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Rationale, scope, and purpose

GIS and the 2020 Census: Modernizing Official Statistics supports the transformation of countries’
censuses with the use of geographic information systems (GIS) and related geospatial technologies to
improve data collection, analysis, and dissemination and to enable agencies to build accurate, authori-
tative, actionable data. The book is specifically intended to provide an up-to-date reference and guide
for using geospatial methodologies and techniques to support census and statistical operations.” A
comprehensive user-oriented guide, the book addresses the needs of census geographers, planners,
and managers at all the stages of a census and caters to the needs of the various users of statistical and
geospatial products and services.

The increasing use and application of modern geospatial technologies? worldwide, particularly during
the upcoming round of censuses, have opened a new chapter in all phases of population and housing
censuses, improving the efficiency in pre-enumeration, enumeration, and post-enumeration phases. This
statement can be attested by Esri through its involvement in many census mapping projects and con-
firmed by the United Nations (UN) Principles and Recommendations for Population and Housing Cen-
suses, the outcomes of a global consultation for the 2020 Round of Census. Rapid changes in technology
have brought about improvements in many areas such as computing power, storage, speed, and analyt-
ics. Recently, a paradigm shift in the acquisition, resolution, storage, analysis, and distribution of imagery
has brought raster analytics to the forefront of projects, offering exponential advances in speed, accura-
cy, and cost reductions. Digital transformations such as these will have a huge impact on the work of the
National Statistical Office (NSO).

A new pattern emerged in conducting censuses during the last decade—a pattern that has ushered
in the recognition of the central role of geography to census operations.® Geography is increasingly ac-
knowledged as key to virtually all national statistics systems, providing a structure for collecting, process-
ing, aggregating, managing, analyzing, sharing, and disseminating data. In its digital form, geospatial
information is exchanged more rapidly, used and reused at will, duplicated without alteration, and easily
disseminated to end users. In addition, this geospatial data needs to adhere to the wide variety of securi-
ty and privacy concerns that are also at the heart of most censuses.

The UN recommended the necessity for countries to keep abreast of technological advances made
since the previous round, especially in GIS and Global Positioning Systems (GPS). The UN also recom-
mended that, for the 2020 Round of Censuses, the adoption of GIS should be a major strategic deci-
sion.* The UN Statistical Commission (UNSC) and the UN Committee of Experts on Global Geospatial
Information Management (UN-GGIM) recognized the crucial importance of the integration of statistical
and geospatial information for decision-making and have recently recommended the development of a
Global Statistical Geospatial Framework (GSGF).>
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In recognition of this important recommendation, the UNSC and the UN-GGIM began to address
the challenges of managing and effectively integrating geospatial and statistical information nationally
and globally. They established in 2013 the Expert Group on the Integration of Statistical and Geospatial
Information (EG-ISGI). The Expert Group was tasked with developing and advancing the implementa-
tion of a GSGF as a basis for the integration of statistical and geospatial information and supporting the
building of a statistical-geospatial infrastructure, especially in the context of the 2030 Agenda for Sustain-

able Development. This importance was also recognized by UN-GGIM regional committees, where it is
considered a key priority.6

Global Statistical Geospatial Framework

and accessible

Statistical and geospatial
interoperability

Common geographies for
dissemination of statistics

Geocoded unit record data in a data
management environment

Use of fundamental geospatial infrastructure
and geocoding

Figure 1.1. The Global Statistical Geospatial Framework (GSGF).
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These recent technological developments have already been adopted by many NSOs, including some
developing countries. The wealth of national experiences demonstrates that the use and application of
GIS is without exception beneficial to the efficiency and quality of the population and housing census. It
is understood, however, that a single solution will not fit all national circumstances; hence, there is a need
to present various options with guidance to NSOs, allowing them to choose the appropriate solution for
their national and local conditions or policies. This book provides guidelines for NSOs to make informed
decisions on appropriate GIS technology and how to efficiently use GIS in statistical business processes,
taking into consideration different procedures, workflows, organization capabilities, budgets, census

timelines, security and application needs, and best practices.

Desktop Device

ETIE"D_IED
*

@lﬂj

_$0

Online Content
and Services

Official Statistics
Sample GIS System
Configuration

Server

Figure 1.2. Example of a GIS with various types of connections (web, desktop, and mobile).
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Importance of the integration of statistical and geospatial data

The rapid development of modern geospatial technologies has created unprecedented opportunities
for geospatial data, and GIS has drastically increased the quantity and quality of geospatial data being
collected from a variety of sources. For example, users have access today to imagery that would have
been expensive and limited in the past.” Geospatial information is becoming a major economic activity
with applications across many sectors, bringing increased utility to these sectors and impacting business
decisions (Foresman and Luscombe 2017).

With the increasing complexity of national and global challenges, the need to understand interre-
lationships across the economic, social, and environmental dimensions is crucial for sustainable devel-
opment at all levels, and the integration of information by geography is critical to designing holistic
solutions for any locale. The demand is growing for information on small geographic areas to monitor
the development goals and indicators at local and community scales. The integration of statistical and
geospatial information has become a significant way to unlock new insights that would otherwise not
have been possible by looking at socioeconomic or geospatial data in isolation. It is now understood
that the integration of geospatial data with statistics provides significant benefits for nations, as opposed
to one-dimensional traditional approaches.

For example, such integration has proved to be critical in achieving improved operational readiness
and responsiveness to disasters. By using satellite imagery, scientists and demographers can compare
images and statistics taken before and after earthquakes or flooding to estimate the amount of aid to
be allocated to populated areas or select safe places in which to temporarily settle the affected popula-
tion. Using statistical analysis and statistical mapping to study the patterns of urban or rural poverty is a
well-established way to provide useful, policy-relevant insights into the patterns of social exclusion and
deprivation for local governance policymakers (Baud et al. 2009). Many such examples are related to the
increased use of geospatial data in socioeconomic, demographic, and environmental analysis.

Knowing where people and things are and their relationship to one another provides context and
improves understanding, aiding in evidence-based decision-making. The geocode is considered one of
the basic uniting elements in statistics to which characteristics of persons, households, and enterprises
can be attributed.

In this digital-economic age, geospatial technologies are ex-

The First Law of Geography
states that “everything is
related to everything else,

panding the power of geography and location, from the limited
geographical proximity object of Tobler's First Law of Geography

to a richer research frontier, enabling us to explore the economic .
but near things are more

and social impacts of location and spatial relationships. This power related than distant things.”

is leading geographers to cogitate about a Second Law of Geog-
raphy for a spatially enabled economy, allowing us to understand
Phy P y y J Waldo Tobler

why spatial enablement increases functional utility across sectors

(Foresman and Luscombe 2017).
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It is worth noting that the integration of statistical and geospatial information should be seen in the
context of a wider integration of data from a variety of sources. This integration reflects the trends of
today’s data-driven society through the big data revolution, characterized by satellite imagery, unmanned
aerial vehicle (UAV) data, GPS, mobile technology and GIS surveying, volunteered geographic informa-
tion (VGI) and crowd-sourced data, real-time data streams, cloud-based computing, open data, the Inter-
net of Things (loT), and geoblockchain. Most studies have stated that spatially enabled data represents
at least eighty percent of all data generated within the big data revolution (Foresman and Luscombe
2017).

