Flow Model. The first menu item you will explore is
Perform Sensitivity Analysis; from the Geospatial Stream Flow Model menu
select Perform Sensitivity Analysis. The sensitivity analysis will test which
parameters should be used for calibration as well as analyzing feasible parameter
ranges. Sensitivity analysis measures the impact on the model outputs due to

changes in the model inputs.

2am Flow Model JRE=1 G
Complete Terrain Analpsiz
Generate Bazin Characternistics File

Generate Bazin Responze File

Generate Rain/Evap D ata Files
Compute Soil water Balance

Compute Strearmn Flow

Perform Sensitivity Analysis

Perform Model Calibration

|Ipdate Bankfull and Flow Statistics
Diizplay Flow Percentile tap
Diigzplay Flow Huedrographs

The Working Directory dialog box will display, Specify your working directory,
and click OK.

#} Working Directory x|

Specify your warking directon (]

d:\geosfmhwork space Cancel
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The next dialog box displayed prompts you to; Select the river reach for

sensitivity analysis. In this exercise you will select basin 140. Highlight/click 140 in
the drop down list, and click OK.

i Geospatial Stream Flow Model x|

Select the river reach for zensitivity analyziz 0F.

140
166
147
144
142
145

Cancel

Ll

129
134

Next, the Select Model Configuration dialog box is displayed, select One Soil

Layer, Lag Routing. This configuration was selected in exercise 2. Click OK.

i! Geospatial Stream Flow Model x|
Select Model Configuration ] 4
Ore Sail Laver, Lag Routing | Cancel

One Soil Layer, Muskingum-Cunge Routing

One Soil Layer, Diffusion Aouting

Two Soil Lavers, Muskingum-Cunge B outir

Two Soil Lavers, Diffusion Routing

Two Soil Laversz, Lag Routing

The next dialog box will list the multiplier range for the sensitivity parameters. Use

the default values and click OK. This is a list of the twenty different parameters that
will be tested.
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#! Geospatial Stream Flow Model x|
Enter the multiplier range for senzitivity parameters -
ak
Soitwhe, Soil water halding capacity (mm) | IKEI

Depth, Total soil depth [cm] | 1,800 Cancel

Texture, Sail texture: 1=5and 2=Loam 3=Clay 5="w/ater |1.5
K.z, Saturated hypdraulic conductivity [cmehr] | 0.007,150

|rterflow, Interflow storage residence time [days) | 1,365
HSlope, Average subbasin slope | 0.001.10

B azeflow, B azeflow rezervon remdence time [days] | 1.365

CureMum, SC5 munoff curve number | 25,98

MaxCover, Permanently impervious caver fraction [0.011
BazinLozs, Fraction of zoil water infiltrating to ground water [1.0.5
PanCosff, Pan cosfficient for comecting PET readings [0.6.0.95
TopSoail, Fraction of sail layer that iz hpdrologically active IW
RainCale:, Excess rainfall mode 1=Philip 2=5C5 3=Bucketkodel E
RivRough, River Channel Roughhes: Coefficient [Manning n) lﬁ

RivSlope, Average slope of the river [0.001.10
Rivwidth, Average channel width [m] | 1,1000
RivLogz, Fraction of fov logt within the river channel ’W
RivFPLoss, Fraction of the river flaw lost in floodplain [0.01.05

Celerity, Flood wave celerity [mds) [0.1.5
Diffuzion, Flow attenuation coefficient [m”™2/45] | 10010000

At this point, a window will open and display the number of data sets created, and the

number of model runs completed. This method is a one-at-a-time method where one

model run will only have one parameter changed with all other parameters held

constant. The parameter values are taken at a twenty equal interval sample for twenty

different parameters. This results in a total of 400 model runs. This will take a few

minutes to complete.

datasets successfully created
datazsets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datasets successfully created
datazets successfully created ———
model runs successfully completed
model runs successfully completed
model runs successfully completed
model runs successfully completed
model runs successfully completed
model runs successfully completed
model runs successfully completed
model runs successfully completed

B8 =T O P G B
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When the process is finished the number of model runs successfully completed will
reach 400. A dialog box will display stating that the Sensitivity Analysis is

Complete and the results have been written to SArunOutput.txt.

#} Geospatial Stream Flow Model ﬂ

0 Sensitivity Analyziz Complete. Results wiitten to: sarunoutput. bt

The output file SArunOutput.txt will give you the mean absolute difference of test
results over the parameter range for each parameter. The greater the differences, the
more sensitive the parameter. Sensitivity analysis is important when preparing to
calibrate so that resources are not wasted on parameters that have little or no effect

on model output.

=101 x|

File Edit Format Yiew Help

hichp d d tdd - .
10 256 6 &34 2 pos oot SEEEEY B In this example parameters 1,
Z,5.816,4.3581,1.623

3,0.000,0,000,0.000 2, 5,7,18, and 19 show the
4, 0.000,0.000,0.000 _
5,2.402,1.714,0.637 greatest differences. The
§,0,000,0, 000,00, 000

7,3.062,2.142,0. 913

30,000, 0,000, 0. 000 < parameters that are the most
9,0, 000, 0,000, 0, 000 o . .
10,0.174,0.116, 0. 070 sensitive are Soilwhc, soil
11,0.411,0.316,0.118
12,0, 000,0.000,0, 000 Depth, Interflow, BaseFlow,
13, 0.000,0.000,0.000
14,0,.000,0,000,0. 000 i i
15 0. 000’ 0. 000" 0. 000 RivFPLoss, and Celerity.
16,0, 000,0,000,0.000
17,0.11%9, 0,061, 0. 036
18,1.325,1.004,0,355
19,4,664,2.132,1.432
20,0.000,0.000,0. 000

3.2 Perform Model Calibration

The last menu item is Perform Model Calibration; from the Geospatial Stream
Flow Model menu select Perform Model Calibration. The purpose of calibration is

to adjust model parameters to closely match the real system.
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GeoSFM L

Complete Terain Analysiz

Generate Basin Characternistics File
Generate Bazin Fesponze File

Generate Rain/Evap Data Files
Compute Soil \Water Balance

Compute Stream Flow

Perform Sensitivity Snalyzis

Perform Model Calibration

Update Bankfull and Flow Statiztics
Dizplay Flow Percentile Map

Mizrlan Flaw HodAranranhes

Confirm your working directory. Click OK.

i} Working Directory x|

S pecify your working directory k.

D:\GeoSFMYworkspac Cancel

Copy the observed_streamflow.txt from the geosfm\samples directory and paste
into your working directory —in this example d:\GeoSFM\workspace. In the next
dialog box you will need to select which observed stream flow stations will be used for
calibration. In this example there is only one station; select 1 and click OK.

2} Which Stations Do You Want to Calibra ﬂ

Cancel

Next, select the basin Id for the stream flow station from the drop down box. The
stream flow station used for this exercise is located in basin 140. Select 140 and click
OK.

! Link River Reach to Gauging SEation x|

Select BazinlD for Streamflovs Station 1
[140 =] Cancel |

134
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From here you will choose the parameters that you want to calibrate. Hydrographs,
the watershed modelled, and sensitivity analysis are just some of the inputs the
hydrologist will use to determine what parameters need to be calibrated. In this
example six parameters were chosen: SoilWhc, Depth, Interflow, BaseFlow, RivFPLoOsSS,
and Celerity. These were the six parameters that were the most sensitive from the
sensitivity analysis exercise. Select Soilwhc, Depth, Interflow, BaseFlow,
RivFPLoss, and Celerity from the parameter list and click OK.

i Which Parameters Do You Want kg x|

Select Parameters to be Calibrated 0k

Cancel

Saifvhe

Depth
Texture
fz

Interflov

Curvekum

MawCover
BasinLoss
PanCoeff
TopSal
RainCals
RiwRaough
RivSlope
Rivtafidth
RivlLoss
RivFPLozz

Celerty

Diffugion —

Now, you will Define a Maximum Number of Runs. The number of runs is
dependent on the length of the streamflow record, the number of parameters being
calibrated, and the complexity of the parameter dependent model response for the
watershed being tested. In this exercise select 54, the smallest number of runs from
the drop down list, for shorter processing time. For optimum results the more model

runs the better. The range will generally be on the order of 5000-10,000 model runs.
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Click OK.

’;’ Geospatial Stream Flow Model

.l
Define a Maximum Mo, of Runs
MOTE: Each mn could take upto 1 minute!

|5

108
108

-

“How Should Convergence Be Measured?” dialog box is displayed. Select
Objective Function Type from drop down list. The statistical test selected is Root
Mean Square Error (RMSE). Click OK.

f." How Should Convergence Be Me ﬂ
Select Objective Function Type 0.
| Floot M ean 5quare Ermor [RMSE) | Cancel

Standard Deviation [STD)

M awirurn Likelibood Ermrar [MLE]
Mazh-Sutcliffe Efficiency[MSE]
Mumber of Sign Changes [M5C)
BlaS

The following window will open and begin the calibration process. Notice the listed
parameters. This process will take a few minutes because it needs to run through 54

samples.

o L WINDOWS ) system 32 cmd.exe |0 ﬂ

o fav Bl Ry R
ol o )
vl oy fuo|
=
il =Rl
A T [
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The next window will open, this will start the post-processing. This will take a few
minutes to finish processing.
W WINDOWS' system32 cmd.exe

D:wtestrgeozsfmpost .exe

GeoSFH.d11 found?

