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Lab 11: Meteorological data presentation

An overview of the interpolation tools

Visiting every location in a study area to measure the height, magnitude, or concentration of a
phenomenon is usually difficult or expensive. Instead, you can measure the phenomenon at
strategically dispersed sample locations, and predicted values can be assigned to all other locations.
Input points can be either randomly or regularly spaced or based on a sampling scheme.

Surface interpolation functions create a continuous (or prediction) surface from sampled point values.
The continuous surface representation of a raster dataset represents height, concentration, or
magnitude—for example, elevation, pollution, or noise. Surface interpolation functions make
predictions from sample measurements for all locations in a raster dataset whether or not a
measurement has been taken at the location. There is a variety of ways to derive a prediction for each
location; each method is referred to as a model. With each model, there are different assumptions
made of the data, and certain models are more applicable for specific data—for example, one model
may account for local variation better than another. Each model produces predictions using different
calculations.

Understanding interpolation analysis
Interpolation predicts values for cells in a raster from a limited number of sample data points. It can be

used to predict unknown values for any geographic point data, such as elevation, rainfall, chemical
concentrations, noise levels, and so on. The illustrations below show the distribution and values of
sample points and the raster generated from them. The left illustration shows a point dataset of known
rainfall-level values. The illustration on the right shows a raster interpolated from these points.
Unknown values are predicted with a mathematical formula that uses the values of nearby known
points.

" Why interpolate to raster? The assumption

13 (14|16 | 20 . that makes interpolation a viable option is
that spatially distributed objects are spatially
EARENNLE correlated; in other words, things that are

24
*16 12 1 18 | 18 18. close together tend to have similar
21

"4 4

characteristics. For instance, if it is raining
on one side of the street, you can predict
with a high level of confidence that it is
raining on the other side of the street. You
would be less certain if it was raining across
town and less confident still about the state
of the weather in the next district.

Using the above analogy, it is easy to see that the values of points close to sampled points are more
likely to be similar than those that are farther apart. This is the basis of interpolation. A typical use for
point interpolation is to create an elevation surface from a set of sample measurements.

24 19 (19

g 2 *10 30| 27 20 | 20

In the following graphic, each symbol in the point layer represents a location where the elevation has
been measured. By interpolating, the values between these input points will be predicted.
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Interpolation Techniques

The IDW (inverse distance weighted) and

Spline interpolation tools are referred to as

deterministic interpolation methods because they

are directly based on the surrounding measured

values or on specified mathematical formulas ) .

that determine the smoothness of the resulting = S ) g
surface. A second family of interpolation )
methods consists of geostatistical methods, such . .
as kriging, which are based on statistical models + . - © . -° low
that include autocorrelation—that is, the

statistical relationships among the measured points. Because of this, geostatistical techniques not
only have the capability of producing a prediction surface but also provide some measure of the
certainty or accuracy of the predictions.

ORERERE]

How Kriging works: Kriging is an advanced geostatistical procedure that generates an estimated
surface from a scattered set of points with z-values. Unlike other interpolation methods supported by
ArcGIS Spatial Analyst, to use the Kriging tool effectively involves an interactive investigation of the
spatial behavior of the phenomenon represented by the z-values before you select the best estimation
method for generating the output surface.

What is kriging? Kriging assumes that the distance or direction between sample points reflects a
spatial correlation that can be used to explain variation in the surface. The Kriging tool fits a
mathematical function to a specified number of points, or all points within a specified radius, to
determine the output value for each location. Kriging is a multistep process; it includes exploratory
statistical analysis of the data, variogram modeling, creating the surface, and (optionally) exploring a
variance surface. Kriging is most appropriate when you know there is a spatially correlated distance or
directional bias in the data. It is often used in soil science and geology.

The kriging formula: Kriging is similar to IDW in that it weights the surrounding measured values to
derive a prediction for an unmeasured location. The general formula for both interpolators is formed
as a weighted sum of the data:

2(5{:) = Z"{;'Z(S.-')
i=1

Where, Z(s;) = the measured value at the ith location
A = an unknown weight for the measured value at the ith location
So = the prediction location
N = the number of measured values

In IDW, the weight, A;, depends solely on the distance to the prediction location. However, with the
kriging method, the weights are based not only on the distance between the measured points and the
prediction location but also on the overall spatial arrangement of the measured points. To use the
spatial arrangement in the weights, the spatial autocorrelation must be quantified. Thus, in ordinary
kriging, the weight, A, depends on a fitted model to the measured points, the distance to the
prediction location, and the spatial relationships among the measured values around the prediction
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location. The following sections discuss how the general kriging formula is used to create a map of
the prediction surface and a map of the accuracy of the predictions.

Creating a prediction surface map with kriging

To make a prediction with the kriging interpolation method, two tasks are necessary:

e Uncover the dependency rules
e Make the predictions.

To realize these two tasks, kriging goes through a two-step process:

1. It creates the variograms and covariance functions to estimate the statistical dependence
(called spatial autocorrelation) values that depend on the model of autocorrelation (fitting a
model).

2. It predicts the unknown values (making a prediction).

It is because of these two distinct tasks that it has been said that kriging uses the data twice: the first
time to estimate the spatial autocorrelation of the data and the second to make the predictions.

Variography

Fitting a model, or spatial modeling, is also known as structural analysis, or variography. In spatial
modeling of the structure of the measured points, you begin with a graph of the empirical
semivariogram, computed with the following equation for all pairs of locations separated by distance
h:

Semivariogram(distance;) = 0.5 * average{(value; — valuej}z]

The formula involves calculating the difference squared between the values of the paired locations.

The image below shows the pairing of one point (the red point) with all other measured locations. This
process continues for each measured point.

Calculating the difference squared between the paired locations
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Often, each pair of locations has a unique  gamivariance
distance, and there are often many pairs
of points. To plot all pairs quickly becomes
unmanageable. Instead of plotting each -
pair, the pairs are grouped into lag bins. *e g ®

For example, compute the average e o ® ®
semivariance for all pairs of points that are
greater than 40 meters apart but less than
50 meters. The empirical semivariogram is
a graph of the averaged semivariogram
values on the y-axis and the distance (or
lag) on the x-axis (see diagram beside).

&

2

Distance

Empirical semivariegram graph example

Spatial autocorrelation quantifies a basic principle of geography: things that are closer are more alike
than things farther apart. Thus, pairs of locations that are closer (far left on the x-axis of the
semivariogram cloud) should have more similar values (low on the y-axis of the semivariogram cloud).
As pairs of locations become farther apart (moving to the right on the x-axis of the semivariogram
cloud), they should become more dissimilar and have a higher squared difference (moving up on the
y-axis of the semivariogram cloud).

Fitting a model to the empirical semivariogram

The next step is to fit a model to the points forming the empirical semivariogram. Semivariogram
modeling is a key step between spatial description and spatial prediction. The main application of
kriging is the prediction of attribute values at unsampled locations. The empirical semivariogram
provides information on the spatial autocorrelation of datasets. However, it does not provide
information for all possible directions and distances. For this reason, and to ensure that kriging
predictions have positive kriging variances, it is necessary to fit a model—that is, a continuous
function or curve—to the empirical semivariogram. Abstractly, this is similar to regression analysis, in
which a continuous line or curve is fitted to the data points.

To fit a model to the empirical semivariogram, select a function that serves as your model—for
example, a spherical type that rises and levels off for larger distances beyond a certain range (see the
spherical model example below). There are deviations of the points on the empirical semivariogram
from the model; some points are above the model curve, and some points are below. However, if you
add the distance each point is above the line and add the distance each point is below the line, the
two values should be similar. There are many semivariogram models from which to choose.

Semivariogram models

ArcGIS Spatial Analyst provides the following functions from which to choose for modeling the
empirical semivariogram:

» Circular; Spherical; Exponential; Gaussian ; Linear

The selected model influences the prediction of the unknown values, particularly when the shape of
the curve near the origin differs significantly. The steeper the curve near the origin, the more influence
the closest neighbors will have on the prediction. As a result, the output surface will be less smooth.
Each model is designed to fit different types of phenomena more accurately.