In today’s global community, there is a clear recognition of the need to integrate geospatial and
statistical information;®the challenge being faced is how best to achieve this integration in an effective
and consistent way. It was noted that many NSOs are already transforming, or are planning to transform,
their statistical infrastructure, offering an opportunity to embed geography into their national systems
and processes. NSOs have been moving from the census mapping approach, limited to the use of GIS
for some mapping and dissemination operations, to a GIS-based approach where geography is the foun-
dation of the census, with the use of GIS and other core geospatial technologies at all stages. There is an
increasing recognition that the adoption of a geographic-based approach with full integration of statisti-
cal and geospatial information has an important role in the modernization of statistics.”

GIS can help NSOs realize benefits in terms of reduction of cost and time required, accuracy and
quality improvements, and efficiencies in collecting, processing, and communicating information, which
all greatly increase the return on investment.”®

The initial chapters of this book consider the role of GIS in the census, including planning and estab-
lishing a full digital GIS-based census program, as well as the importance of geodatabase development.
GIS topics relevant to pre-enumeration and enumeration, including the benefits of a digital approach
in using GIS throughout statistical business processes, are also addressed. More specifically, for data
collection purposes, the book addresses how in a census NSOs need to look at the finest level of geog-
raphy possible (dwelling and unit level) and capture information at that level. Other chapters focus on
post-enumeration GIS tasks and the use of digital mapping in presenting, analyzing, and disseminating
census data and marketing geographic products and data. A final chapter presents next-generation
trends, focusing on big data and geoanalytics.

The book provides statistical organizations with the contemporary methodologies to address user
needs at all stages of a census during the 2020 round. Readers will learn how to plan and carry out work

using GIS in all phases of a census.
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Notes

1.

N o oA

10.

While the main focus of the book is on field-based census approaches and operations, similar GIS
techniques can be applied in register-based censuses as well.

Geospatial technologies refer to all the means used for the measurement, analysis, and visualization of fea-
tures or phenomena that occur on earth. They include three core technologies that are all related to map-
ping features on the surface of the earth: remote sensing (RS), Global Positioning System (GPS), and GIS.
The objective of a census is to “count everyone, count them once only, and count them in the right
place,” according to Preston Jay Waite (US Census Bureau), former associate director for decennial
census, US Department of Commerce.

See Principles and Recommendations.

See details on the GSGF in chapter 2.

See details at http://ggim.un.org/regional-entities/.

See National Statistical and Geographical Institute of Brazil: Global Geographic Information Manage-
ment, a report presented at the forty-first session of the UNSC (E/CN.3/2010/13) in February 2010.
Available at https://unstats.un.org/unsd/statcom/doc10/2010-13-Brazil-GGIM-E.pdf.

See Principles and Recommendations, para. 3.49: "To ensure complete integration of statistical and
geospatial information.”

See the UN Economic and Social Council’s In-Depth Review of Developing Geospatial Information
Services Based on Official Statistics: Note by the United Kingdom Office for National Statistics. CES.
ECE/CES/2016/7.

See UNECA/ACS' The 2010 Round of Population and Housing Censuses: A Guide on Census Plan-

ning and Enumeration for African Countries.
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Planning the census process with GIS

Census geography program
In most countries in the world, a population and housing census is conducted periodically, at least once
every ten years in accordance with the UN Principles and Recommendations.” A population and housing
census is considered the greatest democratic operation because it is conducted at the individual or house-
hold level, providing information on the main characteristics of a country’s entire population in terms of
size, geographic distribution, and demographic, social, economic, housing, and living conditions.?
Mapping is generally recognized as one of the most crucial activities of a census, playing a critical role
in providing the geographic basis used during the actual process of enumeration. Owing to recent tech-
nological developments in GIS and other geospatial technologies, the scope of census mapping has been
extended to census data analysis and dissemination, with greater efficiency in data collection and enumer-
ation. However, there are some challenges in opting for a full digital census-mapping approach; the use
of these technologies has crucial impacts during mapping activities, data collection, processing, analysis,
dissemination, evaluation, and archiving, and should therefore be taken into account at an early stage of
census planning. Embarking on a GIS-based census should be planned and implemented in a consistent
and timely manner.
GIS should be considered an integral part of the census process and carried out continually as a long-
term strategy rather than a set of short-term stand-alone mapping and dissemination operations (figure 2.1).

A GIS-based census program aims to

achieve the following objectives: ,

Maps provide
cartographic basis for
the delineation of
enumeration area

Pre-Enumeration

. . . e Geodatabase
e Support fieldwork, field operations, o BesemEp updkics

e Support the census planning process.

® Map of enumeration areas

* Optimize, edit, and validate
enumeration areas

® Optimize assignments

and operations management.

¢ |mprove the efficiency and accuracy of
Post-Enumeration

the data collected. e Census data model ¢ Data dissemination
; ; Themati
e Contribute to analysis. eI weld EppE ° Thematic maps
® Survey design and test e Online atlas
e Contribute to the dissemination of e Story maps of survey results
® Map of response rates
the census data. e Other map information products

® SDG alignment and reporting

* Integrate statistical and geospatial Enumeration

® Workforce management
e Conduct survey
® Monitor collection

Maps make it easier to

information for data analysis and {
analyze, display, and

evidence-based decision-making and

for future censuses and surveys.®

¢ Operations management

Maps support data
collection, monitoring

disseminate; maps also
support survey
projects during the
decade after the
census (Survey
Samples Rolling
Census)

Figure 2.1. The evolving GIS role in census phases.
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Supporting the census planning process

GIS can be applied across the Generic Statistical
Business Process Model (GSBPM), shown in figure
2.2. One of the primary objectives of a GIS-based
census program is to support the census planning
process.

The support includes maximizing coverage
while avoiding coverage errors such as noninclu-
sion or double inclusion of units that may result in
undercounting or overcounting, respectively. It is
important to define explicitly the census geography
in terms of hierarchical subdivision of the whole
territory into administrative, geographic, and statis-
tical areas, including enumeration areas (EAs) and
groups of EAs under the responsibility of supervi-
sors. These geographies are used to estimate the
staffing and materials needs and logistics require-
ments and define the operational zones (or census
management areas) for the data collection.