Found 1D water balance function in GeoSFM.d1l1l

Found 2D water balance function in GeoSFM.d1ll

Found diffusion routing function in GeoSFM.dll

Found Muszkingham—Cunge routing function in GeoSFM.d11l
lag routing function in GeoSFM.d11l

Hake 24 model runsz for houndary and average time servies HiHH

runs =

You now have completed the calibration process.

%2 Basin 140 Streamflow

Hydrograph of Subbasin 140

Strearnflow (m3/ss) 500

199900119990021 9950031 99500419990051 9990061 5990071 5990081 999009199901 0195901 119990121999013

Julian Day

T T TTAIRg - 150 T L1 iy Py & " . T B e L Lk 3 A

First model run
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Training Manual for the Geospatial Stream Flow Model

Ex 4: Post-Processing

Contents:

4.1 Update Bankfull and Flow Statistics
4.2 Display Flow Percentile Map
4.3 Display Flow Hydrographs

4.1 Update Bankfull and Flow Statistics

In Exercise four you will familiarize yourself with the last group of commands in the
Geospatial Stream Flow Model menu. The first menu item you will explore is
Update Bankfull and Flow Statistics; from the Geospatial Stream Flow Model

menu select Update Bankfull and Flow Statistics.

2am Flow Model EEEE SR
Complete Terrain Analpsiz
Generate Bazin Characterniztics File

Generate B azin Aespaonse File

Generate R ain/Evap Data Files
Compute Soil wWater B alance

Compute Strearn Flow

Pertorm S ensitivity Analysis

Perfarm kodel Calibration

IIpdate Bankfull and Flow Statistics

Dizplay Flow Percentile Map

Dizplay Flaw Hydrographs

Confirm the working directory as c:\geosfm\workspace. Click OK.
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2 Working Directory x|

Specify pour warking direchary 0k

|::j"-.|:|Ee|:|:5:fr|'|"-.I.-'-.Iljrl::_:z: A Cancel

The Basin Theme dialog box displays asking you to Select basin coverage/grid
theme from the drop-down box select basply.shp. Click OK.

i Basin Theme x|

Select bazin coverage/gnid theme 0K

Cancel

Next, the GeoSFM Utilities dialog box opens, for Enter Model Parameters the input
file should default to streamflow.txt and the two output files default to
monthlyflow.txt and annualflow.txt. Click OK.

i} GeoSFM Utilities x|

Enter Model Parameters.

4
|rput Craily Time Series File | S0 e
Output Monthly Time Series File | marthipflov. b Cancel

Output Annual Time Series File | annualfow bt

If less than 9 months of data is supplied the following Info dialog box will open. Click

OK.

x

Lezs than 9 month of data supplied.
O Cormputing bankfull from daily data...
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The model will soon indicate that it has finished processing and written the results to
the riverstats.txt file in the working directory. The riverstats.txt contains the
statistical estimate of how much water is needed to fill a river channel (carrying

capacity.)

Click OK in the Bankfull and Flow Characteristics Computed dialog box. Notice

the riverstats.txt table is also displayed.

® < Arc¥iew GIS 3.2a
J_ Eile Edit Table Field Window Help

[ I—D of 415 selected

] .—_4\!.::6\< ‘(\”

;" e LouAinn, 10, Aa05.E0.0 Barkfull and Flow Characteristics Computed. Outputs written ta: ;
e — O

Aan
E C:\GeoSFMworkspacebniverstats. tat
Scripts > >
!

The View is updated and the annualflow.txt, the monthlyflow.txt, riverstats.txt,

streamflow.txt, and Table 1 are displayed in the Tables list.
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4.2 Display Flow Percentile Map

From the Geospatial Stream Flow Model menu select the next item in the list:

Display Flow Percentile Map.

Geospatial Stream Flow Model REER=TE SR

Complete Terain Analysiz

[aenerate Bazin Characteriztics File

[Generate Bazin Rezponze File

Generate B ain/Evap Data Filez I
Compute S oil W ater B alance i
Compute Streanm Flow

Ferfarm Sensitivity Analysiz
Perform Model Calibration

Update Bankfull and Flow Statistics

Dizplay Flow Percentile Map

Dizplay Flows Hydrographs
[ f e SIL— AT

Confirm the working directory as c:\geosfm\workspace. Click OK.

43



#! Working Directory EI

S pecify yaur warking directany 0k,

o hgeosfmiworkzpace Cancel

Select Streamflow.txt when prompted to Select Input Data File in the Input Flow
Time Series dialog box. Click OK.

#! Input Flow Time Series 5'

Select Input D ata File OF.

Cancel

Select basply.shp when prompted to Select basin coverage/grid theme in the

Basin Theme dialog box. Click OK.

#! Basin Theme

Select bagin coverage/grid theme

| basply. shp =] Cancel |

Next, Select day to plot flow percentile map from the drop down list. The first

selection in this example was made for day 10. Click OK.

#} Geospatial Stream Flow Model ﬂ

Select day to plot flow percentile map OF.

Cancel

After a few seconds needed for processing your map will display. The basins are now

classified into three different categories - low flow, normal flow and high flow.
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21 projl.apr

Open

M[=EIN < view:

Streamflov. bst
Table

10

Scripts ¥ |

New | | am
& |l annualflo. kst =
monthigflow. bt
Wiews

For the next example, day 13 was selected. Click OK.

ﬂ basply.shp
[ low _flow
[ normal_flow
I high_flow

Ren
Maxeower
Ks

rivline shp

D owins traam
Slope
HillLen gth

Basins

|
|
|
|
_| BigBasins
|
|
|
|

_ | Outlets

_| strLinks
_| streams
_| Flowlen
_| FlowmAce
| FlowDir

_| Elevations
[ 1001- 1262
[ ] 1262 1524
[ ] 1525- 1786
I 1757 - z047
[ 2048 - 2308
I 2310 - 2571
Bl 2572 - 2832
[ 2533 - 3084

[ 3095 - 3356

[ MaoData

-

M= |

#! Geospatial Stream Flow Model 5[

Select day to plot flow percentile map

1993013

-] Cancel |

Results for day 13 are seen below.
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72 projl.apr o | A T Yiewl =10 =

Open |

New | | aw
|| annualflow. bt =
monthiyflow. bt
igws

3

Ren

Strearnflov. bt
Tablel

Slope
HillLen gth

Basins

L«

Outlets

StrLinks
Streams
Flow Len
Flow Ae o

F low Drir

(1 S ==

Elevations
[ ] 1001- 1262
[ ] 1263 - 1524
[] 1525- 1725
B 1757 - z047
[ 2042 - 2309
I 2310 - 2571
B 2572 - za32
[ 2833 - 084
[ ] 2095 - 2356

[ MeData

-

What changes do you see between day 10 and day 13?

You have displayed flow condition maps, next you will look at hydrographs.

4.3 Display Flow Hydrographs

The Geospatial Stream Flow Model provides a tool for plotting and displaying
hydrographs. You may also open the resulting file in Excel to plot out the hydrographs;
Excel does provide some additional plotting options, it does a good job with displaying

a long time series.

In the View, make sure that you have the basply.shp selected and displayed in

raised box.

To plot the hydrographs in ArcView, go to the Geospatial Stream Flow Model menu

and select Display Flow Hydrographs to active the plotting tool.

46



Geospatial Stream Flow Model REE=EE

Complete T errain Analyziz

Generate B azin Characterniztics File

10 & A5 =

Generate Bazin Responsze File

|nterpolate Station Data to Grid

Generate Rain/Ewvap Data Files

Compute Soil ' ater Balance
Compute Strearm Flow

Perform kodel Calibration

|Ipdate B ankfull and Flood Levels
Diigplay Flow Percentile tap

Dizplay Flowe Hpdrographs

After you select Display Flow Hydrographs your curser changes to a “+”, now click
in one of the sub-basins in which you would like to create a hydrograph. The sub-
basin is now highlighted to show that it has been selected (the yellow highlight cannot
be seen in “low flow” yellow sub-basins) and a window opens with the hydrograph
displayed.

An ArcView hydrograph is produced showing the daily variation of flow at the outlet of

the selected sub-basin.

Hydrogeaph of Subbasin 181

Streamflow (mil's)

' . ' . ' . ' v ' v
1999001 1992002 1996000 1999004 1996005 1999005 1999007 1999008 1990009 o 1 2 3

Julian Day

Click on a number of different sub-basins to see how different hydrographs compare.
See if you can observe the downstream propagation of flow by comparing hydrographs

from the headwater sub-basins to those farther downstream.
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| #l Basin 107 Streamflow [_[o[x
F Hydragraph of Subbasin 107
q 7
! B
i
it 5
i 4
:: Streamflow (m3/s) 3
it 2
i 1
[ a
" 1959001 1925002 1993003 1992004 1999005 1999006 1999007 1999008 1995002 O 1 2 3
Julian Day
72 Basin 274 Streamflow O] x
Hydrograph of Subbasin 274
450
400
350
300
250
Streamflow (m3/s) 200
150
100
a0
o
1999001 1999002 1999003 1999004 1999005 1999006 1999007 1999008 1999009 O 1 2 3
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Does the three-day forecast indicate increasing or decreasing stream flows?

