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Scope: questions/ challenges the tool addresses

This tool focuses on the use of radar satellite images to monitor changes in small reservoir
surface area. Surface area can be translated into storage volume on the basis of regional
bathymetric surveys. Because radar is not affected by clouds, a near-real time record of water
stored in small reservoirs can be produced every two to four weeks. Such records are of interest
to hydrologists and are useful in drought monitoring.

This tool is different from the Reservoirs Inventory Mapping Tool in that it uses radar satellite
images, not optical imagery. Optical imagery can be problematic when there is cloud cover.
Further development is needed to automate reservoir delineation in radar images to facilitate
large scale application.

Target group of the tool

On the basis of the information provided here, along with the referenced literature, a technically
schooled person with an introductory knowledge of remote sensing should be able to produce,
every two to four weeks, estimates of reservoir surface area. Such estimates are of direct
interest to water managers and planners working at regional/provincial, national, or sub-
continental scales of analysis.

Patience and perseverance are required because the tool involves the interpretation of radar
images. There are a number of good on-line introductory remote sensing tutorials, including:

http://ccrs.nrcan.gc.ca/resource/tutor/fundam/index e.php

http://rst.gsfc.nasa.gov/Front/overview.html

Requirements for tool application

Access to remote sensing software, radar images, reasonably fast computers, and ample digital
storage space are prerequisites. Internet access is also helpful. The methods described are based
on radar images obtained through Envisat of the European Space Agency (ESA). For obtaining
Envisat images, see eopi.esa.int. ESA's Tiger project may also be of interest
(www.tiger.esa.int ). Other sources of radar images are the Canadian Radarsat and the Japanese
ALOS.




Small Reservoirs Tool Kit

Tool: description and application
Classification with radar satellites

Measuring small reservoir surface area is a matter of distinguishing open water from dry areas.
This can be done easily with optical imagery as long as there are not too many clouds. In the
wet season, however, semi-arid areas are covered with clouds most of the time. An alternative
approach is to use radar imagery because radar penetrates cloud cover.

A radar satellite is an active instrument. The satellite sends out a short pulse and measures the
reflected energy, called “backscatter”. By timing the return, the distance from the satellite can
be calculated and an image can be built up. Different radar bands are used that correspond to
different wavelengths in the microwave part of the electro-magnetic spectrum, such as C-band
(5 cm, i.e. Envisat and Radarsat), and L-band (20 cm, i.e. ALOS).

Apart from wavelength, polarization is also important. Envisat, for example, can send out
pulses with horizontal (H) or vertical (V) polarization and can also measure returned pulses as
H or V. In this study, use was mainly made of Envisat dual-polarization images consisting of
two bands, one HH (horizontal out, horizontal in) and one HV (horizontal out, vertical in).
When there are no complicating factors, open water stands out clearly from darker surrounding
vegetated areas, as seen in Figure 1.

Figure 1: Sample Envisat HH image with two small reservoirs (A), an irrigated area (B), and a village (C). The
remainder consists of sparse trees with dried grasses and crops residues

Sometimes, however, there are complicating factors. In theory, most of the energy sent by the
satellite in the form of a radio pulse should be reflected away from the satellite by the relatively
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smooth water surface. The surrounding rough and vegetated areas should reflect much more
energy back to the satellite. In practice, things are not this simple. Problems discussed here
include the effect of floating vegetation in reservoir tails, wind-induced backscatter (Bragg
scattering), and lack of backscatter from surrounding dry areas.

Usually, some spatial filtering of the original images is needed. Different filters are available,
but the adaptive gamma-map filter and the Lee-filter seemed to give the best results in general.
These filters move a small window of 3x3, 5x5, or 7x7 pixels over the image and assign a value
to the center pixel based on the values of the pixels in the window. This can simply be the
average, which gives a smoothened image that is easier to interpret, but also has blurred edges.
Adaptive filters, like the ones used, look at the statistics within the window and maintain sharp
transitions better.

After filtering, simple density slicing, followed by a contiguity operation, gives good reservoir
outlines. Annor (2007) was able to explain 90% of the variation in surface area observed on the
ground on the basis of Envisat images. A detailed description of the necessary steps is given in
Annex 1.

Floating vegetation causes problems for both optical and radar satellites. It is often difficult to
distinguish between floating vegetation (in the reservoir) and well-watered wetland vegetation
(outside of the reservoir). Even in the field, the distinction is at times somewhat arbitrary
because such vegetation tends to be concentrated in or near the shallow tail end of reservoirs.
The use of L-band radar imagery (ALOS) seems most suitable: this imagery is better at
penetrating floating vegetation due to its greater wavelength. However, the use of ALOS for
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this purpose is at an early stage. For other satellites, floating vegetation is basically
indistinguishable from the surroundings. Fortunately, the amount of water stored in these
shallow areas tends to be minimal. During bathymetric surveys, floating vegetation should be
clearly delineated. The effect of floating vegetation is discussed in detail in Annor (2007).