As recommended by Principles and Recommen-
dations, the GIS-based census program should be
developed at an early stage of census planning
to allow sufficient time to produce full national
coverage maps (including map services and mobile
map packages, which are covered in chapter 6) well
before the census date and before the initiation of
field-training exercises. Developing a timetable for
the GIS and mapping activities is of paramount im-
portance; it's a time-bound operation with the criti-
cal date being the date that all enumeration-related
maps and map services must be made available
to the census field enumeration. This requires the
identification of the technical, operational, and insti-
tutional tasks to be carried out through the plan-
ning process. These tasks include the evaluation of
available geographic and technological resources
and the critical design issues that determine the
nature of the census GIS, with a focus on its core

geospatial database and the range of applications
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that it will support. Of importance is the inventory
of existing data, maps, and other geographic data
sources such as imagery. Data conversion and inte-
gration processes should also be understood—all
of these depend on a well-designed environment
and a well-planned operational strategy.®

The stages for planning geographic work for the
census are shown in detail in figures 2.3a and 2.3b.

The planning stages are divided here into
institutional issues, such as the user needs assess-
ment, the determination of the GIS strategy, and
the scope of census-mapping activities. The stages
also include technical issues such as the explicit
definition of census geography, the design of the
geospatial database, and the development of clear
protocols for data collection. These stages can be
carried out more or less simultaneously using orga-
nizationally approved methodologies, and many of
the choices depend also on the chosen data-inte-
gration strategy.®

These planning steps may seem difficult to
follow or be considered costly by some NSOs.
However, once a fundamental geospatial infrastruc-
ture is established and GIS is integrated into the
statistical business process, the efficiencies gained
and benefits realized far outweigh any initial costs.
Each country needs to have guiding policies in
place to tailor the technological options accord-
ing to its needs and availability of resources. To
justify the investments involved, the strategies of
the pre-enumeration mapping program by many
NSOs are designed to produce the geographical
outputs suitable not only for the census enumer-
ation but also for the operational requirements of
data collection activities, dissemination activities,
and other user applications such as demarcation of
electoral boundaries, defining catchment areas of

various public services, monitoring and reporting



Institutional Issues

Technical Issues

Figure 2.3a. Updated stages based
on UN's Handbook on Geospatial
Infrastructure in Support of Census
Activities and adapted to reflect a
modern GIS-based census.
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Figure 2.3b. Census planning stages—additional technical issues.
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on the Sustainable Development Goals (SDGs), and
more. To maximize return on investment in GIS,
NSOs should actively participate with other national
authorities, including the National Mapping Agen-
cies (NMAs), in establishing a National Spatial Data
Infrastructure (NSDI).

GIS planning considerations

The shift from limited census-mapping operations
to an entirely GIS-based digital approach that spans
across all stages of the census requires the imple-
mentation of an enterprise GIS. The planning and
implementation of an enterprise GIS for the census
should include a cost-benefit analysis to justify

the long-term investment in building a GIS infra-
structure. It should also require a comprehensive
user-needs assessment; lessons learned from many
GIS projects show that a GIS is successful when

it provides outputs that meet well-defined user

needs. The user-needs analysis should also assess
the available technology in the market and allow
the evaluation of different GIS software options to
define the most suitable GIS capabilities for census
purposes. More specifically, understanding the
user needs requires understanding the appropriate
hardware, software, and related integrated systems
that will provide the specific digital products and
services needed. Those products and services can
range from interactive ad web-based mapping
applications, map services, map packages, cloud
computing, and mobile apps to spatial analysis and
advanced analytics.

GIS-based planning considerations include the
preparation of a detailed implementation plan that
corresponds to the different operational phases of
the census process. In line with the GSBPM and its
equivalent for geospatial applications (see figure
2.4), such a plan should address issues related to

Quality Management / Metadata Management

Specify Needs Design Build Collect
Geospatial Data 4
Collect geospa-
tial data or other
1-3 data with spatial

Plan the process information

Integrate by
unique identifiers
or other links

INTEGRATION OF GEOSPATIAL
DATA AND STATISTICS, e.g.

Statistics 4
Collect statisti-
cal source data
with or without
spatiality

1-3
Plan the process

Process Analyse Disseminate Evaluate
5 6 7 8
Edit geospatial Study data Store, warehouse Conduct
data, create quality, prepare data, disseminate evaluation
spatially and finalise geospatial data
outputs products
Create new Produce Evaluate
Make derived information, WFS/WMS, usability
classifications prepare and  thematic maps,
finalise outputs  tables, graphs
5 [¢) 7 8
Classify, code, Study data Store, ware- Conduct
calculate quality, prepare house data, evaluation
aggregates and finalise disseminate
outputs spatial statistics

Figure 2.4. The GSBPM and its equivalent dimensions in the production of geospatial data. Source: A Point-based
Foundation for Statistics—Final Report from the GEOSTAT 2 Project.
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the design of the geospatial database, data con-
version and integration, and all the other phases of
geospatial data production.

Because GIS was not traditionally considered
part of the core business of the NSO, awareness
workshops about the benefits of GIS should be or-
ganized to win executive support for the program.
Technical trainings and workshops about the use of
GIS should be provided to the staff involved in the
census and supporting functions. In addition, the
plan should also involve workshops for the major
data users about the potential of GIS and draw on
institutional mechanisms to mobilize cooperation
among all stakeholders to establish a GIS infrastruc-
ture at a national level.

GIS can be leveraged to support a wide vari-
ety of activities across the entire census process.
Following are some examples of how GIS is being
applied today in census preparation. These activi-
ties will create the foundation for all census work to
follow:

e Creation or updates to geodatabase and
basemaps.
¢ Creation or updates and validation of EAs.

- Production of digital EA maps for fieldwork

and operations.

- Use of remote-sensed data in EA creation or

update.

- In-office address canvassing can be done using

imagery where applicable and where quality data

is available.

- Where in-office validation is not possible,

maps can be used in field verification or in situ

validation.

- Integrating fieldwork using remote-sensed

data.

e Conducting GIS analysis to ensure complete and

balanced coverage. Overlaying EA maps on a
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scaled national basemap to ensure the absence
of omissions or duplications.

e Applying GIS analysis to facilitate efficient census
operations.

- Using GIS analysis to determine the most
efficient placement of field offices.

- GIS-based analysis to optimize allocation of
field-workers to EAs based on various criteria
such as language, distance, hours of work, and
more.

e Creation of map services (the way maps are
made available to the web).

e Creation of mobile map packages (the way maps
are made available on a mobile device in an off-
line mode).

More details are provided in the following sections

and subsequent chapters.
Needs assessment

It is generally recognized that a well-defined plan
that involves various users with different data needs
should be prepared at an early stage. Using geo-
spatial information technology in all the stages of

a census requires even more focus and the need to
identify, understand, and plan how to address the
specific GIS and mapping needs and expectations
of the main user groups, as well as the census geo-
graphic products required.

