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2. Analyzing attribute data in PGAdmin
and QGIS (Part I: SELECT statements)

2.1. Prerequisites

This module implies that you:
1. Have an Internet connection and

2. Have a client program pgAdmin3 [http://pgadmin3.org/] installed or you have PostGIS running on your loca
machine/network

if not please refer to the module(s) Installing_client_software to_work_with SDE
[http://linuxlab.sbs.umass.edu/intro-fossgis-umass/index.php?title=Installing_client_software_to_work_with_SDE]

Note for the instructors: text file with SQ. statenents/denp can be found her

2.2. Introduction

Asyou remember, GIS data consists of two major (almost non-separatable) components describing objects in space:
spatial and attriute component. General datasets, available to you (your organization), can be massive. For purpose
of analysis you will need a subset of datato work with, to run your analytical tools over, etc. In this section, we will
give you an overview of the tools and methods used for selecting and summarizing such manageble subsets of
"general data’'. You can do analysis of gis datain two major ways:

1. working with spatial elements (polygons, lines, points, regions, etc) or
2. working with the attribute data.

For example, doing some planning analysis, you can try to find all houses located closer than 1 mile to a railroad
(spatial query) or to find all houses which were built in a specific year (attribute data query). So we will review the
guery components used to look at attribute data. To perform this task, we will work with attribute data using SQL
language.

2.3. SQL

SQL, which stands for Structured Query Language, was developed in 1970s by IBM and was recognized as a
standard language to work with relational databases. There are two standards of the SQL language: SQL92 and
SQL99. One of main ideas in relationa database theory, is to store information about objects in relations (tables),
which comprise of columns (attributes) and rows (records). In addition, the database structure should be designed in
such way that tables don't keep repetitive/excessive information and so that information from severa tables can be
merged. For example, one table can consist of landuse codes and assessor codes for a parcel map. Another table can
consist of landuse codes and their descriptions. Such separation avoids keeping landuse code descriptions in the first
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table. (We will illustrate this example during this lab session). We can define two subsets of the SQL language; they
are Data Definition Language (DDL) and Data Manipulation Language (DML). The first allows you to create tables,
set user permissions, etc. The DML is to query data. The most common DML SQL statements are SELECT,
INSERT, UPDATE and DELETE. We will review these statement in detail.

SQL: Connecting to the database

As you remember from the previous modules, we set a spatial database "TestGIS"' on the FossGIS server. This
spatial database, which runs with PostgreSQL and PostGIS, consists of several spatial layers: landuse layers for the
Towns of Amherst and Hadley and the political boundary layer for Massachusetts. You can connect with QGIS to
the PostGI S server to look at the layers. Current abilities of QGIS to work with attribute data are limited, so we will
work directly with the PostGI S database using a client application/front-end pgAdminlll. Please start pgAdmin with
set connection (if you didn't configure pgAdmin to connect to the FossGI S server please refer to module ......... ).
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From a list of servers on the left side of the pgAdmin, select lambda.sbs.umass.edu server. Then click on the
"TestGIS" database and expand the list of database objects. Click on Tables (you will need to expland the objects
tree from TestGIS -> Schemas -> Public) , to see alist of tables. You can click on atable to see the list of columns
(attributes). The following tables:

* ma_lu_amherst
* ma_lu_hadley
¢ matowns

are the attribute tables of the spatial layers we used: landuse layers for the Towns of Amherst and Hadley, and a
layer representing town boundaries for the State of Massachusetts. Other tables containing attribute data are
ma_lu_codes and ma_attr_censusblocks. The table ma_lu_codes consists of fields for landuse codes and their
description. The second table consists of Census 2000 data. We will start with simple SQL queries to pull/a?ayze
some data from these tables.

SQL: Staring the Query Tool

pgAdmin has a special tool for performing SQL queries, caled “ the Query Tool”. To start the tool, select “Tools >
Query Tool” from the menu or click the sgl query tool button on the tool panel (Figure 2).

pou B

Figure 2
The new window of the Query Tool will appear (Figure 3). The tool has two major working areas: query input area
and sgl query output area.
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The query input areais an area where you type your SQL queries. Then the query should be run or executed. To run
the query, click on the "Execute Query" button, or select "Query > Execute" from the menu bar (a strike of F5 on
your keyboard will do the same - execute the query). The results of the SQL statement will be shown in the output
area. Let's start with the SELECT SQL query.

