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1. Introduction and scope

This technical note aims to present the progresses done towards the evaluation of the
possible application of the Land Use Modelling Platform (LUMP) in a global context or
anyhow outside the geographical borders of Europe. The definition and computation of
demands for land-uses are the first element to be appraised since these are essential
inputs for the modelling platform. The note describes the methodology adopted to
compute the demand for urban land (this includes land uses related to residences, leisure
facilities and small commercial and industrial activities) in 10 regions worldwide

according to a set of different scenarios of demographic expansion.

The Land Use Modelling Platform (LUMP) has been developed by the Institute for
Environment and Sustainability (IES) of the Joint Research Centre (JRC) to support the
policy design of different services of the European Commission. It aims to provide a
comprehensive, consistent and harmonized analysis of the impacts of policies and/or
specific proposals in the context of environmental and socio-economic changes in
Europe. LUMP is based upon the combination of a spatially explicit land use model and
its linkages with other modelling activities in thematic fields such as hydrology,

agriculture, economy, forestry, etc.

The Land Use Modelling Platform is currently applied for the 28 Member States of the
European Union. The extension of its use beyond the geographical borders of Europe
would be beneficial for policies related to international development and cooperation

and more generically to evaluate indirect impacts of European policies and programmes.

This short note aims to investigate how global demographic projections can be converted
into quantitative drivers for the demand of land for urban areas and how sensitive is such

demand to different parameters and assumptions.

2. The Land Use Modelling Platform in brief

The Land Use Modelling Platform has a modular structure and is organized in three main
components: 1) the land demand module; 2) the land allocation module; 3) the indicator
module. The first module is where demand for different land uses is defined. Different

drivers and algorithms are used to compute demands for each land use. A range of



maximum and minimum demand for each land use, for each year and for each sub-region
of interest, is passed onto the second module, the land allocation module, which is the
core of LUMP. This second module is responsible for allocating the yearly projected
quantities of land in space (at pixel level). This module is also called EUClueScanner100
(EUCS100) and was developed in collaboration with DG Environment. It is based on the
dynamic simulation of competitions between land uses. Its spatial allocation rules stem
from a combination of land demand, overall suitability, temporally-dynamic
neighbourhood characteristics and scenario/policy-specific decision rules. Finally, the
indicator module takes the main output of the land allocation module - a simulated land
use map for a given year in the future - and computes various indicators to better

interpret the results.

LUMP undergoes a continuous metamorphosis, its development is mainly dependent on
the requirements of each project and has already been used to assess land use impacts of
key environmental EU policies, such as the sustainable management of coastal zones?, the
greening of the Common Agricultural Policy (CAP)2, the Blueprint to Safeguard Europe's

Waters3#, and other fields related to energy and regional development.

A more technical description of the LUMP, in particular of its land allocation module can

be consulted in Lavalle et al. (2011)5.

! lLavalle C., Rocha Gomes C., Baranzelli C., Batista e Silva F. (2011). Coastal Zones - Policy alternatives impacts
on European Coastal Zones 2000-2050. EUR 24792 EN. Luxembourg (Luxembourg): Publications Office of the
European Union.

2 Lavalle C., Baranzelli C., Mubareka S., Rocha Gomes C., Hiederer R., Batista e Silva F., Estreguil C. (2011)
Implementation of the CAP Policy Options with the Land Use Modelling Platform - A first indicator-based
analysis. EUR 24909 EN. DOI: 10.2788/45131. Luxembourg (Luxembourg): Publications Office of the European
Union.

3 De Roo, A. et. al (2012) A multi-criteria optimisation of scenarios for the protection of water resources in
Europe - Support to the EU blueprint to safeguard Europe’s waters. EUR 25552 EN. DOI: 10.2788/55540.
Luxembourg: Publications Office of the European Union.

4 Burek P., Mubareka S., Rojas R., de Roo A., Bianchi A., Baranzelli C., Lavalle C., Vandecasteele I., (2012)
Evaluation of the effectiveness of natural water retention measures- Support to the EU blueprint to safeguard
Europe’s waters. EUR 25551 EN. DOI: 10.2788/5528. Luxembourg: Publications Office of the European Union.

5 Lavalle C., Baranzelli C., Batista e Silva F., Mubareka S., Rocha Gomes C., Koomen E., Hilferink M. (2011). A high
resolution land use/cover modelling framework for Europe. ICCSA 2011, Part I, LNCS 6782, pp. 60—75.



The methodology subject of this technical note contributes to the first module (the land

demand module) of the Land Use Modelling Platform.

