Human
SETTLEMENTS

he quality of the environment is inextricably linked to conditions

in human settlements that ultimately affect the quality of life values

of the people. Important considerations are the quality of housing
and water supplies, facilities for sewerage and drainage, energy and
transport, as well as the spatial distribution of housing. Careful
examination of human settlements has shown that there is a strong relation
between poverty and inferior environmental quality (especially in large
urban settlements). Typically, the quality of the environment is poorest
in slums, dilapidated neighborhoods, and squatter settlements.

Over the next few decades, many developing countries will see
increases in their urban population that are roughly equivalent to the
growth of the total population. Such trends ensure that the issue of
environmental conditions in human settlements will assume even greater
significance in the future. Moreover, a deterioration in the urban
environment can have economic as well as social repercussions. The bulk
of economic activity takes place in urban areas and a worsening of
environmental conditions in this sector can jeopardize a country’s



.H HANDBOOK ON ENVIRONMENT STATISTICS

economic prospects. Policies to improve environmental conditions in
human settlements are urgently needed, but they cannot succeed without
a strong program of statistics on human settlements.

The subject of human settlements embraces a wider range of issues
than does air or water. The first section of this chapter briefly discusses
the main issues. This material draws on the work of the United Nations
Conference on Human Settlements (UNCHS) and the goals set out in
Agenda 21, which deals with the planning and management of human
settlements, the provision of environmental infrastructure, and related
concerns. The second section examines the organizational and
methodological issues.

Key Issues

A multitude of factors affect environmental conditions in human
settlements and their interaction requires that a fairly comprehensive
statistical effort be mounted. The key subject areas are noted in this section,
but statisticians may find it necessary to add to or subtract from this
list, depending on local conditions and priorities.

Housing. One of the goals of Agenda 21 is to provide adequate
and environmentally sound shelter for the rapidly growing populations
of developing countries, particularly the rural and urban poor. Information
on this subject is collected via population and housing censuses. Household
surveys are another useful tool because they can be tailored to address
specific topics such as living conditions in human settlements. Housing
statistics generally refer to the type of housing unit or living quarters,
tenant arrangements, available facilities,and construction materials used.
Concepts and classifications vary slightly from country to country. Some
general definitions of these indicators are set out below:

(1) Housing units are separate and independent places of abode.
Most units are intended for habitation by one household.
Some may not be intended for habitation, but are nevertheless
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occupied as living quarters. Housing units are further
subdivided into conventional and unconventional dwellings.
A conventional dwelling refers to a room or cluster of rooms
in a permanent building, which is meant for habitation. A
conventional dwelling may be occupied or vacant.
Unconventional dwellings are units not considered
appropriate for habitation, but are nevertheless occupied.
This category includes marginal housing units such as
improvised houses, housing in buildings not intended for
habitation, squatter settlements, slums, and makeshift
shelters constructed of waste materials.

Collective living quarters are units intended for habitation
by a number of individuals or several households. Hotels
and lodging houses are examples.

Institutions are defined as permanent structures designed
to accommodate groups of people. Examples are hospitals,
military barracks, schools, hostels, and prisons. Also included
in this category are camps intended as temporary
accommodation for refugees, workers, and military
personnel.

Tenure refers to the status of the occupant of the dwelling. An owner-
occupant owns the unit he occupies, even though he may be paying a
loan or mortgage on the unit. A tenant or renter occupies a housing unit,
which is not his property. Indicators of materials used for construction
usually distinguish between the materials used for external walls and
those for the roof. If the walls are constructed of more than one material,
the predominant material is usually indicated.

A number of indicators can be used to identify facilities in a housing
unit or living quarters. They include the following:

(i)

Cooking facilities generally refer to a kitchen where meals
are prepared and the room is intended for that purpose. If
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some space in the unit is used to prepare meals but is not a
room, it is denoted as “other space reserved for cooking”
Should the unit have neither type of facility, it is referred to
asaunit “without kitchen or other space reserved for cooking.”

Means of heating refers to the system used to heat the
premises. It may be a communal or central heating system
in a building with several units. The type of fuel used is also
identified.

Water supply system refers to the provision of water to
housing units by pipes from community-wide systems or
from individual installations such as pressure tanks and
pumps. The categorization “with piped water” implies water
supply “inside the housing unit,” or “outside the housing unit”
but within 100 meters of the door.

Waste disposal facilities have two categories. Housing units
are designated as “with toilet of any type” or “without toilet
of any type.” The usual types of toilets are common sewerage,
pit latrine, and septic tank.