Select Statement

Perhaps, the SELECT [http://www.w3schools.com/sgl/sgl_select.asp] statement is the most used among all SQL
commands. The purpose of the statement is to generate/retrieve a subset of data. For example, you can select subset
of one table, choosing columns/fields and records by specific conditions. Also, you can create a subset of data from
several tables, merging them on specific criterig/attributes.

The SQL commands have well defined structure. The syntax for SQL command is presented below:

SELECT (ALL/DI STI NCT) <columm(s)|*>
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FROM tabl e(s)

WHERE <search-condition>
GROUP BY <group-col um(s) >
HAVI NG <search-condition>
ORDER BY <sort-columm(s)>

The basic SELECT SQL command starts with "SELECT ... FROM" and then you can elaborate the query adding
logical conditions with the WHERE clause, as well as group or sort data with "GROUP BY" and "ORDER BY"
clauses. We will start with the simplest form of SELECT statement and then will move gradualy to more
sophisticated statements.

Example 1

To illustrate the basic SQL statement, let's retrieve all data from the table ma |u_codes. We will retrieve all
columng/attributes and all records from the table. To perform this operation please type the following command in
the input area of the query tool:

SELECT *
FROM na_| u_codes;

The asterisk (*) in the statement means "all columns®. So this statement selects "all columns® (and all records) from
the table ma_lu_codes. After entering the command into the input area of the query tool, execute the query (Figure
4).
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Let's analyze the output of this operation. The results of the SQL operation are presented in the "Output Pane". The
output pane contains four tabs. "Date Output”, "Explain”, "Messages' and "History". The "Date Output" tab shows
the results of the query. Y ou may have noted that, in general, results of the SQL query is arelation/table: where a set
of columns and records satisfies conditions of the SQL query (Figure 5). Take a moment and check how many
columns and records were returned with the query.

Qukput pane x
| Data Qukpuk |

xplain | Messages | History

'code abbrey ' category definition o
\integer _character varying{15) :characl_:er varying(2 l_:_l'_l-ElI‘El_l_:l:EI‘ ngrring{ZES}

1 AL |Cropland Inkensive agriculture

2 [£ Ap Pasture Extensive agriculture

Figure5

The tab "History" keeps record of all your queries, which were performed during the "Query Tool" session. It
shows, for example, the query, time of execution and the the number of records returned (or satisfying selection
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criteria). In our case, the statement/command returned 37 records. In other words, the table "ma_lu_codes" consists
37 different code definitions (Figure 6).

Cukput pane x

Draka Cukput | Explain Message

-- Executing query:
SELECT *
FROM ma_lu_codes;

|| Total query runkime: 140 ms.
hﬁ rows retrieved,

Figure 6

Example 2

In the previous example, we retrieve the whole dataset: all columns and all records. Let's limit our selection to two
columns from the table "ma._lu_table". Such selection can be generated with the following SQL query:

SELECT code, category
FROM ma_| u_codes

We use a comma-separated list of columns after the "SELECT" keyword to specify what columns/fields should be
retrieved from the whole dataset. Compare this statement with the statement from the previous example. Enter the
statement into the input area of the Query tool and run it.
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Results of this query are presented in Figure 7. As you can see the SQL statement returned 2 columns out of 4 and
the same number of records: 37.

Example 3: Specifying logical conditions with the WHERE clause

The previous statements returned all records from the dataset/table(s). In rea application, it means that information
on all parcels from the landuse layer were retrieved or on all books from the library catalog, etc. How could we get
only specific records which have particular interest for our research/task? Selection based on logical conditions can
be performed with the WHERE clause. You just add WHERE keyword to a SQL statement specifying logical
conditions based on one or several attributes.