3. Computing global urban land demand 2005-2045

The exercise herein described is based upon the four scenarios of global projections

developed in the frame of the FP-7 project VOLANTES.
The four scenarios (named the ‘marker scenarios’) are derived from the IPCC scenarios

A1, B1, A2, B2 (ref. ‘Special Report on Emissions Scenarios’’) and have been adapted
according to the scope and objectives of VOLANTE - and have been renamed respectively

V-A1l, V-B1, V-A2, V-B2.
The brief narratives for these marker scenarios are defined in VOLANTE as followss8:

e V-Alrepresents a globalised world with strong economic growth, high growth of food
and feed demand, weak regulation on land use change, declining tropical forest areas,
a fully liberalized agricultural policy in Europe, and phased-out bioenergy mandates.

e V-A2 represents a fragmented world with modest economic growth, high population
growth, high growth of food and feed demand, weak regulation on land use change,
declining tropical forest areas, no change in the agricultural policy in Europe, and
phased-out bioenergy mandates.

e V-B1 represents a sustainable world with modest economic growth, slow growth of
food and feed demand, strong regulation on land use change, protected tropical forest
areas, a liberalized agricultural policy in Europe, and modest bioenergy demand.

e V-B2 represents a fragmented world with modest economic growth, modest growth

of food and feed demand, some regulation on land use change, some protection of

6 http://www.volante-project.eu
7 http://www.ipcc.ch/ipccreports/sres/emission/index.php?idp=99

8 http://www.volante-
project.eu/images/stories/DELIVERABLES/VOLANTE_D7.3_Description_of_the_translation_of_sector_specific_
land_cover_and_land_management_information.pdf



tropical forest areas, no change in the agricultural policy in Europe, and modest

bioenergy demand.

For the purposes of this technical note, only the demographic projections are of concern.
Each scenario refers to different prospects of world population growth (being identical

for V-A1l and V-B1). These are synthetized in the table below:

Table 1: Population projections up to 2040 by marker scenario.

V-Al V-A2 V-B1 V-B2

8.5 billion 10.3 billion 8.5 billion 8.9 billion

Population people in 2040 | people in 2040 | people in 2040 | people in 2040

The demographic projections are provided with a breakdown of 10 macro world regions
(AFR = Sub-Saharan Africa, CPA = Centrally Planned Asia including China, EUR = Europe
including Turkey, FSU = the Newly Independent States of the Former Soviet Union, LAM
= Latin America, MEA = Middle East/North Africa, NAM = North America, PAO = Pacific
OECD including Japan, Australia, New Zealand, PAS = Pacific (or Southeast) Asia, SAS =

South Asia including India), described in Annex 1.

The urban land corresponds to the artificial surface (measured in squared kilometers)
taken by the portion of built-up that comprises residences, leisure facilities and small
businesses (e.g. retail, services). The source for urban land use is the MODIS land cover

map for 2001.

It is assumed that the future demand for urban land is mainly driven by the size of the
total population, trends in household size (which determines the total number of
households) and the spatial household density (reflecting the density by which new built-

up areas are developed).



The methodology to arrive to urban land demand is based on the following steps:

STEP 1.

The Total number of households 7/ is calculated for each region, according to the
following formula:

TH _ Paoo1+tis
2001+t,i,S =

(H)2001+t,i,5
Where:

Py001+tis = Population for the year 2001+t, for the Region i as assumed in the

demographic projection of marker scenario §

(H)3001+t,is = Average Household size (e.g. average number of household members) for
the Region i as assumed in the marker scenario S. For the baseline year

2001 this value is the same for all scenarios and is derived from the UN-
Statistics

t=01,..,44; i=AFR CPA etc..; S=V — A1V —A2,V —B1,V — B2

STEP 2

The Land Use Intensity (LUI) for each region, defined as the ratio between households

and urban area, has been estimated for the baseline year 2001:

LUI _ THjp01,
2001 = 75
2001,

Where:



THyp01; = Total number of households in 2001 for the Region i
Uz001,; = Total Urban Area in 2001 for the Region i

i = AFR, CPA, etc.

The following datasets have been used for the computation:

= Urban area (artificial surface coverage in Km?) for each region for year 2001 are
derived from the Global MODIS Land Cover Map?;

= Baseline population statistics are compiled from UN-Statistics, at country level10;

The table below summarizes the computed values for the baseline year 2001:

9 https://lpdaac.usgs.gov/products/modis_products_table/land_cover/yearly_13_global_500_m/mcd12q1

10 http://data.un.org/



Table 2: Baseline figures for 2001.