Other facilities include the cooking fuel used for preparing
the principal meals, bathing facilities either within or outside
the housing unit, and lighting identified according to the
source of lighting for the housing unit.

Another popular measure is the number of persons per room in
occupied housing. This statistic, however, is of limited use since it does
not include information on room size, quality of construction, or related
factors. Nor does it serve as a reliable indicator of overcrowding because
the definition of a room varies and differences in room size are not

considered.

Land use in human settlements. Undisciplined growth of urban
centers threatens access to land owing to the increasing spatial
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requirements of housing, industry, commerce, and transport, as well as
the need for open spaces. Environmentally sound physical planning is
necessary to avoid these problems. The process of land mapping and
land titling has also fallen far behind the pace of growth of human
settlements, delaying the start of development activities. Ineffective land
use and poor planning have resulted in chaotic urban growth and the
unnecessary use of agricultural land for physical development. Statistics
on land use provide an indication of the major categories of human
activities carried out in different areas of human settlements. These data
describe the geographic distribution of activities in so far as they are
reflected in the character of built-up land. However, it is not possible to
assess the level or intensity of activities from land use statistics.

Urbanization.The urban sector is where most economic activity
takes place and where most pollution occurs. An accelerating pace of
urbanization, along with higher rates of rural-to-urban migration, signal
the onset of a number of environmental problems such as air, water,and
noise pollution; shortages of necessary public amenities, and so on. Proper
planning and management of urban growth require accurate and timely
statistics. In many developing countries, the existing data is not adequate
to provide an overall picture of the urbanization process and its consequences.

Environmental infrastructure. The provision of adequate
environmental infrastructure and services—water, sanitation, drainage,
and solid waste management-is crucial for improvements in the health
and quality of life in human settlements. To a large extent, the presence
or absence of these facilities determines the quality of a human settlement.
Their presence is also an important means of boosting productivity. For
these reasons, data on access to environmental infrastructure and services
must be available in some detail.

Drainage and solid waste management are other serious problems
in many cities. Authorities are frequently unable to remove more than a
portion of the solid waste generated each day. Water disposal systems
and storm water drainage are inadequate, particularly in low-income
settlements. Few developing countries collect data on either of these
aspects. Effective waste management requires an elaborate system of
supervised disposal sites, trained personnel, equipment, vehicles, and
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adequate enforcement mechanisms that many cities cannot afford. Even
when reliable data on waste generation exists, the figures are not easily
translated into management data. Some wastes are disposed of improperly
or illegally, resulting in contamination of soil, groundwater, or air.

Energy usage. An adequate supply of energy is essential for human
development. Industrial and commercial activities are the largest
consumers of commercial energy in urban centers. The household sector
typically accounts for around 25 percent of this total. Improvements in
the efficiency of energy usage by households are therefore an important
step. Households are also the largest users of noncommercial energy in
developing countries. Fuelwood is the preferred source. Unless alternative
fuels are available, the poor in human settlements will continue to rely
on biomass fuels. Dependence on such sources can lead to deforestation,
soil erosion, and desertification.

Transport. The main concerns relating to transport were
discussed in terms of air pollution in Chapter 4. Transportation has
impacts on the environment of human settlements. It also affects the
physical patterns of settlements, access to infrastructure and services,
and congestion. Proper environmental management of urban centers
can ensure that adequate transport is available while minimizing its
negative effects. However, a large amount of information is required
in addition to that discussed in connection with problems of air pollution.
Both ad hoc and periodic transportation surveys will be essential for
planning and managing urban systems.

Construction activities. These activities are one of the major
factors distinguishing the “human-made” environment from the natural
environment. They affect land use, population density, the availability
and quality of housing, utilities, and infrastructure. Building materials
frequently account for as much as two thirds of the resources used in the
production of shelter and infrastructure in developing countries.
Accordingly, construction places a heavy demand on a country’s resource
base. It is highly desirable that the industry use raw materials that are
cheap, durable, and affordable. Unfortunately, little data is available to
assess many of the environmental consequences of construction activities.
Methodologies vary and there are no standards for data collection.
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Population growth and change. Both population growth and
rural-to-urban migration strongly influence the demand for shelter,
infrastructure, and related services. Much of this migration can be
attributed to the especially poor quality of housing, education, and
environmental infrastructure in rural settlements. Another reason is that
the economic prospects of workers in urban areas are generally superior
to those in rural areas. Frequently, the flood of migrants to urban centers
overloads the existing housing and infrastructure in major cities.