Wind causes ripples on the reservoir surface, sometimes resulting in significant backscatter to
the satellite, so-called Bragg scatter. Instead of appearing dark, water appears light, often as
bright as, or even brighter than, surrounding dry areas. A first precaution is to use images that
are acquired during the evening overpass when wind tends to be significantly less than during
the day. During some periods, however, winds are stronger and last longer (for example, at the
onset of the rainy season). At these times, Bragg scatter may make it difficult to estimate
reservoir surface area. The use of dual-polarization images then becomes important. Often, if
Bragg scatter occurs in, say, the HH band, it will not occur in the HV band. In general, the HV
band is less subject to Bragg scatter, but gives, in cases without Bragg scatter, a water-land
contrast that is less pronounced than HH.

f/) represents §
expected wave

: R ] - ; ™ Wind speed |
Ls P w0057 e el 1.3 ms?

Figure 2: ASAR Images of a small reservoir. With (right) and without (left) Bragg scatter induced by wind
(indicated). Yellow arrow depicts look direction

It is not yet possible to automatically classify radar images affected by Bragg scatter. Rather,
manual analysis is needed. Patches that clearly belong to the reservoir are first selected. These
patches are then “grown” to absorb all adjacent pixels that fall within a certain number of
standard deviations from the sample. The allowable spread can only be determined
interactively, which makes classification a labor-intensive process. Even then, some images
(typically around 10%) cannot be classified reliably. This is especially the case at the end of the
dry season when areas surrounding the reservoir have become so dry that backscatter from land
becomes as low as that from open water.

A systematic overview of these problems can be found in Liebe et al. 2008. Most radar images
used were acquired through the ESA Tiger initiative, project #2871, see:
http://tiger2871.shorturl.com for more information.

Lessons learned

Although the use of radar imagery for identifying open water is supposed to be relatively
straightforward, in practice it turned out to be rather difficult. Over the course of a year, radar
images were most likely to be affected by wind during the onset of the rainy season (in Ghana,
during May and June). Because of lower wind speeds and reduced Bragg scatter, night-time
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radar image acquisitions were generally preferred. Based on a 15 month wind speed prevalence
analysis conducted at a reservoir in the Upper East Region of Ghana, we found that wind
speeds were too low to produce Bragg scatter in 96% of night-time acquisitions, compared to
50% for morning acquisitions. Night time acquisition of radar images is therefore
recommended (Liebe et al. 2008).

We conclude that radar and optical systems are complementary for monitoring reservoir surface
area. Optical systems yield good results during the dry season, but are affected by excessive
cloud cover during the rainy season. Radar is unaffected by cloud cover, but is affected by wind
(Bragg scatter) and lack of vegetation contrast during the dry season.

Recommendations

The application of radar imagery for operational purposes requires (a) smarter algorithms to
automate the delineation of individual reservoirs or (b) the dedicated time of a skilled remote
sensing specialist. Until automated algorithms are developed, this tool is most appropriate for
obtaining insights into the filling (and emptying) of reservoirs in a limited area of interest over
one or two hydrological cycles. Only when the process is automated can it be used for more
rigorous hydrological research and drought monitoring

Limitations of the tool

The application of radar imagery for operational purposes still requires either smarter
algorithms to automate the delineation of individual reservoirs or the dedicated time of a skilled
remote sensing specialist.
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Annex 1

TRAINING MANUAL FOR MONITORING WATER STORAGE IN
SMALL RESERVOIRS BY REMOTE SENSING

Prepared by
Frank Ohene Annor
Nick Van de Giesen &
Jens Liebe

February, 2007
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How to process ENVISAT-ASAR Alternating Polarization (dual) mode data to delineate the
outlines of reservoirs using Erdas Imagine9.1 and ArcGIS9.2

1. ENVISAT-ASAR ASA_APS DATA

2. IMPORT INTO ERDAS IMAGINE
USING A LINEAR TRANSFORMATION

OF 1
I
v
3. REDUCE SPECKLES BY USING 4. REDUCE SPECKLES BY USING
GAMMA-ADAPTIVE FILTER IN ERDAS GAMMA-ADAPTIVE FILTER IN ERDAS
RADAR MODULE (7X7 WINDOW ) RADAR MODULE (5X5 WINDOW)

5. GEOCODE USING UTM
COORDINATES ( FOR UER, IT IS ZONE
30N) ON THE WGS84 ELLIPSOID IN
ARCMAP

!

6. PERFORM AN UNSUPERVISED
CLASSIFICATION IN THE CLASSIFIER
MODULE IN ERDAS IMAGINE. IF
SATISFIED WITH THE RESULTS GO
TO STEP 9, ELSE GO STEP 7

(& J

A 4

4 7. EDIT THE SIGNATURE OBTAINED )

IN THE UNSUPERVISED
CLASSIFICATION IN THE ERDAS
CLASSIFIER MODULE USING ONE OR
SAMPLE SAMPLE SITE(S) TO
CLASSIFIER AREAS/OBJECTES OF
INTEREST

!