The diagrams below show two common models and identify how the functions differ:

64 Lab 11 GIS Manual — December 2011



A spherical model example

This model shows a progressive decrease of
spatial autocorrelation (equivalently, an increase
of semivariance) until some distance, beyond
which autocorrelation is zero. The spherical model
is one of the most commonly used models.

An exponential model example

This model is applied when spatial autocorrelation
decreases exponentially with increasing distance.
Here, the autocorrelation disappears completely
only at an infinite distance. The exponential model
is also a commonly used model. The choice of
which model to use is based on the spatial
autocorrelation of the data and on prior knowledge
of the phenomenon.

Semivariance

E Y

Distance

Exponentizl model example

Semivariance

4
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Spherical model example

Understanding a semivariogram—Range, sill, and nugget

As previously discussed, the semivariogram depicts the spatial autocorrelation of the measured
sample points. Because of a basic principle of geography (things that are closer are more alike),
measured points that are close will generally have a smaller difference squared than those farther
apart. Once each pair of locations is plotted after being binned, a model is fit through them. Range,
sill, and nugget are commonly used to describe these models.

Ilustration of Range, Sill, and Nugget components

Range and sill

When you look at the model of a
semivariogram, you will notice that at a
certain distance the model levels out.
The distance where the model first
flattens is known as the range. Sample
locations separated by distances closer
than the range are  spatially
autocorrelated, whereas locations
farther apart than the range are not.

The value at which the semivariogram
model attains the range (the value on
the y-axis) is called the sill. A partial sill
is the sill minus the nugget. The nugget
is described in the following section.
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Nugget

Theoretically, at zero separation distance (for example, lag = 0), the semivariogram value is O.
However, at an infinitely small separation distance, the semivariogram often exhibits a nugget effect,
which is a value greater than 0. If the semivariogram model intercepts the y-axis at 2, then the nugget
is 2.

The nugget effect can be attributed to measurement errors or spatial sources of variation at distances
smaller than the sampling interval (or both). Measurement error occurs because of the error inherent
in measuring devices. Natural phenomena can vary spatially over a range of scales. Variation at
microscales smaller than the sampling distances will appear as part of the nugget effect. Before
collecting data, it is important to gain an understanding of the scales of spatial variation in which you
are interested.

Making a prediction

After you have uncovered the dependence or autocorrelation in your data (see Variography section
above) and have finished with the first use of the data—using the spatial information in the data to
compute distances and model the spatial autocorrelation—you can make a prediction using the fitted
model. Thereafter, the empirical semivariogram is set aside.

You can now use the data to make predictions. Like IDW interpolation, kriging forms weights from
surrounding measured values to predict unmeasured locations. As with IDW interpolation, the
measured values closest to the unmeasured locations have the most influence. However, the kriging
weights for the surrounding measured points are more sophisticated than those of IDW. IDW uses a
simple algorithm based on distance, but kriging weights come from a semivariogram that was
developed by looking at the spatial nature of the data. To create a continuous surface of the
phenomenon, predictions are made for each location, or cell centers, in the study area based on the
semivariogram and the spatial arrangement of measured values that are nearby.

Kriging methods

There are two kriging methods: ordinary and universal. Ordinary kriging is the most general and
widely used of the kriging methods and is the default. It assumes the constant mean is unknown. This
is a reasonable assumption unless there is a scientific reason to reject it.

Universal kriging assumes that there is an overriding trend in the data—for example, a prevailing
wind—and it can be modeled by a deterministic function, a polynomial. This polynomial is subtracted
from the original measured points, and the autocorrelation is modeled from the random errors. Once
the model is fit to the random errors and before making a prediction, the polynomial is added back to
the predictions to give meaningful results. Universal kriging should only be used when you know there
is a trend in your data and you can give a scientific justification to describe it.
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Sample before and after interpolation
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Lab 11 - Exercise Part 1: Using NMA data (Station data)

This exercise is aimed at using ArcGIS-Kriging interpolation technique to estimate and map the
spatiotemporal variation of rainfall for Ethiopia. Rainfall data, for the periods between 1950 and 2000,
are given in excel for 183 observed values across the country.

1. Open Excel, and go to your Lab 11. Open “RF_July.xIs”. You can see that there is a latitude
(“X”) and longitude (“Y”) field, along with 10-58 years observed/measured annual rainfall values
for 183 locations/’stations”.

2. In order to bring an Excel worksheet into ArcGIS, you must save it as a .dbf file, or a .csv file
(make sure to choose ms-dos format). This is sometimes problematic because it occasionally
truncates values during the saving process.

Resave your file as “Rf_July.csv” into your working directory.

4. Close all worksheets in Excel. You need to have the worksheet that you intend to add to ArcGIS
closed in excel in order to add correctly.

5. Open a new session in ArcGIS and add the file “Regions” from your Lab 11 and the database file:
“Rf_July.csv” that you saved in your working directory.

6. Right click on the “Rf_July.csv” file and scroll to “Display XY

data”. Click on “Display XY data” and a window should pop | g & ven s slecion Lok window bep

up like the window to the right. DEWa B e o | e
7. Make sure that your “X Field” displays longitude for the |*Z&5%. . umiimian oioe
coordinates, and your “Y Field” displays latitude for your B B i worsc_ it _Pop_Finel 0584
coordinates. Press OK. = O i s
B open

Juins and Relates 3

" 1 R
Display XY Data Ejg| 28 B
Data »
A table containing % and Y coordinate data can be added to the
map as a layer &8 Geocode Addresses. .
7 Display Route Events...
Chooze a table from the map or browse for another table:
J Properties...

Specify the fields for the ¥ and Y coordinates:

X Fied -

' Field: |Lat j

Coordinate System of Input Coordinates

Drescription:

Unknown Coordinate System

[~ Show Details Edi...

v wam me if the resulting layer will have restricted functionality
(] 8 | Cancel |

8. You may get a warning message stating that your “Table Does Not Have Object-ID Field”. This is
a unigue identifier that ArcGIS builds into all of its shapefiles. Press OK and ArcGIS will create
this field for you.

9. Now, can you see your “Rf July” points? Where are they? Right click on the “Rf July.csv
Events” layer, and from the menu choose “Zoom to layer’. The “Rf_July” layer should now be
visible. If the “Regions” layer is not visible, please check the projection of the weather station
points (in this case follow the STEPS 10 to 18, otherwise go to STEP 19.
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10.

11.
12.

13.

14,
15.
16.

17.
18.

19.

20.

21.

22.

23.

Right click on the “Regions” layer and choose “Zoom to Layer’. What happens to the “Rf_July
Events” layer? Magic, it disappeared...or is it a projection problem?

Go to the main tool bar, and select the “Zoom to full Extent” button 0

You should now see the entire “Regions” layer incomplete overlap each other. If you use the

regular zoom tool @ , and zoom repeatedly into these layers, you will realize that it is in fact the
“Rf_July.csv Events” layer. As it is in a different projection, it is unable to locate and resize itself
correctly in relation to the “Regions” Layer.

If we take the assumption that this information was collected by GPS, then reverting to the default
coordinate system used by GPS will correct this issue.

So let’s try our hypothesis! First, Right click on the “Rf_July.csv Events” you select Remove.
Now, right click on the “Rf_July.csv” layer. Left click on the “Display XY Data”.

As you can see, the coordinate system is unknown. Click on the “Edit” button. In the next
window, click the “Select” button and choose the following path:

Use either of the following projection according to your boundary projection

Geographic  Coordinate  Systems | Projected Coordinate Systems
World UTM

WGS1984 WGS 1984

WGS 1984 UTM Zone 37N.ptj

Click Add.
Your “Display XY Data” window should now look like the graphic = oseiayxvoata a1
to th e rlg ht. C | | c k O K A table colntalnlng X and Y coordinate data can be added to the
map as a layer
Choose a table from the map or browse for another table:
‘ RainyearMap2.csv J
Specify the fields for the X, ¥ and Z coordinates:
X Field: longitude -
Y Field: latitude -
2Z Field: <MNone> -
Coordinate System of Input Coordinates
Description:
Geographic Coordinate System:
Name: GCS_WGS_1984
Show Details Edit...
V]| Warn me if the resulting layer will have restricted functionality
OK Cancel
Your Rainfall measurement points (weather stations points) should be geographically contiguous

with your “Regions” layer.