SELECT *| (list of comma-separated col ums)
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FROM t abl e( s)
WHERE col um operator value ( AND, OR additional |ogical conditions)

For example, let's retrieve information on residential parcels only for the Town of Amherst. This data are stored in
the table ma_lu_amherst. In particular field 'lu21_1999' consists of land use codes (assessors codes) for parcels
based on 1999 inventory. Residentia parcel codes are 10, 11, 12 and 13. How do we know that? It is simple, check
theresults of SQL queriesin the first two examples. Now let's complete our query as follows and run it:

SELECT *
FROM ma_I| u_armher st
WHERE LU21 1999 >= 10 AND LW21 1999 <=13;

The part SELECT * FROM ... should look familiar for you by now. We add the WHERE clause with the logical
condition that selected records values in field lu21_1999 should be larger or equal to 10 and smaller or equal to 13.
This logical condition assures that land use codes are 10,11,12 or 13. Try to run this query and analyze the output.
How many fields and records are in the resulting dataset? Try to specify different logical conditions using
infformation from different fields and different logical operators (AND, OR, <, = etc
[http://www.w3schools.com/sgl/sgl_where.asp]). Don't be afraid to experiment with SQL SELECT statement, you
cannot brake anything as you read (not write or change) data.

Another approach to specify such query is to use "IN" keyword within "WHERE" clause. "IN" specifies that the
value of a specific attribute is IN INCLUSIVE RANGE. Please see an example below:

SELECT *
FROM na_| u_anher st
WHERE | u21 1999 in (10,11, 12,13);

Please try to execute this SQL statement and check results (Figure 8)
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Figure 8

In particular, please note the set of values for field "lu21_1999" in the resulting field and the number of resulting
records in the recordset.

The WHERE cl?useis avery powerful tool, which allows one to put afilter on retrieving data. Later, in the next few
modules, we will use the WHERE clause to merge data from several tables into one dataset.

Example 5: Aggregate functions

For now, before reviewing GROUP BY and SORT BY statements, we would like introduce (very briefly) aggregate
functions. Aggregate functions perform calculations on column(s) and over values of al records. For example the
function SUM(column) will find the sum of all values stored in column for a specific dataset. The general format is:

SELECT FUNC( col um)
FROM t abl e( s)
[ WHERE . . .]

This function is useful to get the cumulative/descriptive statistics on a dataset or specific attribute. Common
aggregate functions are SUM(), MIN(), MAX(), COUNT() and COUNT(*). The list of functions and examples of
their usage can be found here [http://www.w3schools.com/sgl/sgl_functions.asp]. For example, the function
COUNT(*) returns the number of records in the dataset set. Combined with the WHERE clause aggregate function
it is powerful! The following example alows one to find out the number of parcels zoned for residentia
development in the Town of Amherst.

SELECT COUNT( *)
FROM na_| u_anher st
WHERE | u21 1999 IN (10,11, 12,13);

Note that the WHERE clause specifies that only residential parcels are selected, the COUNT(*) function computes
the number of records. Typein this statement and run it within the Query Builder (Figure 9).
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Figure 9
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As aresult of this query we find that: 410 parcels (polygons) of the Amherst landuse layer are zoned for residential
development.

Example 6: Selecting unique/distinct records

In many cases, it's necessary to retrieve only unique records without any duplicates. For example, some towns in the
spatial layer ma_towns (which represents political boundaries of towns) can be 'coded/presented as several
polygons.
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Figure 10. The Western Massachusetts: town boundaries

It can happen if a town is divided by a river, or has an idand part, etc. How could we retrieve data on
polygons/spatial features without duplication? At first let's get all attribute da?a from the spatial layer "ma_towns'.
Please run the following SQL query in the Query Tool:

SELECT *
FROM mat owns;

The resulting recordset consists of 631 records, although only 351 towns comprise The Commonwealth of
Massachusetts. (some towns are presented with several polygons). Take a moment to study columng/attributes and
check the metadata for this layer [http://www.mass.gov/mgis/towns.htm]. To get better understanding of the issue,
lets select town id (column town_id), town name (town), data on population (pop2000), code of the county
(fips_count) and areain sg. meters (shape_area). Please run the following query:

SELECT town_i d, town, pop2000, island, fips_count, shape_area
FROM mat owns;
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Theresults of the query are shown in Figure 10. Y ou can see that, for example, there are two records for the town on
Newburyport (town_id = 206). The total population of the town is 17,189 persons (each record stores this info =
duplication), though area for each polygon representing Newburyport is unique.