Urban Average Nr. of
area hous.ehold hou:c,eholds LuI
size (estimated)

Region km PTEEL e oo
AFR 30988 4.7 140.5 4534.5
CPA 88770 3.9 351.6 3961.2
EUR 119091 3.0 196.2 1647.7
FSU 60323 2.8 98.6 1635.0
LAM 94565 3.9 135.3 1430.6
MEA 32624 4.0 77.0 2360.4
NAM 129858 2.6 120.4 926.9
PAO 29722 2.7 56.2 1889.2
PAS 29067 4.1 112.5 3870.7
SAS 40858 5.3 263.8 6456.4
I;Tct)bal 655864 1552.1

STEP 3.

The last step concerns the actual computation of the required urban area for each region

for each marker scenario from year 2001 to year 2045:

U _ THygo1+4t,is
2001+tiS = T
2001,

The key variable in the described method is the projected average household size
(H)3001+t,i s for the future (namely for the period from 2005 until 2045 in this exercise

since a 5-years step has been used in the computations).

10



Three different approaches have been tested to derive the demand for urban land, each
one based on hypothetical scenario-specific assumptions on the household size - i.e. the

average number of household members.

The three assumptions are as follows:

1) Household size is assumed to be constant in time for all scenarios, equal to the

observed value for the baseline year (2001);

2) Household size is assumed to converge world-wide at 2.5 persons/household by 2150

for all scenarios;
3) Household size is assumed to be scenario specific:
a. converge world-wide at 2.5 persons/household by 2100 for V-A1 and V-B1;

b. household size is assumed to reduce by 0.01 persons/household/year in all

world regions (no convergence) for V-A2;

c. household size is assumed to reduce by 0.02 persons/household/year in all

world regions (no convergence) for V-B2.

These assumptions were drawn upon to test the sensitivity of the method to the variation
of the parameter represented by the household since. The first approach can be seen as
a ‘minimum’ urban growth prospect with all the parameters as observed circa 2000. In

the other two approaches, the parameters are more dynamic in time.

The subject matter of the exercise being the robustness of the method, the validity of the
assumptions chosen (which could be readjusted and retuned) has not been subject of

research - nor is it planned to be in the short future.

11



4, Results

Three different projections have been computed for each marker scenario, each
projection corresponding to a different assumption on the trends of the household size
(i.e. the average number of household members). Given that population figures for V-A1l
and V-B1 are equal, the demand for urban land has therefore been computed for a total
of nine diverse combinations. The detailed results of the computation of demand for

urban area are presented in Annexes 2, 3 and 4.

The projected global urban area demand (i.e. the sum of the demand for all regions) for
the marker scenario V-Al and V-B1 is presented in Figure 1. The overall demand
increases substantially for the two converge scenarios, when compared to constant
household size. This results is somehow expected and plausible, assuming that the known
decreasing trend in average household size will continue in the future, and this parameter

slowly converges between world regions.

V-A1l (=V-B1) Scenario

1,000,000
950,000
900,000
850,000

800,000 e fixed HH size

e HH size t0 2.5 in 2150

Urban Area (Km2)

750,000 HH size to 2.5 in 2100
700,000
650,000

600,000
2005 2010 2015 2020 2025 2030 2035 2040 2045

Year

Figure 1: Global demand for urban area (artificial surface coverage) for the marker scenario V-A1
and V-B1, for the three assumptions on average household (HH) size.

The demand for the marker scenario V-A2 (Figure 2) presents a similar growing trend,

although the differences between the three assumptions are contained in a less

12



pronounced range. Obviously, given the definition of the scenario, the growth in

population is reflected in a higher demand for artificial land.

V-A2 Scenario

1,300,000
1,200,000
1,100,000
1,000,000

= fixed HH size

900,000 e HH size t0 2.5 in 2150

Urban Area (Km2)

HH size to 2.5 in 2100

800,000
700,000

600,000
2005 2010 2015 2020 2025 2030 2035 2040 2045

Year

Figure 2: Global demand for urban area (artificial surface coverage) for the marker scenario V-A2
for the three assumptions on average household (HH) size.

Figure 3 presents the global results for the scenario marker V-B2. The demand for
artificial areas increases visibly for the third scenario where the number of members per

household is gradually reduced by 0.02 per year.