GO TO STEP 8
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8. PERFORM A SUPERVISED
CLASSIFICATION IN THE ERDAS
CLASSIFIER MODULE USING THE

EDITED SIGNATURE
(& )

|

4 )

9. ADD THE CLASSIFIED IMAGE AS A
LAYER IN ARCMAP

v

10. GEOREFERENCE THE IMAGE
USING GCP POINTS EITHER FROM
FIELD WORK OR FROM A
GEOREFERENCED MAP/IMAGE
USING A GREATLY OVER DEFINED
1st OR 2nd ORDER POLYNOMIAL
(AFFINE) TRANSFORMATION IN
ARCMAP

\ Y
|

11. CREATE A NEW SHAPEFILE
(POLYGON) IN ARCCATALOG. THIS
WILL BE USED FOR THE OUTLINE OF
THE RESERVOIRS
(& )

!

e D
12. ADD THE NEW SHAPEFILE TO THE
DATA FRAME THAT CONTAINS THE
CLASSIFIED IMAGE AS A LAYER

|

13. PERFORM AN ONSCREEN
DIGITIZATION TO DETERMINE THE
AREA EXTENT OF THE RESERVOIRS

U J
v

4 14. USE XTOOLSPRO4.1 OR A

CALCULATE GEOMETRY IN THE
ATTRIBUTE TABLE OF THE NEW
POLYGON TO CALCULATE THE
PERIMETER AND SURFACE AREA OF
THE DIGITIZED RESERVOIRS

A )

N J
( N

Use the screen shots below as a guide for all the steps!
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Stepl.
Acquire ENVISAT-ASAR data either on a DVD/CD ROM or on the hard disk

Step2.

Import data in Erdas

++ Open the Erdas Imagine Program on the computer

+¢+ Go to the Import Module

¢ Type: Select ENVISAT (Direct Read)

«» Media: File if stored on the hard disk; and CD-ROM if itison a CD or DVD
+ Input File (*.N1): browse to the file to be imported

¢ Output File: copy the default name and browse to the folder where the imported file is to
be saved (use the Go to or the dropdown arrow in Look in). Paste the default name copied
and rename as e.g. “asa_aps_1pnupa20070131.img” without the quotation marks

¢+ The OK button is then activated. Click on Ok and go to step3

e
= ; = o - py
= €7 | offh = ol | Q|8 | ne
Wiewer Import DataPrep | Composer | Interpreter | Catalog Chassifier Modeler Vector Fadar Virlual GIS Stereo futoSync
W& Import/Export
fe Impat T Export
Output File: X
e T i X
e
Media  [Fie b | ﬂ
b i (41 Oukut Fie: () Look in | - |
aza_aps_ | prepa200701 31 E [ 252_spa_Tprupa2t07m 31 e E ] arcais (L 5LC analyses Ik I
[ ASA_APE_IPNUPAZOOTONZ_ |1 BESTwv405 (L1 System Yolume Information
|1 bittor [ Temp Cancel
_1co1 (CIWINNT Help ]
< » I_1 Documents and Settings (] workfolderl
[ ampendix «| [ appendx - __}fleuim
- - 1 Program Files e
] Python24 —‘
] RASPPPOE Goto ...
|_1 RECYCLER
File name: I
Files of type: |IMAGINE Image [*.img) j *El &

124 Files, 15 Subdirectories, 0 Matches, 7489772k Bytes Free

545.00, 144.00
p——

‘4 start [ BE Micasoft PoserPaint ... i ERDAS IMAGINE 5.

10
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to use a transformation of 1

s Import ENVISAT (Direct Read)
Input File: c:/appendixdasa_aps_1pnupaz0070131_221918_000000142055_0(
Output File: c:/appendix/asa_aps 1prupaZ0070131.img
R ows: 30760 [~ Block Size:
Caolumns: 5102

Bands: 4

GCP Dptions

¥ ‘Wwhite Transform to Image Transformation Order:

I gcps31.gce

==

o Tick the “Write Transform to image and Write GCP File” box. For transformation
Order, select 1. It is not so necessary to save the GCP file unless it is to be used for co-
registration. Click on ok to start importing the file

o0 Click on ok (when the processing is completed, the OK button will be activated)

11
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Step3.

Reduce speckles using a 7x7 window

e
0 = = . a
| = : = | e @ ]
Viewer Impaort DataPrep | Composer | nlerpreter Catalog Classifier Modeler Vertor Radar Virtual G113 Stere; Rutofync
("% Jﬁ'—!’ \,‘,:‘g i Radar Speckie Suppression
IFSAR 1| Speckle Suppression | Input File: {*.img) Ouipud Fike: [*img)
SheSaR 11 Edge Erharcemsnd ... | .'?".DECIB:UTI‘_?:{?l\i'd'.l\.imo = -zsa_apz_':n.‘szfU?UB]cD@cr = 1
7 Image Erhancament . | T |
AL A = = Coordingte Typer  Submed Definkion: From Inquite Box
Fieder Intesprstes Tewture Anabyass —
( Ut 0.00 = |s101.00 x
Gensic SAR Noda .. Adust Biightreess | UL bes B el =

' : Ayt Slard Range [l ¢ wy: [eoe = Ay, [0 =
| Thee | Help rkihi | LLY: b L o

Rladar Corvessions

! W Dvata Type Maving Window:
Radiometne Terain Comechon |
] T

Signed 16 bit U2 odd numbsr anly:

[ " I -
Dutput: | Signed 16 bt -| Window Size |5 = |
Dutput Dptions:

R

Cosl. of Vaniaton: Q106430

" Calculste Cosdficient of Vanistion

T lgnore Zen in Stats,

oK | Balch | Cancel Hep |

Retrieve the coordinates from the Yiewer Inguine Box,

[l s e .t 6 Roch Speckis Suppr... |l Viewer £1 | 8 Mirasort office Pt

+¢ In the radar module in Erdas, click on radar interpreter > Speckle Suppression
¢ Input File: browse to the *.img file created in step2.
+ Tick the box for “ Calculate coefficient of Variation” and click ok
++ Go back to the radar module > radar interpreter> Speckle Suppression. For
¢ Input File: browse to the *.img file created in step2
+ Output File: follow the same procedure as in step2 but save it as
e.g. “asa_aps_1pnupa20070131sp7x7.img” without the quotation marks
+« Coordinate type: File (if it is not automatically selected)

«» Window size: 7

[ Session Main Tools Utiities Help
Preferences ... CHH+P
Configuration ... CH+C
Session Log ... CH+5
Active Process List...

Commands ...
Enter Log message... CHl+L

12
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¢ Filter: Gamma-map

¢ Coef. of Variation: Go to session on the main menu bar > Session log , copy the
coefficient of variation computed and paste it

++ Click ok to start filtering
Step4.
Reduce speckles using a 5x5 window
Repeat step3 but choose 5 for Window size instead of 7 and name the file as
*asa_aps_1pnupa20070131sp5x5.img”
Step5.

5a. Geocode using UTM coordinates
++ Open the ArcMap program in ArcGIS9.2.

- = [x]

e lecion Tock incos Heln

cemreferorong ™ | L e e TpepadlCRT Hapscie: =) (U7 7 @ 8 3 W 1 | | o
I T = ] ] | & | 1 | wTeokBio T L ISR W]
DS @« & [ i EmOae | [BAannn@es N o ken L

= " * Project

9 £F Layers iy ATk -~
OB e e poned RS spesad it | SeSmnd: ||| il A (5] male
RIE Irpui ractes
MR ©_HH MM |asa_sps _Iprusazomciaipececuztl_S-Svindon. g - = Crutpit cod
B Goew: T_HH_MARHITINS 3 — Ey5EET

MEFiG: C_HA_ASTHITIOS S Irpus comdnate spssem. (opionall
[ | The conrding
the panmerry

Oucpu: racte

| Crappsowte et mniz0L0 o =i The defalt is
= in tan Gaatial

ULEpU: oo nate sysem SHirgs aric

[mE_15BI_UTM_Zena_30% =

Geugasc Trarsformation fopbionel)

faP2raag s

8222030 PEEE RS S

At Tieha

o S
B ot Perlation.
x

£ > <

Zusplay [ Source | Sebection | Fwarles [Indse | Sesrch | Resuls] | 1 SRR
gwen v K R S G i sial ST s By Ay By S o

B v T L A,

£ s[arf [ Fnasmeeme . (i) e 1

+ Click on add data tool
++ add asa_aps_1pnupa20070131sp5x5.img as a layer

+ Right click an empty space in the tools box, go to Environments > General settings and
set the environments (i.e. where to save the files etc.)

+¢ In the tools box, click on data management tools > define projections

13
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O input dataset or feature class : Use the drop down arrow to select the file asa-
_aps_1pnupa20070131sp5x5.img or browse to the folder which contains this file

0 coordinate system : Select Geographic coordinate systems\World\WGS 1984.prj and
click on add, click on apply, ok and another ok

+ In the data management tools > click on projections and transformation > Raster >
Project

0 Input raster: asa_aps_1pnupa20070131sp5x5.img
0 Output raster: e.g. 310107prj (it should be less than 10characters)

o Output coordinate System: Select projected coordinate system \UTM\WGS
1984\WGS 1984 UTM Zone 30N.prj (for Upper East Region of Ghana)

o Click on environments and ensure that under general settings, the output coordinate is
set to “As specified below” and specify the coordinate system as the previous step
(UTM)

o Click on ok to start the projection
++ Create a new map and add one of the bands of the projected data e.g. 310107_c1

++ Add one band of the projected data as a layer

5b. In order to change the format for the projected image from grid to *.img
¢+ Go to ArcTool box and click on Spatial Analyst Tools > Extraction > Extract by mask
« For

o0 Input raster: use the drop down arrow and select the projected file e.g. 310107 _c1 or
browse to the file
o0 Input raster or feature mask data: Select the same file

o Output raster: save it under a name (less than 10 characters) followed by “.img” to
get it into an imagine file format e.g. 310107_c1.img

0 Check the Environments to be sure it has the right settings and click on ok

Stepe.
6a. To maintain the format and perform an unsupervised classification in ArcGIS

+¢ Go to spatial Analyst Tools > Multivariate > Iso cluster
% For

o Input raster bands: Add the three bands of the projected raster file
* ¢l,* c2and *_c3