B pgAdmin III Query - testgis on lambda.sbs.umass.edu:5432 * - |EI|£|
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Figure 11

To select unique records, we use the special keyword DISTINCT. An SQL query with the DISTINCT keyword will
return only unique records. A record is considered unique if one or more fieldg/attributes differ from other records.
Please try to run the following query and analyze the results (Figure 12).

SELECT DI STINCT town_id, town, pop2000
FROM mat owns;

As you can see the total number of towns is 351. What will happen if you add 'shape area field into this query?
Could you explain the difference?
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Example 7: Sorting data

To sort data, there is an ORDER BY clause. The usage of this clause is clear from the following two examples.
Please execute the statement below and compare with Figure 12.

SELECT DI STINCT town_id, town, pop2000
FROM mat owns
ORDER BY pop2000 ;

Now add the DESC keyword to sort in reverse order. Please run the query and compare it with the results of the
previous query and the query in Figure 12.

SELECT DI STINCT town_id, town, pop2000
FROM mat owns
CORDER BY pop2000 DESC,

Now we will review usage of the GROUP BY and ORDER BY clauses.

Example 8: Sorting selected data by several attributes

Usually the results of the SQL query can be sorted, so (in general) the ORDER BY clause can be used in
conjunction with other keywords, e.g. WHERE clause. Let's try to run the following query. We try to get
information (data on town id, town name, population, county and ared) for towns in the Western Massachusetts.
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Towns in Western Massachusetts have FIPS county codes of 3,11,13 or 15 (Figure 10)

SELECT town_id, town, pop2000, island, fips_count, shape_area
FROM mat owns
WHERE fips_count IN (3,11, 13, 15);

The query returns 101 records. Lets modify our query to sort results by town name in ascending order:

SELECT town_id, town, pop2000, island, fips_count, shape area
FROM mat owns

WHERE fips_count [IN (3,11, 13, 15)

ORDER BY t own;

Bingo! Records are sorted now (Figure 13).
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SELECT towm_id, towm, popZ000, island, fips count, shape area
FROM matonms ;I
WHERE fips count IN (3,11,13,15)
OBRDER BY towmn:
DATA ARE E
SORTED ] o
BY "TOWN"
Data Oukpuk |Explain stary I /4
town_id [ [town popZ200 lisland fips_count | shape_area 1=
integer character varyin|integ integer | integer NUIMeric
1 | a0aras ¥ 0 3 59341965,15855
2 AR AM il 0 13 63199355,6394
3 AL FORD 399 0 3 29556651,5372
4 g AMHERST 24874 0 15 F18092200,9370
5 13 ASHFIELD 1200 0 11 104419112, 287
b 22 BECKET 1755 0 ] 123809393,793
T 24 BELCHER TOMWYM 12965 0 15 143267493,586
8 29 BERNARDSTOMN 2155 0 11 60594695, 0262
9 33 BLANDFORD 1214 0 13 138515165.661
10 43 BRIMFIELD 3339 0 13 Q1385237 . 4208 =
11 47 BUCELAMD 1991 0 11 S5130585874.0712
12 53 CHARLEMOMT 1353 0 11 GE228286,3500
13 & _HESHIRE 2401 0 ] 71249224, 7318
14 o9 _HESTER. 1305 0 13 96155083, 5663
15 (=11 CHESTERFIELD 1201 0 15 S09%3677,5190
16 61 CHICOPEE 54653 0 13 61861633, 1084
17 63 CLARESEBURG 1686 0 3 33162514.5015
18 1] COLRAIM 1513 0 11 112751672,381
19 63 COMWAY 1509 0 11 Q7975939,7564
20 &9 CUMMIMNGTON a7s 0 15 5O747079,8331
21 0 DALTOMN o292 0 ] Sead2408,4515
22 74 \QEERFIELD S 4750 0 11 B65525859.6042
Figure 13.

The results of the query can be sorted by the several attributes. Please run the following query to sort data by fips
county code FIRST, and THEN by population.

