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Introduction

This manual describes the use of improved methodologies to identify
potential rainwater harvesting sites by implementing land suitability analysis.
It also provides general guidelines for determining site potential in relation
to various parameters. The approach integrates multi-disciplinary knowledge,
use of GIS, and field verification to develop and test a methodology to
identify potential sites and types of rainwater harvesting interventions.
Although the data used to undertake the exercises were derived from a
selected watershed within the Jordanian Badia, the approach could be
applied to similar areas where rainwater harvesting is an option for
sustainable land and water management.

How suitable an area is for rainwater harvesting depends on local society,
farming practices, and whether the area meets the basic technical
requirements of the rainwater harvesting interventions under
considerations. When planning such systems, appropriate data must be
available on the climate, soil, crops, topography, and socioeconomics of the
project area. These data can be collected through a combination of field
visits, site inspections, topographic and thematic maps, aerial photos,
satellite images, and geographic information systems (6IS). The integration
of these multi-disciplinary information to produce decision support outputs
is explained in this manual.

The whole approach consists of two parts: the first considers the detailed
criteria and the procedure used to select a benchmark watershed to
represent the Baida of Jordan: the second considers the biophysical and
socioeconomic characterization of the selected watershed through the
implementation of the FAO framework for land evaluation (land suitability
analysis adopted for rainwater harvesting interventions). This training
manual detailed step-by-step exercises to undertake the second part. The
whole approach demonstrates how GIS can be used at different scales, using
whatever available data, to help select fields that are suitable for
implementing new land-use alternatives. The approach was also successful in
integrating biophysical and socio-economic criteria in the selection process
to develop sustainable rainwater harvesting interventions to improve water
productivity in the Badia. It is expected that this approach will be applied to
similar areas to the Badia. This is facilitated easily by the changing the land
suitability criteria to accommodate any differences in the biophysical or
socio-economic conditions under which the intended rainwater harvesting
interventions are to be implemented.



For further details about the whole process and the technical background of
this approach, it is highly recommended to refer to the following published
report:

Ziadat, F., Oweis, T., Mazahreh, S., Bruggeman, A.,
Haddad, N., Karablieh, E., Benli, B., Abu Zanat, M., Al-
Bakri, J., and Ali. A. 2006. Selection and characterization
of Badia watershed research sites. International Center for
Agricultural Research in the Dry Areas (ICARDA), Aleppo,
Syria. vi+111 pp.



Exercise 1:

Applying criteria for first stage site selection

A. Overlay analysis (Rainfall, soil and topography):

This exercise explain the selection of watershed based on overlaying the
watershed boundaries with layers represent the soil, topography or
rainfall distribution.

An example using rainfall will be used. Similar analysis is required for soil

and topography.

Steps:

All data exist in the directory \training\data\
Start ARC Map

1. Add theme watersheds_start.shp (+)

2. Add theme rainfall's (+)

3. Activate arc tools

4- Activate analysis tools icon and extend it

5- Extend the overlay icon and select intersect
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4. Overlay watershed boundaries with rainfall:
Double click the "intersect"
Input features: you select fwo themes:
rainfall.shp
watersheds_start.shp
Output feature: watershed_rainfall.shp (use the same
directory)
Select OK.
5. Summarize the rainfall value for each watershed:
You add the output theme watershed_rainfall.shp

Then R click the theme and select open the attribute table
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- select the field main_cat

- R.click the field main_cat and select summarize
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From the field menu, select summarize as follows

Summarize

Summarize creates a new table containing one record for each unique value
of the selected field, along with statistics summarizing any of the other fields.
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i 2. Choose one or more summary statistics to be included in the

output table:
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‘ 3. Specify output table:
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Output table: sum_ws_rainfall.dbf (use the same directory)

Then select OK and add the table and check out the field of average
rainfall for each watershed

6. Join average rainfall to each watershed:

- R. click the theme watershed_rainfall.shp

- select join and relate, then select join and choose the following:



Join Data rzl

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?
IJcin altriibutes from a table j

! 1. Choose the field in this layer that the join will be based on: |

: |

2. Choose the table to join to this layer, or load the table from disk:

™~ IE] sum_ws_rainfal ﬂ E'

[V Show the attribute tables of layers in this lis

3. Choose the field in the table to base the join on:

2 [MAIN_CAT |

- click OK
Select and add the theme watershed_rainfall.shp

- R. clicks the shape file and select data and data export and name
it as

- WS_rainfall_scoring.shp (use the same directory)



7. Scoring according to rainfall:

Select options

il Attributes of ws_rainfall_scoring

select WS_rainfall_scoring.shp

Select add field as follows:
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R. click and open attribute table WS_rainfall_scoring.dbf

Name: rainfall_score
Type: short integer
Select OK
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Using the criteria table, apply the criteria for rainfall
Select field Ave_Rainfall

R. clicks the field and choose sort ascending

Sort Ascending

Select rainfall values for each score:

R. clicks the field ave_rainfall and chooses options then select by

attributes
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A menu will open as follows
- write down the equation following the criteria and apply
1. First stage criteria:
Score*
Criteria Comments
0 5 10 15
Rainfall
Rainfall <100 or >250| 100-149 200-250 150-199
Isohyets
No. Of
Community None One Two > Two
Villages
Lithic
Lithic,
and/or Dominant
Soil Type Psamment, Calcic Others
Psammen Sail
Calcic
t




Watershe
Area (km?) < 30 110-150 30-70 70-110
d area
100- Relative
Topography >200m 50-100m <50m
200m Relief

* If Assigned score is O, the watershed should be

excluded.

Untitled - ArcMap - Arclnfo
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Enter a WHERE clause to select records in the table window.

Method : ICreale a new selection LI
: =l

L} IF{ Dl L}
"RAINFALL"
"MAIN_CAT"
"AREA_SCORE"
"Ave_RAINFA"
"rainfall_s"

- | o e
>|>-]And|

<|<-| EIrI
| _0 | ve

s | Get Unique Values | GoTo: |
SELECT " FROM ws_rainfall_scoring WHERE:
"Ave_RAINFA"<100 OR "Ave_RAINFA" > 250




- Then select the field rainfall_score in the table and r. click and
choose "field calculator"/or calculate values.

- Then type O according to the criteria. This means that all
rainfall that ranges less than 100 mm and more than 250 will
have score Zero.

- Open attribute table-options-clear selection.

- repeat the step above but using the following equation:

Select by Attributes

Enter a WHERE clause to select records in the table window.

Method:  [Create a new selection =l
"CODE" |
"oIp_"
"MAIN_CAT_1"
"Cnt_MAIN_C" !
"Ave_RAINFA" =
"rain_score” L
= ] <> I Likol
> l >-I Amll
S pestl o
B O Y

Is l GetUrﬁqroalueslGoTo‘. [

SELECT * FROM ws_rainfall_scoring WHERE:
"Ave_RAINFA" >=100 AND "Ave_RAINFA" <=149




- Select the field rainfall_score in the table and r. click and
choose "field calculator"/or calculate values.

- Then type 5 according to the criteria. This means that all
rainfall that ranges more than and equal 100 mm and less than

and equal 149 will have score 5.

o Pocont 1| 00 p10] e [ Mo 184 08 S}

- Open attribute table-options-clear selection.

- Continue the same process according to the rainfall criteria in
the above table (different rainfall ranges with different
scores).

- After each selection - Open attribute table-options-clear

selection.



8. Attach rainfall score to watersheds
Select theme watersheds_start.shp
R. click and select join and relate and choose join

- follow figure below:

Join lets you append additional data to this layer's attiibute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?
|Join attributes from a table j

' 1, Choose the field in this layer that the join will be based on:

L, [MaN_CaT =l

2. Choose the table to join to this layer, or load the table from disk: ‘

e wm_ramfall_scoring _'_I _EI .

[V Show the attribute tables of lapars in this list ‘

3. Choose the field in the table to base the join on:

. I -
r.

Advarced.. |




- select OK

- select the theme in the view window

- From the theme menu, R. click and export data to a new shapefile
watershed_score 1.shp

- add the watershed_scorel.shp to the window and open its
attribute table you will find two scores for each watershed: score

for area and a score for rainfall.

B. Counting points-within-polygons (community):
This exercise explains the scoring of watersheds based on the number of

villages within each watershed.

