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GIS Analysis - 01
Hello everyone! and welcome to new discussion of this geographic information systems
course. As we have been discussing so far, it is all for the development of GIS spatial
database and once the database is ready then the real analysis is starts and that is basically
heart of the GIS that analysis part. As you know that in earlier time, when the GIS started

coming in our life.

And day to day many operations, we used to spend a lot of time on development of GIS
spatial database. Slowly-2 that time is getting reduced. The reason is because lot of now data
is available which is compatible to GIS formats. You know, it is sort of independent of
software. And that means many vector files are available in safe format which is acceptable

or compatible with almost every standard GIS software.

So, the vector data can directly be used into GIS rather than we ourselves are converting
format and geo referencing and then organizing in our own database. So, directly either we
can get from some organizations or from portal and can start using it. If we talk about the
raster data, it is almost the same that a lot of raster data is now available in TIFF or geo TIFF

format. And that means they are already geo referenced.

And we do not have to do any further processing on it. Directly again, we can use in GIS. As
you know that lot of remote sensing data based on different satellites of different countries is
now available on net, free of cost. And that too, very well organized in geo-reference and
sometimes well-organized products are also available. And those products of like MODIS’s

sensors products, there are various products which we can directly use in our GIS analysis.

So, what I said in the beginning that the time which we used to spend to development over
our GIS database is now getting reduced. And we can spend now more time on GIS analysis
that is the basically purpose of GIS to do various kinds of analysis. So in this, we can see that

again, GIS analytical operations can be divided into 2 main categories.
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GIS Analytical Operations

Primary:

Basic GIS functions (usually refers as GIS Tools, e.g.

* Area and distance measurements
* Buffer generation
* Reclassification etc.

One is the primary category which involves the basic GIS functions. Sometimes, we also call
as GIS tools. For example, we do very basic measurements like area, perimeter, distance
measurements say between 2 points. Area of a polygon and the length or distance along the
line and likewise. So, these we put under category of primary operations. There are few more;

buffer generation which we will be discussing as a separate discussion.

So, buffer generation is also, we can put in primary analytical tools or analytical operations.
Buffers are very useful in many cases and if we can make more realistic buffers involving
some other parameters like for example for smoke plume, so simply we can draw a circle
along a point source from where the smoke is coming but if we can involve in the impedance;

impedance for example, the wind direction and wind speed.

Maybe the terrain if there are undulations and maybe the vegetation or height of trees or
buildings then we can really create a very genuine or very realistic buffer about the dispersion
of smoke plume or pollutants. So, buffer generation, though it comes under primary
operations but it is a very useful tool or a useful operation of GIS. Similarly, we can do the

reclassification for example we do a lot of image classification on satellite images.

And similarly, we might be having a continuous data like raster for example a digital
elevation model which is a completely continuous information. Now we want to classify into

different categories and therefore from a continuous, we can make it as you know discrete or



in different classes, only for our display purpose so that the interpretation of such a

continuous data can become much easier.

For example, we can reclassify digital elevation model into a relief map by giving say, 100-
meter elevation above mean sea level to 200 meters; one category. 201 to 300, another
category and so on so forth. So likewise, we can do the reclassification. So, that is also put
under these primary simple operations basically.

(Refer Slide Time: 06:01)
I @4

Analysis operations

1. Data Selection/ Query/ Retrieval

2. (Re)classification

3. Overlaying aperations

4. Region transformation / measurement
5. Neighbourhood operations

6. Connectivity operations

So, like for example if I go for another operation like data selection, query, retrieval; these
are also very simple analytical operations. In some of the demonstrations, you have seen that
how GIS database can be queried put in a very simple syntax or maybe more nested syntax,
we can put and can retrieve the information from our GIS database. So, we put under this

category of data selection query retrieval.

Reclassification, as I just mentioned that from continuous data to discrete data, sometimes it
is required. So, we perform that too also. Then we also do overlay operations which we will
see in a complete separate discussion which is based on set theory, Boolean logics and this is
how the complete mathematics have been you know, sort of imported or implemented into

GIS through overlaying operations that we will have also discussion.