Your “Rf_July.csv Events” is currently only a cosmetic layer. We know this because it has the
word “Events” following the name. It is not yet a shapefile.

To create a permanent shapefile from this cosmetic layer, right click on the “Rf_July.csv Events”,
scroll down to “Data” and select the “Export Data” option.

Leave all the initial options as default, but make sure to save the final file to your working
directory, calling the file “Rf_July_ETh.shp”

A pop-up window will ask you if you would like to “Add to map”. Select OK and the new shapefile
should automatically add to the data frame.
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24. Look at these data, how the available rainfall observation/measurement points are representative
and spatially distributed across the country and to be used to estimates other unknown locations.

25. Create a map with the rainfall measurement point’s layer over the province boundary.

Creating a surface using kriging interpolation

1. Start ArcMap by double-clicking the ArcMap icon on your computer desktop. Alternately, click the

Map

“Start” menu, point to “All Programs”, point to “ArcGIS” and select “ArcMap”) At

2. You may receive the following welcome screen, if so, select “a new empty map,” and press OK. If
you do not receive this screen, ArcMap has selected a blank map by default.

= ArcMap §|

Start using ArcMap with

:
@ " & template

Templates provide ready-to-use layouts and baze maps
for various geogiaphic regions.

% " An exitting map:

Browse for mapsz.
D:AESSP IIMEDRIVMekonentstudyarea.mxd
D:MESSP [14Fantuteth_agz. mxd

[~ Immediately add data

[ Do not show this dislog again

[ Loadlast map on startup

3. You are now looking at the basic ArcMap screen with its various menus and tools. To begin with,
we will add rainfall data. From the “File” menu, select “Add Data”.

From you working directory add “Regions” and “Rf_July_ETh” files.

4. From the standard menu click ArcToolbox window and double click the Spatial Analyst Tools
from the ArcTool Box Window and you will find a number of functionality tools and when you
double click the Interpolation tool you will find IDW, Kriging, Natural Neighbor, Spline,...Trend

DS W& ® b || J:ﬁ'&i‘%@k‘?

Y

5@ Spatial Analyst Tools
-8 Conditional
-8 Density
-8 Distance
-8 Extraction
(-8 Generalization
-8 Groundwater
-8 Hydrology
=1-& Interpolation
™~ Wy
- S
P ’R Krigin
raMNeighbor
- #, Spline
50 Spline with Barriers
'{§ Tope to Raster
.. .."g Topo to Raster by File
...."g Trend
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5. Double click Kriging. Kriging window wizard

Opens Up. & Input point features
6. Click the Input point features dropdown Lvaluef.eld Ll
arrow  and click the rainfall dataset ’ ki
Rf_July_ETh point data to use. > o e e 4
7. Click the Z value field dropdown arrow and Sermivarogran properties
CIiCk the f|e|d yOU want to use in th|$ case Kriging method @ Drdinary € Universal
use “ANN”. The field that holds the rainfall Semvaiogemmodel  [spheieal 7]
magnitude value for each point. pop——

8. In Output surface raster specify a name for

Qutput cell size (optional)

the outputs (annual_rn) to write in your =
working directory, or leave the default to T%
create a temporary dataset. —————

9. Click the kriging method you want to use I - =
(left click on the Ordinary radio button; | e e |
please refer the Kriging methods section
above).

10. Click the Semivariogram model dropdown arrow and click the model you want to use. (Read
what type of semivariogram models included in ArcGIS 10 above; but for this case use spherical-
default)

11. Change the default output cell size to 0.00833 degree which is equivalent to 1km (Since your
dataset is in lat/long the unit is if it is in degree).

12. Click the Search radius type dropdown arrow and click Variable.

Note: Uses a variable search radius in order to find a specified number of input sample points for
the interpolation.
Variable

e Number of points—an integer value specifying the number of nearest input sample
points to be used to perform interpolation. The default is 12 points.

e Maximum distance—Specifies the distance, in map units, by which to limit the search
for the nearest input sample points. The default value is the length of the extent's

diagonal.
Fixed
e Uses a specified fixed distance within which all input S T

points will be used for the interpolation. Distance—
Specifies the distance as a radius within which input
sample points will be used to perform the interpolation.

The value of the radius is expressed in map units. The default
radius is five times the cell size of the output raster.

Minimum number of points—An integer defining the minimum
number of points to be used for interpolation. The default value
is 0. T
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13. Optionally, change the default number of points.
14. Optionally, specify a maximum distance.
15. Optionally, output variance of prediction raster.

The optional output variance of prediction raster contains the kriging variance at each output
raster cell. Assuming the kriging errors are normally distributed, there is a 95.5 percent
probability that the actual z-value at the cell is the predicted raster value, plus or minus two times
the square root of the value in the prediction raster.

* Kriging

Input point features

| Re_uty_ETh ~ =
2 value figld

forn =
Outpiut surface raster

| Dr\ESSP mats Traininglef _krg =
Semivariogram properties

Kiiging method: & Oidinay  © Universal
Semivariogram model: Spherical =
Advanced Parameters.

Output cell size {optional)
| 0,008z =
Search radius {optional)

Variahle h

Search Aadius Settings

Number of points: 12

I asimum distance:

16. Click the Environments tab located at the bottom of the kriging window (as shown above figure).

The Environments helps to set up Cell Size, Current Workspace, Output Coordinate System,
Extent, Scratch Workspace, and more.

~: | Environment Settings

¥ General Settings
¥ Cartography Settings
¥ Coverage Settings

o

¥ Raster Storage Settings

ok Cancel Show Help >

17. Click the General Setting tab and click the drop down box under Extent and you will find different
extent setting options as

e Default-No extent set
e Union of inputs- The maximum area of all input(s)
e Intersection of inputs-The minimum area common to all input(s)

e As specified below (you need to specify the Left, right, bottom and top value of X and Y)
e Same as display- the extent of the current ArcMap display wil be used
e Same as layer <layer>-The extent will be based on the extent of the specified layer
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Output Extent environment will only process features or rasters that fall within the extent
specified in this setting and any feature or raster that passes through the specified extent will be
processed and written to output. Note that the selected extent is used only to select features, not

clip them.

18. For this particular exercise choose the Same as Regions and click Ok the Environments Setting

window
Extent
|Same az laver Regionz j =
Top
1646964, 804700
Left Fight
B1853.774700 1434323155900
Bottorn
| 375089.195700

19. Click OK on Kriging window...wait till the process finishes.

“ Untitled - Archap - Arclnfo

Bl £ ew fnost Selection Jook Window Hep

Soatilgnatyst v | Layer: [kng - R

Ded& L] o & [rasers | QO R iy IE 4 QQRULOPED B R OM S
* B

(1
s

- Layers
= M RIdy EM

12,075.575566 - 2,315.04 = & Exraction

Mairbhnrhecd v

< o >
Display [ Scurce | Seloction | Favortes [Index | Sexch| Fa [vlla o @ u ¢
owrs » R O« A~ [@m =6 Bzy A~ & 4 =~

>

7345 ATE 11°60.555N

Following the above steps, you are expected to create rainfall grids for the remaining months
(January-December), and also for temperature datasets.

Once you have 10-58 rainfall raster grids follow the following step to clip out the grid by the
country boundary and create a lay out for presentation.

Creating layout for presentation

20. Double click the Spatial Analyst Tools from the ArcTool Box Window and you will see a number

of tools
e Double click on Extraction tool box;

e Double click Extract by Mask tool box: This tool allows you to extract a portion of a
raster dataset based on a template extent.
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21. On the clip window under the Input
Raster click the dropdown arrow and
select the annual_rn grid as in put to be
clipped.

22. In the Input raster or feature mask data
option click the dropdown arrow and
select the Regions boundary file as a clip
feature.

23. In the Output raster write the output
name in your working directory
(rf_clipped)

Below illustrates the clipped rainfall grid.