Steps:

1. Add theme watersheds_start.shp

2. Add theme villages1.shp

3. Overlay points within polygons:

- R. clicks the theme watersheds_start.shp and choose join and relate

and select join: use the spatial join as the following figure:



Join lats you append addtional data to this layer's attribute table $0 you can,
for example, symbolize the layer's features using this data.

‘What do you want to join to this layer?

|Join data from another layer based on spatial location | 1

1. Chooss the laer to join to this lager, or load spatial dala from disk:

(€ vilages! x| g

2 Youarejoining.  Points to Polygons

'| Select a join feature class above. You will be given different
options based on geometry types of the source feature class and ,
the join feature class. i

T T —

(* Each polygon will be given a summary of the numeric attibutes of
the points that fall inside it, and a count field showing how many |
points fal inside it
How do you want the attributes to be summarized? .
[~ Average [ Minmum [ Standard Deviation :
v Sum [~ Maxmum [ Variance ‘

" Each polygon will be given all the attributes of the point that is
closest to its boundary, and a distance field showing how close
. the point is (in the units of the target layer).
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" Note: A poitfaling nside a pobgon s eated as being cosestlo
| the polygon, (ie. a distance of 0] |

3. The result of the join will be saved into a new layer. "
Specify output shapefile or feature class for this new layer: I

[feras\lroin‘mg aic inf oprocedureexc. 1\watershed_vilage.shi _ﬁj

- save the new shapefile as watershed_village.shp

- This will add the watershed number within which each village is located
based on its geographic location.
- Open the attribute table of ~ the watershed_village.shp, you will find

each watershed has a no. of villages under the field "count”



- export the shapefile to a new shapefile and name it as:

ws_village_score.shp

6. Scoring according to community:
-open the ws_village_score.dbf file
And choose options and select add field
Name: community_score
Type: short integer
Select OK
Using the criteria table, apply the criteria for community
- select field count
- R. clicks the field and choose sort ascending
- select count values for each score:

R. click the field count and choose options then select by attributes



Select by Attributes

Enter a WHERE clause lo select records in the table window.
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-select the field count

- sort the data

- select the number of villages for each score

- Select the field community score

- Use the field calculator calculates values to type in the score.

-Apply the same process for all scores according to the criteria.

-Clear selection after each step.



7. Attach community score to watersheds:
- add the theme watersheds_scorel.shp and ws_village_score.shp
- R. click watersheds_scorel and select join and relate and choose

Join as follows

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want lo join to this layer?
IJain attributes from a table El

1. Choose the field in this layer that the join will be based on:

[raticatipi s B o e R

2. Choose the table to join to this layer, or load the table from disk:

IG ws_vilage_score ;I E’

[V Show the attribute tables of lapets in this list

3. Choose the field in the table to base the join on:
[MAIN_CAT =l

About Joining Data | ok | Cancel |

- R. click watersheds_scorel and data- export the shape file to a

newshape file and name it as: watersheds_score_rain_vilge.shp



C. Classification of watersheds based on area:
This exercise explains the scoring of watersheds based on the area of

each watershed.

Steps:
1. Add theme watersheds_start.shp
2. Scoring according to area:
Open the theme attributes table watersheds_start.dbf
- select options and add and name it: area score
Type: short integer
Select OK
-select the field sum area
- sort the data

- select records of area for each score



Select by Attributes

Enter a WHERE clause to select records in the table window. )
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" IFI D "
"MAIN_CAT"
“"SUM_AREA"
“area_km2"
“area__scor”

i L4

-|<>]Lika| I

> | >=| and|

<|<-| Elrl

x| o] wet|
s | Get Unique Values | GoTo: |

SELECT " FROM watersheds_start WHERE:
“area_km2'" >= 110 AND "area_km?2" <= 150

Clear Veily | Hep | Load | save. |
[ aoob | cose |
1 —— { e ey | | TR

Select the field area score
Use the field calculator to type in the score

-apply all area criteria and scores.



Select by Attributes I_l_irﬁ_l

Entet a WHERE clause to select records in the table window.

Method: | Create a new selection =l
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Clear selection after each step.
3. Save scores:
-select the theme watersheds_start.shp
-R. clicks and exports it to shapefile
- name it as: ws_area_score.shp
4. Attach area score to watersheds:
-add watersheds_scorel.shp and ws_area_score.shp
- use join and relate and join

- Select field main cat in shape files (common field)



After you join you will have a shape file named as watersheds_scorel.shp
which has 3 scores: rainfall score, area score, and community score
- R. clicks watersheds_scorel - data- export the shape file to a new

shape file and name it as: watersheds_score_rain_vilge-area.shp

D. Using the scores to select the best watersheds
This exercise explains the integration of the five different scores to

undertake the final selection of the watersheds.

Steps:

1. Add theme watersheds_final_score_stagel.shp
2. R. click and open attribute table

3. Click options and then add field

Name it as final score and choose short integer
4- Calculate final score:

R. clicks the field "final score" and select field calculator as follows:



Field Calculator

Fields: Type: Functions:

i el 2l g
FID & Number [ADS() &
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final_scor = [ Advanced LI—J;I

[AREA_SCORE] + [RAIN_SCORE] + [VILLAGE_SC] +
"[SDIL_SCDHE] +[RELIEF_SCO] _&l

From the field menu, select the field name area score (double

click)

Select the summation sign + (double click) and so on for the other

four fields:

- click OK
4. Select the best watersheds:

In the attribute table watersheds_final_score_stagel.dbf, select

the field final score and sort the data descending
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Sort Descending
Select the watersheds with the highest records (for example

those with score 65 and more):
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You will find that 22 watersheds have a high score 65-70. And they will

be displayed as selected watersheds.

- After selection, r.click theme watersheds_final_score_stagel.shp and
select data and export data and name it as selected_ws_stagel.shp,
select yes to add the theme to the view

- make the theme active and note the selected watersheds

The selected watersheds are ready to be screened by the second stage

selection process.



Exercise 2:

Applying criteria for second stage site selection

A. Summarize values within polygons (soil depth example)

This exercise explains how polygons (watershed) might be classified
based on the average soil depth of observation points within the polygon.
Similar analysis could be applied to classify the watersheds based on

slope steepness, rangeland-based system, and land use.

Steps:

1. Add theme watersheds_selected_stagel.shp (directory
\training\data\)

2. Add theme field observations depth.shp

3. Attach the watershed number to each observation: using spatial join
4- Activate field observations depth.shp-R.C -Join-and do as following

below:



Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

‘What do you want to join to this layer?
IJoin data from another layer based on spatial location ;]

1€ watersheds_selected _stagel E] EI

2. You ate joining: Polygons to Points
Select a join feature class above. You wil be given diffetent

options based on geometry types of the source feature class and
the join feature class.

Each point wil be given all the altributes of the polygon that:
* it falls inside.

If a point falls inside more than one polygon (for example, because
the layer being joined contains oveilapping polygons) the
attributes of the first polygon found will be joined.

" s closestto it

A distance field is added showing how close the polygon is (in the
units of the target layer). A polygon that the point falls inside is
treated as being closest to the point (L.e. a distance of 0).

3. The result of the join will be saved into a new layer.
Specify output shapefile or feature class for this new layer:

Ilrator\Deddop\leras\excmsise arc GIS\soildepth_wshed2 shp E] |

About Joining Data (.l Cancel |

- save the process as soildepth_wsshed2.shp

4. Summarize the soil depth values for each watershed:

- open attribute table of soildepth_wshed2 shp, select the field

main_cat

R. click and select summarize as follows:




Summarize IEIEI

Summarize creates a new table containing one record for each unique value
of the selected field, along with statistics summarizing any of the other fields.

[ 1k Sala;:t-:!- field to su'nrnanz_e

> [MAIN_CAT ~|
2. Choose one or more summary statistics to be included in the
output table:
(] Last A
+ FID_1
# SITENUM

vy

= SOIL_DEPTH
(7] Minimum
] Maximum I
» (/] Average |
| [7] Sum
i [] Standard Deviation
‘ [(] Variance 3
; 3. Specifv output table;
I)esklop\fmas\ckceisise arc GIF\soildepth_summarize.dbf El

- r e Vardmd ramrr e
I oUTThEZe o= SEIECIEQ | ECUTUS T A

About Summarizing Data | [ ok | cance |

- Select field: soil_depth
- summarize by: average
- save as: soildepth_summarize.dbf

- select OK

5. Attach soil depth value (average) to each watershed:
- activate theme "watersheds_selected_stagel.shp"and r.click

- select join and relate and choose join and follow the figure



Join Data [ZI

Johblsmq:puﬂadﬂhulddabﬂishy«'saﬂrbﬁalabbmywcm
for example, symbolize the laper's features using this data.