Organization and Methodological Issues

Clearly, a large number of statistical topics, indicators, and
classification schemes are relevant for a statistical evaluation of human
settlements (Table 6.1). Not all can be addressed in this Handbook. The
efficient organization of all this material from multiple sources is a complex
task, but the job can be simplified by constructing an FDES as described
in Chapter 3. An example of an FDES is in Table 6.2, which lists several
statistical topics grouped together according to common characteristics
(initalics). The focus is on environmental impacts and the activities that
give rise to these impacts. Other factors that do not directly influence
the environmental aspects of human settlements, but are related to
activities that do, are treated as background conditions.

In addition to the FDES, there are several methodological issues
that must be addressed at an early stage in the program. These include

(i) the distinction between rural and urban settlements;

(i)  the identification of marginal housing units, for example,
slums or squatter settlements; and

(iii)  resolution of problems of data compatibility and data
currency.



HANDBOOK ON ENVIRONMENT STATISTICS

[ewuoyul ‘axeaud 1jqnd
:101saaul jo adAy Ag
UOISISAUOD JO ‘uol}
101295 |ewJojul -eJ03saJ ‘Mau :AyAnoe
9y} Jo shanins Buip|ing jo adAy Ag
|enads ‘sywuad 019
Buip|ing ‘skanins ‘|leuoipusauodun ‘jeuony
pue snsua> buisnoH -USAUOD :31Nnnu3s Ag

uoneuysibal

[IAI> pue ‘s91ewi}sa

‘suoiydafoid ‘shanins
‘snsusd uone|ndod

S9)}ew|}ss pue
suonaafoud ‘skanins
‘snsusd uone|ndod

$924nos A1 uonedyyissed

(4aqwinu)

1X31 93§ syun Buisnoy

uonesbiws ssoib
pue uoneiblwwi ssoib
UMD 9JUISHIP dYL

(puesnoyy
Jad) uonesbiw 1dN

(3usdud)
uonejndod ui abueyd
}Jo 91e4 abesany

uoneuejdx3y
/uoniuyaq

(3uawainseaw
40 3lun) 3|qelep

ainjonJiselul
pue J3}3ys
Jo uondnisuo)

abueyd
pue ymoub
uone|ndod

a1doj

$O1)ST)Ee)S JUOWIRdT}}oS Ueluny J0J s10jJedIpu] pue wum&O,H Jo %H&EESW YV 179 91qe],



CHAPTER 6 HUMAN SETTLEMENTS

sfanins |euae ‘skanins
pue| ‘spJodal aAljel)

-siujwpe pue jedpiuniy

SpJodalJ uol}

-eJ3si6a4 92IYdA 010N

s324nos A1

pue| uado ‘|euonie
-2.294 ‘shkemiojow
‘lernJswwod
‘leuisnpul ‘jelpuspisal

:9sn pue| jo adAy Ag

'219 ‘siecwel) ‘sasnq
‘sydnuy ‘sied usbuassed
9)eAld Jo [edJswwod

:921yan Jo adAy Ag

SaI}IAIDE
13y1o Jo ‘pooy}
‘2414 Aq uondNIISIP

uollljowsap ‘UoISISAUOD
:9SeaJd3p 104 suoseay

uonediyisse|d

q 910U}004 936

- 910U100} 335

(uonoe

Areyjiw "*6°9) saiuAnde
J9Y30 pue ‘sis)sesip
|eanieu Aq uon
-dNJ1Sap ‘uoiyjowsp

‘UOISIBAUOD 0} BUIMQ

uoneue|dx3y
/uoniuyag

S}UBWId|IDS
|euibiew Jo ealy

(s4919WoO|Dy 2Jenbs)
ealje pue| JUSWI|NAS

(4aquinuy)
asn ul s3dIYaA peoy

(4aqwinu) 3101s
buisnoy ui sseasdsg

(3uswainseaw
4O Hun) 3|qeuep

asn pueq

yodsuel| ‘¢

s1doy

(panunuod) $31)STIBIS JUSWI[IISS UrWINY 10] sIojedipu] pue sdido, Jo Arewrwing y :1°9 d[qeL,



HANDBOOK ON ENVIRONMENT STATISTICS

sfanins pjoy

-asnoy pue ‘skanins

Buisnoy ‘snsuad
Buisnoy pue uonejndod

sfanins pjoy
-asnoy pue sfanins

Buisnoy ‘snsuad
Buisnoy pue uonendod

spJodaJ |edidiunw
‘skanins coy py

¢ 191dey) 99§

$924n0s A1

1X31 93§

spjoyasnoy
‘91sem anldeolpel
‘g)sem |eydsoy
|erads ‘buluiw ‘[euy
-snpul ‘jeanyjnaube