0 utput signature file: give it a suitable name e.g. sig310107 ( be mindful of where it is
being saved since it will be needed for the classification)

14
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0 Number of classes: depends on how many land covers is to be classified e.g. 6 classes
o0 You can fill in the optional fields or use the default

o In the Multivariate tool > Maximum likelihood

" Input raster bands: add the three bands again

" Input signature file: the signature created in the Iso Cluster (e.g. sig310107)
. Output classified raster: give it a name

. Fill the other fields or use the default values

. Untitled - Arciap - ArcView:

e Edb wew Inset Salecton Tock iocom Heln
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Dl S B v | o [T - [:2 2 @ N : 2 f

T @

2] St ed Toa ke A
-1 G St Anidys Tk
51 5 Soovitiondl
) % Doty
1 g itae
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11 g Seeralzation
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1) @y Py
1 g5 Tnterkehing
1 5 Lol
1 5 Map Alehra
1) iy Math
o @ Mhadicte
Lows 1 A Bend Caliation Sl
0 O oeafart 32 & Cliss Pohatd by
Wk & Crate Sk ees
Hijn e M F Derogiem
A Eo Gpataes
Lows 11 A Tea Tt
= 0O see_cl A Machnon Lo
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o) G ool
Liws 00 Z] Spwtial AaE s Tooke
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Ziapiay [ Swrce [ Sebection | Favantna [Indss | Search [ Reculs o
FELUR A LRI A i gl wial =0 ] B zw Av &~ Fr =~

= _Urbdes - Rblap- AL

6b. To perform an unsupervised classification in Erdas Imagine

¢+ Go to the classifier module in Erdas imagine

+¢ click on unsupervised classification

» For
0 Input raster: use the output from step 5b.
0 Output cluster Layer: give it a name and save it in the correct folder
0 Out put signature Set: ditto

0 Open the file in ArcMap and check which class has been assigned for water
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Step?7.

To edit the signature obtained in the unsupervised classification in Erdas for a supervised
classification

+» Go to the classifier module in Erdas

+¢+ Click on Signature Editor

% Go to file > open and browse to where the signature was saved during the unsupervised
classification

¢+ Select the Replace option and click on ok

+ Go to the viewer module without closing the signature editor

+¢+ Select the Classic viewer option

+¢ Browse to the file which was used for the unsupervised classification ( that is the output
file from step 5b.) and open it

D3

% If prompted to build pyramid layers, select YES ( Imagine uses a 2x2 resampling
algorithm by default)

«+ Scroll both to the right and down to see the image or use the zoom out button to see the
full image

«» Zoom-in to an area which can be identified as water
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¢ Go to file in the viewer module > New > AOI layer
+¢ Click on the show tool palette for Top layer ( the tool that looks like a hammer)

+ In the AOI tools select the ellipse to create and ellipsoidal area of interest in the area that
is identified to be water

+ Go to the signature editor and highlight the class for water by clicking on the class
number under Class #

++ On the menu bar in the signature editor click on replace current signature(s) with AOI

i o
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Step8.
To perform a supervised classification in Erdas Imagine

+ Continue from step 7

+¢ Select all the classes in the signature editor by holding on to the shift key and clicking on
the class names

¢ Go to Classify in the signature editor menu bar and select supervised
% For
0 Output file: give it a name and save it to a folder

o If threshold is to be performed then tick the output distance file option and give it a
name

0 None parametric rule: None
o Parametric rule: Maximum Likelihood

o Click on OK to start the supervised classification
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Step9.

Add the classified image as a layer in ArcMap

Step10.

To georeference the image using GCPs in ArcMap

+¢ Add the ground control points to the image in the form of a shapefile (points, polygon,
polyline etc.) obtained from a GPS defining a particular area of interest or use
intersections of roads or well known points as control points. e.g. In the figure below; the
shaded one is the GCP and the coloured area is the classified image

= Lintftled - Archap - ArcView
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I EF Layers A A Feaumnfade A
2 0O snakasia A Rt o Rasir
 Porkbn Raser
A oohgnia Fade
A Pok e oMo
BB avew aEF T R fat # Raster To Siber Fo
o & o Sepetia
S Teshaed Beh TR b B Tt Tbrnvs b b Tocks
e Managenant Trak
EE it NSFEhRasi ol
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A b sion Tk
[m winit Analed Tk
[_JE]
3 B s _prl
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+¢ On the menu bar, right click an empty space and click on Georeferencing to add it to the
main menu bar

+¢ For layer: select the layer to be transformed/georeferenced

+¢ Click on add control poin\A

++ Select a point in the image to be transformed by clicking on the point and move the
curser to the correct position where it should be using the control points
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+* Repeat this for as many points for which there are control points ( Avoid using points at

the extreme ends

+¢ click on the “show links and error” button next t o the control points to show the XY

positions and the transformed XY positions in tabular form

% For transformation: Select 1% Order or 2" order Polynomial (Affine) transformation

+¢+ Check the Total RMS Error to determine whether the transformation is acceptable