Are the basins with the high soil moisture also the same basins with the most stream

flow?
You have now completed Exercise 4. Save your project. If continuing on to the next

exercise you can leave the project open. If you wish to continue with the next exercise

at a later time you can close the project now.
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GeoSFM Utilities

Training Manual for the Geospatial Stream Flow Model
Ex 5: GeoSFM Utilities: Raindata

Contents:

5.1 Download Rain/Evap Grid
5.2 Unzip, Untar, Imagegrid
5.3 ProjectGrid, Geo to Lambert Azimuthal

5.1 Download Rain/Evap Grid

In exercise six, you will familiarize yourself with the Raindata selections found in the
GeoSFM Utilities extension. The first Raindata option is Download Rain/Evap Grid.
Using the GeoSFM Utilities tool, you will download data from USGS/EROS
anonymous FTP server. From the main toolbar go to GeoSFM Utilities, and select

Raindata:Download Rain/Evap Grid from the drop down list.

R ta: oad Rain/Evap Grid
Raindata: Unzip, Untar, Imageaqrid
Raindata: ProjectGrd, Geo to Lambert Azimuthal

. GIS Tools: Compute Rain/Evap Grd Statistics
= GI5 Tools: Pick Grid Yalues at Paint
15 Tools: Interpolate Station Data to Grid
GI5 Tools: Generate Fain/Evap Data Files

DEM Toolz: Fill Sinks in DER

Time Series: Convert Daily ta Monthly and Annual

Time Series: Compute Daily Characteristic Flows

Time Series: Compute Frequency Digtribution

Specify your working directory. Click OK.

#! Working Directory x|
S pecify pour working directany ak
| c\gensfmiwwork space Cancel
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Specify FTP site information —defaults to values below. Click OK. To receive data from

the FTP site you will need to have an open internet connection.

7! GeoSFM Utilities =]

Specify FTP Site Infarmation

0K

FTF Site Location | edcftp.cr.uzgs ooy

Site User Mame | anonyrmous Cancel

Site Pazsword | anorpmous@Eed:

In the Specify Type Data to Download dialog box select Get Rainfall Grids from
drop down list. Click OK. (Get Global PET Grids would be selected for PET data.)

! GeoSFM ULilities

x|
Specify Tepe Data to Download

infall G
 Get Rainfall Grids
Get Farecast Rainfal Grids
Get Global FET Grids
Get Global TRMM Rainfal Grids

In the Select the region for analysis dialog box select Africa from drop down list.
Click OK. The latest available data set will be displayed for the region selected. See

GeoSFM Users manual for detailed list.

i} GeoSFM Utilities x|
Select the region for analpsis
Africa ] Cancel
Global

South Eazt Azia
Afghaniztan

Australia
Marth Amenica
Central America

South America

Europe
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Wait for the FTP transfer to complete (Internet connection must be open). The
program writes a local file with the selected region datasets. The available rain/evap
data will be displayed for downloading. Generally, sixteen days of data are available

for downloading from the FTP site.

Select All Grids to be downloaded by clicking and highlighting each selection that
you want downloaded. For exercise two, 10 days of data were used. Click OK. (File
naming convention for raindata is rain_YYYJJJ.tar.gz (“Y” — year, “J’- Julian day.) File

naming convention for evapdata is etcYYMMDD.tar.gz (‘Y”"—year, “M”"—month, “D”-day.)

#} GeoSFM Utilities

Select ALL Grids to be downloaded

Cancel

i

The GeoSFM Utilities box appears with the message - Data Transfer Complete -
with the number of files downloaded. Now, all downloaded files will be in your working

directory. Click OK. This process can be repeated for downloading PET data.

i GeoSFM Utilities x|

Drata Transfer Camplate.
O 10 file(z] downloaded.
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5.2 Unzip, Untar, Imagegrid

Next, you will prepare the data for analysis. The second selection under Raindata is

Unzip, Untar, Imagegrid. An internet connection is not required for this function.
From the main toolbar go to GeoSFM Utilities tool and select Raindata:Unzip,
Untar, Imagegrid from drop down list.

Sk Utilities
Raindata: Download Rain/Ewvap Grid

Raindata: Unzip, Untar, magegrid

Raindata: ProjectGrid, Geo to Lambert Azimuthal

315 Tools: Compute RaindEvap Grid Statistics
GI5 Tools: Fick Grid Walues at Point

315 Tools: Interpolate Station Oata to Grid
GI5 Tools: Generate Rain/Evap Data Files

DEM Tools: Fill Sinks in DEM

Time Series: Conwvert Daily bo Manthly and Annual
Time Series: Compute Daily Characterniztic Flows

Time Seriez: Compute Frequency Distribution

Specify your working directory. Click OK.

#! Working Directory X|

Specify your working directary
| ehgeostmivmorkspace Cancel |

Select All Grids to be processed by clicking and highlighting each selection that you
want processed. Click OK.

i GeoSFM Utilities x|

Select ALL zipped gndz to be processed. oK

Cancel

rain_20051 44 tar.gz
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Next, Select All image files (**.bil) to be converted to grids by clicking and
highlighting each item. Click OK.

2! GeoSFM Utilities x|

Select ALL image filez [* bil] to be converted to grids. ok

Cancel

0.l
005141 kil

005142 b

A dialog box will appear for each file, confirm your directory. Click OK for each dialog
box —one for each rain file downloaded.

# Convert Rain_2005137.bil

| Mi EEE chgeosfm
= o a

Canicel

Xl
Grid Mame Directaries: ] |

|»

£ demdata

£ documentation

£ evapdata

£ landcoy

£ landeow_

7 oresentations ;I

Led

At the same time the rain grids will be added to the table of contents in a new View

labelled Geographic View.

[2 Arcview GIS 3.2a
Eile Edit Miew Theme Analysiz Suface Graphick
[N

72 sectiond.apr

= [=|

‘window Help Geospatial Stream Flow Model  GeoSFM Utilities

B @] [e]

&3
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When all processing is complete the GeoSFM Utilities dialog box will appear stating
that all Data Processing Complete along with the number of grids processed and
directory information. This process can be repeated for processing PET data. The grid
naming convention for raindata is Rain_YYYYJJJg (example Rain_1999001g), for
Evapdata is Evap_YYYYJJJg (example Evap_1999001g.)

£ GeoSFM Utilities =

[ata Proceszsing Complete.
10 gridiz) processed and stored in c:hgeosfmwark space’,

All Rain_YYYYJJJg themes are added to the table of contents as seen below. (“g” at

the end of grid name —geographic projection)

+ [Graphics ‘'Window Help
N
j o

eospatial Stieam Flow Model  GeoSFM Utilties

2] @]

T
Soale 1] i35 ¥

&1 Rain_zoo5189g )

<. [ Jo-o

128
[Jze-27
I zz- a6
47 - 56
I 57 - &5
I o5 - 74
554
o ata
_| Rain_2005188q
[Jo-a
[ 17-12 I “
13- 18
1924
B =5 31 3
B 32 37
M ::- s
B - w0
50- 56

[
I o D ats

_| Rain_2005187g

05 - 122
| RE-RREE]
il o0 - 157
oD ats

_| Rain_2005186g :
[Jo-a "
C_J1o- 12 S L N
C]12-27 =]

Flso =
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5.3 Geo to Lamber Azimuthal

The last selection in the Raindata functionality is ProjectGrid, Geo to Lambert
Azimuthal. This function will change the projection of the grids from geographic to
Lambert Azimuthal. From the main toolbar go to the GeoSFM Utilities tool and select

Raindata:ProjectGrid, Geo to Lambert Azimuthal from drop down list.

GeoSFM Uilities

Raindata: Download Rain/Ewvap Grid

Raindata: Unzip, Untar, Imageagrid

Raindata: ProjectGrid. Geo to Lambert Azimuthal

315 Tools: Compute RaindEvap Grid Statistics
GI5 Tools: Fick Grid Walues at Point

315 Tools: Interpolate Station Oata to Grid
GI5 Tools: Generate Rain/Evap Data Files

DEM Tools: Fill Sinks in DEM

Time Series: Conwvert Daily bo Manthly and Annual
Time Series: Compute Daily Characterniztic Flows

Time Seriez: Compute Frequency Distribution

Specify your working directory. Click OK.

2 Working Directory

Specify your working directon

Mo

| chgeosfmiworkspace Cancel

In the Select the continent for analysis dialog box select Africa from drop down
list. Click OK.

#! GeoSFM Utilities

X
Select the continent for analyzis

| frica ]| Cancel

.
Australia

Europe

Morth America

South America

Select Yes, in the Do you want to project the grid(s) from Geographic

Coordinate System to Lambert Equal Area Azimuthal dialog box.