What do you want to join to this layer?
|Join attributes from a table ~|

1. Choose the field in this layer that the join wil be based on: ’

[HANTEAT: b i S ke e

2. Choose the table to join to this layer, or load the table from disk:

I@ soildepth_summarize _LI _@-‘:l

[V Show the attribute tables of layets in this list

3. Choose the field in the table to base the join on:
[MAIN_CAT |

About Joining Data |Emorasl Cancel |

- select the field main_cat in both tables

- choose table ws_soildepth_summarize.dbf

-click ok.

- Open the attribute table of the "watersheds_selected_stagel.shp", you

will find a field of average soil depth for each watershed.

6. Score the watershed according to soil depth:




- activate the theme watersheds_selected_stagel.shp

- r. click and select data and choose export data to shapefile and

name it as: ws_soildepth_score.shp

- select OK and add them to the view

- open the attribute table ws_soildepth_score.dbf

- r.click and select options then add field and name it as:

depthscore

- select integer number and select OK.

A field named depthscore has been added to the table

- In the attribute table, select the field ave_soil_depth

- sort the data ascending

- write down the equation following the criteria and apply

2. Second stage criteria:

Potential 1*" highest
for water 4th : 2 score from
harvesting’ first stage
Soil Depth <50 cm 50-100 cm 100-200 cm > 200 cm
Slope
<1% or >10% 8-10% 5-8% 1-5%

Steepness

Lower Upper & Upper, mid &
Community Upper and/or mid

and/or mid lower lower




Dominant Lack of
Rangeland- Dominant Barley | Dominant
Native Native
Based and/or Irrigated | Native
Vegetation vegetation
system agriculture Vegetation
and Barley and Barley
Area (km®) 30 110 - 150 30-70 70 - 110
Road network
One road
Accessibilit Connected inside and
Not connected to passing
y & only on one main road
roads through
visibility part passing
watershed
through
Private &
Land tenure Government Private
Government
Range- Range-
livestock- barley-
Land Use Field crop land | Rangeland
based livestock
system based system
Not available & | Not enough Available &
Basic data no previous & previous previous Available
studies studies studies

-Apply soil depth criteria.

- click field avg_soil depth and select options

And follow the figure:

click select by attribute as follows




Select by Attributes

Enter a WHERE clause to select records in the table window.

Method:  [Create a new selection |

“depthsco_1" F ks
"0ID1" F
"MAIN_CAT_2"

"Cnt_MAIN_1" =
"Ave_SOIL_D" =
""depthsco_2" ~|

= | <>| Likel
> l >-| Andl

< | (-l Ul|
13 0] ol
sl Get Unique Values | GoTo: |

SELECT * FROM ws_soildepth_scorel WHERE:
"Ave_SOIL_D" <50

Clear Veity | Hep | Load. | Save. |

- And clicks apply.

You will see the watersheds that have soil depth less than 50 cm

selected.

- Thenr. clicks field depthscore and select field calculator and type
4.

- Clear selection

Do the same for the rest of the score according to the following

equation:



Select by Attributes

Enter a WHERE clause to select records in the table window.
Method:  [Create a new selection |

"comm_sco_2" Al F
“0ID_" W i
"MAIN_CAT_1"
"Cnt_MAIN_C" g
“Ave_SOIL_D" i |
"'depthscore” v

- [ oo | o]
> | =] ] |
<|<-| Dtl i

[+ o n

s | GetUniqueValues [GoTo: [

SELECT *FROM ws_soildepth_scores WHERE: i
"Ave_SOIL_D" >=50 AND "Ave_SOIL_D" <=100 !

Clear Veiy | Hep | Load. | Save. |

- Thenr. clicks field depthscore and select field calculator and type
3.

- Clear selection

- Do the same for the rest of the scores according to the above 2™

stage criteria.

7. Join the depth scores from the table ws_soildepth_score.dbf to the
table watersheds_selected_stagel.dbf:

- activate watersheds_selected_stagel.shp




-r. click and select join and relate and choose join and follow the following

figure

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?
lJoin attributes from a table _vj

1. Choose the field in this layer that the join will be based or:
[MAIN_CAT |

2. Choose the table to join to this layer, or load the table from disk:

Ie ws_soildepth_score Ll EI

[V Show the attribute tables of layers in this fist

3. Choose the field in the table to base the join on:

|
About Joining Data | ok |  Ccancel |
- Then r. click the shape file watersheds_selected_stagel.shp and
select data export and name it as:  file name: ws_scores_stage2.shp

You will add all other scores to this shapefile.



B. Scoring watersheds according to community distribution (visual
assessment)

This exercise explains how polygons (watershed) might be classified
based on the distribution of the community within the polygon. This is
known as Point-in-Polygon overlay analysis.

Similar analysis could be applied to classify the watersheds based on the
accessibility and visibility. This is known as Line-in-Polygon overlay

analysis.

Steps:

1. Add the theme watersheds_selected_stagel.shp

2. Add the theme villagesl.shp

3.r. click watersheds_selected_stagel.shp and open the attribute table

as in the following figure



LT | L : D @ | commecamosre >
SRS - IR =] [ S a7 e &
[ 220 E e == e
———————— - .Q 3]
= W .
= B vilagest ::
_am[] {", gaii
. B AMbribites of wa., [ Eﬂ-xl
=
o
sl |
‘| E
L3
Al:
& E s "
= B ‘. .
g L “W. L. o.'..
p L { [T - 3> o.
- e Y
80 and ? Mﬂ
lgweg> k ¢ O A~ = F{E—;IFTE]_ DIUArD S o~

" 341754.606 5831373 Unknown Liks

4. Select options and select add field and name it: comm_score-

type:short intger
5. Select any watershed in the attribute table
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6. R.click watersheds_selected_stagel.shp, select selection and choose

zoom to select as follows.
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Make your visual assessment to score the watershed based on the

distribution of the villages within the watershed according to the second
stage criteria.

7. Activate the watersheds_selected_stagel.shp and select start editing
and open the attribute table.

8. Type the score in the attribute table; continue for the rest of the
watersheds

9. Deselecting all the records

10. Add theme ws_scores_stage2.shp

To join the community scores to the ws_scores_stage2.shp

11. r. click ws_scores_stage2.shp and select join and relate and choose

Join as follows



Join Data rzl

Join lets you append additional data to this layer's attiibute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?
|Jc|in attributes from a table ﬂ

| 1. Choose the field in this layer that the join will be based on:
| 3
|

2. Choose the table to join to this layer, or load the table from disk:

Ié watersheds_selected_stage1 :] g

¥ Show the attribute tables of layers in this ist

3. Choose the field in the table to base the join on:

MANCATE L o i

Advanced... |

About Joining Data OK Cancel

12. And r. clicks ws_scores_stage2.shp and select export - data export
to a new shapefile and name it ws_final score_stage two.shp
Open the attribute table of the exported shapfile you will see the table

with the scoring for depth and community. (The criteria you score)




1 Attributes of we_final_score_stage?

13 : L C “cl il}
1 Polygon 16 108 584722 108, 584722 3| BB 18 4
| 2/Povoon 17, a2 613571 | a2 613571 3] 2| = 2|8
| | 3Poiygon 18 80 66825 80 66.625 3 3| 18 1]
| alPoygon | 18] 100 5299 100 5299 3] 4| 13 1|®
| | 5/Polygon B B 533043 px] 593043 3] 5| 2 1]
| | & Polygon 2 ] 556129/ N 556129 3| 8 -] 4
| | 7 Poygon 0| 197 668442 197 669442 3 7l 0 2]
| | @& Poypon i 4o 884572 409 894572 =5 8 1 1]
| slPoygon | 35[ 3| 583421 | 3| 563421 3 8 35| 2|
| 1oPoygon | 3| 79 624772 79| 621772 3| 10| % 1]
11 Polygon s1 548333 24 54833 3 1 51 2|
< 3 = ' i B i L e | >
Record: 14 ¢ I »[m]  show[Al selected |  Records (0.outof 26 Selected) options ~ |

C. Calculating the final score of each watershed
This exercise explains how the scores for all criteria are used to score

each watershed for the second stage.