Small Reservoirs Tool Kit

Link Table ?1X]
Link | ¥ Source I Y Source | ¥ Map | Y Map ‘ Residual
1 766916,920050 1213487.135943 767055.963563  1213456.909093 11.66963
2 774569.035315 1211237.860213 774748.381295 1211247,935829 19.24692
3 771007.637178  12001599.344986 771156.610536  1200140.379966 24.20073
4 741757.789156  1188045.200175 741619,961901  1187957.857344 12.82755
9 741869.263692 1188127.273059 741704.154057 1188020.461768 22.08112
6 766890,743743  1213529.399929 767046,635312  1213511,009947 15,81837
7 774641.282287 1211166.992248 774824.010530 1211156.140058 11.61508
g 774488.630094  1211331,398841 774677.306305 1211322,592361 5.28110
9 766861.114527  1213553.418390 767014.160927 1213550.661783 20.61895
10 776129.332592  1213022.676191  776323.418329 1213013,590524 19.11571
£ >
v Auto Adjust Transformation: |lst Order Polynomial {4l L] Tokal RMS Error: | 17.16972
Load.., Save... I | OK

¢+ Go to georefencing > Rectify

0 Cell Size: leave the default unless there are multi-image processing which requires a
particular cell size, then it can be changed

0 Resample type: accept the default which is Nearest neighbour which is applicable to
both discrete and continues data

o Output location: browse to the folder where the georeferenced image is to be saved
o Name: Give it an appropriate name

o0 Format: Imagine Image
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Save As @@

Cell Size: 7.392836

Resample Type: |Nearest Meighbor (for discrete data) LI
Output Location: | E:\Appendix ﬁ[
Name: | Georef310107.ima  Format: | IMAGINE Image v |

Compression Type: I—_| (CETDPEESSID” s Ii
Save Cancel |

++ Save the work
+¢+ Add the georeferenced image as a layer in ArcMap
Step1l.

Create a new shapefile (polygon) in arccatalog. this will be used for the outline of the
reservoirs

Step12.
Add the new shapefile to the data frame that contains the classified image

Step13.
Perform an onscreen digitization to determine the area extent of the reservoirs

+¢ Create a shapefile in Arccatalog

0 Open the ArcCatalog program in ArcGIS or Click on the Arccatolog icon in ArcMap

o0 Right click an empty space in the extreme right pane
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~J ArcCatalog - ArcView - C:\Appendixisample site =03

File Edit View Go Tools Window Help

e DM BEX LEFRE QIO
Laocation: |C:\Appendivsample site |
Styleshest. | -]
= x : - = | Contenits | Preview | Metadata |
K Catalog A1 g ArcTookbox | Fiame
- L@ _ + a 30 Analyst Taols Bl smaple ske.sho
CR ﬂwend.lx ) + - @ Analysls Tools 2 3
{1 PrD]&ZEID.I'I & cartography Tooks N :
¥ ":'l sampie site _ + & Conversion Tools Gopy MG
* lﬁ 310107 _cl.img +- &3 Data Interoperabiity Tooks
* E?j 310107 _c1supclass * ‘ Data Managerment Tools ¥ Delets
+- ] 310107 _c1supclass + 8§ Geocoding Taols AL
+ il 310107_r1unsupcle ¢ @ Geostatistical Anatyst Tools Renape  FZ
+ - asa_aps_lpnupazl +/- & Linear Referencing Tools 2 Refresh
! Eﬁ asa_aps_lpnupaZl + @ Multidimension Tools
3 % asa_aps_lpnupazl + % Mebwark Analyst Tools m 1 Folder
+iE] confi 4 ﬂSarrclles
. {3 saarch... B File Geodatabase
+ mIcIfasu:ro;I +- & Server Took = = e
project_1.stk + @ Spatial Analyst Tools g5 Properties.., M Eonwii s e
(E] project_lc1.bnd +| @ Spatial Statistics Tools R —
[E] project_lcl.sta + @ Tracking Analyst Tools
[22] project_1c2.bnd & Group Layer
!:l project_1c2.sta =
[E2] project_ic3.bnd B Shepefle...
project_ic3sta o & Tumn Feature Class..,
|< » Favorkes | Index | Search | Fu | »]| % & Tookox »
[E1] deAsE Table
@ fddress Locator. ..
[x] HMLDocument

+ Create a shapefile in Arccatalog

0 Go to New > Shapefile
o Name: give it a suitable name
o Feature type: Select polygon

o Spatial Reference: Click on edit > Select > Projected coordinate system > UTM >
WGS 1984 > UTM Zone and click on “Add”
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Create New Shapefile @@

M ame: | Sateliite Polygon

Feature Type: I Palygon L]

Spatial Reference

Description:

Projected Coordinate System:
Name: WGES_1984_UTM_Zone_30M

Geographic Coordinate System:
Mame: GCS_WGES_1984

[ Show Details

[ Coordinates will contain M values. Used to store route data.
[ Coordinates will contain Z values. Used to store 3D data.