55



GeoSFM Utilities

Do wow vaant to project the grid(=) from
9 Gengraphic Coordinate System to
Lambert Equal Area Azimuthal

_te |

Next, the Analysis Properties for Rain_YYYYJJJg is displayed; accept the default

values in the Analysis Properties dialog box. Click OK.

Analysis Properties for Rain_2005137g

Analysis Extent HBY

Left [-20.08 Top [40
Bottarn [-40 Right [55
Analysis Cell Size | Cunent Value =1
Cel Size 101 Map Units
Mumber of Rows 800
Murnber of Columnz 750
Analysis Mask | NoMask Set B3|

oK Cancel |

Select Yes, when prompted “Do you want to use this analysis extent for all

grids?”

GeoSFM Utilities

9 Do pou want o use thiz analyzsiz extent for all grids™?

....... T Mo |

After a few seconds the Lambert Azimuthal View window opens with the

Rain_YYYYJJJ themes projected in Lambert Azimuthal Equal Area projection.

(Notice the “g” at the end of the grid name is no longer displayed.)
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& Lambert Azimuthal Yiew

| Rain_z005158 =

_| Rain_2005168

[Jo-2

s 1=
s

Now the Rain_YYYYJJJ grids can be added to the View when prompted during the
Generate Rainfall and Evaporation Basin Files process in section 2.1 of this
document. All three steps, section 5.1 through 5.3, will need to be repeated for

evaporation data.

Training Manual for the Geospatial Stream Flow Model
Ex 6: Using GeoSFM Utilities —GIS Tools

Contents:

6.1 Compute Rain/Evap Grid Statistics
6.2 Pick Grid Values at Point
6.2.1 Creating a Point Theme
6.3 Interpolate Station Data to Grid
6.3.1 Creating Rain/Evap Interpolation Tables

6.4 Generate Rain/Evap Data Files —same as section 2.1

6.1 Compute Rain/Evap Grid Statistics

In exercise seven you will familiarize yourself with the GIS Tools found in the GeoSFM
Utilities extension. The first menu item is GIS Tools: Compute Rain/Evap Grid
Statistics; from the GeoSFM Utilities menu select GIS Tools: Compute

Rain/Evap Grid Statistics.
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GeoSFM Utilities
Raindata: Download B ain/Ewap Grid
Raindata: Unzip, Untar, Imagegrid
Raindata: ProjectGrid, Geo to Lambert Azimuthal

GIS Tools: Compute Rain/Evap Gnd 5
GIS Tools: Pick Grid Walues at Paint

GI5 Tools: Interpolate Station Data to Grid
GIS Tools: Generate Rain/Evap Data Files

DEM Toolz: Fill Sinks in DEM

Time Series: Convert D aily to tonthly and Annual
Time Series; Compute D aily Characteristic Flows

Time Series: Compute Frequency Distribution

The Model Parameters dialog box is displayed; confirm the Output Directory and
type in the correct path for the Rain Data Directory and Evap Data Directory.
Confirm the Start Year and End Year fields. Enter the Start Day Number field and
the End Day Number field for the time frame you want to compute. In this example
the End Day Number was changed to 10 from the default value—for faster

processing time. Click OK.

i Model Parameters x|

Enter Model Parameters

] 4

Output Directany | c:hgeosfmhworkspace

Fain Data Directony | c:hgeosfrmiraindatatrain_1333 Cancel

Evap Data Directory | o Saeosfmievapdatateyap_1339
Start vear |1939
End‘vear | 1993

Start Day Number |1
End Day Murber |10

From the Compute Local Statistics using the following grids: select Both

Rainfall and Evaporation Grids. Click OK.
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#! Geospatial Stream Flow Model |

Compute Local Statistics wuzing the fallowing arids: ox.
Both Rainfall and Evaporation Grids =] Cancel
Rainfall Gridz Only -

Ewaparation Grids Only

Next, from the Local Statistics Type dialog box, Select the Type of Statistics to
be Computed from the drop down list. For this exercise you will select
GRID_STATYPE_SUM, which will display the sum rain/evap for the 10 day date

range you defined in the Model Parameters dialog box.

Take note of the list of various statistics that can be computed and displayed. Click

OK.

#2 Local Statistics Type x|
Select Type of Statistics to be Computed Ok
I GRID STATYPE Sk | Cancel

GRID_STATYPE_Max
GRID_STATYPE_MEAN
GRID_STATYFE_STD
GRID_STATYPE_MEDIAM
GRID_STATYPE_RANGE
GRID_STATYPE_MIM
GRID_STATYFE_MAJORITY
GRID_STATYPE_MINORITY
GRID_STATYFE_WARIETY
GRID_WOMNZERO_WALLUES
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After a few seconds for processing the R10SUM1 Theme (sum of the rain data for 10

days) is displayed.

| E10SUM1

[_]262-335
[ 336 - 408
] 00 - 421
I as2 - 554
[ 555 - 628
[ ]&za-701
[ J7o02-774
B 775 - =47

848 - 921

[ |
[ JHeData

] R1DSUMI
[ Jo-81
[ ]6z. 122
[ 123 - 183
[ 184 - 234
I 245 - 306
i o7 - 367
I zcc - 4z
Il 220 - 420

| traveltime

[ Jo-zz22

[ Jzz2z2z- aa4aa

] 4444 6667

16667 2888

[ Is&sa. 11.11
11011 - 13.3:

Bl 13333 - 155

Bl 15555 - 1T

777 - 20

Il oo oata

| wvelocity
[ Jooiz- 0478
[Joa7e- 0344
[_]0344- 0608
[_|os0a. 0674
[Jos7a. °'E3QL|

After a few more seconds the EL0SUM1 Theme (sum of the evap data for 10 days)
is displayed.
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O viewl S [=] E3
¥ E10sUMI

[]=262- 335
[ 326 - 908
i 40 - 421
B ez - 554
[ 555 - 628
[ &2a-701
7oz

i1 RADSUMA
[Jo-&1
[ ]62- 122
[ 122 - 132
[ 124 - 244
I 245 - 206
I =07 - 367
| R
B 220 - 420
490 - 551

Bl oD ata

_ | traveltime

[Jo-2z222

[ Jzz222- 4444
[] 4444- 6.667
[ 6667 2829
[ss89- 11.11
[~ RARECISRE-F-4
| REEE-RRLE-
Bl 15556 - 17
7 7e - 20
B o Cata

| welosity
[]o043- 0178
[ Jo479- 0344
[]o.244- 0500
[ Josog- 0674
[Jo674- U.BSQLI

g

Run through the process again and select a different type of statistic to compute,

compare the differences in the displayed data.

6.2 Pick Grid Values at Point

The second menu item is GIS Tools: Pick Grid Values at Point. From this menu
item rainfall and evaporation data can be converted from polygon data to point data.
Through the use of this functionality, you can also compare the rainfall/evap values
gathered using satellite products, with observed data gathered from rain gauge
stations. To begin this process you will need a point theme, if you need to create a
point theme the instructions will follow this section. For completing this exercise the

point theme is provided in the c:\geosfm\samples\point theme directory.

+
First, you will start by adding a theme, click on the Add Theme buttonE. From the

Add Theme dialog box navigate to the c:\geosfm\samples\point theme
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directory. In List of File Type make sure Feature Data Source is selected. Click

to highlight gauges2.shp and click OK.
i

Diirectary: | o haeosfmhzampleshpoint theme ok |
= b - C

— ancel |
= geosfm

[= zamples

&= point theme

& Directories
 Libraries

= =
Data Source Types: Dirives:
| Feature Data Source =l = |

This shapefile contains randomly defined points just for use in this exercise; these
points do not reflect actual rain gauge station sites. This is to help you get an

understanding of the functionality available to you through the GeoSFM Utilities tool.

From the GeoSFM Utilities menu select GIS Tools: Pick Grid Values at Point.

GeoSFM Utilities

Raindata: Download Rain/Evap Grid
Raindata: Unzip, Untar, Imagegnd
Raindata: ProjectGrid, Geo to Lambert Azimuthal

G5 Tools: Compute Rain/Evap Grid Statistics

k. Grid Walues at Point
GIS Tools: Interpolate Station Data to Grid

G5 Tools: Generate Rain/Evap Data Files
DEM Toolz: Fill Sinks in DEM

Time Senies; Convert Daily to Monthly and &nnual
Time Series: Compute Daily Charactenistic Flows

Time Series: Compute Frequency Distribution

Confirm your working directory. Click OK.

#! Working Directory x|

Specify waur working directory Ok

o hgeosfrmimorkspac Cancel

Next, from the GeoSFM Utilities dialog box Select the Point Theme to be used, by
selecting gauges2.shp from the drop down list. Click OK.
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i} GeoSFM Utilities

Select the Point Theme to be uzed

| Gauges2. sho =] Cancel

The Convert gauges2.shp dialog box opens, now you will convert the shapefile to a
grid. Navigate to the c:\geosfm\workspace directory. Name your new grid in the
Grid Name field. Click OK.