Steps
1. Add the theme watersheds_final_score_stage2.shp
2. Open the attribute table and select options and add field name it as:

final score
4. r. clicks the field "final score" and select field calculator to make the

summation of all scores as shown below:



Field Calculatoi

Fields: Type: Functions:

FID A& Nuber [A5() @&
MAIN_CAT “N Atn( ) =1
TOTAL_SCOR  Sting |Cos() :
AVE_COMMUN Exp() o
DEPTH_SCOR C Dae |Fik() | I‘
SLOP_SCORE it [’ , 3
ACCESS_SCO Snl)
SCORE_AREA safl ¥
RANGEBASED =
RANGEACTIV

e s

final_scor = I~ Advanced
[DEPTH_SCOR] + [SLOP_SCORE] + [ACCESS_SCO] + ot
[SCUHE_%%%‘-‘;.]+[HANGEBASED]+{HANGEACTN]+ —l
[TENURS Save ,
Help |
I= | G2culste selectedirecards oy
__Cancel |

Examine the final score and select the best watersheds

- r.click the watersheds_final_score_stage2 and select properties

- - choose symbology and use value field "final score"

- From categories select unique values and add all values and click ok

as follows:




Layer Properties

Show:

General | Source | Selection | th@ulds | Defirition Query | Labels | Joins & Relates |

1 Dum categories using unique values of one field. Import... ‘
| m\ erutRaﬂp
final_scor_~ == L T K
Hdthlnsymbolsna 5 I]Vgl_ue [_Léel | I
Quantities ymbol Count
Charts [v] ] <al olhe_r values> <.all other values>
Multi <Heading> final_scor
ultiple Attributes -11 1 P
B 12 12 ?
kR 13 ? x|
—_ ] Al 14 ?
£ w2 | . 15 15 ? _‘!'.l
< | [ 17 17 ?

AddValues... ]

| RemoveAl |  Advanced - |

Go to the view and see how the final scores are displayed on the

watersheds.







Exercise 3:

Suitability maps for water harvesting

A. Deriving slope map for the area
This step explains the preparation of slope mapping units to be used as

suitability mapping units for water harvesting.

Steps

1. Open the Arc Map

2. Add image data source: data\datal\demgrid (digital elevation model)
3. Be sure that the module 3D Analyst and spatial analyst are activated

4. Click 3 D analyst and select surface analysis and choose slope

|aDMdyst - ‘ Layer: |damgrid
Create/Modify TIN LA = s
InterpolatetoRaster D || = e |
e oAl o Contour,,,
ﬁu:lassfv... glope...

v

W J.0Z50IZZ30 -t .
[ 6.085246742 -€  CutfFil... oy

[18.345481245 - 1 "3 i 4]
Area and Yolume. ..
[]11.47503672- 1 i

Examine the grid by zooming in and out to see the individual pixels
5. From the surface menu, derive slope and choose percentage and save it

as slope_grid



Input surface: | demgrid | EI
Output measurement: " Degiee ' Percent

Z factor: [——1

Output cell size: [ =

Output raster: IC: \Documents and Settings\Ac

0K |  Cancel |

6. Select the slope_grid and from the Spatial Analyst select reclassify

| |spatiol analyst v | Laye: [dem
Distance »
Interpolate to Raster
Surface Analysis
Cell Statistics. .

Neighborhood Statistics. .,
Zonal Statistics. .,

Reclassify, .,

Raster Calculator..,




Input raster: slope_arid __ﬁ_]
Reclass field: | <Value> =l
— Set values to reclassify — —

_DId values | New values ] - |

0-1.217049 1
1.217049 - 3.825012 2
3.825012 - 6.085247 3
4
5

6.085247 - 8345481
8.345481 - 11.475037 |

A e i sl |

load.. |  Save.. |

[~ Change missing values to NoData
Output raster: [<Temporary> E"I

-Select classify and add the classes as follow:
Choose 11 classes and enter values for slope classes as follows:

Note: Use detailed classification for slope less than 10%



=

- Classffication ——— — | [ Classification Statistics—— —
Method:  [Manual =~ Count 37635 |
— Minimum: 0|
C'W__ _ X f Maximum: 44335359 |
= WA Enckaiion } Sum 1637963.803327 |
, Mean: 4119265 |
Exclusion ... I Sampiing ... l | | Standard Deviation: 3941643 |
_ === _ 1 | i
- i !
Columns: ’WJ 5. [~ ShowStd Dev. [~ ShowMean '
@ Break Values i‘
B0000T | <] 0| | 2| 2|2 R 8 g
=
50000+ i
40000+
30000+ |
|
20000+ |l
| (RU |
10000+ [ | | v
Lo [ el
0 o P T T
0 11.083842 22167685 33.251527 44.335369
I~ Snap breaks to data values 100 Elements in Class Cancel |




Input raster: [ slope_grid | _ﬁ_‘
Reclass fiekd: [ <value> ~|
Set values to reclassify
Old values | New values

2 _-'

2 i
: |

5
8
1

0-
2-
4-
8-
8-
&z

_._I

0 {5 —-I
' "~ Do

" itsst

load.. |  Save.. |

[~ Change missing values to NoData

e —
Output raster: |rocec&:e\exc-mcﬂo-k:bna\ewc3kmé\w EI
[ ok | concel |

7. Click 3D analyst-select convert- raster to features name as: slope-

units, the output will be shapefile

Input raster: |slopeclass - slopeclass ;] El

Field: [Value ~|
Output geometry type: |Polygon x|
[V Generalize ines

Output features: lna’\&uc3-lubna\slope-uils.shp EI

Cancel |




8. Activate slope-units.shp - r.click- open attribute table-options-add

field name as: slope_class, type-Text

FiD Shape 1D GRIDCODE

» ~ 0|Polygon 1 1
1 |Polygon 2 -4l
2 Polygon 3 E
3/Polygon T4 =50
e e .
SIPdmm ] 2/
B '8 Polygon 7 3
— e — —— =
— : —
Sl - =
10 |Polygon 1] 3

Record 14| 4[| 37246 Selected ) Options ~

(/i




e

Note: According to WH criteria the slope units have three slope classes
class 1: (0-4% low), class2: (4-12% med), class3: (>12% steep).
11. Editor-start editing- (target: slope-units.shp)-open attribute table-

options-select by attribute- using equation below:

Enter a WHERE clause o select records in the table window.

Method : |I:toate anew selection .lj
"FID"
"D
"GRIDCODE"
"slope_clas"
- | < | Lilm]'1z el
> | o= | _ana] |3 £
4 ! i
| <= o3 :
x| _o | N7 o
ls I Get UngueValues IGOTQ‘. I

SELECT " FROM slope-units WHERE:
“GRIDCODE" = 1 OR "GRIDCODE" = 2

Clear |  Veity |  Hep |




-This will select all slope class 1 and 2.

9- R.click-field slope classes-choose calculate values and type 1-click ok

il Selected Attributes of slope-units

| | _AD | shape* | I | GRIDCODE |

0 _ T

- ] :

H

B

|

H

=

) .
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m Selected Attributes of slope-units

Field Calculator

GRIDCODE
slope_clas

.

- Clear selection after each selection.

10- Repeat the steps (11 and 12) for the other two slope classes:
Slope class (3, 4, 5, 6) = class 2.

Slope class (7, 8, 9, 10, 11) = class 3.

11- Display slope units.shp according to the slope class (field)-using

symbology.

The output as figure below:



CBECFEILOLNOS

I 1.217049349 - 3.825012237
I 3.825012238 - 6.085246741
B A NFS24AT47 - ANMS4R1 744
[18.345481245 - 11, 47503671
01147503672 - 14.9545406
I 14.95232057 - 18.95119699
I 18.951157 - 23.993256858

B 23.99325059 - 44.20526911

= [0 demgid

Yalue
High : 923
ILN:F.{J

B. Preparing field observations for analysis:
These points were collected from the field and need to be prepared for

the analysis. The coordinates attached to each point was collected using

the GPS.

Steps:
1. Add the table field_observations.txt
2- R.click the table and open as follows, you will see the table with

information for each point and the coordinates: easting and northing




a 12 425325

2 e ||z
14 424205 |

» 1 amiid |

i - 15| 423248

S Geocode Addresses. 18] 4n2:S|
17 420825

¥ Deplay Royge Events 18] 420039
#+ Display XY Data 10 415798
— 20 418710
Bt 2 ama
2 "m.