Inpuk raster

* Extract by Mask o (=] E3

‘ krig

Input raster or feature mask data

|region

Qukput raster

‘ [:AESSP INGIS Trainingirf_clipped

Cancel | Enwironments.. | Show Help »»

. Untitled - ArcMap - Arclnfo

Fle Edt View Insert Selection  Tooks Window Lef

Spatiel analyst | Layer: |kig < B m
DEE& B i & [[raserEm v GO Tk TR | QIO eE AO# e
= £ Layers 1 @ Network Analyst Tools & A

= B RF_July ETh
°

= region
O

= B annif_clp
valus

b Low - 153,405

= 0 wig
I 153 4046936 - 393.67605
1393 6760526 - 633.94741
16329474115 - 674.21877
[C1674.2167704 - 1,114,430
[]1,114.49013 - 1,354.7614
[1,354.761489 - 1,595,032
[0 1,595 032046 - 1,535,304
[01,835.309207 - 2,075,575
(12,075 575566 - 2,315.84¢

1 G Semples
1. server Tooks
=1 @ Spatial Analyst Tools

= &y Condtional

1 & Densiy

= & Distance

= & Extraction
A Extract by Attribn
A Extract by Cirde
A Extract by Mask.
#° Extract by Painks
#* Extract by Polyge
A Extract by Rectar
A Extract Yalues to
A sample

@ Generalization
Groundnater

1 & Hydrology

# @ Tnterpolation

& Local

1 & Map Algsbra
& math

# & Mulivarizte

= & Neiarborhood

& overlay

+ @ Raster Creation

1 & Reclass

# & solar Radiation

= § surface

e Zonal

B Crctinl Chabickice Take ¥

| | & |
Favoiiles [ Index | Search | Fa [ v|{a o o u « 2
0] Arial ol B o A &y A+~

<
Displey [ Soures | Selection

Draving v R O~ A~

36°28'5. 355 3°41'10.235°N

14 start 1§ E.M. TOTAL VIDEOF. G ° & L[5 sizm

®_Untitled - Archap - Ar B ArcC ArcInfo

Repeat the above step to clip the rest of rainfall grid files.

Prepare your map for printing

1. Now you have clipped rainfall grid and regional level administrative boundary of Ethiopia. The
next step is to prepare this map for printing.

2. First, make sure that your “Region” shapefile and “RF_clipped” grids are all turned on by checking
the checkmark box next to the layer name in the table of contents.

3. Reorder the layers in table of content as Region and RF_clipped. If the Region boundary filled
with color it covers the underneath RF_clipped, therefore make sure that the Region boundary
should be hallow. L AU ALY

Em
¥ =
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select Hollow.

Double click on the Regions symbol and Symbol selector window will display form the options,

The map window that you have been working in up to now is called the “Data View”.

We will now move to a different map window called the “Layout View” to prepare the map for
printing. The “Data View” is where you perform the majority of your GIS editing work, while the
“Layout View” is where you arrange your map(s) along with preferred graphics for printing or

export.
6. Select the layout view
BE = o

We want to select a paper setup that best fits the
geographical nature of Ethiopia in order to use
the most space on our page for our map. Click
on the File tab in the upper left of your screen and
scroll to “Page and Print Setup”. Make sure you
select Landscape for the Orientation. Also click
the checkmark to “Use Printer Paper Settings”.
This will give you a dotted outline of how far you
are able to expand your map. (See right for
diagram)

8. Now, resize the window around your map of
Ethiopia, so that it fits within the printable area.

Map Page Size
v Ulse Printer
Page

Paper Settings

Page Size that will be used iz equal to Printer Paper Size

“width

Height

Orientation

¥ Shaw Printer Margins on Layout

105 Inches -
[ [

[~ Scale Map Elements proportionally to changes in Page Size

[ 2]
Printer Setup
Name: [ FOFcamp Printer v|  Propeties
Status; Ready
Type: PDFcamp Frinter
Where: PDFcampl:
Comments:  http:/ A, verypdf.com
Paper
Size: Enecutive - l:i Printer Paper
Source tutomatically Select - Frinter Margins
Oriznitation:  Patrait & Landscape Map Page (Page Layout]
E@ Sample Map Elements

0K Cancel

9. Double-click on the layer name “Rf_clipped”; this will take you directly to the “Layer Properties” for

the layer. Select the tab “Symbology”.

10. In the “Show” box (see graphic), click on the option “Classified”, and next click on the “Classify”
tab. This will take you to the “Classification” drop down menu (see graphic below).

=1 ayer, Properties

General] Source] Extent] Display  Symbology l Fields ] Joinz & Relates

Shiow
Draw raster grouping values into classes

| ed
Stretched
Fields

Irnpork. ..

Yalue:

Mormalization:

[evawe> 1]
[etone> 1]

Classification
Matural Breaks (Jenks)

Classes:

PX

Color Ramp:

|
Symbol | Range

Label

I 15 404693 - 3654086335
[ z65.4055335 - 535.012146
535.012146 - 7046154582
704.6154562 - 865, 7386047
865.7386047 - 1,018,381586
1,018,381586 - 1,171, 024567
1A71.0245A7 - 1.332.147713

[ Show class breaks using cell values
I Use hillshade effect

153, 4046936 -
365.4085339 -

535.0121461

1,0158.3815587
1.171.N745R7

365.4088338
535.012146

- 704.61545582
704.6154583 -
8657386045 -

8657356047

1,015.351586
- 1,171.024567
-1.332.147715

v

—

Display NoData as -
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11. Click on the arrow to the right of “Classes” and choose 12.
“Method” and choose “Manual”.

Click on the arrow to the

right of

12. Choose” your Break T
yal ues Set be 1 74 Classification Classification Statistics
intervals started from 500 Method: Count: 1336313
and type the maximum Cosses: |12~ Mo 2,315,646004
value 2,233 mm of annual Data Exclusion o R
ean: .
rainfall as there is no value Exclusion ... | Sarnpling ... Standard Deviation: 471,2223354
more than this. (See
belOW) Columns: 100 =3 [~ show Std. Dev. I~ shaw Mean
§ @ % g ﬁ % E § H E § § Break Values i
Note: You can use your BOOT 8 & 5 8 B & IR 5 o5 B 2 B
own break value and ool B B o2l g 2 BB HE s 5 & e
ifi 1 865, 7356047
number of classifications e
. 40000+ 1,171.024567
13. If you click color ramp you 1,332, 147713
will see different color 30000 11645.913841
ramp options and choose »o00eL P
your color of interest that 2,315.846924
best explains the data. For 100004
this  exercise  choose
_ 0 . | .
spectrum-full bright color 1634046936 6940152512 1234625308 1775236366 2,315.84692
ramp. To select the color r Cancel

ramp by name instead of

graphic view right click the color ramp and uncheck the graphic view. From the drop down option

find the spectrum-full bright.

Note: You can change the color property by right on the color ramp and point to properties. Edit
color ramp window lets you manipulate the color property and you can also save the style and

reuse it.

14. Click Ok on Classification and the layer properties.

15. Now, if you want to present more than one map per page you
can insert new data frame using “Insert” menu and resize it
to fit page setup and map orientation.

16. The classification scheme you set for the rainfall data can be
saved as a layer file that can be used for similar use.

When you save a layer to disk, you save everything about
the layer, such as the symbolization and labeling. When you
import/add a layer file to another map, it will draw exactly as
it was saved.

One of the main features of a layer is that it can exist outside
your map as a file on disk. This makes it easy for others to
access the layers you've built.

Right click the rain98_clip layer from the table of content and
click Save As Layer File... option and type appropriate name
and save the layer in your working directory.

Q cv - ArcMap - Arcinfo

File
OpEa
e
Layer: l@ prov_ea

Edit View Bookmarks

]

I

»
Amoww

Insert | Selection Geoprocessing

41

Data Frame

L&

=

Title
Text

> |

Dynamic Text 3

Neatline...

7 leble Of Contents
8 E =

Legend... |

BF Loycrs
2 prov_ea
O
=] raind7_clip
<VALUE>

wogooLary @]

[ 538 - 700

North Arrow...