:9)sem pljos Jo 2dAy Ag

¥ 19ydey) o9

uonedyissed

woo. Jad suosiad
JO Jaquinu abesany

1X9} 99§

sjue|d uswieal)
Aq paressusb
abpn|s pue aysem pijos

¥ 191dey) 99

uoneue|dxy
/uoliuyaq

(4aqwinu)
fouednddo jo s1ey

(4aquuinu)
syuednddQ

(Suoy ‘s1919W dIgnd)
pa103]|0d d)1seM PI|OS

(suo1) uonnjjod iy

(3uswidinseaw
4O Hun) 3|qeuep

puisnoH ‘9

sabieydsip axsem
pue suolssiwg g

s1dop

(panunuod) s31)s1Ie)S JUSUWI[)ISS UewWIN J0J s1ojed1pu] pue sd1dof, Jo Arewrwing y :1°9 d[qeL,



CHAPTER 6 HUMAN SETTLEMENTS

SspJodal

jedidiunw ‘“Aanins

ployasnoy ‘snsuad
Buisnoy pue uornejndod

SspJodali
Jedidiunw ‘Asains
ployasnoy ‘snsuad

Bbuisnoy pue uoirejndod

SspJodas
Jedidiunw ‘Asains
ployasnoy ‘snsuad

Bbuisnoy pue uonrejndod

sp4odas jedpiunpy

$924n0Ss A1

J9Y10 ‘wishs

|enpialpul ‘abesamas

Aunwwod :wa3shs
uoneyues o adAy Ag

Aeme si1919w Q01|

uey) aJow ‘ssnoy

1O SI919W Q| UIYyHMm

‘asoy apisul :A|ddns
J91em 01 dduelsip Ag

uonesiisse|d

AD13d3[3 0} ssadxde
buiney syun buisnoy
J0 1ud213d Qg ueyy

2JOW UM SIUSWIS|}ISS

uoneue|dxy
/uoniuysa

(1oqwinu) A1pU3IP
Yum spjoyssnoH

(4aqwinu)
uoljeylues 0} ssadde
Yum spjoyssnoH

(4aquinu) Ja1eM
Ysm spjoyssnoH

(Jaquinu)
A3DUIIS Yyum
paljddns sjuswa|113s

(3uswidinseaw
4O 11un) s|qelep

ainpnas
-eJjul 0} SSIDY /.

J1dog

(panunuod) s31)s1Ie)S JUSUWID[}ISS UewWINY J0j siojed1pu] pue sdidof, Jo Arewrwing y :1°9 d[qeL,



HANDBOOK ON ENVIRONMENT STATISTICS

sue|d yuswdojanap
‘syjunodde |euoljeN

snsuad buisnoy
pue uonendod

Aanins uoneyodsuely
‘Afonins pjoyasnoH

s924nos A1

2In}dnJiselyul ‘Jusw
-dojanap pue| ‘syusw
-9|19s |eulbiew jo
uoney|igeya. ‘buisnoy
:weiboud jo adAy Ag

siayjo
‘paziioyow dyeAnd
‘|1e4 Jo peod d1gnd
:podsuedy jo adAy Ag

uonesiyisse)d

SIUSWdI}S uewny
}JO SUOI}IPUOd Ul
juswanoidwi 1o} Judds

$924N0SaJ |eduUeUl

sand 3sabJe| unoy

9y} jo suonejndod

9} JO wins ay}

0} uone|ndod s,A11>
3sabie| ay} jo oney

uoneue|dx3y
/uoniuyaqg

(syun Aseypouow)

juswdolansp

JUSW3J}I9S uewny
10} 24n}puadxy

(3uadud)
91es foewlid

(so3nuiw)

aoe|d ylom 0} dwoy

wouy buljaaely
juads awi} abesany

(3uswiainseaw
4O 11un) s|qelep

sweiboud
pue sadljod "6

uolsiadsip
pue jmeuds '8

J1doy

(panumuo) $31)S1B)S JUIUII}IAS UeWN 10j s10jed1pu] pue sordo], Jo Arewrming v :1°9 d[qeL,



CHAPTER 6 HUMAN SETTLEMENTS

(8861) NN woly pardepy :a5/n0s

'SeaJe [BIIUSPISI JSYLO PUP SIUSWS[ISS |eulbiew usamiag Buiysinbunsip 4o suesw paydadde Ajjesausb ou siaisyl q