13



V-B2 Scenario

1,200,000

1,100,000

1,000,000

Urban Area (Km2)

900,000

800,000

700,000

600,000

2005 2010 2015 2020

Year

2025

e fixed HH size

===HH size to 2.5in 2150

2030 2035 2040 2045

HH size to 2.5 in 2100

Figure 3: Global demand for urban area (artificial surface coverage) for the marker scenario V-B2
for the three assumptions on average household (HH) size.

The overall growth in demand for urban area for the period 2001-2045 is synthetized in

Table 32. It is worth noting that the demands are strongly connected to the assumptions

made concerning household size. In particular, the demand for V-A1 (=V-B1) for the third

assumption is larger than that for V-B2 for fixed household size, therefore somehow off-

setting the main drivers of the storyline for the two marker scenarios, with spatial

impacts not directly predictable.

Table 3: Overall demand for urban area for the simulation period 2001-2045.

Converging Avg

Avg household size

Baseline 2001 Fixed Avg Household Size |Household Size by 2150 (at| develops according to
2.5 people per household) scenario
2045 2045 2045
km2 km?2 % 2001-2045 km2 % 2001-2045 km2 % 2001-2045
V-Al
V-B1 855556 30.45% 929217 41.68% 973895 48.49%
F v
V-A2 655864 T 56.85% 1121499 71.00% 1181113 80.09%
r r
V-B2 862529 31.51% 940296 43.37% 1166983 77.93%

14



5. Conclusions and way forward

Demographic projections are amongst the most important inputs for any land use model
- whatever the scale and the scope of the modelling application may be. Moreover,
demographic pressure is associated with built-up pressure. Building, as a major driver of
land use change, has important environmental and landscape repercussions that affect
mainly local and regional scales. Uncontrolled consumption of land for urbanization
processes is, for instance, associated with loss of arable land, and disruption of certain

ecosystem services.

The aim of the work herein presented was twofold:

a) test the methodology to derive urban land demand from a set of statistical world
projections and parameters;
b) evaluate the sensitivity of the method to the variation of a key parameter such as

the household composition.

A total of nine different configurations have been tested and computed, by means of
combining different sets of population projections with different assumptions on the
evolution of average household sizes. Statistical and geographical information for the
baseline year 2001 have been derived from a wide range of sources (i.e. from satellite
remote sensing to international statistical repositories), with quite some computing

effort for their elaboration and analysis.

The exercise has confirmed that the method provides interesting sets of results that can
eventually be used as input for the Land Use Modelling Platform, should the case for an
application outside the EU borders rise. Furthermore, the assumptions could be further

tuned according to the needs, for example making specific case for each world region.

Also, it has been shown that assumptions based upon the spatial distribution of a
statistical variable can sensibly influence the outcome of the storylines behind the
original scenarios. This is an aspect to be considered when analysis the impacts of global

scenarios at regional or local level.

15



Further testing exercises to be performed should cover the following aspects:

- inclusion of local characteristics related to the spatial planning practices of each
region;

- inclusion of geophysical suitabilities (including those induced by the changing
climate);

- consideration of economic variables at different scales.

Since these are already fully embedded in the European configuration of the Land Use
Modelling Platform, the application to extra-European regions seems feasible, but would,

nonetheless, require relevant investment.