2 42

24 424897

IO} U

514100 799 g. Skty Loam = )]
514261 | 785 Sity Gay Loam 45
513761 763 Sty Oay Loam 48|
514391 £04 Sity Cay =’ 4]
515615 215 |g. Sy Loem | K]
515248 823 SRy Gay Loam a2
514672| 824 Sy Loam 8]
S1671|  e35g.Stylosm | 55|
516065|  85g.S@yClylosm | 4
515753 843 Skty Loam N El
56142 882 Sky Gay Loam 3|
505432 877 Sity Loam | 40
507824 | 876  Sity Clay Loam 55|

Show: [ Al Selected | Records (0 out of 75 Selected)

888888

P EL

optre -

3. Select tools and choose add x, y and follow the figure below

Svom BN

map as a layer

A table containing X and Y coordinate data can be added to the

Choose a table from the map or browse for another table:

IIHII field_observations.txt
[ Specify the fields for the X and 'Y coordinates:

-y X Field: [EASTING ~]
vhsd (ST
[- Coordinate System of Input Coordinates - ——
Descrioti
Unknown Coordinate System
i
[~ Show Details Edit... I

o ]

[~ \Wamn me if the resulting layer will have restricted functionality

Cancel |




4- You will see all field observations event displayed as a map as shown

below:
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5. R.click the "field_observations.txt event and select export - data

export as shown below and save it as observations.shp
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C. suitability map based on slope units:
This exercise explains how suitability map for water harvesting is

prepared using the slope units as a base for classifying the land.

Steps:
1. Add theme slopeunits.shp and theme observations.shp (done in exercise
B).

2. Attach slopeunits (number) to the observations:
- activate theme "obsertations.shp"and r.click select join and relate and

choose join and follow the figures.
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Join Data rz|

Johlatsyouappmdaddlimddatnlol}isla;u’samhxetabluwywm
for example. symbolize the layer's features using this data.

What do you want ta join to this layer?

[ [Jcin ata fiom another layer based on spatial location |

1. Choose the layer to jointo this ayer, o load spatal data from disk: |

;‘ __ylslopeunits | _G:J ,F
. 2 Youarejoining:  Polygons to Points '
Select a join feature class above. You will be given different

options based on geomely types of the source feature class and
the join feature class.

Each point wil be given all the attributes of the polygon that:

> & itfalls inside.
If a point falls inside more than one polygon (for example, because |
the layer being joined contains overlapping polygons) the ’
attributes of the first polygon found will be joined.
" isclosesttoit.

A distance field is added showing how close the polygon is (in the
units of the target layer). A polygon that the point falls inside is
treated as being closest to the point (i.e. a distance of 0).

3. The result of the join wil be saved into a new layer.
Spﬁywmﬁmmorfmedmfﬁhm

|p:ocedure\exc-acirﬁo-lubna\exc?—!ub \join-obsery-slope.sh E] '
About Joining Data [ ok ]  cocel |

-The result is shapefile name: join-observ-slope.shp -open attribute table

- sees the result (each observation has attached slope class value).




3. Activate join-observ-slope.shp -r.click -open the attribute table-select
slope class field- r.click- Summarize- for each slope class-choose soil
depth and stoniness (check the boxes for min, max, average) as shown in

the figures below , and save as: slope-sumrize-depth-stonn.dbf:

|la
[ GRIDCODE ~
20! 1421_ @ 3 s [ |
Summarize creates a new Lable containing one tecard for sach unique vabas  [744 | 7S | 2 F
of the selected fiekd, along weth statisics summarizing any of the other fieids. 343 | 3944 3] |
Lhicy] 2 Jle |
1. Select a fiekd to summaize: s | B5 2% 7 1
[SLoPECLASS = i = T
2 Choose one of more summary statitics to be inchuded in the 0 S0t i AL
output table: et =) — [
1+ 1D a 25 6260 1 EEi
o .-o NORTHING 2 E813 z 2: b >
ol 0| GO N
— G | T i,
| S:m | ‘ | 9047 28 T |
ez e —
] Sum . P 1 —
(] Standard Deviatin 4] 1S S E
D Vawos aiR—= e
. e e L |
3 Speciy cutput lable: "
Selectsd | Records [0 cut of 75 Selected. Ot
| [carcriottnatenc ubnatsiope sumize-depth-storn &b ;B_, F‘_——J e ——l
About Summarzing Dats | [ox ] ceed |




Summarize creates a new table cont
of the selected field, along with sta

aining one record for each unique value
tistics summarizing any of the other fields.

‘ 1. Select a field to summarize:

|SLOPECLASS ~|
:I 2. Choose one or more summary statistics to be included in the
output table:
+ NORTHING |

‘ [+ SITE

# SOIL_DEPTH
[= STONINESS

—p V] Minimum I ‘
\ p¥) Maximum -
; — [v] Average
| ] Sum
[C] Standard Deviation
[[] Variance

it TEWTILIANE
‘ 3. Specify output table:
‘ |D:Asuitability training-arcinfo\training arc inf oprocedure\ex EI




Summarize creates a new table containing one record for each unique value
of the selected field, along with statistics summarizing any of the other fields.

| 1. Select afield to summaize:
. [sLoPeciass =~
| 2 Choose one or more summary statistics to be included in the

" output table:

‘ # ID el

# NORTHING

+ SITE

] =] SOIL_DEPTH |

' ] Minimum -
Maximum : ‘ ‘
Average — |
[C] Sum
[] Standaid Deviation
[[] Variance

= CTOMIMERD

| 3. Specily output table:
| |c-arcinfo-lubna\exc3-ubn \slope-sumize-depth-stonn. dbi _@_I

v

Note: texture is classified” med" for all slope classes.
4. Compare the values for each slope unit with the criteria for each
water harvesting system. (See attached W.H table criteria).
5- Open the table slope-sumrize-depth-stonn.dbf r.click-export-data-
wh-options.dbf.

6- Open excel sheet and reopen the wh-options .dbf file



A S T [ ] i e e e ] |
| ISLOPECLASS _CNT SLOPEC M SOL Deph _ MAKSOL Deghh  AVE.SOLDepth  MNSTONN  WAKSIONN _ AVE STONN
3 Y < S | m B0 W B0 A
3 i 2 %0 50 80 A0 50 %00
4

7- Edit excel file (wh-options) and score each unit according to the best

two water harvesting options, as shown in figure below:

ETIUER JOS e o o G o 1] T o [ K o U MBS TN ]
- S — o Woptiens N - -]
2 slope cla avg depthclass SLOPECLASS Ave_STONN<Ias CRRP! CRRP2CRIFI CRIP2 CRPI CRAP2 sctbrp sctb+92 cistems _ponds<
3 fsh Tow md NS NS NS NS NS NS NS NS S S

250 med med S NS NS NS NS NS St NS NS St

8. Save as Wh-options-dbf. As dbf format.

9. Join the table named above (whoptions-dbf) with slopeunits.shp using

the values of slope class as shown below.




Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

IJoin attributes from a table ;]
‘ 1. Choose the field in this layer that the join will be based on: |
IR ‘ [SLOPECLASS =
| 2. Choose the table to join to this layer, ot load the table from disk:
e ‘ lwl'mplionsdi _:J EI

[V Show the altribute tables of layers in this fist

3. Choose the field in the table to base the join on:

10- Export the slopeunits.shp to suitability-wh.shp.
11- Display the suitability-wh.shp using different wh options using

symbology.
Example as below (suitability for CR.R.P1)



BB XAELLOBuND,

= 53 D:\sutabiity training-arcinfoltrar

[ <al othar values>
slope_clas

L_J} |

2 |

3

10- Prepare another example of the suitability maps.




D. Suitability map based on field observations:
This exercise explains how suitability map for water harvesting is

prepared using the field observations.

Steps
1. Add the theme observations.shp containing the field points.
2. From tools - extensions, click the spatial analyst (if not activated)

3. Spatial analyst - select interpolate to raster and choose IDW as shown

below




4- Follow the figure below:

Inverse Distance Weighted

Input points: | observations ~ =
Z value field: {SOIL_DEPTH 2P
Power: [ 2
Search radius type: [Variable ~|
rSaarchHaﬁnseui-;gs — JE. ._-j
Numberofponts: | 12
Maimum distance: l—_ !
I~ Use barrier poljines: | & =
Output cell size: [ =
Output raster: [exc3iubnatexc 3
ok | cancel |

5- The output (depth-idw (raster) with actual field values for depth.