"Sal}ADe Uewny o 3nsind sy} Joj paj|eisul Aj91elaqijep

S3I}|128} JDY10 pue ‘saliienb pue suiw ‘speod ‘'sasnoy 4O uoiredn0 3y} Se PaUSP SI 9N pue| JUSWS[NSS

spJodai
|ebs| pue |edpiunpy

sue|d yuswdojansq

s924nos A1

Kyayes
d11gnd ‘a4 ‘yyeay
‘leanionas :adAy Ag

uoneziuebio
|esusb ‘Jusw
-abeuew pue uon
-eyusws|dwi ‘ubissp
pue buluued :adA) Ag

uonediyisse|d

uoneuejdx3
/uoniuyaq

(4aquunuy)

paindasoud suoin

-e|nbas pue sapod
Buip|ing Jo suone|oIA

(4aquunuy)

sweiboid

juswdolansp
Alunwwod

(Auswainseaw
40 11un) 3|qeLiep d1doy

(pPanunuod) so1s1e)S JUSWS[}ISS Uewiny Joj siojedrpu] pue sd1dof, Jo Arewrwing y :1°9 d[qeL,



HANDBOOK ON ENVIRONMENT STATISTICS

Table 6.2: A Sample Framework for Development of Environment

Statistics for Human Settlements

Social and Environmental Responses
Economic Impacts to
Activities of Environmental
Activities Impacts
Growth and Conditions of Policies and
change in shelter, programs
human infrastructure,
settlements and services
Population Housing Pollution
growth and monitoring
change and control
Construction of Access to Environmental
shelters and infrastructure standards
infrastructure and services
Utilities (energy Human Monitoring
and water settlements
supply) sprawl and
dispersion

Stocks,
Inventories,
Background
Conditions

Stocks of shelter
and infrastruc-
ture

Housing stock

Nonresidential
buildings,
other
physical
infrastructure

Environmental
inventories

continued next page

A geographic breakdown of the data is essential for environmental
analysis. Administrators of particular settlements seek a full set of data
for each settlement under their responsibility, but the focus of attention
in this chapter is on the information needs of national planners and policy
makers. Some classification of human settlements that can be applied

throughout the country is required.

The most common approach is to identify settlements as rural or
urban. However, the characteristics that differentiate these two types of
settlements vary widely within the country and there is no generally
accepted method of resolving the confusion. One alternative is to compile
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Table 6.2: A Sample Framework for Development of Environment

Statistics for Human Settlements (continued)

Social and Environmental Responses Stocks,
Economic Impacts to Inventories,
Activities of Environmental Background
Activities Impacts Conditions
Transport Conditions of Treatment, Emission
life-supporting disposal, and inventories
services reuse of
discharges
Land use Ambient Expenditure for Background
concentration pollution conditions
of pollutants control
and wastes
Other activities Health and Land use

Emission and
waste
discharge

welfare condi-
tions in human
settlements

Exposure and
health effects

Demographic
and social
conditions

Source: Adapted from UN (1988).

data for the capital city and the three other largest cities or urban
agglomerations. If the available statistics do not coincide with the
“administrative boundaries” of the city (that is, boundaries defined
according to legal or political statutes for the city), data may be given for
the “urban agglomeration.” This concept includes not only the
administrative city but also the suburban fringe or heavily settled territory
lying outside, but adjacent to, the city’s boundaries. Another approach is
to show data for major cities and other selected settlements classified
by population size.
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The identification of marginal housing units, slums, and squatter
settlements is an issue not adequately covered by the statistics and
indicators discussed in the chapter. Slums generally refer to older
housing, which is underserviced, overcrowded, and dilapidated. Squatter
settlements are areas where housing units have been constructed on
land to which the occupants have no legal claim. These types of
settlements are usually located in suburban areas, particularly at the
peripheries of principal cities. Housing censuses and environment
statistics on human settlements usually combine slums and squatter
settlements together under the heading of marginal housing. Sometimes,
marginal housing units are further divided into subgroups: (i)
improvised housing units, (ii) housing units in permanent buildings
not intended for human habitation, and (iii) other premises not intended
for human habitation. Whatever the treatment, statisticians should not
lose sight of the fact that the economic and environmental impact of
these settlements can be significant.