ﬂ; =+ |ijif| (]

Scale Bar...
Scale Text...

-1

[

Picture...
Object...

B

701 - 800
[T 801 - 900
[21901 - 1,000
71,001 -1,100
71,101 - 1,200
[71,201 - 1,300
[11,301 - 1,400
[11,401 - 1,500
1,501 - 1,600
1,601 - 1,700
1701 -1,750

18

17,

6

A8
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How to import symbolization in ArcMap

The symbology of the previous map will be imported into this map. This tool can be useful in
workflows that require much more intricately detailed symbology that would take considerable time to

recreate for each new map.

1. Inthe ArcMap table of contents, right-click the layer for which you
want to import symbology (saved layer).

Click Properties.
In the dialog that appears, click the Symbology tab.
Click the Import button.

a > DN

If importing from another layer, choose the layer from the
dropdown list.

6. If importing from a layer file, click the Browse button and choose
the file from which you want to import. Click OK.

7. Click OK to close the Import Symbology dialog box.

8. Using the “Insert” menu, add a Title, Scale Bar, and North Arrow
to your map. Using the insert title option, name your map “Mean
Annual rainfall” (or something similar).

There are many Scale Bars, and North Arrows styles to choose
from. Pick your favorite.

9. Return to the menu option “Insert” and click on “Legend”.

@ v - ArcMap - Arcnfo

-

File Edit View Bookmarks Insert Selection Geoprocessing C

1:6.815.941

Deds Bx|oo| -
BN M - k] @
(&

Layer: "6 prov_ea =

ZI R

500

2ANBE B

Table Of Contents

HIEEEE

ax

= = lLayers
5 @ prov_ea

%04|00] 2

L0

=
- @ e
<V B Copy

538 X Remove
701
sl
1901 Joins and Relates
[11.00 > Zoom To Layer
L1
L2
1,3
L4 Visible Scale Range
15 Data

L6

=t Edit Features.

€7 Save As Layer File...

&> Creste Layer Package...

[ Properties...

=l

10. In the Legend Wizard dialog that pops up, accept all the default options by Clicking “Next”

repeatedly and finally “Finish”.

11. You will notice a small legend appear somewhere in the middle of your layout window. Position it

correctly.

12. If you wish to change the name of your layers in the legend, edit the corresponding text in the
table of contents, and it will also change in the legend. Just click twice on the text in the table of
contents to edit it (as you would to rename a file in Windows Explorer).

13. When you are happy with the appearance of your map, you can export this map as a .jpeg, .pdf,
or .png, by choosing the menu option “File”, scroll to “Export”, then save with as in working

directory.

Mean Monthly Rainfall:
July (10-58 years)
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Annual rainfall two maps per page

Mean Annual Rainfall (10-58 years)

Annual Rainfall

(mm)
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Calculating rainfall coefficient of variability

The coefficient of variation calculated as the standard deviation divided by the mean is often used to
represent how rainfall is variable/ stable across the country.

1. To calculate mean: (ArcTool Box—> Spatial Analyst tools> - & Spatial Analyst Tools
Map Algebra ->double click on Single output Map
Algebra.

+ Conditional

+ Density
Distance
Extraction
Generalization
Groundwater
Hydrology
Inkerpolation
Local

Map Aloebra
i" ki Cukpat Map Algebra

2. Inthe Input raster or feature data (optional) click the drop
down arrow and select all input data for the mean
calculation one by one.

e

kS

Simgle Cutput Map Algebra
Math

o
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3. In the Map Algebra Expression type [REuindiiyi=z FEX
MEAN and create an open bracket “(“and

Q Map fAlgebra expression

from the Input raster or feature data MEAMN (<gnd, .., gnd>) =
(optional) select one layer at a time and .y

drag and drop in the Map Algebra
Expression field. Separate each layer by
a comma and finally close the bracket.

4. Specify the output directory and name QL S -
output as “M EAN Rainfa”,, in the output |C:\Dnturner|ts and Settings|Administrator EDRI-D3FEABAD45, Local Settings| Templ Single ﬂ
raster - % Input raster or feature data to show in ModelBuilder {optional)

Input raster ar Feature data (optional)
5. Click Ok on to calculate the mean B

& annirf_clip

[ |2 X ]+ &

ak | Cancel Environments... Show Help »>

Calculating Standard deviation

1. To calculate standard deviation: (ArcTool Box—> Spatial Analyst tools> Map Algebra ->double
click on Single output Map Algebra.

2. Inthe Input raster or feature data (optional) click the drop down arrow and select all input data
for the standard deviation calculation one by one.

3. In the Map Algebra Expression type STD and create an open bracket “(“and from the Input
raster or feature data (optional) select one layer at a time and drag and drop in the Map
Algebra Expression field. Separate each layer by a comma and finally close the bracket.

4. Specify the output directory and name output as “STD_Rainfall” in the output raster
Click Ok on to calculate the STD

Calculating covariance or coefficient of variability

1. To calculate coefficient of variability: (ArcTool Box-> Spatial Analyst tools> Map Algebra
—>double click on Single output Map Algebra.

2. In the Input raster or feature data (optional) click the drop down arrow and select
“MEAN_Rainfall” and “STD_Rainfall” for the CV calculation.

3. Since CV is calculated as STD divided by MEAN; therefore from the Input raster or feature data
(optional) select, drag and drop the STD_rainfall and “MEAN_Rainfall” layers in Map Algebra
Expression and put the division “/” between them.

4. Specify the output directory and name output as “CV_Rainfall” in the output raster

Click Ok on to calculate the CV on the raster calculator
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6. Finally organize your map as shown below and give your answer for

a. Where high rainfall variability is observed?
b. What is the implication of high rainfall variability on agriculture?

- Rainfall Variability o Rainfall Variability
@n oo (Coefficient of Variation-CV) ek B r‘b\ (Coefficient of Variation-CV)

cv
[ R
)
21-30
31-50
s
. s
.o

o —— | 7 L o ——
B0,068100020,00860,00640,000 % 1 80,088,00020,00860,00040,000

Stretched values Classified values

Use of zonal statistics function in ArcGIS

Overview

Zonal Statistics are a way of summarizing the information in a raster map layer using the boundaries
of zones in a second map layer. For example, we might have a raster grid depicting the rainfall and
have a second map layer depicting Woreda/Zone/Kebele boundaries. Zonal Statistics can be used to
calculate the average rainfall in each of the administrative boundaries (woreda, kebele or zone).
These boundaries can be stored in either raster or vector format - Zonal Statistics will work with either
format for the zones.

Following parameters can be calculated (per operation, only one parameter can be calculated, to get
several parameters it is necessary to save obtained table in a separate file):

e sum - sum of all values

e min - minimum value of all values

e max - maximum value of all values

e count - number of value (number of pixels inside zone, excluding pixels with NODATA value)
e area - area covered by pixels with value different than NODATA

e range - values range

e std - standard deviation

e mean - average value (NODATA pixels, they are not used in calculation)

e median - median value (NODATA pixels, they are not used in calculation)

e majority
e minority
e variety
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Using Zonal Statistics As Table

To use Zonal Statistics, make sure that you have Rf clipped map layer open in ArcMap and another
map layer with boundaries in it (woreda boundaries). You can calculate Zonal Statistics as follows:

1. In the ArcToolBox, choose Spatial Analyst Tools, then choose Zonal
and then Zonal Statistics as Table. The difference between Zonal
Statistics and Zonal Statistics as Table is that Zonal Statistics produces
a map layer as output, whereas Zonal Statistics as Table produces a
summary table. If you are working out mean, min, max, STD, rainfall for
each woreda boundaries, Zonal Statistics as Table would produce a
table showing mean, min, max, STD for each province boundaries.
Zonal Statistics would produce the same information, but as a map
display. In practice, Zonal Statistics as Table tends to get used a little
more often.