'-J-al-lrﬁi

L

= B depth-idw
[ 20.00227737 - 25.55745358
[ 2555745359 - 31.11262978
[C131.11262979 - 36.66780599
] 36.667806 - 42.22296219
[C142.2229622 - 47.7781584
[147.77815841 - 53,3333346
[ 53.33333461 - 58,85851081
[]58.58851082 - 64.44368702
[ 6444368703 - 69.99886322

6- Repeat steps (3, 4, and 5) for stoniness and name the output raster as
(stone-idw).
7- For texture interpolation the field should be as number not text.

8- r.click- observations.shp -open attribute -options- add field as below::




Add Field [2]X]

Name: llext class

e -

( Field Properties —— —
Precision 0 B ‘
Scale lo

i .y
\ \

9- Editor- start editing- (target: observations.shp)-open attribute-select

field text_class- calculate value=2 (it means all texture classes were

classified as medium) as shown below:




Field Calculator

Fields:

Type:

FID

Shape

SITE
EASTING
NORTHING
ELEVATION
TEXTURE
SOIL_DEPTH
STONINESS
text_class

text_class =

' Number
 Sting
" Date

[~ Advanced

q

10- Repeat steps (3, 4, and 5) for text_class. Named output (texture-
idw).

11- Spatial analyst - select reclassify- depth-idw, and choose two classes
(according to the WH criteria for depth: <50 cm, 50-100, >100) but in our

case only two classes as shown below: and save the output depthidwclass.



Reclassify

Input raster: [depthidw = =
Reclass field: [<Value> ~|
rea e e e ——— - 1

Didvalues Newvaoes | |

/20.002277 - 50 1
K 50-75 =2 IJr'.-'-'] UE
N[NoData iNoData a

| =semrsaran o = |

I Change missing values to NoData
Output raster: [-arcinfo-ubnatexc3-ubna\esc 3 Ridepthidwelas §|

|0K|Camd|

- See the output as below with 2 classes and write down in your book

that (classl= <50 cm depth, class2= 50-100 cm depth.




I 20.00227737 - 2555745358
[ 25.55745359 - 31.11262978
13111262979 - %.£6780599
(135667805 - 42.22293219
[42.2225822 - 47.7781584
[7147.77815341 - 53.3333346
15333333461 - 5988851081
[158.65851082 - 64, 44368702
[ 64.44366703 - 69.99856322
=0 texture-idw
[ H
[ 2.000000001 - 2
[£12,000000001 - 2
[ 2.000000001 - 2
(£ 2.000000001 - 2
[ 2.000000001 - 2
[ 2.000000001 - 2
[£12.000000001 - 2
) 2.000000001 - 2
= [0 stone-idw
I 3.004229307 - 7.668526332
[0 7,663526333 - 12,332823%
[112.33282337 - 1699712038
[116.99712039 - 216614174
[T121.66141741 - 2632571443
[ 26.32571444 - 30.99001145
[0 30.99001146 - 35.65430848
[ 35.65430849 - 40.3185055
[7140.31860551 - 44.98290253




12- Repeat step 11 for stoniness (three classes and write down the actual

classes meaning) and follow the figure below

Input raster: =

|s!one-idw -
Reclass field: [ <Value> =]
1‘ Set values to reclassify ‘
e
| -0k values i . | Clssiy. | |
7| |3.004229-10 1 i {
10-25 2 Urique .’
25-45 3 ;
NoData NoData
N Add Entry |
— Delete Enhiesl

load.. | Save. | Precision... | |

™ Change missing values to NoData

=
Output raster: [c-arcinfo-lubnatexc3ubnatexc 3 W El
[ oK | Concel |




- The output as below:

[ 2555745359
[131.11262979

- 3111262978
- 36.66780599

[ 26.667806 - 42.22298219

422229822 -

[0 47.77815841

1 53.33333461

[T158.8851082

[C]64.44368703

texture-idw
value

ma} |

stone-idw

19 2.004229307

[ 7.668526333 -
11233282337 -
[C116.59712039 -

2166141741

[0 26,32571444 -
191 20.99001 146 -
[0 3565430845 -

[]40.31860551

47.7781584

- 53333346

- 58,88851081
- 6444368702
- 69.99886322

- 7.668526332
12,33282336
16.99712038
21.6614174

- 26.32571443
30,99001145
35.65430048
40.3186055

- 44.98290253

“pEOrELNOT




13- Symbology the textureidw to unique value as one class.

14- Repeat step 11 for texture (one class) and

Follow the figure below:

Reclassify
Input raster: |lexlwe-§dw LI EI
Reclass field: [ <Value> =~
— Set values to reclassify

< NoData =N0Dala N 1 Oridie’ |
_I |

load. |  Save. | Precision.

[~ Change missing values to NoData

Output raster; Ic-mcwo-mnaM-M\ech E‘
[ ok ]| coce |




- The output as below:

[ 25.55745359 - 31.11262978
[131.11262979 - 36.66780599
136667806 - 42.22298219
1 42.2229622 - 47.7781504
[ 47.77615041 - 53.3333346

- 50.88851081

E3OAEILOSN

= 64. 44260702
1 64.44368703 - 69.99806322

B 3.004229307 - 7.668526332
[ 7668526333 - 12.33282336
[112,33282337 - 16.99712038
[ 16.99712039 - 21,6614174

12166141741 - 26.32571443
] 26.32571444 - 30.99001145
I 20.99001 146 - 3565430048
[7] 35,65430849 - 40.3186055

[C140.31860551 - 44.96290253

15- Spatial analyst- chooses convert - raster to features as below:




- choose depthidwclass (raster) and follow the figure below:

Raster to Features

Input raster [ depthiduclass - depthidwel v | ]«

Field: [Value ~]

Output geometry type: [ Pobygon > T

I Generaize fines

Output features: [natexc @ @ L\
0K | Concel |

-The output will be shapefile.

16- Repeat step 15 for stoneidwclass and textidwclass.

The outputs will be three shapefiles with depth class, stoniness class and
texture class examine the tables attached to each file (you will see the
field "gridcode” represent the classes).

17- r.click- depthidwclass.shp. open attribute-options-add field : depth

class (type:text , length=10) -ok.

18- options-select by attribute- follow the equation below:




AD Shape D GRIDCODE s
Erter a WHERE clause to select records in the table 0 Polypon 4= e e
3 5 = _—1 Pm“- e—" 2.. 2 : 4
Method:  [Cieate a new selection % e ] 3 :
o Sl 1. i SIS, | W
4 Polygon 5 2 o
“GRIDCODE" : 4. == S0 == =250
" " 5 Polygon 3 2
o B T
7 Polygon 8 2 e
“BPoygn | = ~ 2} &<t L
_L.I.&Iﬂ] = BPoygn 10 2 =
>= | And =33 10[Polygon | n| P
;I—J——J 11 [Polygon 12 ) ENP T
=] e sl TR e N
13 Polygon 14 2 i
=3 o] wa by 5] 2 -
Is I Get Unique Vakues | Go To: 15 Polygon 16 2w il
|| SELECT * FROM depthidwelass WHERE:
| |'GRIDCODE" =1 Fiekds: The
d [Fo &
- ol SHEY IS~
D  Sting
GRIDCODE o
Cow | Vedy | Heb | Losd. || |dewthcles ole
_tov | |
|
' depth_clas = I~ Advanced
e
]
' /

19- after selected attribute - r.click- depth_class field -calculate values
and type "shl") according to the WH criteria table.
20- Repeat steps 18, 19 for other classes.(clear selection after each

selection)

21- Repeat steps (17, 18, 19, 20) for stoneidwclass.shp and

textidwclass.shp (use classes according to the WH criteria table).

22- Add slopeunits.shp and repeat steps (from 17 to 21) but use



(slopeclass field). Use classess from WH criteria table:low, med, steep.

23- Activate Arctoolbox ‘, analysis tools, overlay, choose intersect as

shown below. Input features: four shapefiles see below and the output is

intersect.shp and click ok.

g
B

Jw»;arﬁ;tosxxmﬁ

Geocoding Tools

# @ Goostatistical Analyst Tools
® Linear Referencing Tools
= @ Network Analyst Tools

* Sampies

+ G Spatial Analyst Tools

= @ Spatial Statistics Tooks

HEEHEEHEES

Output Feature Class 3
|rocedueexc-arcinfo-kbna\exc3ubnalexc 3 D{interect shel

JoinAttributes (optional)

ALL =l

ok |

Cancel | Enviorments... | ShowHep> |

As a result a lot of polygons are produced from intersection command.