ﬂ

Grid Mame Directories: oK |
| gauges c:hgeosfmiuwork space Carcel |

£3 evapdata
£ raindata

In the Conversion Field: gauges2.shp dialog box below Pick field with output
header ID values select Stations_.i. Click OK.

#! Conversion Field : Gauges2.shp x|

Pick. field with output header 1D values:

Stations_i Cancel |

Latitude
Longitude

Next, the Select Parameter to Extract dialog box will open; for this exercise select

Rainfall and Evaporation. Click OK.
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! Extraction Parameter 1'

Select Parameter to E stract

R airfall and Evaporation ]| Canoel |
Rainfall Oy

The Model Parameters dialog box is displayed; confirm the Output Directory and
type in the correct path for the Rain Data Directory and Evap Data Directory.
Confirm the Start Year and End Year fields. Enter the Start Day Number field and
the End Day Number field for the time frame you want computed. In this example
the End Day Number was changed to 10 from the default value—for faster

processing time. Click OK.

! GeoSFM Utilities x|

E nter Model Parameters

Ok

Output Directary | C:hGeoSFM workspace

Rain Data Directony | C:hgeosfmhraindatatrain_1939 Cancel

Evap Data Directary | C:hgeozfm'evapdatatevap_1339
Start Year [1933
End*fear |1333
Start Day Mumber |1
End Day Mumber |10

It will take a few seconds for processing. When the processing is complete a dialog
box will display showing the path of the two new output files. Click OK.

2 GeoSFM Utilities x|

Procezzing Complete. Output files;
O C:\GeoSFR workspacerainpoint, bt

C:AGeoSFMwworkzpacehevappaint. bxt

64



These two files contain the rain and evaporation data for the user defined points

(gauges) for the first ten days in 1999.

6.2.1 Creating a Point Theme

First, you will need to create a table in Excel with site IDs and coordinates for each

gauge station site in the basin.

Below is an example of Station IDs along with the latitude and longitude (decimal

degrees) coordinates necessary to plot each station point.

Stations_i  Latitude Longitude
1 -25.3806 28.31667
2 -25.8072 27.91056
3 -25.1278 27.62889
4 -25.7244 26.88611
5 -25.8958 27.93472
6 -25.8936 27.91472
7 -25.5667 27.75306
8 -26.0342 27.845
9 -25.0622 27.52111
10 -25.4667 28.26361
11 -24.1594 27.47972
12 -23.975 27.725
13 -22.95 27.97389
14 -23.9811 28.4
15 -22.935 28.00417
16 -22.5972 28.88639
17 -22.9083 29.61417
18 -22.2256 29.99056

It is important that the latitude and longitude are formatted in decimal degrees; this
will be a requirement within ArcView when changing projections. If the data you are
working with is in degrees then a conversion will need to be done. This can be

accomplished easily in Excel.
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The formula for conversion is:

degrees + minutes/60 + seconds/3600 = decimal degrees

example: lat. 25° 22’ 50”
25 + 22/60 + 50/3600 = 25.38056 (negative for southern latitudes)

When the table is complete select File and Save As...
File name: “gauges.txt”

Save as type: CSV (Comma delimited) (*.csv)

|

File name: |"gauges.t><t" j Save I
Save as bype: j Cancel |

The Excel file has been saved as a comma delimited file and can now be opened in

oS (Comma delimited) ooy

ArcView.

Below is an example of gauges.txt opened in Notepad.

B gauges.txt - Notepad -0 x|
File Edit Format Wiew Help
stations_1, Latitude, Longitude -

1,-25.3805%6, 28, 31666667
2,=25.80722,27.91055556
3,-25.12778, 27, 628888809
q4,-25.72444, 26, 88611111
5,-25.89583,27.93472222
6,-25.893a8l, 27. 01472222
F,—-25.506667,27. 75505556
8,-26.03417,27.845
G,-25.06222,27.52111111
10, -25.46667, 28, 26361111

4] H

Now, you are ready to add the table to ArcView by selecting Tables and clicking on

the Add button - seen below.
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W
E ! Arcview GIS 3.Za
Elle Project ‘window Help

=) pe]

# limpopo.apr [_TO] %]

[ e | oo |

-

it

The Add Table box will open; navigate to your working directory. Under List Files of

Type: select file type (this example Delimited Text (*.txt.) Click on the name of your
file to populate File Name. Click OK.

#! Add Table

x|
File M arme: Directones: k. |
| gauge. bt cohvgeosfrmiwork space
B evapst ﬂ [= o - Cancel |
[ evappoint.kst = geosfm
B excessilow ta & workspace
[ forecast] bxt J [ basins
B forecast? bt £ bighasing
B forecastdtut £ downstrearn
£ e10maxl
LI "7 e10zunnl LI
Ligt Filez of Type: Dirives:
| Delimited Text [*bxt] =l | bt

Next, you are going to open a new View by clicking on View and the New button

from the project window. You need to open a new View because you will be working
in a new projection.

& limpopo.apr [_[O] =

Tables

Next, you will add the table to the View by using the Add Event Theme feature.

From the toolbar select the View menu and then select Add Event Theme.
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Edit [NEREN Theme Analysis  Surface
l Ij Broperties. . E
YE Add Theme...  Ctrl+T —

Heocode Sddresses. .

m Add Event Theme. ..
New Mew Theme...
Themes On
N e

The Add Event Theme opens, select your Table (gauges.txt) from the drop down
list. Select Longitude for the X field and Latitude for the Y field from the drop down
lists. Click OK.

dd Event Theme ﬂ

Tahle:

% fighd: | Langitude —

Y field: | Latitude =]
ITI Cancel
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The table is displayed in the View.

4 ArcView GIS 3.2a
Eile Edt ¥iew Theme Analsis Swiace Graphics Window Help Geospatial Stream Flow Model  GeoSFM Utilities

B ¥ @&l@ @ E]X) I. HEE FE 7] ]

[0k [> [Dl@[eE el 7 [ s[<]T , =

! limpopo.apr !EI-
ol \l'lewz

| Open | PFrint |
ﬂ Gauges bt =

h _| Viowd I . . .. .

Next, convert the .txt file to a shapefile. From the Theme menu select Convert to

Shapefile.

Analysizs  Suface [Graphics

w

|§T§ Eroperties... 7
]=( Start Edliting

= Save Edits

m Save Edite Az

Corwvert to Shapefile...

Convert to Grid... <]
Saye [Mata Set..

- . 1

M.

The Convert Gauges.txt dialog box opens. Navigate to your working directory.

Name your file under File Name and click OK.

#! Convert Gauges.txt

Xl
File: M arme: Directories: ok, |
| gaugesT]shp C\GeoSFMsworkspace
e a = ~ Cancel |
[ GeoSFM

£ basins

£ bighasins

£3 downstream

£ &10max1

j 1 e10zum1 LI

Drives:

e hd
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When prompted to “Add shapefile as theme to the view?” Click Yes.

Convert to Shapefile
9 Add shapefile as theme ta the view?

Mo

Displayed shapefile below.

Graphics  Window Help  Geospatial Stream Flow Model  GeoSFM Ulilities

| EEEEERE EO
-] [EMal Seale 15,006,586
= —
b & view2 [_ O] |
| Gaugestshp =
b .
- - - .
El . t .t
=
=
= R -,
- .
J . T
m . . *
J . .

Next, you are going to open a new View by clicking on View and the New button
from the project window. You need to open a new View because you are going to
change the projection of the data to Lambert Azimuth Equal Area projection to match

the projection used for all the data in the GeoSFM.

& limpopo.apr [_[O] =

Tables
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From the View drop down menu select View Properties. Click on the Projection
button to open the Projection Properties dialog box. Select Custom radio button.
Populate-

Projection: Lambert Equal Area Azimuthal

Central Meridian: 20 (parameter for African continent)

Reference Latitude: 5 (parameter for African continent)

All other fields will default. Click OK in both dialog boxes.

¥ Projection Properties

" Standard & Custom
| Cancel I

=

C
— Prajection: |Lambert E qual-firea Azimuthal

Sphemid: [Sphere

Central Meridian: |

Reference Latitude: |

+
Now add the shapefile into the new View by clicking on the Add Theme button .
From the Add Theme dialog box navigate to the c:\geosfm\workspace directory.

In List of File Type make sure Feature Data Source is selected. Click to highlight

gaugesl.shp and click OK.

x
Dvirectary: | chgeosfmiworkzpace 0K |

I] basplyl.sh A = c:h A' Cancel |

[=r geosfm

£ basins

£3 bigbasinz
£3 downstreamn
L 3 el0max " Libraries
I~ 1 e10sum1 ;I

[ata Source Types: Dirives:
| Feature Data Source =l = =]

' Directories

Next, you will convert gaugesl.shp to a new shapefile which will contain the new

projected properties. From the Theme menu select Convert to Shapefile.
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&nalyzis  Suface  Graphics

W

EE: Eroperties... z
i

= Save Edits

Convert to Grid... <]
Saye [ata Set..
= " I

I

Navigate to your working directory and name your new shapefile. Click OK.