The periodicity of data collection is another general issue that
must be addressed. Most statistics are presented on an annual basis, but
environment data is collected over many different time periods, ranging
from decades in the case of censuses to hourly, daily, monthly, or even
continuous monitoring. One of the statistician’s tasks is to process this
data for annual presentation. However, annual presentation should not
preclude the display of monthly or daily statistics where seasonal or other
fluctuations are relevant. In some cases, it may not be possible to present
annual data due to the periodicity of (infrequent) censuses or surveys.
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Appendix 1

OUTLINE FOR THE PREPARATION OF A COMPENDIUM
OF ENVIRONMENT STATISTICS

For purposes of illustration, the outline assumes that the framework
chosen for organization of the data and tasks is one based on an
environmental medium.

Section A
1. Introduction

a. Country background, with brief outlines of physiography,
biodiversity, and socio-economic conditions
b.  Overview of the status of environment statistics in the country

2. Description of each of six environmental components (atmosphere,
water, land/soil, flora, fauna, human settlements) under each of four
information categories (social and economic activities and natural events;
impact; response; and stocks, inventories, and background conditions).

Each chapter or section should contain textual description
(supported by summary tables, charts, bars, and diagrams). The textual
description in each section may focus on the following:

a. A countryoverview of the individual environmental component
b. Major problems associated with individual components
indicating prime sources/causes of environmental degradation
(natural such as flood, drought, earthquake, cyclone, volcanic
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Appendix 1 (continued)

activity, etc.; and anthropogenic factors such as industries,
urbanization, agriculture, vehicular traffic, etc.)

c.  Government or private efforts (such as environmental rules/
regulations/ guidelines formulated and/or programs undertaken,
etc.) made to mitigate the impacts, data availability, etc.

Section B:
This section is tabular, providing detailed data that supports the
text in Section A.

Section C:
This section should contain the following appendices:

Names of agencies/data sources
Glossary of terms and abbreviations used

Brief outline of the methodology of environmental data collection
indicating the duration and frequency of monitoring

Relevant standards

Relevant rules, regulations, acts, policies for protection of the
environment and natural resources

References and bibliography
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APPENDIXES I

Appendix 3

CONVERTING PRIMARY DATA INTO INFORMATION:
A METHODOLOGY FOR HANDLING LARGE DATA SETS

Problems relating to the quality of air and water have received the
most attention in this Handbook. In Chapters 4 and 5, the construction
and operation of systems to monitor these two media were discussed in
some detail. The huge amounts of data obtained through monitoring,
coupled with the construction of emission inventories and sample surveys,
are the core of any national program. Unfortunately, these primary statistics
cannot be easily understood by government officials or the general public.
This appendix describes a simple methodology to transform the raw
data into a more useful type of information.

Environmental indicators (Els) are an essential part of the effort
to summarize the results of a monitoring program. However, the methods
of constructing these indicators, the forms of presentation, and the
procedures for handling the primary data are equally important. A flaw
in statistical procedures can jeopardize the credibility of the entire
program. Similarly, failure to produce a simple and easily comprehensible
set of indicators will lead to erroneous policy decisions and dwindling
public support.

The methodology presented here is best suited for the assessment
of large data sets. It allows analysts to condense a large body of statistics
into summary measures while retaining the sensitivity of the original
data to ascertain trends. The discussion draws mainly on examples
referring to air quality, but the same techniques can be used in many
other applications. Other environmental topics to which this methodology
can be applied are large data sets referring to water quality and
contaminated land.

Data rationalization. The job of statisticians is to find some way
to summarize the primary data gathered at monitoring stations. Such a
process, which is often referred to as data rationalization, must satisfy
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Appendix 3 (continued)

atleast two criteria. First, rationalization cannot result in any significant
loss in data representativeness. Second, the information or indicators to
be developed must be in a form that allows easy comparison with
internationally accepted standards.

Before the process of data rationalization can begin, a considerable
amount of preparatory work must be done. Decisions are needed on each
of the following aspects:

(i)  identification of specific types of indicators that will satisfy
the above criteria and still be easily understood by policy
makers and the general public, and

(ii) agreement on a suitable form of presentation that can
accurately represent both current conditions and longer term
trends in air quality in cities and provinces.

Some examples of pollutants that may be chosen for an initial
assessment of air quality in urban areas in a developing country are carbon
monoxide (CO), nitrogen dioxide (NO,), suspended particulate matter
(SPM), and sulfur dioxide (SO,). A similar set of indicators for water
quality could consist of biological oxygen demand (BOD), chemical oxygen
demand (COD), and so on. More generally, different combinations of
pollutants are singled out when evaluating specific problems such as the
effects of urban traffic on air quality, the quality of groundwater in a
major catchment area, the air in residential zones, and so on. A number
of these pollutants, or parameters, are discussed in Chapters 4 and 5
(see the sections Air Parameters and Water Parameters, respectively).