- Open attribute table of intersect.shp, you will see all classes of

slope, depth, texture and stoniness.




Applying the WH techniques criteria from attached paper:

24- r. clicks intersect.shp; add fields as shown in figure below. (Example):
cr-r-pl, cr-r-p2, cr-f-pl, cr-f-p2, cr-t-pl, cr-t-p2: means

Cr: contour ridges

R: range

F: field crops

T: trees

P1: priority one

P2: priority two

IE3
s

—

i
S|
>
I
g

Y o |
|

T

&

;mu; ) 4 10 m sm[ﬁ' smlﬂm[ .

25- r. click intersect.shp, open attribute table, options - select by

HES




attribute and follow the equation below and click apply. You will see many

polygons selected that satisfy the condition written below (equation).

Enter a WHERE clause 1o select records in the Lable window. e

Method:  [Creats & new selsction

"text_class”
"FID_stonei”
g2 b |
"GRIDCODE_3" P
“stone_clas"

“er_r_pl" ~

e
fe o |
|
_LI_I

(3] |4 |

e
|
[
_f

“depth_clas" = 'shf AND 'lad_dnm ='med AND “slope_clas
AND “stone_clas" = ‘med

cor | _vety | b | tost | som |

| Aooly ] Cose I SR e Pr e T : : | ~
e 14 T 2|0 Showc[ Al Selected | Records (0cutof 21780 Selected) Options =

Y Y Y Y I T T Y Y S S S S S S 3-8
| |




26- r. click field cr-r-p1, and choose calculate and type "S" which means

suitable for this WH technique as following figure.

&

;md:mﬂﬂl Show: | Al L
[ar s

E

Type:

GRIDCODE
SLOPECLASS

GRIDCODE_1
depth_clas
FID_textid

cr_rpl=

* Number
" Sting
" Date

e ==y

"5

-switch selection, field calculator and type "NS" mean not suitable. And

clear selection

27- Repeat step 25 and 26 for cr-r-p2, cr-f-pl, cr-f-p2, cr-t-pl, cr-t-p2



The output table of intersect.shp looks like figure below.

Continue for the rest of WH techniques.

& Attributes of intersect

slope_chas | depth clas | text class | stonechas | errpt | errp2 | erfpt | erfp2 | etpl | ertp
} low i ned | med NS "__ns s s s K
ow sl ned ned NS NS NS NS 3 NS
[low med med med NS NS NS TS N
ow med med med 13 NS NS TS NS
| red med med med 5 NS NS s NS
red med ned ned NS NS NS 1S NS NS
ned red ed med NS NS NS NS NS NS
[ [iow red ned ned NS NS NS NS NN
[iow ned med ned NS NS NS S NS
ow ‘med med med NS NS TS s NS
ow ned med med 13 NS NS N S NS
ow ed ned ‘med NS 13 NS NS NS NS
ow med med red NS NS NS ' s N
ow med med med NS NS NS NS NS NS
ow ed med med NS TS NS NS N
[iow med med med S NS NS [ 3 NS
iow s med med NS NS NS NS TS
| [red sl ned ‘med s S NS NS NS
L) . . — . - . e o ™ .nm
£ b T b N e R
Recut 1[4 1 3[1] sto[ar Sebotd | Recorts Dot 21M0Seketed) O |

28- r. clicks intersect.shp and exports it to suitability.shp
29- Display the suitability map for cr-r-pl using symbology. The output is

shown below




=1 P
== Q
[ <al other values> -
ca_rpl "
NS Lé;
g
= O intersed
Ly k2
= O slopsunits-class d
= =
= O stonsidwclass
o tf
= O textidwdass 3
. (i)
= O depthidwclass A
&
7

try the other suitability options

for combination suitability see figure below:
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F. Overlay subwatersheds with suitability maps
The aim of this step is to understand the distribution of suitable areas

for water harvesting within subwatersheds.

Steps:
1. Add shapefiles: subwatersheds (data 1), suitability from slope units(C)

(suitability-wh.shp) and suitability from observations (D) (intersect.shp).

2. Analysis tools-overlay- Intersect- suitability maps with subwatershed
and name it intersect-shed_suit1.shp.

" Intersect |:||§I[E|

Input Features
| | =

Features | Ra.. |
& subwatersheds

& intersect

& suitability-wh

|
|

l& [ [x |+ [@]

Output Feature Class T
]D;\sdabilrty training-arcinfo\raining arc inf oprocedure\exc-ar | (2

JoinAttributes (optional)

m <] 4
| 0K I Cancel | Environments... Show Help >> I .

Thin click ok.

3. Summarize the suitability for each watershed, using both method.



E. Watershed delineation

This exercise explains the procedure to derive watershed boundaries

using contour lines and stream network.

Steps

1. Add the theme streams.shp

2. Add the theme contours.shp

3. Arc catalog-select new shapefile

B A Catato - Aiclndo I \suits bty teainimg arcinfolMaaining arc ind opiocedinebes arcinfo lubnabexc 3 lubinatex 3L

ﬂlbl\ﬂ-blﬂhw&b

LB REX LEMR G ABO N | 44

'OL

| Location: ]Dw&mummﬂmmnnm.ummmmu_j

.;'

E ext .
= [ exc-arcrfolubna Neme | Type
& [ data
+ Jext
# ) em2
+ O excd
= () exedhtna
+ Dexc3p x
e s |
. ?‘m | R cooy  arc
[ jor-cbsarv-sio [ S A Tris
B cbservations st
10 sope-surmrized’ | X poete
0 siope-surreize-d. Rename F2
Bl shope-rs.shy 2 pefresh
= Bl sope_gid | _ —
* g sopecsss D -
wopeunt.
= m:’; H A Sewrch.., O peesonalGeodatabass
B sopsuntsdass. Propetps.. O Lerer..
Bl spmntsdlasst | & O et
Bl sutabidry-wh, o
- e Blsess. |
10 texture-surrae =
10 texturesumrie a -
whoptions-bdf .« mw
g whoptions-dbl .+ @
whoptions-test
§) whoptions test 2 Arcirdo Workspace
i whoptions-test- m (PASE Table
whoptions-test =
+ 71 perdenfa o .l.l] DFEOtabls...
& | .-" Co i
| Creates a new shapelia




4. Choose feature type: polygon and name the file: subwatersheds.shp:

Create New Shapefile

Name: subwatersheds |

Feature Type:

~ Spatial Reference — — - i
Description: |
|Unknown Coordinate System ‘

I Show Details Edit... | |

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

oK Cancel |




w3 ATCLataton - Arcinto - DL Asuitability tabnisg-ancbnfoMaaining arc ind oprocedurebexc -arcinle-tubnnbexc 3-lubinalex SE

| Be ot vew Go Toos wrdow beb

e o REX LEMR O QSO N |[2a @ 0
|Locatior  [D:A\sutablity tanng g arc durelexc-arcrio-Lina\excI kbnale = |
e s s, ‘..___ . S el
/| Conterts| Fiaview | Metadata | \
[ Type

T

i
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5. Select Editor -start editing

METTE) ..

Llglizin}

SUBEPINIG, ..




6. Select Editor- snapping-Use the snapping tolerance to insure the

proper closing of polygons:

Um' Ii » ]ﬂj T Layer | Vertex | Edc

subwatersheds ) B2
= contours [+ IC4
4 Stk Editing streams ) 3

J"f?stonﬁdtm
Pl £ o

Move.,,

Splite
» Dividen,

Juffers .

‘_-\‘.

¥ Gapy Pargllel,
Merge;..
]‘J_’I"J'i'l

Intersect

[

| e i A ¥

More Editing Tools ~ p = L[ Edi Sketch

[] Edit sketch vertices

B Ty [C] Edit sketch edges

L Yaldate Features [7] Perpendicular to sketch
=[] Topology Elements

Sy [C] Topology nodes
S0apping. . . =[] Miscellaneous

[] Survey Points

7. Start the delineation of watershed: use the contour line shape to draw

the watershed devides.

-The outlet of the whole watershed is located at the upper left corner of

the stream lines.




AR R o e B0 2V 3
“TD Vi m \ J .
LA :
JN T
p S L
A S G
D=y =,
TS ,B..ﬂ_lw,mﬁ,),v)m %
\

SRR
A7

A 2

e \%ﬂg\wﬁm

8. Start draws the subwatersheds using the streams lines:

9. Save the new shapefile when you finished the delineation



F. Overlay subwatersheds with suitability maps
The aim of this step is to understand the distribution of suitable areas

for water harvesting within subwatersheds.