Then region transformation, measurements; all these are also performed. And then
neighborhood operations; there are many neighborhood operations because GIS is the only

technology where the relationship between neighboring objects can be exploited so that also.



Then another analytical operation of GIS is the connectivity operations. So, we will also have
discussion on that later on.
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Attribute and Spatial Query (Retrieval)

Attribute Query

Involves the pracessing of attribute data independent of
spatial information.

Spatial Query

Involves selecting the features based on their location or
spatial relationships.

' Basic spatial analysis involves both attribute and spatial queries.
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So, first one is the attribute or a spatial query or retrieval. Basically, the query generally done

on the attribute. Suppose you are having point data and the point that corresponding attribute
table might be having 100 fields. Now, I can query a single field, put a condition or I can
query all the fields together putting a nested query and by which, I can retrieve the desired

data from my database.

The only condition here is that whatever the output which it will generate, if I involve more
than 5, 6 attributes together through a nested query then I have to interpret; I have to
understand that data or that output. So, one has to be very careful. The best solution is going
in steps. So, first you query using few attributes or a few fields of your database and then in

the next step, again few.

And after each operation, you can check for errors whether the results are coming alright
understandable, usable or not. So, that way we can perform a very nested query in a step
manner. So, this as you know that it involves the processing of attribute data independent of
spatial information. And then spatial query that means performing query on the spatial
objects that is also possible and this is basically done through selecting the features based on

their location or a spatial relationship.



So, like we can draw a circle or we can use a polygon, that polygon maybe representing a
straight boundary or a district boundary or a watershed boundary or basin boundary,
something like that. And based on that we can do the selection and once the selected features
are there, either we can save as a completely separate file or we can just utilize whatever the

selection has been done.

So, basic spatial analysis basically involves both attribute and spatial queries. So, this is very
frequent operation which is done on GIS system or on GIS database which involves basically
querying in the system and retrieving the information as per user defined specification. If you
recall the definition that was the last part of the definition is that, be model as per user

defined specification.

So, user has to define. What are his requirements. What he is looking or taking out the data or
querying them from the system.
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Spatial querying is the process of selecting features
based on location or spatial relationship, for example, select
all features within 300m of a road.

Function that allows a user to find, display, and/or isolate
attributes records linked to map features located within a
defined area of interest - window, circle, polygon or trace.

Now, spatial querying is the process of selecting features based on location or spatial
relationships. For example, all features within 30 kilometer of road or 300 meter of a road
that means create a kind of buffer. Using buffer, a spatial query can also be performed. And
functions that allow a user to find or display or isolate attribute records linked to map

features.

As you know that in our GIS database; both spatial and non-spatial that is attribute data, they

are having a link or a dynamic link between these 2. So, if I do a search or query over



attribute, same times my spatial objects are also selected. And in same way vice versa is also
true that when I perform a query on my spatial objects then the same time I my attributes
information are also selected. This I earlier demonstrated through a demonstration class also.
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1. Data selection and retrieval

Data refrievalinvolves the selective search, manipulation and output of data
without the requirement to modify the geographic location of the features
involved.

* |linked) Spatial and attribute data are retrieved.

+ Nochanges are made to the location of spatial elements, and
+ No new spatial elements are created

+ Tofind out what exist at a particular location, What is at... ?

+ Retrieval of spatial data (points, lines, polygons or mapping units in a raster map),
which are an answer to the question Whereis ....?

5 * Retrieval of information using conditional, logical and arithmetical operators
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Now, first is about the data selection retrieval. So, data retrieval involves the selective search.
We can make different kinds of searches based on our requirements. Only thing we have to
care about the syntax and brackets and other things. Sometimes we get a lot of errors if we do
not put the query or the syntax properly. So, one has to be really very careful by doing these
things.

And whenever the data is out or whenever a selection is done, one has to be careful to
understand that one, whether right selection has been done or something wrong with my
query. So, both is spatial and attributes data, we can involve. And one important point here is
that when we do the spatial query or attribute query, no changes are made in our data or

neither in our spatial data or vector data or raster data.