0K Cancel

++ Add the shapefile as a layer in the data frame that contains the georeferenced image

+ Right click on an empty space on the main menu bar and select Editor > start editing >
Select the shapefile to be edited if there are a number of them and click on OK

. unsupervisedclass - ArcMap - ArcView

File Edit View Insert Selection Tools Window Help

++ Go to editor > Start editing

«»» Select the sketch tool

ncing ¥ | Layer [ confi

Editor ¥ [ S Task: |Create Mew Feature
DEWHS @ |

x

«» Mark the outline of a reservoir with the sketch tool
«* When done, click on editor > Save edit
+¢ Repeat this for all the reservoirs of interest

¢ When done, click on editor > Save edit > stop editing
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Step14.

Calculate the area of the polygon created in step 13 using Xtools Pro or Calculate
Geometry in ArcMap attribute table

¢+ Go to tools (or use Alt + T) > Extensions > select XtoolsPro (if that extension is available;
a trial version can be downloaded at

http://www.xtoolspro.com/download.html)

+¢ In XTools Pro > Table Operations > calculate Area, Perimeter,Length...

= =5
=] ST
®Tools Pro ™~ | E5 ~ © =
‘ Feature Conversions » ‘
=3 Lawver Operations » | - |
EA Calculabe Area, Perimeter, Length, Acres and Hectares
Surface Tools » XE addx,v,Z Coordinates
,‘g' Aggregate FeabturesfRecords
f Table Resoructure
Export Diaka ko MS Excel
El Export Table to Text
[4F Create FeatureClass/Table MultiDelete Fields i
Create Personal Geodatabase [B] Table Statistics
Delete Datasst “%] Sort Features/Records
ﬁ Creabe Fistayeat i_@ Fired Duplicates

=3 Cornees Hull
-5 Extrackt Map
EML Export Data ko KML

EEg Cwustomize XTools Pro Components
? *Tools Pro Help }

[il] about 2Tools Pro

o0 Select layer to measure: Select the shapefile created for the outlines of the reservoirs
0 Desired output: Select the appropriate unit

0 Check the parameters to be measured (e.g. Perimeter and Area) and click on OK
+¢+ Open the attribute table of the shapefile to read the values of the parameters measured

If the Xtools extension is not available then follow the following steps to measure the
parameters in ArcMap

++ Open the attribute table of the shapefile
+ Go to options > Add field

0 Name: e.g. Area

0 Type: Text ( choose an appropriate length like 50 or 100 characters) and click on OK
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0 Right click on the Area column > Calculate Geometry ( if prompted that the
calculation is being done outside an edit session; Select YES)

0 Select the appropriate units and click on OK

Calculate Geometry m@ ﬂ @gﬂi
Popety: R | Aiea
Coordinate System

+ Use coordinate system of the data source;
PCS: WG5S 1984 UTM Zone 30N

(" Use coordinate system of the data frame:

Units: |Scpuare Meters [sqm] l] 3

I Add unit abbreviation to text Field | Records (0 out of 2 Selected) Options = '

Help oK | Cancel ‘

0 Save the edits
o Stop editing when done

+» Save the work
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How to import XYZ points from a GPS to Polygons in ArcGIS

( N\

1. CONNECT THE GPS TO YOUR COMPUTER VIA USB OR
SERIAL PORT

A J/

|

( )
2. OPEN THE GPS TRACKMAKER PROGRAM AND SELECT
THE APPROPRIATE GPS INTERFACE IN THE GPS FUNCTION
ON THE MENU BAR

(S J/

|

( )

3. SELECT THE CORRECT COMM PORT AND CLICK ON THE

PRODUCT ID BUTTON TO RETRIEVE THE STORED
ROUTES, TRACKLOGS AND WAYPOINTS

(S

|

-
4. DOUBLE CLICK ON WAYPOINTS, GO TO TOOLS ON THE

MENU BAR AND SELECT OPTIONS UNDER TOOLS. CLICK

ON COORDINATES AND SELECT THE CORRECT ONE

(RECTANGULAR GRIDS, UTM FOR UER)

- J

l

( N\
5. SAVE THE FILE AS BOTH GPS TRACKMAKER FILE (*.gtm)
AND TEXT FILE (*.txt)

KG. OPEN THE TEXT FILE IN MICROSOFT EXCEL. FOR FILE
TYPE, CHOOSE TEXT. OPEN THE TEXT FILE WHICH WAS
SAVED IN GPS TRACKMAKER. CHOOSE DELIMITED FOR
DATA TYPE. CLICK ON NEXT. FOR DELIMETERS, CHOOSE
COMMA. CLICK ON NEXT. FOR COLUMN DATA, CHOOSE

GENERAL
- J

l

7. DELETE ROWS 1 TO 4. MAKE SURE THAT THE DATA
POINTS IN COLUMN C ARE IN THE CORRECT ORDER. IF
NOT, SORT THE DATA IN THAT COLUMN IN ASCENDING
ORDER. NAME THE CELL IN THE NEW ROW(1)-
COLUMN(E) AS EASTING, ROW/(1)-COLUMN(F) AS
NORTHERN, ROW(1)-COLUMN(G) AS DATE AND ROW(1)-
COLUMN(J) AS ELEVATION. DELETE ALL OTHER
COLUMNS EXCEPT THE COLUMNS WITH NAMES. MAKE
SURE THE COLUMNS AFTER ELEVATION ARE ALSO
DELETED. GO TO STEP 8

= /
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4 N

8. SAVE THE FILE AS CSV (COMMA DELIMITED) (*.csv). A
POP-UP SCREEN WILL APPEAR SAYING: *.csv MAY
CONTAIN FEATURES THAT ARE NOT COMPATIBLE WITH
CSV. DO YOU WANT TO KEEP THE WORKBOOK IN THIS
FORMAT? CLICK ON YES, SAVE THE WORK AND CLOSE
THE FILE.