! Convert Gaugesl.shp

Xl
File: M ame: Directories: ok |
| gauges2 shp C\GeaSFMworkspace
- = o - Cancel |
[= GeoSFM

Y

£ basins

£ bigbasing

£ downstream

£ &l10maxl

LI 1 e10:zumi LI

Diives:

B |

The Convert dialog box opens asking Do you want the shapefile to be saved in

the projected units? Click Yes.

ﬂ

Arc¥iew haz detected that pour view iz projected. Do you want
the new shapefile to be saved in the projected unitz?

Cancel |

An informational dialog box opens to inform you that the projected shapefile will not
be added to the view. Click OK.

x

Since your view is projected, the projected data will not be
added to the view. |t has been saved on disk.
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You have created a point theme shapefile, which can be used when working in the GIS

TOOL:Pick Grid Values at Point in the GeoSFM Utilities menu.

6.3 Interpolate Station Data to Grid

The third GIS Tools menu item listed in the GeoSFM Utilities is Interpolate
Station Data to Grid. This function is used when there are areas over which spatially
distributed precipitation data is not available. Data interpolation routines convert
station readings into a continuous surface. You will need both rainfall and evaporation
tables. These tables need to contain station Ids along with daily amounts of
rainfall/evaporation for each station. If you need to create these tables the
instructions will follow in the next section. For this exercise, tables are provided in the

c:\geosfm\samples\stations directory.

Create two new folders in your working directory labelled Raindata and Evapdata

this will help in managing the data files that will be created from this process.

Start by opening a new View by clicking on View and the New button from the

project window.

Tables

Add the gauges2.shp file to the View using Add Theme button from the View
menu. Change the Data Source Types to Feature Data Source. Click on the

gauges?2.shp file from your working directory and click OK to add to the View.
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@ Add Theme

x|

Directarny: | chaeosfmhwark zpace ok |
B basplyl.shp = = et - Cancel |
= geostm
£ basinz
£ bigbazing
£O downstream & Directaries
— £ &10max] " Libraries
[ £ &1 0zumi LI
Data Source Types: Drives:
| Feature D ata Source =l = =l

Next, add the rain station table to ArcView by selecting Tables and clicking on the

Add button seen below.

A
File  Project ‘window Help
@ limpopo.apr [_ o] <]

Navigate to your working directory, change List Files of Type: Delimited Text (*.txt)

and select your .txt file in this example rainstations.txt. Click OK.

#l Add Table

File Marne:

| raimztations. bt

Diirectories:
o hgensfmheamplesztztations

B evapstations.tt

Lizt Filez of Type:

= ot
[= geosfm
= zamples

Nz

Dirives:

Cancel

Ed
ok, |
ez

=l

| Delimited Text [ t=t]

|
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Next, you will join the new rainstations.txt to the attribute table of the gauges2.shp
file. Arrange both tables as seen below. Click/highlight the common column headers
in both tables —Station_.i in Attributes of gauges2.shp and Station ids in
rainstations.txt. Make the destination table active (adding fields to Attributes of

gauges2.shp).

2 rainstations.txt
Pairt 1! -25.38055 i 28 316EREET 1: 3 ] 3 7 7 ;I
Pairt 21 -25.80722 i 27 91055556 2 1 ] 1 5 5
Pairt 3! -25.127781 27 52558589 3 3 ] 2 2 4
Pairt 4! .25 72444 1 26 BAE11111 4 1] ] ] 2 2
Pairt 5! 2589503 27 a4y 5 1 ] ] 5 5
Puaint B -25.89361 i 27 91472222 g 1 ] ] ] 5
Puaint 7! -25.56EE7 | 27 YR30R556 7 1 ] 1 4 E
Puaint 8! -26.03417 27 84500000 a 1 ] ] ] 5
Puaint 9! 2506222 27 52111111 ] 2 ] 2 2 4
Puaint 10¢ -25 4BEET | 28 26361111 10 3 ] 2 g 7
Puaint 111 -24 18944 | 27 ATH72222 1 4 ] 2 1 3
S5O PP R R Jid S £ A 5 3 Exslhd
4l I+l 1 | v

Click on the Join icon, the new columns are added to the Attributes of gauges2

@ Arc¥iew GIS 3.2a

Eile Edit Iable Figld 'window Help

;
0 of 25 selected

Below new rain data fields added to attribute table.

i} Attributes of Gauges2.shp E
RERS Lot | Loeppiiot | PSSR SAS9R0RE SRS SS90 TR fetss i e
Piaint 12 ¢ 2397500 § 27 72500000 5 I 2 1 3 I 0i~
Point 131 -22.95000 ¢ 27 97388589 4 I ] I 5 I ]
Point 14§ -23.98111 § 28 40000000 5 I 2 2 5 I ]
Point 15§ -22.93500 ¢ 28 00416667 4 I ] I 5 I ]
Point 16 2259722 { 28 82638589 4 5 ] I 4 I ]
Piaint 17 ¢ 2290833 | 29 B1416667 8 5 0 2 3 I 3
Piaint 18 -22 22556 { 29 99055556 9 I 0 I 1 I 1
Piaint 19 22 49056 { 29 98333333 10 1 0 I 1 I 2§
Piaint 200 22 72500 § 30 09583333 12 1 0 1 1 I 3
Point 211 2277028 { 3053916667 16 2 ] 2 ] I 4
Point 221 -22.7E972 1 30 82694444 15 3 1 2 ] I 3 =
:\.I...l bl b b Wl =tn b - n T W i n Tnn Tu Tn TuTn } 4 ba A ba I [n] [a} A I

a1 —I T T _

Repeat this process for the evaporation data. You can choose to process rainfall and
evaporation data separately or at the same time. The attribute table will need all the

necessary data for the selection made during processing.
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+
Click the Add Theme button to add the Limpopo Basin shapefile. Change the
Data source types to Feature Data Source. Add the shapefile named limpbas.shp

from the c:\GeoSFM\samples\limpbas directory. Click OK to add shapefile to the

View.
5.
Directony: | c:hgeosfmizampleslimpbaz 0K, |
P B = et = Cancel |
[= geosfm
= samples

& lmphaz

% Directories

— — " Libraries

[Data Source Types: Drrives:
| Feature Data Source =l = =]

o=
Next, add the elevations grid to the View using the Add Theme button.
Change the Data Source Types to Grid Data Source. Click on elevations from the

c:\GeoSFM\demdata directory and click OK to add the DEM to the View.

x
Diirectany: | o hgeosfmiudemdata 0K |
= s - C |
i : = ancel

= geosfm
& demdata
3 info
% Directories
— = " Libraries

[Data Source Types: Dirives:

| Grid Data Source =l e =l

Next, set the analysis environment from the Analysis menu by selecting Properties.

Change the Analysis Extent to Same As Limpbas.shp and the Analysis Cell Size
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to Same as Elevations. All other parameters will adjust themselves.
Click OK.

Analpsiz Extent | Same &s Limpbas. sho =]

Left [535500.1575 Top [Z736500

Bottam | -3463500 Right [1539500.125

Analysiz Cell Size HEE

Cell Size 11000 dg
Murmnber of B ows I 7az
Murmber of Colunins I 1004
Analysis Mask | Mo Mask Set =]

ak Cancel I

Now you are ready to start the process. From the GeoSFM Utilities menu select GIS

Tools: Interpolate Station Data to Grid.

GeoSFM Utilities
Raindata: Download R ain/Evap Grid

Raindata: Unzip, ntar, Imagedarid
Raindata: ProjectGnd, Geo to Lambert Azinmuthal

G1S Tools: Compute Rain/Evap Gnd Statistics
GIS Tools: Pick GrdYalues at Point

z Interpolate Station Data bo Grid

GIS Tools: Generate Rain/Evap Data Files
DEM Toals: Fill Sinkz in DERM

Time Senes: Corvert Daily to bMonthly and Annual
Time Senes: Compute Daily Charactenztic Flows

Time Senes: Compute Frequency Distribution
L T T T W e T SR o S S .

Select the point theme to be interpolated from the drop down list. In this example

select Gauges2.shp. Click OK.
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! Geospatial Stream Flow Model ﬂ

Select the paint theme ta be interpolated

| Gauges2 sho =] Cancel |

Select Parameter to Interpolate - in this example select Rainfall and
Evaporation. Click OK. If the evapotranspiration data that is being used are already
provided as grids they do not need to be interpolated in this exercise. If the
evapotranspiration data was received from the rain stations or is in a text type file you

will need to interpolate the data.

i} Geospatial Stream Flow Model ﬂ

Select Parameter ta Interpolate 0K,
Rainfall and Evaporation =] Cancel

Fraintall Only |5

Enter the output directory for rainfall grids —in new raindata folder created in

c:\GeoSFM\workspace\raindata. Click OK.