It is just querying the system, selecting whatever is available in our GIS database. And also,
no new spatial elements are created. That means when I perform the query, there will be
some selections that does not mean that new objects are being created or new attributes are
being generated, not at all. So, this is not done. However, if | am measuring area or length or
distance between 2 points then definitely a new field may be generated in this attribute

database.



So, only when we want that a new field should be generated which will populate the area,
length, perimeter or centroid then only it will be generated, otherwise in a normal query no
spatial element or new attribute is generated by the system. And of course, in order to find
because the purpose of GIS is to answer a few questions. So, you know, when we involve the

location then we can answer a question. What is at that particular location?

So, that question can be answered very easily. And you know, all spatial object whether they
are point, line, polygon or mapping units in a raster that means cell or pixels can be retrieved,
can be selected and accordingly then we can utilize them. So, if we perform this kind of
analysis or retrieval then we can answer a question where is? So that question can be

answered very easily.

Now this retrieval; you might have seen the map calculator for example, in ArcGIS or in
simple, the Query Builder in different GIS softwares. So, what do you would find that they
allow us to use various operators and what are those operators? Like conditional if this is
greater than this then select so these are the conditional. Logical also; you can greater than,

less than or arithmetic operation, trigonometric operations.

All kinds of you know, mathematical operations which are possible, might be possible are
available through these map calculator or Query Builder. So, we can perform quite easily and
similarly you know, these overlaying operations are done through that also. So, this is how,
these map calculators work that you are having lot of such operators available and which you
can use in a single step or all operators may be in one query. But one has to understand the
results also.
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Data retrieval (raster model)
Slope PIXEL INFORMATION

Row  Column Value
] 7 2
x: 10300  y: 56456

Map 1 Seil 2
Table Soil

Sail: Silt
Thickness: 5

! I Map 2 Rock 3
Table Rock

. : Rock: Granite
Recnr  Soill Thickness | | Stranght:  High

1 Sand 10 ‘

2 Silt 5

Map 3 Si 2
3 cly 15 o

Table Slope
Slope: Gentle
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Now here, what I am taking an example of data retrieval and that too from the raster model.

So, we are having grid on the left side and now what basically the query is that what is at? So,
what it at that particular location which is shown through this arrow as you can see about this
cell. So, the location is shown here, the column number is shown here and then value is

shown here.

Now there are 3 layers. The top layer is the soil layer; the next layer, in the middle layer is the
rock layer and the last layer or bottom layer is the slope layer. So, when I select this particular
cell then I am getting the information that the soil type is silt and the thickness is 5 that means
in attribute, I am having some information but though, I have mentioned that it is raster but

basically, as you know that raster can have only one attribute.

So, how 2 attributes are coming? These can come through our vector also. So, we can have a
vector-based grid also. So, in that way, these 2 can come. Otherwise, there can be only one
attribute associated with each cell or pixel in the raster case. Same with this rock layer; we

are getting the rock information also.

And similarly, from Slope map, we are getting the slope information. So likewise, just select
one cell where, what is at and then I get the information and that is very simple way of data
retrieval. Now as you know that these search functions constitute one of the most commonly
used neighborhood operations. This is what I also described earlier that these are the very

common.



You know almost every day if you are having a good GIS database available and used
regularly then our search functions are used very commonly. And you try to also get
information from a neighborhood also.
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* Search functions constitute one of the most commonly
used neighbourhood function.

* They determine the value of each target feature
according to some characteristics of its neighbourhood.

* The region of interest (search area) is usually square,
rectangular or circular; the analyst determines the size.

So, this determines basically through this; you determine each target feature according to
some characteristics of its neighborhood and also the search area, depending on the area of
interest or region of interest usually that maybe square in shape, maybe rectangular, maybe
circular or analyst determine the size that means that I may have a boundary which is

arbitrary boundary like a district boundary or a watershed boundary or basin boundary.