2. Next to 'input raster or feature

2. & Spatial Analyst Tools
+& Conditional
+ & Density
+& Distance
4 8y Extraction
+& Generalization
+& Groundwater
+ & Hydrology
+& Interpolation
4 &y Local
+& Map Algebra
218 Math
+ & Multivariate
+& Neighborhood
4 By Overlay
+& Raster Creation
+& Reclass
+ & Solar Radiation
+%g Surface
=) &y Zonal

# Tabulate Area

. #, Zonal Fil
“’\\ Zonal Geometry
; #%,, Zonal Geometry as Table
#,, Zonal Histogram
# Zonal Statistics
5---"{% Zonal Statistics as Table
0 @ Spatial Statistics Tools

T

zone data’, you should enter the |Zfmiseenmoe

N )

name of the map layer that has the ||®E=mmm=es

Zonal Statistics as Table

zones - woreda/kebele/zone  ||+==*
boundaries which is the shapefile. v rtvbe s

L
)

results to a table_

» Output table

3. The Zone field is the name of one of
the fields in the table of attributes for
your zone map layer. To summarize
rainfall levels for different
administrative boundaries, enter a
W_NAME here, which is a unigue
name stored in it for each woreda.

] Ignore NoData in calculations optional)

Statistics type (optional)
ALL

4. Next to 'input value raster’, choose
the information that you wish to

Ll
@ .

4

summaries. Enter the name of the o) [carns ] (Enviommenten,] [_<<iideriep ] [ Tooitieb

Summarizes the values of a raster within the
zones of another dataset and reports the

rainfall grid map layer here —
(Rf_clipped)

5. Nextto 'output table', you can enter in the name of a table where your results will be stored.

6. Check the Ignore NoData in calculations (optional)

7. Next ‘Statistics type (optional)’ you can choose a specific type of statistics to be performed, left

the default (All) as it is; but if you want only mean, you can choose MEAN.

8. If you choose OK, you should find that ArcGIS will generate a table of results for you.
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9. From the table of content right click on the table and point to open (See below by regional rainfall

for July)
Table
RIS
Zonalst shp2 x
OBJECTID* R_NAME ZONE_CODE | COUNT AREA MIN | MAX| RANGEF MEAN STD SUM | VARIETY | MAJORITY | MINORITY | MEDIAN
12 | Tigray 12 803 | 51392000000 T| 92 85| 40.275219 | 16.384779 | 321 78 2 7 kT
2 | Afar 2 1331 | 85184004000 | 12| 214 202 | 86.580017 | 42.355373 | 115238 167 69 14 il
3 | Amhara 3 2429 | 155456000000 | 28| 270 241 1558839 | 48.515057 | 378642 215 181 29 164
11 | Special EA 11 47 3008000000 | 122 | 336 214 [ 15721277 | 80.034012 7388 22 125 123 133
10 | Somali 10 G434 | 34TTTSGS0000 | B4 3N 227 | 168.59735 | 33.070126 | 916158 187 169 B4 169
5 | Dire Dawa 5 25 1600000000 | 179 | 215 36| 19567999 | 8460355 4352 15 192 179 183
T | Harari 7 5 320000000 | 198 218 20| 206.3999% | 7.088018 1032 4 208 198 208
G| SNNP 9 1674 | 107135000000 | 144 | 298 154 | 213.99821 | 25.883978 | 358233 125 222 151 215
6 | Gambella 6 464 | 29695000000 | 188 | 281 93 | 22739655 | 17.842283 | 105512 6 228 188 228
1 | Addis Ababa 1 7 443000000 | 230 241 11| 233.14285 412063 1632 4 23 238 231
& | Cromia 8 4662 | 298368010000 | 158 | 411 253 | 23762859 | 35.415062 | 110782 187 233 160 236
4 | Benish | Gumuz 4 T76 | 49664000000 | 185 358 173 | 26522293 | 2667189 | 198053 "7 260 198 257
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Lab 11 - Exercise Part 2: Using rainfall estimation (RFE)
satellite data

RFE is the rainfall estimate from satellite imageries, which is acquired by NOAA of NASA with 8km
grid size around the world. RFE is a freely available dataset.

You can download the free Rainfall estimation data from the following link:

http://earlywarning.usgs.gov/fews/africa/web/datatheme.php

You will have dekadal datasets (10 days) images from NOAA and you have 3 datasets for one month.
Hence, annually you can have 36 image files. The data format is .BIL (Band Interleaved by Line
Format). This BIL format will be converted to ArcGIS format, and the dekadal images were summed
up to develop monthly rainfall images. Finally Rainfall values can be mapped for the whole of specific
areas; and also can be compared with weather station values. To do these, follow the following steps
in ArcGIS.

1. After you acquired the required images as zipped files, you can open them as follows: ArcTool
box-> conversion tool-> to Raster-> Raster to Other Format (multiple).

ArcToalbox )| 5 Raster To Other Format (multiple) [E=R[EcE x|

] ArcToolbox = o Input Rasters “ | Raster To Other Format i
B 30 Analyst Tools (multiple)
ﬂ Analysis Tools
B3 Cartography Teols
=8 Conversion Tools
& From KML
& From Raster
& From WFS
& Metadata
& To CAD
& To Collada
& To Coverage . Output Workspace
& To dBASE &l
& To Geodatabase Raster Format {optional)
& ToKML TIFE hd
—). 8 To Raster
#, ASCIIto Raster L

L. # DEM to Raster

L. # Feature to Raster

- #%, Float to Raster

. #%, Point to Raster

L. # Polygon to Raster

%, Polyline to Raster
& To Shapefile
ﬂ Data Interoperability Tools - —
8§ Data Management Tools
By Editing Tools
ﬁ Geocoding Tools
B Geostatistical Analyst Tools
) Linear Referencing Tools

BB Mubidimencinn Tanle
< I ]

Converts one or more raster dataset
formats supported by ArcGIS to a BIL.
BIP, BMP, BSQ, ENVI DAT, GIF, GRID,
ERDAS IMAGINE, JPEG, JPEG 2000,
PNG TIFF, or to a geodatabase raster
dataset format.

«| =[x [F] @

m

ok [ cancel | [Envionments...] [ <<Hdetelp | [ ToolHel

[=] Table OF Contents

2. Unzip the file

3. Select the file of the BIL format to | oo . =
change to Grid format in ArcGIS (here | (S0t DEXEAE- R =L ¢
the RFE data for 2001 in BIL format, |}
which has 36 files for one year).

4. Click “Add”.

€al(1032.bil

i:::: eal1033.bil

Name: eal1123.bil; ea01093.bil; ead 1062.bil; eal10&63.bil; ead 10

Show of type:  |paster datasets v] [ Cancel ]
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http://earlywarning.usgs.gov/fews/africa/web/datatheme.php

5. Specify the output directory
6. Choose the format type to “Grid”

7. Ok. Now, you have grid format of
these data.

5" Raster To Other Format (multiple)

BN RN )

InputRasters

EXFPRI_Ad hoc|Agn_potential_docs datasets\RFE_1995t02010\feD 1\ fed1\ea0 1123.bi
E:NIFPRI_Ad hoc\Agri_potential_docs\datasets\RFE_1995t02010'fe0 1 fe01\ea0 1093.bi
EXFPRI_Ad hocAgn_potential_docs datasets\RFE_1995t02010\feD 1\ fed1\ea 1062.bi
E:NIFPRI_Ad hoc\Agri_potential_docs\datasets\RFE_1995t02010'fe0 1 fe01\ea0 1063.bi
EXFPRI_Ad hocAgn_potentisl_docs datasets\RFE_1995t02010\feD 1\ fed1\ea0 1092.bi
E:\FPRI_Ad hoc\Agri_potential_docs\datasets\RFE_1995t02010'fe0 1y fe01\eal 1122.bi
EX\FPRI_Ad hoc|Agn_potential_docs datasets\RFE_1995t02010\feD 1\ fed1\ea0 1032.bi
E:\IFPRI_Ad hoc\Agri_potential_docs\datasets\RFE_1995t02010'fe0 1V fe01\eal 1033.bi

Pl p—

] »

EJEINEINE I

« Output Workspace

Raster F:

= @

IMAGINE Image

JPEG
PG
T

Raster Format (optional)
The format of the output raster dataset

« BIL—ESR! Band Interleaved by
Line file

« BIP—ESRI Band Interleaved by
Pixel file

« BMP—Bitmap graphic raster
dataset format.