The needs assessment plan should include
strategies on the content to be discussed during
the consultations with users, questions on the ways
census products will be accessed (device type) and
used as well as their presentation, and the kind of
training that needs to be provided to users.

Conducting a comprehensive needs assessment
with a business need-driven approach rather than

a technology-driven approach helps to define



user needs. The assessment should also identify
any available resources within the NSO (and in

the country), such as maps suitable for the census
operations, existing software packages and relat-
ed equipment, qualified staff in GIS, and financial
resources for the GIS-based census program. This
identification will assist in reconciling user expecta-
tions with what is feasible given available resources,
working backward from final products and services
to requirements.’

The next section will elaborate on the needs
assessment of the main user groups: (a) major users
of census data, (b) persons and institutions partici-
pating in the census operations, and (c) the general

public and civil society.

Major users of census data

A user-oriented census provides major data users—
governmental departments, local administrations,
the academic and research sector, and the private
sector—with easy access and clear understanding
of the statistics available, enabling them to benefit
from census results. One of the major impacts of a
GIS-based census is the extension of the communi-
ty of users, interested in statistics with a geographic
dimension. The assessment of needs in this case
includes consultation on demographic and geo-
graphic content desired, geographic structures such
as administrative hierarchies or geographic units

needed for data collection or data aggregation,

and geographic base products (maps, imagery, and
other remotely sensed data) that support analysis
and dissemination of census data. A consultation of
the needs of these major users is necessary to de-
termine the form and scope of data to be dissem-
inated and to ultimately understand their expecta-
tions in terms of census geographic data products.

Persons and institutions participating in the
census operations
Evaluating the needs for census-mapping activities
is equally important for the persons (employees
and contractors) and institutions participating in the
census operations. To obtain an understanding of
existing resources and requirement gaps, the NSO
must carry out a survey of available human resourc-
es, hardware, and software, and must conduct an
inventory of existing data (in digital format and on
paper) and any requirements for data conversion.
The NSO should also understand any ongoing or
planned relevant GIS-oriented activities by other
public and private entities. The purpose of this as-
sessment is to avoid duplicating efforts, which is key
to reducing the cost of census geographic opera-
tions and delivering census products on time.®
Conducting a comprehensive needs assessment
to answer some of the critical questions shown
in the following table will help the NSO consider
which new technologies to adopt to modernize the

census process.
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Figure 2.5. Critical questions that NSOs should consider for a needs assessment.

Critical questions Example areas to be considered

What strategy will be Will the agency use GIS technology throughout the statistical pro-
adopted for the use of geo-  cess and across the organization? Or will it be used only in certain
spatial technology? functional areas (e.g., if GIS is adopted it can serve as the base for

future surveys beyond population and housing such as agriculture,
labor force, etc.), thereby improving return on investment for the

organization?

What are the costs What are the costs required to adopt the geospatial technology,

involved? including costs for new hardware, upgrades of hardware, or existing
software and any data needed? This should include an understand-
ing and consideration of ongoing needs to maintain the systems
whether purchased outright or built in-house.

What advantages are ex- Identify the benefits that the use of geospatial technology will bring
pected to be realized? to the census (e.g., improved accuracy, efficiencies in operations,

cost savings, or delivery of data in a timelier manner).

What are the costs or ben- Proceed with a cost-benefit analysis to justify the GIS-based method.
efits of implementing this

new system or method for

the agency?

What is the ease or dif- Ease of installation and maintenance are concerns for many NSOs
ficulty of installing and because they may not have technical expertise on staff to support.
maintaining hardware or NSOs may need to consider outsourcing or cloud-based deploy-
software? ments, for example.

Are both the software and The performance of both the GIS software and the geospatial

the database scalable? To database should be scalable: able to grow and be used for multiple
what extent can the system purposes.

manage peak loads? Appropriate system sizing and scaling will need to be done to con-

sider peak upload periods across all systems.

What type of users will Some types may include employees, field supervisors, area manag-
access the system? ers, executives, contractors, citizens, and application developers.

How will their identity be defined, and what will they have access to?
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Figure 2.5. Critical questions. (continued)

Critical questions Example areas to be considered

What types of * What type of device(s) will be used to access?
accessibility? e What functionality is required or allowed by the user?

e Will workers be both online and off-line?

What kind of mapping, GIS, * Do executives, field supervisors, or area supervisors (for example)

and imagery capabilities need different tools?
are needed? e Are there plans to use a street basemap or an image basemap or
both?

e \What scale or resolution is required?
* What geographic reference layers (infrastructure, natural

environment) are needed?

What other data should be e How will administrative data be used?
considered? ® Are geographic names or searches required?
e What point of interest (POI) data is needed (hospitals, schools,
etc.)?
What measures should be e What level of accuracy is needed in geocoding?
taken for geocoding? e What geocodes will need to be captured, updated, and used?
What support will be re- ® Documentation and reference manuals.
quired? ® Help and vendor support:

o Availability of local support from the vendor to provide any

needed support in a reasonable amount of time.

What are the staff training e |s this existing workforce adequately trained? If not, can training
needs? be provided in time frames needed?
* More specifically:
o Are staff trained in the production of maps and cartographic
databases?
o Are staff trained in the creation of map services?
o Are staff trained in basic GIS concepts, implementation, and

data management?
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Figure 2.5. Critical questions. (continued)

Critical questions

Example areas to be considered

What are additional key
considerations about EA

Device needs should include GPS and built-in maps based on
current available digital geography.

maps, devices, imagery, J
and GPS?

Device or application needs to allow for edits to census

geography in the field.

e Device needs to allow for secure capture of survey data in the
field in both online and offline modes.

® EA maps should be designed for ease of use by enumerator.

® EA maps should be designed for efficiency.

e Use of satellite imagery to verify boundaries and identify new
buildings and housing locations.

e Use of GPS to georeference points including housing location

and important landmarks.

What security needs should Can the GIS integrate with existing security systems and does it

be considered? allow for industry-standard security principles and controls to be

applied at all levels?

Cost-benefit analysis
An important component of needs assessment is
to proceed with a cost-benefit analysis. A consid-
eration of the costs and benefits of using GIS (and
other geospatial technologies) across all stages of
the census is essential for making informed deci-
sions about how much to invest and showing the
benefits from GIS use. The costs, as stated earlier,
include the acquisition of equipment, software,
maintenance, services, hiring additional staff or
training existing staff, acquiring data from outside
the NSO, and data conversion costs. Benefits can
be achieved in many areas including time and cost
savings, improvements in staff effectiveness and
efficiency, improvements in accuracy, and the earlier
dissemination of finished products.

Country experiences have shown that the bene-
fits derived from the use of GIS include productivity

gain and time savings; cost savings; cost avoidance;
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greater credibility and authority of geographic
and map products and survey data; better service;
increased accuracy; improved consistency; income
generation; improved analysis; improved poli-
cy-making; improved data sharing; and improved
outreach.? While measuring all the expected ben-
efits can be difficult because they are only partially
quantitative, their impact in terms of improvement
of data accuracy and data quality—the ultimate
purpose of a census—is recognized by countries
that use a comprehensive, large-scale GIS in their

censuses.