So, it is not necessary that I should have only the square, rectangular or circular. I can have
any shape and still I can perform search, either on the vector data or raster data without any
problem. Now after this data selection, query and retrieval, now we come to the second most
common analytical operations in GIS is reclassification. As discussed earlier that the purpose
of reclassification is to reduce number of classes from original map or from a continuous data
to reduce to only few classes.
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2. (Re)Classification

[re)Classification involves the selection and presentation of a selected
layer of data based on the classes or values of a specific attribute. It
involves looking at an attribute, or a series of attributes, for a single data
layer and classifying the data layer based on the range of values of the
attribute,

* Examples:
— Reclassify a soil map into a PH map
= Classify an elevation map into classes with intervals of 50 m.

e WL G

So now, we will also see some examples as well. So, if we go for definition of this that

basically reclassification involves selection and presentation of a selected layer data based on
the classes or values of a specific attribute. Now if I give the example of digital elevation
model then there is only single attribute and that is the elevation. So, I can perform analysis
on that one and can get a new map. Instead of that map, we will not call as a digital elevation

model. Then we will call as a relief map and it will have different categories.

Similarly, I can do reclassification of a soil map into the pH map if I am having attribute for
that. And classifying an elevation map into the classes with intervals of 50 meters, this

example I have already discussed with you.
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Classifications

Based on the number of classes before and after the classification, three types of
classifications can be differentiated:

a) one to one (1:1): The number of classes before s the same as the number of classes
after the classification process: there are no changes in the geometry of the spatial
objects, they have been re-assigned.

b) many to one (M:1): The number of classes after the classification is smaller than the
number of classes before the process: generalization, aggregation, merging

¢} one to many |1:M]): The number of classes after the classification process is more than the
those before the classification: in vector format spatial objects are split in different
objects; in raster format e.g. unique |D's are assigned to each pixel in the output map

' T OO




So, this classification basically or reclassification based on the number of classes; before and
after a classification. So, there are 3 different types of reclassification techniques are
available. The first one is one to one relationship. So that the number of classes before, is the

same as the number of classes after classification process.

There are no changes in the geometry of spatial objects and they have been reassigned. Only
the values are reassigned and this we put as a one to one. Now, there can be 2 other types.
Next one is many to one. That means now, we are reducing number of classes. In the
previous one, we are reassigning. So, there is no changes in the geometry because when we

do not combine 2 classes, therefore the geometry will also not change.

So, number of classes in one-to-one example will remain same whereas many to one, then I
am reducing number of classes and that involves the aggregation, merging, generalization
also. So, it will go for a smaller number of classes from original one. And the third possibility
is one to many. That means I am now expanding and of course, the reassignment is being

done.

And maybe splitting my already existing objects or number of classes. So, I may be going for
more number of classes. So, 3 types; one to one, many to one and one to many. All these 3
things; sometimes for some spatial purposes, we have to do it on our data so that we can then
compare with other layers, other themes or other datasets.
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Example: A geological map
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Now I am bringing one example. Of course, this is a vector data example means it’s a
polygon map and there are different classes as you can see or different rocks which are
present in this map which are given in abbreviated form here in the legend. And now if my
attribute table is having some other information related with these units then I can reclassify
this map.
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Reclassified geological map

Geological map reclassified in 7 Geological map reclassified in 3
classes based on geological age tlasses hased on type of lithology

W
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For example, I can reclassify this map into geological map; reclassified into 7 classes based
on the geological age of different units. So, here you are seeing about 20 classes, those have
been reduced that means many to one and those have been reduced to only based on the age.
So, in my attribute, I must be having information about each polygon or against each rock

type, what is their age.

So, if I am having that information, the same polygon map I can reclassify using age column
or age field as he had done. So, there are now 6 classes. So, instead of 20 classes and
therefore the maps become difficult to interpret, now I have reduced to just 6 classes based on
their age. Earlier based on their rock types. Now also using same map, I can reclassify into

just type of lithology.

Type of lithology means whether they are sedimentary rocks, igneous rocks or metamorphic
rocks. And so, from 20 to 6 in this example and in the (C) example, we are having from 6 to
3. The only condition here is that our attribute database must be rich, must be having those
fields which I can use to reclassify my polygon map and that way we can do it. So, a lot of

information is required.