« BSQ—ESR! Band Sequential file

« DAT—ENVI DAT file

+ GIF—Graphic Interchange Format

for raster datasets

GRID—ESRI's GRID raster

dataset format

+ IMAGINE Image—ERDAS
IMAGINE raster data format

+ JP2000—JPEG 2000 raster
dataset format

+ JPEG—Joint Photographic
Experts Group raster dataset
format

« PNG—Portable Network Graphic
raster dataset format

« TIFF—Tag Image File Format for
raster datasets

| [Environments... | [ <<tidetelp |

[

Tool Help

8. The data file name of ea01011 means east Africa 2001, January and first decadal (January 1-10).

9. ArcToolbox->spatial Analyst Tools - Map Algebra—> Raster calculator

. Raster Calculater
Condtons]
con
2o ]le ] [e](==)l=](a] o
s lle = sered
Mat
22l .
o ol ]f~] =
"SI0 + R0 I01Z + LT
ouputraster
€ isers ok Coaments ArcGlS Defaut gdraster =
[ | [oercomens, raaren

[ESR R ===
Map Algebra expression -

The Map Algabia expression you want ta
un

The expression is composed by
specitying the inputs, values, cperators.
and 1oals 10 use. Yau can type in the
I rectly or use the buttons
10 help you create it

and

« The Layers and variables list
identifies the datasets available to
use in the Map Algebra
expressian

« The butons are used to enter
n valuas and oparstors

jon. The { and )

buttons can be used 1o apply
pasentheses 1o the expression.

« Alist of commonly used taols is
pravaded for you

The Map Algsbra sxpression you want ta

The expression is camposed by
specifying the inputs, values, operators,
and toals to use. You can type in the
expression directly ar use the baltans

“Todl reip

10. Sum up 01011, 01012 & 01013, and give the

name for output file Jan2001.

11. Do the same for other months of the same year

and also other years.

12. Now, you have monthly Rainfall estimation for

different years.

13. You can also sum up all month images to have
annual Rainfall estimation of that year (s) as

shown in the above tool.

14. Do the same for other years to have annual rainfall estimations.

3

[Emmonments... | [ ==

= e .
Map Algebra expression 5

rade v,

15. If you need long term (>=10 years) mean annual rainfall estimation, we can add all the annual
rainfall estimates and divided by the number of years. For example, if we have datasets from
2001 to 2010 for ten years, we can use raster calculator tool in ArcGIS and calculate mean

rainfall estimation for the last 10 years. Using the formula:

16. To calculate the Standard deviation follow the above steps!!!
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17. We can also do covariance (coefficient of variance) or rainfall variability across years and space.
To do this, please follow the STEPS you used in the previous exercise.

Covariance (CV) = STD / MEAN.

18. Now, you can compare the annual rainfall either for long term or for annual rainfall estimation from
satellite data and weather station data. To do this, you can pick the points of RFE data by taking
sample statistics from which weather stations are found.

19. Locate the mean annual rainfall
from RFE in the input raster, and
also locate Weather station
points as input point feature, and
specify the output table, and click
OK.

20. Link the output table to the feature
points by creating common Id
(Rowld for the new table, and
new Id by calculating FID+1 for
the point feature ID).

21. Compare the figures obtained
from the RFE and weather
stations; and reason out if there
are differences on the same
point.

#, Sample

oo

Input rasters

Output table

Output table holding the sampled call

< 16YRSMEAN

values

[+

Output table

L

Ci\Wsers Halu\Documents ArcGIS Defauit gdb\Sample_LEYRSMEAS
Resampling technique (optional)
NEAREST

[y

]

oK

| [ cancel | [Environments... | [ <<tidetiep | [ TodlHep

GIS Manual — December 2011

Lab 11

85




Lab 12: Agriculture survey data integration

Exercise overview

You have received area by crop production information from the Central Statistics Agency of Ethiopia
for the years 2007, 2008, 2009 & 2011. The data is in Microsoft Word format, and you need to
integrate information on area covered by cereal into ArcMap to create a thematic map.

In order to do this you first need to extract the data of area coved by cereal and copy the same to
Microsoft Excel. Then after you need to join this table to the attribute of a map table as discussed in
Lab 07.

1. From Lab12 folder open the Word document titled “ProductionReport2006-07”. This table
contains data obtained from the 2006/07 Agricultural Sample Survey conducted by CSA. It lists
crop type, number of holders, amount of area coved by corresponding crops, production in
quintals, and vyield of zones covered by the 2006/07 Agricultural Sample Survey. For this
exercise your concern is only area coverage of cereals by zone.

2. Open an empty Excel sheet, write three headings “Zone_Code”, “Zone_Name”,
and save it as “Cereals” in Lab12 folder.

Cereal_Area”

3. Starting from Table 4.1 extract and copy zone code and name (written at the top of each table).
Also type the area covered by cereals which is indicated under the column heading “Area in
hectare” in the “ProductionReport2006-07” to the Excel sheet you just created,.

4. Now you have an Excel sheet that lists the total area covered by cereals at zone level.

= REMEMBER: ArcMap doesn’t allow space in field names, hence notice that the field names in
your Excel are edited accordingly.

Open “Zonal_cereal_2007” excel sheet from your Lab12 folder.
6. Now, you need to join this information with the attribute of a map table.

7. To join your Excel table to the shapefile, as you practiced in Lab 07, start by saving the
“Zonal_cereal 2007” table into a .csv file format so that it can be imported into ArcGIS (make
sure none of your fields were truncated during the save). Name the .csv file
“Zonal_cereal_2007".

8. Open a new session of ArcGIS and add the layer “Zone_Cereal_Area.shp” from your Lab12
folder.

9. Add your database file “zonal_cereal_2007.csv” from Lab12 folder.

10. Right-click on your “zonal_cereal_2007.csv” table to open it. Make sure that all field names
carried through correctly, and that all data appears in working order. If it looks good, close the
attribute table and move on!

11. The next step is to join the “zonal_cereal_2007.csv” table to the “Zone_Cereal_Area” layer so that
you can utilize its spatial properties to visualize the area covered by cereals.
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12. Right click on the
“Zone_Cereal_Area” layer, Scroll to
“Join & Relates” > “Join...” Make the
following dropdown selections, and
click OK.

Join Data

Join lets you append additional data to this laper’s attnbute table 50 you can,
for example, symbolze the layer's features using this data

What do pou want to jon to this layer?
[Jom sttrbutes from a table -l

1. Choose the hield in this lager that the join will be based onc
oy

2 Choose the table to jon to ths lager, o load the table from disk:

[ Zonal_Cereal_2007.csv o E‘
V' Show the attribute tables of lagers in ths kst

3. Choose the field in the table to base the jon on

|20 _Code ~

About Joining Data oK ] Cancel

13. When complete, open the attribute table of the “Zone_Cereal_Area” layer to make sure the join
was successful. As you will see, some of the fields will say <null>, this is okay for this specific
join because data were not collected for these specific zones.

14. Before continuing, save your map to your Lab12 folder as “Lab12_YOURNAME”".

15. Double click on “Zone_Cereal_Area”. The “Layer Properties” Window should now pop-up. If the
tab “Symbology” is not selected, then select that tab.

Layer Properties E|rz|
General | Souce | Selection | Display Symbology | Fields | Defindion Query | Labels | Joins & Relates |
Show:
Features Draw quantities using color to show values. In_vod_l
Categories Fields Classification
Quantities Value: |CEREAL_07 v Natusal Breaks Wenks)
Graduated colors . - Clossi -
Graduated symbols N ' none v 83 - sify.. I P
Proportional symbols
Dot density Color Ramp: — 'l
Charts
Multiple Attributes L—SN l fege | Lobel ]
960.930000 - 14672.970000 960.930000 - 14672 970000
[T ]14672.970001 - 49551.480000 14672.970001 - 49551.480000
I 45551 480001 - 96628.150000 49551.480001 - 96628.150000
[ 95622 150001 - 296612 250000 96628.150001 - 296612 250000
I 256512.250001 - 438583.770000 296612.250001 - 438583.770000
ey | Show class ranges using feature values Advanced ~
oK Cancel | Aoy |
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16. In the box labeled “Show”, select the option “Quantities”, and click on the sub-option “Graduated
Colors”.