The form in which the indicators are presented is especially
important for the users. Sometimes, statisticians choose to develop an
index of pollutants, but the approach recommended here is to base the
construction of indicators on actual physical and chemical measurements
(that is, monitoring data). The advantages of this approach are that the
indicators can be easily related to health and ecological effects and are
derived from information that is scientifically credible. Such measures
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Appendix 3 (continued)

are also more easily understood by the public and nontechnical decision
makers than indexes or other relatively complicated statistical
expressions.!

Presentation of box plots. In this example, a hypothetical set of
monitoring data on air quality is assumed to exist. This large body of
data will be summarized in terms of a simplified representation of the
frequency distribution for each indicator. Data averages are also calculated
for various time periods, which depend on two factors: (i) the international
standards against which the results are judged, and (ii) the type of health
effect (acute or chronic) that each pollutant may produce. Short time
periods (1 hour, 8 hours, or 24 hours) can be used to assess acute health
effects, while longer time periods (for example, an annual average) refer
to chronic health effects. Finally, ecological effects are judged in terms
of both short and long time periods (for example, 8 hours and 24 hours),
depending on the specific pollutant.

Table A3 suggests several time periods and averages that can be
used to gauge health and ecological effects. These measures are based
on international guidelines for air quality developed by the World Health
Organization (WHO).? The guidelines were been developed for Europe,
but current evidence suggests that they are applicable worldwide since
there appears to be no significant difference in the effects of air pollution
on human health and the environment in other geographic areas.

Indicators based on the maximum annual values recorded at
multiple monitoring sites are the preferred means of assessing trends in
pollutant concentrations. These measures, which are also known as
extreme value statistics, are thought to be more sensitive to variations

Indicators that are directly derived from primary data also have drawbacks. One is
that a different measure must be constructed for each pollutant. The information obtained
from monitoring stations is also site-specific and subject to temporal and meteorological
variations.

The WHO guidelines indicate thresholds for human exposure that should result in no
adverse effects. For most pollutants, the guidelines also include a margin of safety
based on the confidence of the dose-response relationship. See WHO (2000a).
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Appendix 3 (continued)

in air quality than other formulations such as a composite average
calculated for a number of monitoring sites. Extreme value statistics can
also be used for an evaluation of acute health effects. A drawback is that
short-term meteorological variations and site-specific factors can distort
trends based on extreme value statistics.? To account for this characteristic,
the specific indicators proposed in Table A3 combine both extreme value
statistics and average statistics of multiple sites. The combination of
measures reduces the effects of data variability and makes the analysis
of trends more reliable.

Presentation of statistics based on primary data for multiple sites
will usually include monitoring results from stations located both inside
and outside urban areas. To ensure that trends are being assessed across
comparable locations, several broad-site categories should first be
identified. In the case of air quality, these categories could include

(i) urban, traffic-dominated (or commercial) sites,
(ii) urban residential sites, and
(iii) rural sites.

After completing this preparatory work, the statistician can turn
his attention to the task of data presentation. Primary data for each year
for each selected indicator and all monitoring stations in a given region
and site category is presented in the form of a simplified frequency
distribution function or box-plot diagram. Figure A3.1 gives a hypothetical
example for CO levels recorded by sites in an urban traffic zone. The
simplified distribution shows only a sample of percentile values: in this

The severity of meteorological conditions can vary from year to year, causing large
fluctuations in the maximum value in each year recorded at each site. However, when
the distribution function is constructed from data for a large number of monitoring
sites, the influence of extreme values for individual sites is significantly reduced.
Other categories could be considered when evaluating different issues relating to the
quality of air or water.
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Appendix 3 (continued)

Table A3: Appropriate Time Periods for Presentation of
Indicators Relevant to Acute and Chronic Effects and

Ecological Effects
Pollutant Unit Acute Chronic Health Ecological
Health Effects Effects
Effects
Carbon mg/m? Annual max. No chronic No ecological
monoxide 1-hour health effects
average effects
Annual max.
8-hour
running
average
Nitrogen mg/m3 Annual max. Annual Annual max.
dioxide 1-hour average 4-hour
Annual max. running
24-hour average
Annual max.
24-hour
Annual
average
Particulate mg/m?3 Annual max. Annual No ecological
matter 24-hour average effects
Sulfur mg/m3 Annual max. Annual Annual max.
dioxide 1-hour average 24-hour
Annual max. Annual
24-hour average