#! Geospatial Stream Flow Model ﬂ

Enter Qutput Directory for Rainfall Grids (]

| C:\GenSFMyworkspacehraindata Cancel

In the Rainfall Fields dialog box you are prompted to select the fields that contain
the rainfall values. Select the ten days from the list, R1999001 through R1999010.
You may select any number of days that you wish, in this exercise you will select all

ten listed. Click OK.
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#2 Rainfall Fields

Select Rainfall Fields

il

Cancel

Enter the output directory for evaporation grids —in new evapdata folder created in

c:\GeoSFM\workspace\evapdata. Click OK.

":-" Geospatial Stream Flow Model

Enter Output Directary far Evaparation Grids

| C:\GeoSFyworkspacehevapdata

] 4

Cancel

In the Evaporation Fields dialog box you are prompted to select the fields that
contain the evaporation values. Select the ten days from the list, E1999001 through

E1999010. You may select any number of days that you wish, in this exercise you will

select all ten listed. Click OK.

":." Geospatial Stream Flow Model

Select Evaporation Figldz

E1333003
E1

k.

Cancel
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In the Start Date dialog box change the default Start Date to 1/1/1999, this will
match the date of the first rainfall/evap fields selected above. The first field selected
1999001 is equal to 1/1/1999. All the grids created will be based on the Julian day.
Click OK.

#! Start Date: Month/day/year x|
Enter Start Date in b Addowy farmat k.
[1/4141993 Cancel

When asked if you would like to “Add Interpolated Grids to the View?” Click Yes.

Geospatial stream Flow Model

9 Add Interpolated Grids to the Wiew'?
Ma |

Next, the Interpolate Surface dialog box is displayed.

Populate:

Method —options are IDW and Spline, select IDW (Inverse Distance Weighting)
Z Value Field —defaults Stations_i

Nearest Neighbors or Fixed Radius —select Nearest Neighbors

No: of Neighbors —defaults 12

Power —change the Power field to 1 to create a smoother surface, defaults 2
Barriers —defaults No Barriers

Once parameters are selected click OK.
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Interpolate Surface

Methad | DWW |
Z Y alue Field | Stations_ | ]
% Mearest Meighbors " Fized Radius

Moo af Meighbors I 12

Power |1

Barriers |Nn Barriers =]

] | Cahcel |

It will take a few seconds to process the rainfall/evap grids. You will be notified when

the processing is complete. Click OK.

#! Geospatial Stream Flow Model 1[

o Procezzing Complete

From the Theme menu you may wish to select Edit Legend and apply a precipitation

color ramp like the one below.
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ETET I
I

ﬂ FaugesZshp el
i L]

o Limpbas shp

Evap_1000010
Evap_1990009
Evap_1990008
Evap_1990007
Evap_1999006
Evap_1990005
Evap_1222004
Evap_1992002
Evap_1000002

Evap_1000004

1 1 o o

Rain_1898010
[o-ovsz
[ Jo7s2- 1.523
[ 1522 2285
[ Jzzs5- 3046
[ 2045 - 3.308
I =802 - 4569
I 4569 - 5.331
I 5331 - 6.
I 609z - 6.
I e D ata

You have now completed all of the GIS Tool functions within the GeoSFM Utilities.

6.3.1 Creating Rain/Evap Interpolation Tables

To interpolate the rainfall and evaporation data you need to arrange your rainfall and
evaporation data in a format similar to the table below. The first column header is the
Station IDs with all ID numbers completing column A. The rest of the column header
data are a time series of days formatted Ryyyyddd (rain) and Eyyyyddd (evap). The
values for each cell are rainfall or evaporation amounts captured at each station for
the appropriate day. Make sure the column headings are unique “R” for rain and “E”
for evap because these tables will be joined to an attribute table in order to complete

the interpolation of station data to grids.

rainstation.txt example
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E Microsoft Excel - rainstations.txt

EH] File Edit  Wiew Insert  Format  Tools  Data  Window  Help

DEEHR S Q|66 @3- 1@ T -4 M@ [ .
019 = P

A [ B [ © [ b | E [ F | 6 [ H |
| 1 [Station |ds |R1999001 R1999002 R1599003 R1999004 R199905 R199906 R199907 R159908
|2 | 1 3 i 3 7 7 ] 3
13 | 2 1 il 1 5 5 ] 7
N 3 3 0 2 2 4 ] 2
B 4 0 0 0 2 2 7 2
| 6 | 5 1 0 0 5 5 0 7
7 | 6 1 il ] 5 5 ] 7
5 | 7 1 0 1 4 3 ] 5
ER 8 1 i ] 5 5 ] 7
|10 | E] 2 0 2 2 4 ] 2
|11 | 10 3 i 2 6 7 ] 4
12 ] 1 4 0 2 1 3 0 0
| 13 12 2 0 2 1 3 [i] [i]
| 14 | 13 4 0 0 0 5 ] ]
115 | 14 5 i 2 2 6 ] ]
|16 | 15 4 il ] ] 3 ] ]
117 | 16 4 5 ] ] 4 ] ]
18 17 3 5 0 2 3 0 3

In this example ten days of data are used. The Excel spreadsheet is limited to 230
columns of data, if you are working with one year of data you will need to create two
separate files. When you have the spreadsheet populated repeat the process for the

evaporation data.

To save the tables select File and Save As...
File name: “rainstation.txt”

Save as type: CSV (Comma delimited) (*.csv)

File: narne: I"rainstatin:uns.txt" d | Save I
Save as type: j Cancel I
&)

iy (Camma delimibed) (%, sy

File name: “evapstation.txt”

Save as type: CSV (Comma delimited) (*.csv)

File: name: I"evapstatiuns.txt" j | Save I
Save as bype: ICS'u' (Comma delimited) (*.csv) j Cancel I
&)

You now have two tables that will be used in the Interpolate Station Data to Grid

process found in the GeoSFM Utilities.
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Users Manual for the Geospatial Stream Flow Model
Ex 7: Using GeoSFM Utilities —DEM Tools

Contents:
7.1 Fill Sinks in DEM

7.1 Fill Sinks in DEM

In exercise eight you will familiarize yourself with a DEM Tool —Fill Sinks in DEM.
This process will fill all spurious sinks, while maintaining sinks that are natural
occurrences in the landscape. This time-consuming process yields a DEM, which will
properly transport water across its surface. This process is better done on a smaller
basin region than for an entire continent. If sourcing the elevation data from
HYDRO1K DEM data set, developed at the U.S. Geological Survey’s Center for EROS,
than this process is not needed. HYDRO1K is a hydrological corrected DEM which
implies that it is devoid of spurious pits that interrupt hydraulic connectivity over the

land surface.

You will need to be working with a DEM that is in the correct projection, and also
completed the calculations needed to produce a corrected elevation grid. (see Users

Manual section 1.2.1)

To begin the process to fill sinks within a DEM add the DEM grid to the View using the

o
Add Theme button. Change the Data Source Types to Grid Data Source.
Click on dem from the c:\GeoSFM\sinks directory and click OK to add the DEM to

the View.
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Dvirectary:

| ehgeosimsinks

B dem

[ata Source Types:

= c:h
[=r geosfm

Dirives:

|

Cancel

ok |
=N

' Directories
" Libraries

X

Below the Dem is added to the View.

ll2 views

«f bem

[ o004
[ ]12z63-
[ 1525-
] 1787 -
[ 2045 -
I 2310 -
_J2572-
[ J=2s33-
[ ]a095-
Vot ata

1262
1524
1726
2047
23089
2571

2832
3094
3356

Kl

[_[D[x

The only menu item under DEM Tools is Fill Sinks in DEM.

Utilities menu select DEM Tools: Fill Sinks in DEM.
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Fhd Ukilities
Raindata: Download B aind/Evap Grid
Raindata: Unzip, Untar, Imagegrid
Raindata; ProjectGnd, Geo to Lambert &zimuthal

GI5 Tools: Compute Rain/Evap Grid Statistics
GIS Tools: Pick Gnd Yalues at Point

GI5 Tools: Interpolate Station Drata to Grid
GI5 Tools: Generate Rain/Evap Data Files

DEM Toolz: Fill Sinks in DEM

Time Senes: Corvert Daily to Monthly and Annual
Time Series; Compute D ailly Characternistic Flows

Time Series; Compute Freguency Distribution

Confirm your working directory. Click OK.

# Working Directory X|

Specify pour working directory QK

o \geosfmb ac Cancel

Next, the Identify Input DEM dialog box is displayed. For Select the Grid to be
Filled select Dem from the drop down list. Click OK.

@ Identify Input DEM x|

Select the Grid to be Filled

[Cem =] Cancel |

After a few moments for processing the new filll grid is added to the table of
contents. You may wish to apply an elevations type legend to the theme. To do so,
from the Theme menu select Edit Legend. In the Color Ramps drop down list

select one of the Elevation choices and click Apply.
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iew GIS 3.2a =

[lo ez ILTE T S e T
@2 Legend Editor = x T D
= x?