General public and civil society needs

Rapid changes in technology, combined with the
growing demand by the public and civil society
for data and information access and transparency,
are shaping the needs of users in the community.

In some cases, it is necessary to provide specific



data or access to meet the needs of these users, as
individuals or communities. Community engage-
ment is key for organizations as producers of official
statistics. Citizens and civil society alike need to
fundamentally understand the issues of the day and
where change is needed, which comes from NSO
authoritative data.

Modern geospatial platforms provide easy-
to-use tools (e.g., apps) for data sharing and
collaboration, which allow for even more citizen
engagement. NSOs may need to educate the
general public about the power of geospatial tools
in conveying census information to users, and how
spatial analysis related to GIS capabilities allows us-
ers to analyze and visualize data, leading to a more
meaningful interpretation of results. For example,
census data is essential and most relevant in public
safety efforts. NSOs must also keep abreast of and
anticipate the general public demand for their data,
including the need for data to support the under-
standing and reporting on the UN SDGs (see the
case study on Ireland and SDGs in chapter 8).

Information product needs

The ultimate purpose of conducting a comprehen-
sive needs assessment of the three user groups is to
determine the range of output or information prod-
ucts that need to be completed both throughout
and at the end of the GIS-based census program.
This determination allows the NSO to rethink the
geographic products from the users’ perspective,
and how to make them available in a form suited
to their needs supplemented by proper and useful
documentation, including metadata.

Generally, the geographic information products
include digital EA maps for the creation of aggre-
gate dissemination areas; geographic boundary
files in digital format that provide statistical report-

ing units used for census dissemination and spatial

analysis; a road network file in digital form repre-
senting the country’s national road network and
containing information on street names and types
for all major urban areas;' and correspondence
files that indicate how current reporting units relate
to those used in previous censuses and facilitate a
comparison between sequential censuses (see the
online ancillaries at esri.com/Census2020).

Other information products may include the list

of changes to municipal boundaries showing the

Volunteered geographic
information

Public demand for information is expanding
rapidly, as is “citizen science”—the scientific
research conducted, in whole or in part, by
amateur scientists. A widespread community
engagement called volunteered geographic
information (VGI) is popularizing the creation,
sharing, and use of geospatial data, often
through smart phones, social media, and online
mapping tools, and acting as a valuable mech-
anism to encourage public participation and
citizen engagement in geospatial information.
VGI, crowdsourced data, and social media may
provide essential information to citizens and
local knowledge to communities on their neigh-
borhoods, health facilities, zoning conditions,
or even the damage from flooding or some
other local disaster. Citizens and particularly
some focus groups may need statistical data to
combine with field data to create community
mapping. Even though the quality or accuracy
of such mapping may not be high, the speed
of collection and mapping of the data can be
performed easily, making it useful for an early
response.
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changes brought to municipal boundaries, status,
and names that occurred between the current and
previous census; a set of vector layers containing
feature data, such as landmarks, roads, schools,
health facilities, etc., which can be used for pop-
ulation-based spatial analysis; centroids/point-
based files (point data based on GPS coordinates
or individual addresses) that provide respectively
geographic point reference for each reporting unit
and other geographic features (such as dwellings,
places, etc.); and gazetteers that provide geograph-
ic coordinates and naming for all population set-
tlements and other important geographic entities

in the country (such as administrative units, places,
and census units)."” Modern systems also allow

for the creation of operational dashboards which
can be useful during the full census cycle, giving
transparency and increasing communication and
collaboration across teams. Finally, in dissemination,
many different types of information products may
be required, including maps, story maps, atlases,
online web applications, and more (more details are

provided in chapter 9).
Success factors

Besides conducting a comprehensive needs
assessment that helps adequately define the user
needs and identify the available resources within
the NSO and in the country, particularly the funding
requirements, we need to consider critical factors to
succeed in a full digital GIS-based census program.
Chief among these factors are: (1) ensuring com-
mitment from senior management for building a
long-term digital program; (2) building technical
and human capacities required for sustaining the
GIS-based systems and databases and setting up
an independent unit for cartography/GIS activities
within the NSO; (3) using technical standards; (4)
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developing a partnership for cooperation with the
NMA and other organizations involved in geo-
spatial information activities; and (5) choosing the
appropriate methodology of integration of the new
geospatial technologies with the census-mapping
operations (compatibility). These factors are find-
ings revealed by survey-based studies and lessons
learned from country experiences during the last
2010 Round of Censuses."”? We will elaborate on

them in the following sections.

Human factors

While a GIS-based census project may be perceived
as technical in nature, what ultimately drives its
success often hinges on human factors, particularly
in terms of ensuring commitment from senior man-
agement for building a long-term program and the
true integration of geospatial and statistical data.

It is critical, as stated earlier, to consider the GIS-
based census program as a long-term program that
benefits not only the national census office but also
other government agencies and ministries as well as
census data users. Approaching GIS as an integral
part of the process and knowing that it requires

an important initial investment can help achieve a
return on investment in the long term.

With any new methodology with little critical
mass of experiences known by policy makers and
good practices confined to specialists, a promoter
and a champion are needed. These people will
not only steer the GIS-based census process but
will also reach out to the decision makers, advo-
cating for the benefits of using this new approach.
A champion can communicate and demonstrate
the power of GIS to visualize, explore, and analyze
data related to development, ensuring appropriate
and timely government support for all aspects of

the program.
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IT and human capacity building

A GIS-based census program carried out as a
continuous process requires an independent
geographic information unit to be set up within
the NSO, with a permanent staff that can carry
out the geospatial analysis and census-mapping
tasks spanned over all census stages and between
censuses. A permanent unit that can develop
partnerships, understand and adhere to data
standards and interoperability requirements, forge
agreements and contracts for data collection and
sharing, and cooperate with the other major actors
in building the NSDI of the country is a valuable
asset for success. In the absence of in-house GIS
capabilities, it becomes difficult for the census of-
fice to make qualitative checks on the data created
and delivered by the contracted companies. This
difficulty may result in the delivery of inaccurate
and deficient data, which in turn affects the quality
of the geospatial data and map products used for
the census.

Building technical and human capacities
required for sustaining the GIS-based census
program is a recurrent issue to be addressed.
Building this capacity requires training personnel
with appropriate skills in GIS to serve all census
geography needs. A well-trained staff is a key fac-
tor for the success of GIS-based census-mapping
projects. Country experiences have shown that
retaining skilled GIS staff within NSOs is a major
issue, particularly with the proliferation of numer-
ous GIS applications unrelated to the census and
often commercially more attractive and lucrative.
To retain trained qualified staff, NSOs need to
provide significant incentives and ensure continual
training to keep employees abreast of advances in

technology.