Steps:
1. Add shapefiles: subwatersheds (data 1), suitability from slope units(C)

(suitability-wh.shp) and suitability from observations (D) (intersect.shp).

2. Analysis tools-overlay- Intersect- suitability maps with subwatershed
and name it a) intersect_subl.shp.

" Intersect

Input Features

Features

o wbwale:sheds-‘l‘
27 intersect

Output Feature Class

ID:\suRabiity training-arcinfo\training arc inf oprocedure\exc-ar

JoinAttributes {(optional)

m =
[ ok | Concel | Envionments...




b) Suitability_subl.shp

" Intersect

Input Features

i Faattres e e T
& subwatersheds1
27 suitability-wh

Output Feature Class
[D:\su'labity training-arcinfo\training arc inf oprocedure\exc-ar g

JoinAttributes (optional)

AL =
[0k | Cocel | Envionments.. | ShowHeppss | f

Thin click ok.

3. Summarize the suitability for each watershed, using both methods



Exercise 4:

1. Integrating suitability maps with cadastral maps

The final suitability of any water harvesting intervention is not only
determined by the biophysical factors, the socio-economic aspects also
play an important role. This exercise explains how suitability maps
derived in excerise 3 will be integrated with cadastral map to account for

ownership aspects.

A. Use the ownership area as selection criteria

Steps

1. Add theme includes the suitability.shp map derived previously from exc
3

2. Add theme cadastral.shp

3. r. click cadastral.shp - open attribute table-options-add field name as
area ha (area in hectar).

4. R.click field area ha, field calculator using equation as shown below.

The output field is area in hectar calculated from area in m2



" Number
____"( &.F!E) " Sting
IMETER

Fields:
FID

Type:

JO140004_ C Dats
J0140004_]

TYPE

SOURCE

DLS_KEY

DLS_ND

aea_ha

[~ Advanced

5- R. click cadastral.shp - open attribute table-options-add field name as

area class

Classify the area according to WH criteria table:

Class 1= sml <5 ha, class 2= med 5-25 ha, class3= large >25 ha

6-Options-select by attribute, write equation as below and click apply.
This will select all parcels that have area less than 5 hectars

7- Repeat step 5 for the rest of area classes



© Untitled - ArcMap - Arcinfo

Select by Altributes

Enter a WHERE clause lo select racords in the table window.

Method:  [Create & new selection

"TYPE"
"SOURCE"
“DLS_KEY™
*DLS_ND"
e

T
e
el w |

=12 o] na
| Get Urique Vahies [GoTor |
SELECT * FFIOM cadastalclass WHERE:
“area_ha" <5
Cow | Vely | Hep | toad. | Save.

Aoy |

Clote

8. Intersect the suitability maps with the classified cadastral maps

following the figure: the output is cadsuit_intersect.shp




TR R

e e S S e N S E S e )
§ e
2
§

RPEoFyEl L@ Mb

| o

Output Feature Class

[proceduretexc-arcinfokbna\excd-salafEadsut_intersect
|

Jomtututs ortae)

~
Ok | Cocel | Enveorments. | Showkep> |




9. Update the suitability classes based on the cadastral map results

-r. clicks cadsuit_intersect.shp and add field Cad_cr-f-p1

- Options- select by attribute- follow the figure below and click ok

cadastral - ArcMap - Arcinfa

Select by Attributes

Enter a WHERE clauss to select records in the table window.
Method : |Elodnomw=decﬁm

otp2

bt

"DLS_KEY" i
“area ha

“aea_class'
“ead_co_1_p"

AT e ;
i) i o e :
e ) o :
=3 0] w

EIIEN

& (=

Field Calculatos

GetUtigueValus: | Go To: ]— 4
q
[ S N - S— Ly A
[ R s oua |
NS NS NS NS m area_clus -
3 N NN 014 cad_ct_t p >
T v— o I e
e k= = - (r—-"'"‘—— 1abie'|
" B e — oo ada}
IS NS N s 0140008
NS NS N NS 0138004 —
N Ins NS N D13e004
NS N N 0138
. — N — e o 13004 ok
s N Concel ||
NS NS NS NS 0138
N NS N8 NS o3
NS NS N s |014000300000015 =
N N8 N8 ms ~|D13600400000567 | i

|4 0 2[31| Show[Al Selected | Records 7720 of 167125 slected)  Oplions .|




10- Options -switch selection-field calculator and type "not suitable” as

following
Fields: Type: Functions:
FID Al & Number |AbS[) &
Shape I éln[ ] | 1
FID_suitab " Sting E:;g } E
o " Come [m(O) 8
slope_clas Logg []] 4
depth_clas = Sin( )
text_class Sar |
arf 1
stone_clas
cr_r_pl
i
cr_f_pl ~
+ - =
==h= [ Advanced ‘—‘l ““ J
"Not suitable'{
Save... |
Help
OK [
_ Cancel |

11. Compare the suitability map before and after considering the area of

the parcel.



B. Use the cadastral maps to identify the land owners

Steps
1. Add theme cadsuit_intersect.shp
2. Add theme cadastral.shp

3. r. click cadsuit_intersect.shp - joins and relate-relate as following

"B copy s Tools T
¥ Remove raphy Tools 5
— sion Tools iy
T Open Attribute Table eroperabilty Tools | &

Joins and Relates Join...
<& Zoom To Layer ~ RemoveJoin(s) b
Visible Scale Range » Relate...
Use Symbol Levels Remove Relate(s) »
ATy =0 TOUTS ‘
Selection P | Statistics Tools a
Label Features M
ConvertLsbels ta Annotetion, ., é
2% Convert Features to Graphics... 1

Data »

Save As Layer File...

Make Permanent |

(& Properties... ‘
T




Relate lets you associate data with this layer, The associated data isn't
appended into this layer's attribute table like it is in a Join. Instead you
can access the related data when you work with this layer's attributes or

vice-versa.

E stablishing a relate is particularly useful if there is a 1-to-many or
many-to-many association between the layer and the related data.

1. Choose the field in this layer that the relate will be based on:

2. Choose the table or layer to relate to this layer, or load from disk:

= el

<l ield in the related lable or layer to base the relate on:
[DLS_KEY =l

Mmbﬂmd&&
-y

About Relating Data | [ ok |  Concel

Click ok

4- r. click cadsuit_intersect.shp- open attribute table and select any row
which includes DLS key to link between the two tables.

- Then -options-relate table-relate 1.



W Attributes of cadsuit_intersect

o =

11053 Polygon a8
e wis
_.__1.ms."“"fw.._.. L i

11056 Polygon 8218/

11057 Poygon | @28

19
e’
—aie
e

ot
Il

10278 10280 low
10279 10220 ow
10279 10200 low
10279 10280 low
10279 1020 low
10279 10280
10279 10280 low
10279 10280 |iow
10280 | 10261 'med
10281 10282 med
10281 10282 med

A SRR

L

Now cadastral.shp table will open- and the row with the same

.
Recad 14] 4f T 3[n| Show[Ar sw|ﬂmnmmm2m; a*..ﬁ.l

be highlighted in cadastal.shp table as shown

DLS key will




W Attributes of cadsuit_intarsect

3 13 s ] -
e s ofo o s omn Teeape
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T 3 BRI o i i 0SSooooOMTE | 10w b
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NS [ 3 0035003000001 73 1003830 sl EEE——
NN st . i 00SSOM00004TT 1780
NS 13 ettt o - C 0055000000048 | 1820210 sml L)
'3 NS s 00SSO00000228 1023000 s
N B s = = T 00000000228 | 1023000sm 0 =
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T3 3 e T Orss00000000178 N

13 errptl et ot - B 5 = 00S500300000003 | 1501120 sml £
— e = ] T 1 G
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Recort 14| 4 1 ¥{M| Stom[ A1 Sekcted  Recors 1 cutel 187125 eected)
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5. Identify some areas meeting the following criteria
Within one of the best subwatersheds (exercise 3, F)
Represent all water harvesting interventions
6. Select one of these areas
7. Select the theme cadastral.shp
8. From the theme menu, select "select by theme"
This will select all parcels that intersect with the selected water
harvesting areas
9. Record the name of the owners; you might export the owners in special

table