Source: OECD (1999¢).
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Appendix 3 (continued)

Figure A3.1: A Box-Plot Diagram for Carbon Monoxide

Region: .......ccoeeiinenne. Site: Urban traffic

Pollutant: Carbon monoxide Indicator: Annual max. 8-hour
average

Milligrams per cubic meter

20 26.6 23 16.4 14.9 Peak value

15.0

g5th
9Qth
10.0 J5th
th

Composite 50
Average 25t
h

5.0 10t

5th

0 1995 199 1997 1998 1999

No. of sites 29 32 34 28 30

case, the 5th, 10th, 25th, 50th (median or composite average), 75th, 90th,
and 95th values. The highest reported value is given in numeric form at
the top of the box-plot diagram and the number of monitoring sites is
given below the simplified frequency distribution for each year. Such
diagrams can be generated for almost any combination of region, site
category, and pollutant indicator.

Once the data is displayed in this form, interpretation is
straightforward. The hypothetical trends in Figure A3.1 show a modest
increase in levels of CO between 1995 and 1999, with some annual
variability. Concentrations at the most polluted traffic sites declined slightly
in the most recent years. However, levels of CO at moderately polluted
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Appendix 3 (continued)

sites (for example, those between the 25th and 75th percentiles) have
gradually risen over time. There is also considerable annual variability.

Presentation of peak statistics. The box-plot diagrams described
above can be supplemented by constructing peak-statistics bar charts.
These figures are used to describe levels of air pollution in cities, or water
pollution along stretches of a specific waterway. A bar chart shows the
highest and lowest annual maximum values and the composite average
for each indicator.

An example referring to the maximum one-hour concentration
for levels of nitrogen dioxide is found in Figure A3.2. The chart reports
the highest and lowest values, along with the composite average, recorded
by monitoring stations in each of four cities. When presenting statistics
on the quality of urban air, bar charts must be constructed for each
pollutant indicator. Generally, the cities included in these charts are all
those with populations greater than one million. For countries with fewer

Figure A3.2: A Bar Chart for Urban Peak Statistics:
Concentrations of Nitrogen Dioxide in Major Cities®

Concentration (ug/m?3)®

500 ] —
400 -
300 -
200
100 — — —
A B C D
City

@ Figures refer to annual 1-hour maximums.
b WHO air quality guideline is 200 ug/m.3
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Appendix 3 (continued)

than three cities of one million residents, statistics for at least the three
largest cities should be presented.

The type of bar chart described here does not necessarily contain
the same data as the box-plot diagram discussed in the preceding section.
Ideally, box-plot diagrams provide a means of tracking trends over several
years while peak-statistic bar charts refer to the concentration of pollutants
during a single year. The time periods chosen for determining averages
should-to the extent possible-reflect WHO guidelines in both cases.

Limitations and future development. Many developing countries
may lack the monitoring facilities and data-processing capabilities that
are desired if the methodology is to meet rigorous statistical standards.
For example, the minimum number of monitoring sites recommended
to generate box-plot diagrams showing selected percentiles is around
20. The inclusion of data from a large number of sites reduces the impact
of year-to-year variability. In fact, the number of monitoring sites should
probably be close to 50 to obtain consistent annual trends. Trends observed
on the basis of only a small number of sites will almost certainly be
somewhat irregular. This shortcoming will be common to most developing
countries at early stages in the environment program, but it should not
prevent the development of indicators or their dissemination to
government officials and the general public. The long-run goal should
be to construct a monitoring network that will yield statistically reliable
results. In the meantime, the assessment of each indicator should be
extremely cautious and qualified.

Annual changes in meteorological conditions may give rise to
correspondingly large variations in pollution concentrations and these
effects will be exacerbated by a less-than-sufficient network of monitoring
stations. One way to account for this problem would be to normalize the
data with respect to an “average” meteorological year. Normalization can
improve the decision-making content of the information, but it may also
diminish public confidence in the environmental data. Thus, it should
be treated purely as an interim measure.
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Appendix 3 (continued)

Finally, statisticians in developing countries will encounter
difficulties when attempting to evaluate trends based on only a few years
of observations. The use of relatively short time series for most box-plot
diagrams is unavoidable since data for more than 2-3 years will not be
available for most monitoring sites. In the future, the availability of
additional years of data will significantly improve the reliability of trend
analysis.