Use of standards
Standards are important to every industry and GIS is
no exception. The benefits of developing, adopting,
and implementing technical standards and common
metadata have been recognized by both statistical
and geospatial communities. Those benefits enable
interoperability and facilitate the integration and
use of diverse sources of statistical and geospatial
data and services in all sectors of a global economy.
It is recognized that the development of common
standards and metadata would specifically make
statistical and geospatial information more usable
and relevant to a wider range of users.
Implementing geospatial databases for the
census and related geographic products requires
the creation and maintenance of metadata guide-
lines and a data dictionary. The metadata standard
and its use beyond the census would increase the
usability and relevance of this data and enhance
the ability to compare data both within and across
geographies. NSOs should adhere to applicable
standards established for the country because they
are necessary to ease the effort of sharing census
data and understanding between organizations and
between applications. Many applications extend
beyond national borders, including those related to
disaster management, spread of infectious diseases,
humanitarian assistance, migration, and cross-bor-
der displaced population, for which it is necessary
to integrate datasets across national borders.
Geospatial standards and metadata are not
always available in countries. When they are unavail-
able, it is recommended that NSOs follow published
basic standards and definitions, especially about the
geospatial features used in statistical operations,
such as boundaries of statistical units, buildings,

private dwellings, and collective living quarters.

Chapter 2: The role of GIS in census 23



As stated previously, work led by the UN has resulted in the development of a Global Statistical Geo-
spatial Framework (GSGF) used as a guideline for integrating statistical and geospatial information. An
overview of this framework is presented in the box.” The development of an overarching statistical-geo-
spatial framework, as part of an overall information architecture at both the national and global levels, is
needed for enhancing the common understanding of concepts such as geocoding, georeferencing, and
other terminology; sharing common standards; and fostering collaboration between both statistical and
geospatial communities. This recognizes that when statistical and geospatial information is integrated
within a statistical-geospatial framework, the geostatistical results can significantly improve the quality of
official statistics and population and housing censuses and support the measuring and monitoring of the
SDGs. This also explains and justifies the shift from census mapping to GIS-based approaches, with full use

of GIS and geospatial technologies across all stages of the census and beyond.
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What is the GSGF?

The GSGF, developed under the auspices of the EG-ISGI, is a high-level framework that consists of five
broad principles that are considered essential for integrating geospatial and statistical information
(see figure 2.6).

Usable
and accessible

Statistical and geospatial
interoperability

Common geographies for
dissemination of statistics

Geocoded unit record data in a data
management environment

Use of fundamental geospatial infrastructure
and geocoding

Figure 2.6. GSGF—five fundamental principles.

The GSGF principles—goals and objectives

Each of the high-level principles* in the GSGF is defined by a set of goals and objectives and is supported
by international, regional, and applicable national standards and best practices. At its sixth session in 2016,
UN-GGIM adopted the following five principles:™

Principle 1: Use of fundamental geospatial infrastructure and geocoding

This foundational principle is about the fundamental geospatial infrastructure. In this context, it refers to
those geospatial datasets that underpin the core business of NSOs. The requirement is about “a common
and consistent approach to establishing the location and a geocode for each unit in a dataset, such as a

* This text explaining the principles is mainly derived, with some adaptations, from the background paper Proposal for a Global Statisti-
cal Geospatial Framework, available at http://ggim.un.org/meetings/GGIM-committee/documents/GGIMé/Background-Paper-Propos-
al-for-a-global-statistical-geospatial-framework.pdf. Also used is the Global Statistical Geospatial Framework: Linking Statistics and Place
document, available at ggim.un.org/meetings/GGIM-committee/8th-Session/documents/Global-Statistical-Geospatial-Framework-
July-2018.pdf.
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person, household, business, building or parcel/unit of land. . . . The goal of this principle is to obtain a
high quality, standardized physical address, property, building identifier, or other location description in
order to assign accurate coordinates and/or a small geographic area or standard grid reference to each
statistical unit (i.e., at the microdata level).” The fundamental geospatial infrastructure will differ between
countries, but “the process of obtaining locations and geocodes should use relevant, fundamental geo-
spatial data . .. from the National Spatial Data Infrastructures or other nationally agreed sources.” In some
nations, it is likely to include national address lists, land parcel databases, road networks, business regis-
ters, and building footprints. In other nations, it is likely to include national and regional boundaries, town
and locality locations, etc. However, the EG-ISGI recognizes that geocoding of statistical units using point
referencing is highly preferable when compared with merely associating statistical units with a geographic

region (i.e., a polygon).

Principle 2: Geocoded unit record data in a data management environment

This principle focuses on the requirement that the linkage for each statistical unit record should occur
within a data management environment to allow all statistical data to be applied to any geographic con-
text (i.e., in aggregating data into a variety of larger geographic units), including future changes to geog-
raphies over time, and enable data-linking processes that aim to integrate information of varying nature
and sources by so-called linked data techniques. This principle is underpinned by two combined factors:
(1) key to geospatial enablement and flexibility, the finer the better; and (2) statistical data management en-
sures confidentiality. While principle 1 is about geocoding infrastructure, principle 2 is about applying this
geocoding infrastructure to unit records and ensuring that the statistical infrastructure can use geospatial

infrastructure and standards for geocoding.

Principle 3: Common geographies for dissemination of statistics

This principle is about the enablement of comparisons across datasets from different sources, which re-
quires using a common set of geographies for the display, reporting, and analysis of social, economic, and
environmental information. The goal of this principle is to provide the tools for integration of aggregate
data on common geography and for the dissemination of data. In addition to the recognized importance
of traditional statistical and administrative geographies, NSOs should consider the benefits of grid-based
statistical systems because gridded data can be both a rich source of information and a consistent geogra-
phy for disseminating and comparing information.

Principle 4: Interoperable data and metadata standards

This principle aims at greater efficiency and simplification of the creation, discovery, integration, and use of
geospatially enabled statistics and geospatial data; increasing the potential application of a larger range
of data and technologies; and a wider range of data available and accessible for use in comparisons and
analysis in decision-making: “Both the statistical and the geospatial data communities operate their own

general data models and metadata capabilities; however, these models are often not universally applied.
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The statistical community uses the Generic Statistical Information Model (GSIM), the Statistical Data and
Metadata eXchange (SDMX), and the Data Documentation Initiative (DDI) mechanisms. The geospatial
community uses the General Feature Model (GFM) and the ISO19115 metadata standard, plus a number
of application-specific standards.” Within the statistical community, there is a need to build geospatial
processes and standards into statistical business processes in a more consistent manner. In consequence,
the EG-ISGI has recognised that a top-down approach is required, incorporating geospatial frameworks,
standards, and processes more explicitly into the Common Statistical Production Architecture and its com-
ponents. Work has started internationally on how to better enhance interoperability between statistical and

geospatial metadata standards.