:[ Theme: [Filed Dem E3| Load.. H m 728,77
| Sedle 1] 3
L Legerd Type: [ Gradusted Calor = Save. 267203
z Diefaut =]
i Classification Field: [alue - Classily.
i Namalize by: [<None> =]
§ | Symbol Value Label
g 1 1oom-1262 1001 - 1262 =
| T ke 12631524
2l
~l| ] | 1525-1788 1625- 1785
dil 3 @ 17072047 1767 - 2047
|| D 204s- 2308 2048 - 2309
g I | 23n-mn 2310- 2571
o|| T | 722 2572 2832 2d|
||
]|+ 8 2| 5| 8| & 8
if | Color Ramps: [ Elevation 52 £

fdvanced .. | Staistis. | Undo | £

Ll

The DEM file in the Sinks folder is removed and a new filll grid is added to your
workspace directory. You are now ready to process elevation data in section 1.3 of

this manual.
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Users Manual for the Geospatial Stream Flow Model
Ex 8: Using GeoSFM Utilities —Time Series

Contents:
8.1 Convert Daily to Monthly and Annual
8.2 Compute Daily Characteristic Flows

8.3 Compute Frequency Distribution
8.1 Convert Daily to Monthly and Annual

In exercise nine, you will look at the Time Series functions within the GeoSFM
Utilities tool. The first of the three functions is Convert Daily to Monthly and
Annual. From the GeoSFM Utilities menu select Time Series: Convert Daily to

Monthly Annual.

GeoSFM Utilities

R aindata: Download BaindEvap Grid

Raindata: Unzip, Untar, Imagegrid
Raindata: Projectirnid. Geo to Lambert Azimuthal

(315 Tools: Compute RainE vap Grd Statizticz
GIS Tools: Pick Grid Yalues at Point

GIS Toolz: Interpolate Station Data to Grid
GIS Tools: Generate Rain/Evap Data Files

DEM Toolz: Fill Sinks in DERM

Time Seres: Convert Daily to Maonthly and Annual

Time Seres: Compute Daly Charactenstic Flows

Time Senes: Compute Frequency Distribution

Confirm your working directory. Click OK.

#2 Working Directory X|

Specify pour warking directary (]S

C:\EenSFMworkspace Cancel
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From the GeoSFM Utilities dialog box Enter Model Parameters. Input file should
default to streamflow.txt and outputs are monthlyflow.txt and annualflow.txt.
Click OK.

i GeoSFM Utilities x|

Enter Model Parameters.

|mput Draily Time Series File | EiEEgna
Dutput Manthly Time Series File | manthlfioe. bt Cancel |

Output Arnual Time Seties File | annualflov.

Next, Select Statistic to be Computed in this example Max was selected. Click OK.

#! GeoSFM Utilities x|
Select Statigtic to be Computed 0.
| Maw =] Cancel

M ean

After a few moments of processing the Time Series Conversion Complete dialog
box will display as seen below. The program will produce two files containing the
monthly and annual stream flow amounts for each sub-basin. The message below

contains the name and location of the output files. Click OK.

i} GeoSFM Utilities x|

C:\GeoSFMYwark spacetmaonthlyflow. bt

Time Seriez Converzion Complete. Results written to:
0 C:\GeoSFMYwork spacethannualflow. bxt

Two new tables are shown below the stream flow data was for a few days in Jan.1999.

annualflow. bt i g e g g T 75 74
monthlyflow. bt

Fime | SRT L8R P LB FEE FT

129901 1471 28 147015 100,97 1003.35 | 606,819 531 601151 4|
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8.2 Compute Daily Characteristic Flows -under development

Fid Utilities
Raindata: Download R ain/Evap Grid

Raindata: Unzip, Untar. Imagegrid
Raindata: ProjectiGrid, Geo to Lambert Azimuthal

GIS Tools: Compute Rain/Evap Grid Statisticz
GIS Tools: Pick Grid Values at Point

GIS Tools: Interpolate Station Data to Gnd
GIS Tools: Generate B ain/Evap Data Files

DEM Tools: Fill Sinks in DEM

Time Senes: Convert Daily to Monthly and &nnual

ompute Daily Chara

Time Senes: Compute Frequency Distribution

VAL AT AL AT L SN

8.3 Compute Frequency Distribution

The last selection in exercise nine is Compute Frequency Distribution. From the

GeoSFM Utilities menu select Time Series: Compute Frequency Distribution.

Raindata: Download B ain/Ewvap Grid
Raindata: Unzip, Untar, Imagegrid
Raindata: ProjectGrid, Geo to Lambert Azimuthal

GI5 Tools: Compute Fain/E wap Grid Statiztics
GIS Tools: Pick Grid Yalues at Point

GIS Tools; Interpolate Station Data to Gnd
GIS Tools: Generate Rain/Evap Data Files

DER Tools: Fill Sinks in DERM

Time Sernes: Convert Daily to bMonthly and Annual

Time Series; Compute Daily Characternistic Flows

Time Sernies: Compute Freguency Distribution

——

Confirm your working directory. Click OK.

i Working Directory x|

Specify your warking directony (]

C:\GeoSFM warkspac Cancel
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Next, the Select Input File for Flow Statistics Computation dialog box is
displayed. Navigate to your working directory and under List Files of Type select
Comma Delimited Textfile from the drop down list. Select streamflow.txt as seen

below. Click OK.

#2 select Input File for Flow Statistics Computation

k!
File Mame: Directaries: oK |
| streamflon. bt c:\geosfmiwork space

[ roughness kst ;I = o - Cancel
B routfiles. bt [= geosfm
[ routparam, txt & workspace
B soilvater bt £3 basing
[ statsparam, kst £ bighasins
£ downstream
B times. tst £ el0maxl
1 e10zum1 LI
Lizt Filez of Typpe: Cirives:
| Cornma D elimited Textfile £ I I =l

When the Basin Theme dialog box is displayed select your basin coverage/grid

theme. In this exercise the basin coverage selected is basply.shp. Click OK.

x

Select basin coverage/and theme ox.

Cancel

Next, the Select the statistics to be computed dialog box opens. In this example
Total Flow, Mean Flow, Maximum Flow and Minimum Flow have been selected.
More than one statistical type can be selected at a time. Notice the list of options.

Click OK.
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#J Geospatial Stream Flow Madel 1[

Select the statistics to be computed
Takal Flow Cancel |

Standard Deviation of Flow

Wariance of Flow
Range of Flows
tedian Flow

26th Percentile Flow
33rd Percentile Flow
BBtk Percentile Flow
75tk Percentile Flow

1]

Confirm Request to update Low/Med/High Bankfull flow levels is displayed.
Select Yes. The analysis is not recommended for less than ten years of data, for this
exercise you have been working with ten days of data. The objective is to familiarize

you with the functionality available in the GeoSFM Utilities tool.

Geospatial Stream Flow Model

Confirm Reguest to update Low/Med/High/B ankfull flaw levels,
9 Frequency Analyziz not recommended for lezz than 10 pears of
flows values.

The next dialog box displayed is the Select field to display; in this example Mean
has been selected. Click OK. Again, notice the list of options available for displaying
the results. The new calculations will be displayed in the basply.shp overwriting what

is already displayed.
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#2 Geospatial Stream Flow Model x|

Select field to display

tinimLim
StdDev
Wariance
Fange
Court
tedian
Quantzg
Quarnt7s
[uart33
(uartEs
Highlow
Lol
t el

Below is the updated basply.shp with the Mean value displayed.

DN
UV

—

You can change the value displayed from the Theme menu and selecting Legend
Editor. Then changing the Classification Field and clicking on the Apply button.
The Color Ramp selected is Yellow to Green to Blue. Below you can see the results

with the Minimum classification field selected.
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T
=l Load. I
=l Save |

Theme: [ Basply1 shp

Legend Type: [ Graduated Color

Detallt |
Classification Field: | Mirirurn vl Classify... |
I
Mormalize by: [ <Hones =1

Symbal Walue Label

01-7832 01-73.32
79.32-15854 79.32-158.54

|-
—J
I | 15854- 23776 15654 - 237.76
]
|

237 76 - 31698
1698 - 3%6.2

237.76-316.98
316.98- 336.2

% =|=| o] & 8

Color Ramps: [“ellow to Gresn to Dark Blue 3| { "‘
LT
Avanced.. | Statistics... I Unda | ADD‘.‘.‘I X

Below is the result when the Maximum classification field is selected.

J I [= [
Z [ Theme: [Basply1 shp =l Load... |
Legend Type: [ Graduated Calor =l Save |

I Default |

Mormalize by: |<Nm5> =
Symbol Walue Label
44-297.78 44-29778

1

[ z9rre-59116
[ 591.15-80454
I | so454-1177.92
7R3

297.78-591.18
591.16 - 884.54
B84.54 - 1177.92
1177.92-1471.3

|I‘I

+|® 7| of &8

Colar Ramps: [*rellow to Green to Dark Blue

Advarced. || Statistics.. | Unda

SR
v
4}};;"
L
NSk

)
7

5
L
2

i
S
97

5

/’
in“g
2

2y
5

7
&

N

e

)

1
-

Classification Field IM mmmmmm - Classify. | | r \ ‘

Notice the differences between the three different classifications.

What are the changes in the sub-basins in these three different scenarios?

You now have completed the exercises for the Time Series selections within the

GeoSFM Utilities tool.
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