SELECT town_id, town, pop2000, island, fips_count, shape area
FROM mat owns

WHERE fips_count |IN (3,11, 13, 15)

ORDER BY fi ps_count, pop2000;

Results of the query are presented in Figure 13. Please note that both fips county code and population size are sorted
in the same order.
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B pgAdmin III Query - testgis on lambda.sbs.umass.edu:5432 * ;|g|5|
File Edit Wiew OQuery Favourites Help
Nh = | B > | & MY | yo, | === | | 7 |§|testgis an Iaml:u:la.sl:us.umass.edl_j
SELECT town_id, town, popZ000, island, f£ips _count, shape area
FROM matowns ﬂ
WHEFE fips count IN (3,11,13,15)
OFDER BY fips_count, popz000;
-
4] | v L _'|_I
Data Cukput |E><|:-Iain I Messages I Histary I
town_id town pop2000 island fips_count | shape_area 1=
integer character varying i integer integer NUIMeric
1 195 JroumT wasHINGTON (130 0 3 S7971955,1502
2 200 MEW ASHFORD 247 " 0 3 34885294, 7503
3 302 T¥RIMGHAM 350 | 0 3 48837387 .2325
4 & ALFORD 399 | 0 3 29356651 .5372
5 313 WRSHIMGTOMN 544 | 0 3 100413576,555
b 95 FLORIDA 76 | 0 3 B3692377.5495
T 263 SAVOY F05 | 0 3 935362967 .5513
[i] 121 HAMZCCE, 72l | 0 3 22575549,96025
9 233 PERU g2l | 0 3 B7392853.2192
10 260 SANDISFIELD 24 | 0 3 137206227 .264 |-
11 345 WINDSOR 875 | 0 3 91094544, 1283
12 193 MOMTEREY 934 | 0 3 FO395394.5290
13 a0 EGREMOMT 1345 | 0 3 43596214,1560
14 225 OTIS 1365 | 0 3 98613510, 7654
15 326 WEST STOCKERIDGE 1416 | 0 3 4535311531.4703
16 203 MEW MARLEOROUGH 1494 | 0 3 124057617007
17 249 RICHMOMD 1604 | 0 3 492896541, 3362
18 63 CLARKSEURG 1656 | 0 3 33162514.5015
19 22 BECKET 1755 | 0 3 123809393,793
20 132 HIMSDALE 1572 | 0 3 S6160371.5363
21 2583 STOCKBRIDGE 2276 | 0 3 5135331561.6790
22 145 LANESEOROLIGH 2990 | 0 3 FE585642,1555
23 267 SHEFFIELD 3335 | 0 3 125852976,045
24 =3 CHESHIRE 3401 | 0 3 Fl249224.7318
25 152 LEMCH: 5077 | 0 3 SE159757,7709
2b 150 LEE 5955 | 0 3 69966451 .5601
27 70 DAL TN 6392 | 0 3 S66924058.4515
28 113 GREAT BARRIMGTON FR27 | 0 3 118617792,921
29 341 WILLIAMST Ot S424 0 3 121426606, 265
30 4 ADAMS 5309 ‘_ 0 3 5935341965,1855
31 209 MORTH ADAMS 458 ] 3 S534626558.0379
32 236 PITTSFIELD 0 3 109934220,573
33 190 MOMNROE 93 0 w11 A 27974366, 7417 vl
Figure 14.

What do you think would be result of the following query:
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SELECT town_id, town, pop2000, island, fips_count, shape area
FROM mat owns

WHERE fips_count [IN (3,11, 13, 15)

ORDER BY fi ps_count DESC, pop2000 ASC,

Check your quess by executing the query with Query Tools. The goal here it to have you experiment!

Example 9. Grouping data and computing subtotals

As you could see in the part "SQL Aggregative functions’, functions like SUM(), AVG(), COUNT() perform
operation on all records at once. But how could be perform such operations on a part/group of the data? For
example, we need to compute total population and total area for the counties located in the Western Massachusetts.
To perform such analysis, we need to introduce and use the GROUP BY clause. Please type and run the following

query:

SELECT fips_count, SUM pop2000) AS POPTOTAL, SUM shape_area) AS AREATOTAL
FROM mat owns

WHERE fips_count |IN (3,11, 13, 15)

GROUP BY fi ps_count

ORDER BY fi ps_count;

What happens here is that GROUP BY groups/combines records with the same fips_count codes and then the
SU?()function is applied to that group. In other words, we computed 'Subtotals for each county in the Western MA.
Please check and analyze the results of the query below (Figure 14):