Principle 5: Accessible and usable geospatially enabled statistics

This principle is about the ultimate purpose of developing this GSGF: Informing decision-making in a more
flexible, agile approach using new and existing data and reassuring custodians of safe release (i.e., release
of their data with confidence, privacy, and confidentiality protected) while enabling users with discovery
and access of geospatially enabled statistics. More specifically, this will consist of identifying or, where
required, developing policies, standards, and guidelines that support the release, access, analysis, and
visualization of geospatially enabled information. In addition, data users can undertake analysis and evalua-
tion. Web services enable machine-to-machine access and dynamic linkages of information. As stated in
principle 4, this will allow data to be accessed and used efficiently and ultimately support the moderniza-
tion agenda of many NSOs and NMAs.

The UNSC adopted the framework at its forty-eighth session in March 2017, and subsequently the Com-
mittee of Experts endorsed it at its seventh session in August 2017.

The standards and best practices that will form the detailed guidance for countries implementing the
framework are still under consideration by the EG-ISGI and will be brought to the UNSC and UN-GGIM for
consideration when finalized.

Where standards, policies, or datasets required to support the framework do not currently exist, the
framework provides a clear mandate for their establishment. Collaboration between countries and within
the EG-ISGI provides a mechanism to assist with the formation and establishment of these standards, pol-
icies, or fundamental datasets both within member states and internationally. A number of areas of further
work have been identified and are under consideration by EG-ISGI.

The framework is driven by strong principles but remains broad enough that countries can adapt it to
their local conditions and needs. Many members agreed to prepare country-level examples detailing their
application of the GSGF principles to their national conditions in preparation for broader global communi-
ty input. In this regard, a template for country examples for each of the five principles has been prepared
by the Australian Bureau of Statistics and available for use by countries.

Other countries such as Sweden are now beginning to share their interpretations on how they will imple-
ment the GSGF within their organization.
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Collaboration
As stated previously, NSOs need to be aware that
the challenges involved in introducing GIS and
other geospatial technologies are not only techni-
cal, but more often institutional and organizational.
Mobilizing cooperation among all stakeholders and
building partnerships right from the beginning of
the census-planning phase is essential to imple-
ment a GIS-based census program catering to the
needs of all major users.

For example, since producing basemaps is
not a core competency of the NSO, developing a
partnership for cooperation with the NMA can be
mutually beneficial: the NMA provides the NSO
with basemaps updated and appropriate for the
census operations, and, in return, the mapping

agency may benefit from the improvements provid-

i

Partner Agencies

rm
1

Citizens

ed by the fieldwork undertaken by the NSO and the
geographic products derived from the census.
Other examples include the selection of GIS
data or systems that should be made considering
the use by other government departments, al-
lowing that the construction of a national census
geospatial database can be employed in many
different national contexts for numerous purposes.
Institutional arrangements facilitate partnership for
data standards and interoperability, agreements
and contracts for data collection and sharing, and
collaboration across government at a variety of
levels including national, regional, and local, thus
contributing to the building and development of

the national geospatial information infrastructure of

the country.

Businesses

Figure 2.7. Collaboration across agencies and the community.

28 GIS and the 2020 Census: Modernizing Official Statistics



Geography and Statistical Data Are Foundational

An Integrated Data Model Is Essential

Boundaries

Key

Census Data

EA Id Population Male Female
1203501750071 432 209 223
[ 1203501750072 502 240 262
1203501750073 575 258 267
1203501750074 494 251 243
EAId Num HH Avg HH size
1203501750071 89 4.9
1203501750072 98 5.1
1203501750073 102 5.1
1203501750074 85 5.8

Figure 2.8. Integration of geospatial and statistical data. Statistical data can be easily mapped by using geographic infor-

mation such as geocodes, EA codes, and EA boundaries.

Compatibility—methodology of integration
Choosing the appropriate methodology of integra-
tion of the new geospatial technologies with the
census operations is another central factor in the
adequate integration and optimal use of geospatial
technologies. Given the different approaches and
national experiences, it is generally recognized
that no universal solution fits all; in deciding what
approach to adopt, the NSOs should be guided by
their needs, policies, and availability of resources
allocated to the census in their countries.

Lessons learned from different experiences point
to challenges in integrating existing census or geo-

graphic data with newly collected data and convert-
ing the data into digital form. Consideration should
be given to the construction and implementation of
a geospatial database, required data models, and
maintaining standards, metadata guidelines, and
data dictionaries.

For example, the NSO may need to extract,
transform, and load (ETL) some data received from
other agencies or sources owing to variations in file
formats. By considering standards, system require-
ments, data gaps, and other key issues, the NSO
will be better prepared for success.
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Considerations for rapid changes in technology

How do NSOs keep abreast of technology changes and understand what and when to implement?
Artificial intelligence (Al), machine learning (ML), 10T, and smart devices hold the promise for an intelli-
gent future. The challenge will be understanding and leveraging these new technologies in both a timely
and cost-efficient manner and mapping the NSO's business needs and workflows to these potential new
technologies.

Understanding new ideas such as this, in addition to continuous adaptive security or microservices, will
be critical to future success. Intelligent applications (apps) and analytics are another key trend we must be
prepared for. Intelligent apps have the potential to transform the nature of work and the structure of the
workplace. While NSOs are conducting their work today, they must at the same time plan for the future.

The GIS industry is no stranger to this transformation, according to Jack Dangermond, president and
founder of Esri: “The geospatial industry is quickly evolving because the capabilities of digital connected-
ness and collaboration are moving ahead exponentially. In fact, the five biggest trends in the area of geo-
graphic information system (GIS) technology are centered on making data more accessible and creating

context to visualize this data in an age when fast, easy access to information is taken for granted.”

Figure 2.9. Jack Dangermond, president of Esri, addresses a conference audience.
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Figure 2.10. Top five trends in GIS technology today.

According to Dangermond, the top five trends in GIS technology today are as follows:
1. Location as a service

. Advanced analytics

. Big data analytics

. Real-time GIS

. Mobility
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Dangermond continues: “The last leap in computing was the shift from the server to the cloud. Software
as a service (SaaS) opened a world of opportunities for GIS, as shared map services like the World Imag-
ery basemap are no longer separate from the unique services offered to users. GIS users can share data,
collaborate, make mashup maps in the server, and then connect to the cloud.

The next leap in GIS technology and computing is connecting to the vast network of devices providing
data in real time. This technology is a revolutionary change and brings great opportunity. The more acces-
sible data is, the more important it will be to understand it. And maps are the visual language for under-
standing the context of data.”

An example of these technologies coming together today is the Esri World Population Estimation mod-

el. Chief Cartographer Charlie Frye leads this project on behalf of Esri.
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Esri World Population Estimate

Figure 2.11. Image of the Sinai Peninsula. Courtesy of MDA NaturalVue.