16



ANNEX 1

World regions

AFR CPA EUR FSU LAM

Sub-Saharan Centrally- Europe Former Soviet Latin America

Africa Planned Asia Union

Angola Cambodia Albania Azerbaijan, Argentina

Republic of

Benin China Austria Belarus Belize

Botswana Laos Belgium- Georgia Bolivia
Luxembourg

Burkina Faso Mongolia Bosnia and Kazakhstan Brazil
Herzegovina

Burundi Viet Nam Bulgaria Kyrgyzstan Chile

Cameroon Croatia Moldova, Republic | Colombia

0

Central African Czech Republic Rj;ssian Costa Rica

Republic Federation

Chad Denmark Tajikistan Cuba

Congo, Dem Estonia Turkmenistan Dominican

Republic of Republic

Congo, Republic of Finland Ukraine Ecuador

Céte d'lvoire France Uzbekistan El Salvador

Djibouti Germany French Guiana

Equatorial Guinea Greece Guatemala

Eritrea Hungary Guyana

Ethiopia Iceland Haiti

Gabon Ireland Honduras

Ghana Italy Mexico

Guinea Latvia Nicaragua

Guinea-Bissau Lithuania Panama

Kenya Macedonia, The Fmr Yug Rp Paraguay

Lesotho Netherlands Peru

Liberia Norway Suriname

Madagascar Poland Uruguay

Malawi Portugal Venezuela

Mali Romania

Mauritania Slovakia

Mozambique Slovenia

Namibia Spain

Niger Sweden

Nigeria Switzerland

Rwanda Turkey

Senegal United Kingdom

Sierra Leone

Yugoslavia, Fed
Rep of

Somalia

South Africa

Sudan

17



Swaziland

Tanzania, United
Rep of

Togo

Uganda

Western Sahara

Zambia

Zimbabwe

MEA

NAM

PAO

PAS

SAS

Middle
East/North
Africa

North America

Pacific OECD

Pacific Asia

South Asia

Algeria

Canada

Australia

Indonesia

Afghanistan

Egypt

United States of
America

Japan

Korea, Dem
People's Rep

Bangladesh

Iran, Islamic Rep

of

New Zealand

Korea, Republic of

Bhutan

Iraq

Malaysia

India

Israel

Papua New Guinea

Myanmar

Jordan

Philippines

Nepal

Kuwait

Solomon Islands

Pakistan

Libyan Arab
Jamahiriya

Thailand

Sri Lanka

Morocco

Oman

Saudi Arabia

Syrian Arab
Republic

Tunisia

United Arab
Emirates

Yemen
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ANNEX 2

Results for Scenario V-A1, V-B1

Urban area km2

Region 2001
AFR 30,988
CPA 88,770
EUR 119,091
FSU 60,323
LAM 94,565
MEA 32,624
NAM 129,858
PAO 29,722
PAS 29,067
SAS 40,858
655,864

Urban area km2

Region 2001
AFR 30,988
CPA 88,770
EUR 119,091
FSU 60,323
LAM 94,565
MEA 32,624
NAM 129,858
PAO 29,722
PAS 29,067
SAS 40,858

655,864

Urban area km2

Region 2001
AFR 30,988
CPA 88,770
EUR 119,091
FSU 60,323
LAM 94,565
MEA 32,624
NAM 129,858
PAO 29,722
PAS 29,067

SAS 40,858
655,864

Notes:

Household size is assumed to keep constant, as observed circa 2000 (all scenarios)

Household size is assumed to converge world-wide at 2.5 persons/household by 2150 (all scenarios)
Household size is assumed to converge world-wide at 2.5 persons/household by 2100 (A1 and B1 specific)

*%

*%



ANNEX 3
Results for Scenario V-A2

Urban area km2

Region 2001
AFR 30,988
CPA 88,770
EUR 119,091
FSU 60,323
LAM 94,565
MEA 32,624
NAM 129,858
PAO 29,722
PAS 29,067
SAS 40,858
655,864

Urban area km2

Region 2001
AFR 30,988
CPA 88,770
EUR 119,091
FSU 60,323
LAM 94,565
MEA 32,624
NAM 129,858
PAO 29,722
PAS 29,067
SAS 40,858

655,864

Urban area km2

Region 2001
AFR 30,988
CPA 88,770
EUR 119,091
FSU 60,323
LAM 94,565
MEA 32,624
NAM 129,858
PAO 29,722
PAS 29,067

SAS 40,858
655,864

Notes:

Household size is assumed to keep constant, as observed circa 2000 (all scenarios)

Household size is assumed to converge world-wide at 2.5 persons/household by 2150 (all scenarios)

Household size is assumed to reduce by 0.01 persons/household/year in all world regions (no convergence) (A2 specific)

ok

*k



ANNEX 4

Results for scenario V-B2

Urban area km2

Region 2001
AFR 30,988
CPA 88,770
EUR 119,091
FSU 60,323
LAM 94,565
MEA 32,624
NAM 129,858
PAO 29,722
PAS 29,067
SAS 40,858
655,864

Urban area km2

Region 2001
AFR 30,988
CPA 88,770
EUR 119,091
FSU 60,323
LAM 94,565
MEA 32,624
NAM 129,858
PAO 29,722
PAS 29,067
SAS 40,858

655,864

Urban area km2

Region 2001
AFR 30,988
CPA 88,770
EUR 119,091
FSU 60,323
LAM 94,565
MEA 32,624
NAM 129,858
PAO 29,722
PAS 29,067
SAS 40,858
655,864

Notes:

Household size is assumed to keep constant, as observed circa 2000 (all scenarios)

Household size is assumed to converge world-wide at 2.5 persons/household by 2150 (all scenarios)

Household size is assumed to reduce by 0.02 persons/household/year in all world regions (no convergence) (B2 specific)

ok

*k
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