)

~N

v

P
9. OPEN ARCCATALOG IN THE ARCGIS PROGRAM. ON THE

EXTREME RIGHT PANE, BROWSE TO THE FOLDER WHERE
THE TEXT(*.csv) FILE WAS SAVED.

(S

v

( 10. RIGHT CLICK ON THE *.csv FILE AND CLICK ON
CREATE FEATURE CLASS FROM XY TABLE. IN THE INPUT
FIELDS NAME THE XFIELD AS EASTING, YFIELD AS
NORTHERN AND ZFIELD AS ELEVATION
- J
v
11. CLICK ON THE COORDINATE SYSTEM OF INPUT
COORDINATES..., CLICK ON SELECT, SELECT PROJECTED
COORDINATE SYSTEMS\WUTM\WGS1984 AND SELECT THE
CORRECT UTM ZONE (FOR UER IT IS WGS 1984 UTM ZONE
30N.prj) , NAME IT OR ACCEPT THE DEFAULT NAME AND

\CLICK OK TO SAVE THE FILE (*.shp) )

v
-

12. OPEN THE ARCMAP PROGRAM IN ARCGIS. DRAG THE
*.shp FILE FROM ARCCATALOG TO ARCMAP OR USE THE
ADD DATA FUNCTION IN ARCMAP TO ADD IT AS A
LAYER

G

-
v

4 N
13. ON THE MENU BAR CLICK ON XTOOLSPRO. IF IT
DOESN’T APPEAR ON THE MENU BAR, CLICK ON TOOLS >
EXTENSIONS AND SELECT XTOOLSPRO. IN XTOOLSPRO,
CLICK ON FEATURE CONVERSION > CLICK ON MAKE
ONE POLYGON FROM POINTS. SAVE IT (OQUTPUT
STORAGE). GROUP BY FIELD: SELECT NONE OR DATE
AND CLICK ON OK

v

- J
/14. CHECK FOR LOOPS IN THE OUTLINE OF THE \
POLYGON CREATED. IF DATA IS RECORDED IN VERY
CLOSE RANGE, THE INACCURACY OF THE GPS CAN

CAUSE THESE ARTIFACTS. IN THESE CASES, EDIT THE
POINT FILE BY MOVING THE POINTS IN QUESTION IN A
MEANINGFUL WAY, OR DELETE THEM USING

XTOOLSPRO. TO EDIT THE POINTS IN ARCMAP, RIGHT
CLICK ON THE MENU BAR, AND CLICK ON EDITOR. THE
EDITOR THEN APPEARS ON THE MENU BAR IF IT IS NOT

ALREADY THERE

\_ /
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-
15. IN EDITOR, CLICK ON START EDITING. EDIT BY

DRAGGING/MOVING OR DELETING THE POINTS WHERE

NECCESSARY. CLICK ON SAVE EDITS AND THEN STOP

EDITING WHEN SATISFIED WITH THE OUTLINE

- J

|

S~
16. ADD THE SUFFIX “_EDITED” TO THE FILENAMES OF
THOSE FILES WHERE SUCH EDITING WAS NECESSARY SO
IT WILL BE EASY TO TRACE THEM, REPEAT STEP 13 AND

CONTINUE WITH STEP 17.

- l J

/17. IN XTOOLSPRO, CLICK ON TABLE OPERATIONS, \
CLICK ON CALCULATE AREA, PERIMETER, LENGTH,
ACRES AND HECTARES. IN THE SELECT LAYER TO
MEASURE BOX: SELECT THE POLYGON CREATED IN
STEP13. FOR DESIRED OUTPUT UNITS, SELECT METERS
AND CLICK OK. OPEN THE ATTRIBUTE TABLE OF THE
POLYGON TO SEE THE COMPUTED PERIMETER AND
AREA

- /

Computer Specifications for ENVISAT-ASAR image analyses in ERDAS IMAGINE V9.1 and
ArcGIS9.2

For Windows:
RAM 1GB or higher
Operating System Windows 2000 Professional SP2 or higher

Windows XP Professional x64 Edition SP1 or higher Windows Server 2-5 SP1 or higher
Display Super VGA 1024x768x32 or higher
DirectX 9 or higher
Hard disk capacity 40GB or more
More information on computer specifications is available at:

http://gi.leica-geosystems.com/documents/pdf/SystemSpecifications.pdf

[Accessed online: 05/04/07]
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