MDA NaturalVue is imagery processed with natural colors (RGB channels) to reflect the earth’s true colors.
This cloud-free imagery is available even for areas with persistent cloud coverage.

As methods like these become more repeatable and proven, it will influence the way we conduct our
own census and survey work.

This project brings together big data, advanced analytics, and location as a service. In December 2014,
Esri published the initial version of the World Population Estimate (WPE) image service on ArcGIS Online.
The service represented a global estimate of the 2013 population of the earth as a footprint at 250-meter
resolution. The WPE is a dasymetric raster surface in which each cell represents an estimated count of peo-

ple living in the location the cell represents. The same method is applied globally, which means the values
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in each of the cells are intended to be comparable. Data used includes Landsat8 panchromatic imagery,
classified land cover from MDA Information System’s BaseVue® 2013, and a global dataset of road inter-
sections. A texture-detecting model is used to locate settlement in the rural areas beyond where the urban
classes from BaseVue 2013 exist. Because land cover data inherently includes information about surface
water, agriculture, and permanent ice, some of these factors can be eliminated because there is a high

level of certainty that people as a rule do not live in these locations.

Esri's purpose in creating the WPE s to facilitate population-based spatial analysis—specifically, providing

a footprint for ArcGIS tools to perform the following:

e Provide a basis for estimating redistributions of other population characteristics with higher geographic
fidelity than traditional choropleth mapping techniques. These characteristics include demographic
variation, economic behaviors, political attitudes, and cultural characteristics.

® Support cross-boundary estimation of populations that:

o Are affected by natural disasters and complex humanitarian emergencies (for mitigation, response,
and recovery).
o Live within high-risk environments, such as areas prone to flooding or forest fires.
o Are exposed to disease (to prevent transmission).
o Are affected by disease outbreak (to direct resources to support effective treatment efforts).
e Estimate human impact on the environment for purposes of sustainability, resilience, and planning along

the lines of green infrastructure.

In summer 2016, Esri published an update representing the estimated footprint and population for 2015.
The 2015 estimate included additional image services for population density and confidence. The 2015
services were all based on 150-meter resolution.’

In early 2018, Esri published a population 2016 estimate that included an improved confidence score.
This work continues, and Esri is now collaborating to further this research in a consortium called POPGRID
(https://www.popgrid.org). Hosted by the Center for International Earth Science Information Network
(CIESIN) at Columbia University, this group works on a voluntary basis to share and document techniques
for producing global gridded dasymetric redistributions of population, to foster greater awareness of
gridded population estimates, and to produce comparisons of the global gridded products. The POPGRID
participants include Oakridge National Laboratory, Esri, CIESEN, the Joint Research Centre (JRC), the Eu-
ropean Commission, WorldPop (University of Southampton), the German Aerospace Center (DLR), Image-
Cat, Inc., the US Census Bureau, the World Bank, Facebook®, and Google®.

Using imagery and other data sources and analyzing them using machine learning and Al, each of these
organizations is working to innovate and create a global mosaic of high-resolution settlement layers that

will provide an increasingly higher quality estimate of human population distribution.
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Notes

1. Since its inception, the UN recommends that each country conduct a population and housing census at
least once every ten years, usually within the so-called census round. The 2020 census round covers the
ten-year period 2015-2024.

2. The UN Principles and Recommendations defines the population census as “the total process of
collecting, compiling, evaluating, analyzing and publishing or otherwise disseminating demographic,
economic and social data at the smallest geographical level appropriate pertaining, at a specified time,
to all persons in a country or in a well-delimited part of a country.” In the case of a housing census, this
same process focuses on “statistical data relating to the number and condition of housing units and
facilities as available to the households pertaining, at a specified time, to all living quarters . . . and
occupants thereof in a country or in a well-delimited part of a country.”

3. These objectives sum up the findings of the UN regional workshops held worldwide during the 2010
Round of Censuses and presented at the 2015 International GIS Workshop in China.

See https://statswiki.unece.org/display/GSBPM/GSBPM+v5.0.

5. See details in the UN Department of Economic and Social Affairs Statistics Division's Handbook on

Geospatial Infrastructure in Support of Census Activities, 2009. Available at https://unstats.un.org/

unsd/demographic/standmeth/handbooks/series_{103en.pdf.

See Handbook on Geospatial Infrastructure.

See Handbook on Geospatial Infrastructure.

See Handbook on Geospatial Infrastructure.

See Handbook on Geospatial Infrastructure.
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0. For example, Statistics Canada has its boundary files and the road network files available in three for-
mats: ArcGIS® shapefile (.shp), Geography Markup Language (.gml), and MaplInfo® (.tab).
11. See Handbook on Geospatial Infrastructure.
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See details in Australia Programme Review and the related background paper on Developing a Statis-
tical Geospatial Framework in National Statistical Systems: Survey of Linking Geospatial Information
to Statistics—Analysis of Questionnaire Responses (2013), available at https://unstats.un.org/unsd/
statcom/44th-session/documents, and the UNSD report on the Results of a Survey on Census Methods
Used by Countries in the 2010 Census Round, available at https://unstats.un.org/unsd/censuskb20/
KnowledgebaseArticle10696.aspx.

For details, see the report of the UN Expert Group on the Integration of Statistical and Geospatial
Information, 2015, E/CN.3/2015/37, at https://unstats.un.org/unsd/statcom/46th-session/documents.
See UN Expert Group on the Integration of Statistical and Geospatial Information Background Doc-
ument on Proposal for a Global Statistical Geospatial Framework. Available at http://ggim.un.org/
meetings/GGIM-committee/documents/GGIMé/Background-Paper-Proposal-for-a-global-
statistical-geospatial-framework.pdf.

See the Esri story map “We Are Everywhere” available at https://landscapeteam.maps.arcgis.com/
apps/MapJournal/index.html|?appid=23d43b031a4d47629c511909188cfefd.
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Census workers need to capture and analyze information at the finest
geographic level with mobile and geospatial-based technology.
GIS and the 2020 Census: Modernizing Official Statistics provides statistical organizations

with the most recent GIS methodologies and technological tools to support census

?IIEII[E) 2 0 2 0 workers' needs at all the stages of a census. Learn how to plan and carry out census work

with GIS using new technologies for field data collection and operations management.

C E N S U S After planning and collecting data, apply innovative solutions for performing statistical

analysis, data integration, and dissemination. Additional topics cover cloud computing,

big data, location as a service (LaaS), and emerging data sources.

Modernizing Official Statistics

While GIS and the 2020 Census focuses on using GIS and other geospatial technology
in support of census planning and operations, it also offers guidelines for building

a statistical-geospatial information infrastructure in support of the 2020 Round of
Censuses, evidence-based decision-making, and sustainable development. Case studies

illustrate concepts in practice.
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