F¥ poadmin III Query - testgis on lambda.sbs.umass.edu:5432 * - |EI|£|

File Edit “iew Query Fawourites Help

1 | b 'S | Ca | }:'| = = | | Eltestgis an Iamhda.shs.umass.edl.j

JELECT fips_count, SUMi{popzZ000) A% POPTOTAL, SUM({shape_area) A3 AREATOTAL Scratch pad X
FROM matowms ;I
-,

WHERE fips_count IN (3,11,13,15)
GROUF BEY fips_count
ORDER. BEY fipz_count:

1| | S IE 3

o

Oukpuk pane
Data Oukput |Ex|:||ain I Messages | Histary |

fips_count |poptotal areatotal
integer bigint numeric
1 | 134053 24511604585.39
2 11 71535 1876673758.92
3 13 456225 164220254605
4 15 152251 1412240809,90
Figure 15.

Another new part in this statement is "AS POPTOTAL". With the AS keyword after the column name, we can
specify an dlias for the resulting column (please see Figure 14, where sum of population is stored in column with

please define productname in your Exercise 10: Analyzing Attribute Data
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dias'POPTOTAL)).

You can argue that there is something strange about the way we calculated the total population. We showed before
that each record for the specific town consists of the same population but different area. So usage of
SUM (population) would not be correct. The correct way to go about this would be to use the AV G() function which
computes average value of the dataset. Y ou can easily see that such a query will return the correct answer. Please try
to run the following query:

SELECT town, AVE pop2000), fips_count, SUM shape_ area)
FROM mat owns

GROUP BY town, fips_count

ORDER BY t own;

Results are available in Figure 16.
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B pogAdmin III Query - btestgis on lambda.sbs.umass.edu:5432 * ;|g|5|
File Edit Wiew Query Favourites Help
= | ;.'IB ¢ | &\ My | c{::' | [ D[E] %g | | _ | Itestgis an Iambda.sbs.umass.edLj|
SELECT towm, AVG(popZ000), fips count, 3UM(shape_area) craktch pa
FROM matonms ;I
GROTP BY towm, fips_count
ORDER EY towm:]
-
< I < LI_I
LkpUk pane
Data Oukpuk |Explain I Messages I Hiskary I
bown avg fips_count SUM -
character var numeric integer NUMmeric
1 BIMGTOMN | 14605, 0000000/ 23 26340139,1044
2 ACTON 20331.0000000 17 52471938.1264
3 ACUSHMET 10161,0000000 5 43520318,0502
4 ADAMS S309,00000000 3 59341068, 1855
5 AGAYAM 28144.0000000 13 63199388, 6394
b ALFORD 399.,000000000 3 29856651 ,5372
T AMESEUR.Y 16450,0000000 9 F55e35042, 6075
8 AMHERST 34874.0000000 15 F1892200,9570
9 AMDOVER. 31247.0000000 9 83295267.1220
10 AOUINMAH 344.000000000 7 14916262,5902
11 ARLINGTON 42359,0000000 17 14052523,0396
12 ASHBURMHAM  5546,00000000 27 106187219,143
13 A5HBY 2845.,00000000 17 62340140,9955
14 &5HFIELD 1800,00000000 11 104419112, 2587
15 ASHLAMND 146740000000 17 FId2187.6958
16 ATHOL 11299,0000000 27 864195458,.1676
17 ATTLEEORO 42065,0000000 5 72096511.3764
18 ALUBURM 15901,0000000 27 42605645, 2403
19 AN 4443, 00000000 21 1174580358.1104
20 AYER F287.00000000 17 24611460,6335
21 BARMSTABLE  47821.0000000 1 1e2446167.140
22 BARRE 5113.00000000 27 1155591351.591
Figure 16.
Conclusion

In this module we introduced SELECT SQL statements. This is the fundamental statement, and is very powerful. In
the next secions we will use this statement for:

» merging data from several tables
* joining spatia and attribute data together.

Other important SQL statements are INSERT, UPDATE and DELETE. We will use the INSERT statement when
we join spatial and non-spatial data.
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Additional materials

1. Anarticle on SQL on Wikipedia http://en.wikipedia.org/wiki/Sql
2. http://www.w3schools.com/sgl/default.asp

3. SQL Tutorial at http://mww.sgl-tutorial.com/
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