17. In the drop down menu “Value:” scroll to the the field named “Cereal_07”: This stands for total
area covered by cereals in the indicated zones in 2007.

18. Once this field has been selected, choose a color ramp that you like by clicking on the down
arrow next to the color ramp. Now click, Apply, and OK.

19. Look at how the colors are distribued. The classification brackets TR —
chosen by ArcMap are based on their default statistical O T

classification; “Natural Breaks”.
Clagzes; |B = Clagszify..

20. Reopen the “Layer Properties” dialog for the “Zone_Cereal_Area” layer. Return to the symbology
tab. Under the Classification menu (top right-hand corner), Click the “Classify” button.

21. In the “Classificaton Wizard” you will see a histogram illustrating the data distrubution along the
number line.

22. In the “Method” drop down list, you will see several classification alernatives to the “Natural
Breaks” system. You also have the opportunity to change the number of classes that you use.

23. Experiment with the different classification schemes, and look at how they alter the classification
breaks (blue lines) on the histogram data. By clicking OK on both wizards, you will see the effect
of your class scheme changes on the map itself.

24. Return to the “Classification Wizard” screen. Choose first the “Quantiles” scheme; next change
the number of classes to 7.

25. In the “Break Values” box to the right hand side of the wizard, set the B
. . . reak Values Yo
break values to the following numbers, by simply typing over the

existing values. 20,000
50,000

70,000

100,000
200,000
300,000
438,584

26. When done, click OK. Now you are back at the “Symbology” window. The “Label” side of the
menu will reflect the changes that you make to the “Range” side, but you may also use text in
your labels.

27. There are a number of Zones with “Null” values. (You should always account for these in your
mapping). Given that we have only done a Table Join, and we haven’t exported our data as a
new shapefile, our values reflect “Null”, we will show these by adding another layer.
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28. Copy and paste the “Zone_Cereal_Area” layer. Organize your “Table of Contents” so they look
like the graphic below. Choose the underlying Zone_Cereal_Area layer to be a grey color to

reflect “Null” data. Also, go to the table of contents and double click on this layer you just copied
and rename it “Null”.

29. Now return back to your
“Zone_Cereal_Area” layer with
the table join. Double click on

the layer and return to the
Symbology tab.

30. Modify the label options with
some additional text, and

commas by clicking on the value
under the Label column.

31. For a softer more subtle style, you will
boundaries from between the individual zones. Click on the
word “Symbol” above the colored category symbols, and in
the pop-up menu, choose “Properties for all symbols”. (see

right)

< o Layers
3 £ E\Lab12
= 8 Zone_Cereal Area
CEREAL 07

961 - 20,000
20,001 - 90,000
50,001 - 70,000

B 70,001 - 100,000

100,001 - 200,000

I 200,001 - 300,000

300,001 - 433534

el

: e\labl2
M zonal_cereal 2006_ciean

Layer Properties @@
General| Source | Selection | Displsy Symbology | Fields | Defiition Query | Labels | Joins & Relates |
Show:
Features Draw quantities using color to show values. Impaort...
Categories Fields Classification
Quantities Value: |CEF!EAL_2DE'B ;I Manual
Graduated colors - :
Graduated symbols | Nomalization: [none v| || Classes: | —I Classify... |
Proportional symbols
Dot density Color Ramp: | _j
Charts
eirculp | Symbol | Range | Label |
960.930000 - 20000.000000 961- 20,000
20000.000001 - 50000.000000 20,001 - 50,000
50000.000001 - 70000.000000 50,001 - 70,000
[ 70000.000001 - 100000.000000 70,001 - 100,000
[ 100000.000001 - 200000.000000 100,001 - 200,000
I 200000 000001 - 300000.000000 200,001 - 300,000
I 300000.000001 - 438583770000 100,001 - 438,584

Advanced - I

32. In the “Symbol Selector” dialog, change the outline color to “No color”.

33. Click OK.

Properties for All Symbals. ..

[ ok ]| concel | appy |
remove the ["o ol Toanne 15 b
Flip Symbols 'E
Ramp Colors

- 15

34. To distinguish the boundaries of the higher order administrative units, add the “Regions” layer
from the Lab01 folder, and symbolize as hollow with an appropriate outline thickness.
Remember how to do this? (hint: double click on colored box symbol below the layer name in

the Table of Contents)
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35. Switch to the layout view, by clicking on the layout symbol in the bottom left and corner of the map
window.

= Save your map if you haven’t recently!

36. In the layout window, resize the map, so that it is roughly one-fourth the size of the page by
clicking once on the map and then dragging one of the corner sizing squares to diminish the size
of the map.

37. Insert three additional data frames. Resize all the frames so that your layout window should look
something like this:

38. Right click on a data frame and go to _— _ =
Properties. Under the Frame tab, set J DatframeProperties

|

9] %

FTRT

Border to <None> as indicated in the figure

below. Do this for all four data frames. This

would remove the line around the data Border

frame.
s

| General I Data Frame I Coordinate System I llumination I Grids |
| Feature Cache I Annotation Groups I Extert Indi | Frame | Size and Position |

»

05 Foint
Hl [ 10Foint
I 1.5Feint
I 20Foint
I 25Foint
20 Foint
=15 Foirt
3 =40 Foirt
[ Double Line
I Double, Graded N
[T Tple Line
?Tﬁple. Graded

— Tl e AT

m

ok | [ Camcel J[ ey |||

=
I
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39. Copy all three layers (named “Region”, “Zone_Cereal_Area” and “No data”) under the top most
data frame and paste into the remaining three data frames (namely,
e New Data Frame,
e New Data Frame 2, and
e New Data Frame 3.

40. Now in all four data frames you should have map portraying the total area covered by cereals in
2007, shown in the figure below.

41. To show which year’s cereals coverage data is shown in which map e
window, go to “Insert” menu and click on “Text” as indicated beside. s | inset | seiection  Geoprocessing ¢

w | = DataFrame 561
Itk Title

A Tes —
Dynamic Tet  » [

Neatline...

Legend...
Morth Arrow...

|
B = i O

Scale Bar...

Scale Text...

3

Picture...

& [

Object...

Ll
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42. A small box that have a “Text” inside will appear somewhere in your map. Overwrite “Text” with
2007 and place the text box in the top-left side of the first map window. Insert three additional
“Text” boxes and write 2008, 2009, and 2011 inside these boxes. Place each boxes as indicated
in the figure below. By looking at the years, now we can tell which map belongs to which year
cereal coverage data.

43. What we want to do is to integrate and show four years (2007, 2008, 2009, & 2011) of zonal
tabular data about the area covered by cereals. However, all four maps in the above figure show
the total area covered by cereals in 2007. To compare change in area covered by cereals over
the years, you need to join 2008, 2009, & 2011 zonal tabular data of area covered by cereals to
“Zone_Cereal_Area” shapefile.

44. In the Lab12 folder you would find “Zonal _Cereal 2008", “Zonal_Cereal_2009", &
“Zonal_Cereal_2011" Excel files. These Excels contain cereal coverage data for 2008, 2009, &
2011, respectively.

45. Following the above practiced steps you followed to join 2007 cereal area coverage data, save
each of these Excels in .csv format and join each table with “Zone_Cereal_Area” in each of the
three data frames.

e “Zonal_Cereal_2008.csv” should be joined with “Zone_Cereal_Area” beside 2008;
e “Zonal_Cereal_2009.csv” should be joined with “Zone_Cereal_Area” beside 2009;
e “Zonal_Cereal_2011.csv” should be joined with “Zone_Cereal_Area” beside 2011.

46. Using the “Insert” menu, add a legend, and other appropriate cartographic elements to your map
(North Arrow, and simple scale bar).

47. Based on your expertise, did the maps show recognizable patterns? Did the zones you know to
have large cereal coverage stand out in these maps? What about zones you know to have low
area covered by cereals? Are there zones for which you think the data needs re-check?
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