If that information is already in my attribute table, then all such operations are very easy to
perform.
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Reclassifying a map with attribute data
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Similarly, here also little different example that reclassifying map based on attribute
information. So, what is attribute I am having against each polygon is the land use. How this
land or different plots are being used here? So, basically city blocks are there and this is the
land use. So, the same I have reclassified into this one and this example is one to one

reclassification.

That means there is no merger of 2 polygons and there is no new generation of boundary of
any polygon. Whereas in previous examples, you know from 20 to 6 when we came, we have
a reduced number of polygons in my display. Not really in database, only in for display. And
when we went from 6 to 3, further reclassified based on the type of lithology that means

sedimentary, igneous, metamorphic then only 3 types of polygons are there.

And lot of polygons which we are present here in this center part or you know, the southeast
part has been merged just as a red color and that is igneous rocks. So, all kinds of possibilities
are there and we can perform those analysis like that as per our requirement or as per user
defined specifications.
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Data reclassification

{re-assignment based on attribute value)

Soils Infilt

[Y-ANIS)
| o ]

T
COLUNME-LE) COLU AR

Soilstab.thl

Recnr  Type Intileal

1 Alfisol i

H Tollis ol -
1 Redzina 2

infilt iff((soils=2) or (soils=1), 30, 25)

If we are having say, reassignment based on the attribute value, again example is here that I
am having you know 1, 2, 3; here is the soil map. Now against each my cell; I am having
another information that is infiltration. So, infiltration values if are available, I can reclassify
the same map. If 2 adjacent areas are having same infiltration value like here on the screen,

they are appearing as one single polygon.

But in the system, each cell or other things are stored completely differently. So likewise, you
know that if this condition applies, we can do that kind of reclassification.
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Reclassification

(re-assignment based on attribute name)

newmap:=iff(soils="redzina",3,0)

Similarly, reclassification is done that generate a new map if soil maps equal to redzina and if
it is true then 3, otherwise 0. So, this is what is done. So, this green one is the redzina which

is satisfying this condition of my query and rest are not. So, this is conditional operation and



rest are not so, the zero value has been assigned for the rest area. So, as I mentioned, you can

use all those operators which are available in your map calculator or Query Builder.

But the output you have to understand. So, instead of using a very complicated nested query,
do it in several steps using simple-2 query.
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(re-assignment based on attribute column)

Soils Infilt

COLLNN [X-AXI5) COLUMM (X-AXIS)

Soilstab.thl
Recnr  Type infilﬂ
1 Alfisal 30
2 Mallisal 30

1 Redzina 25
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Data classification by slicing

il m - class 32 4000 - 900 m

Bound class

00 1 0 s 2: 200 - 400 m
400 2

o0 3 s I clss 1: 0- 200 m
demclas Clfyldem,cdem)

Also, one example that data classified from tables from the attribute. So, you can see here
that infiltration values can be done like that. Now DEM classification; I have already given
example. So, like here elevation values in my grid are varying between 0 to 90 and this is my

digital elevation model. When I reclassify it or classify it then I am creating category that 0 to



200 meters should get this color and 200 to 400 meters should get this color and 400 to 900

meters should get this color.

So instead of now having a continuous digital elevation model or continuous values in my
digital elevation model, now I am having just 3 classes. And I can give name that very high
elevated areas or middle elevated areas and low elevated area. So likewise, usage or
utilization of such reclassified maps can be very-2 useful. In from digital image processing

power lines or point of view, this is also called density slicing.

So, same because the concepts are coming from different domains. So, the same term can
also be used here.
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Automatic classification

The user specifies only the number of classes in the output data set, the software
determines the class break points. [T
Examples are: Equal Interval and Equal Frequency |*/°
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GIS softwares are also capable of reclassifying based on some automatic classification
methods. For example, like involving the statistics, equal interval or equal frequency
classifications that is also possible. So, if this is my input map, I can classify this way or this

way that means I am having either equal interval or equal frequency classification.

So, you see here, now the frequency is almost same 6, 5, 6 whereas here, the frequency was
not maintained but interval between classes have been maintained. So, 1 to 2, 3 to 4, 5 to 6,
something like that. So, this brings to end of this discussion and of course then we will take

the next topic related with this GIS analysis operations. So, thank you very much.



