
Appendix 6.  Population growth and UGB expansion 
Purpose 

Population is one of the most important socioeconomic drivers of land-use change and is 
necessary to project future land-use. The Evoland population submodel is designed to 
spatially allocate an exogenously determined population change conditional upon the 
residential density land use classes that Evoland uses to characterize the landscape. In 
Evoland much of the land-use change that affects the location and density of population is 
done by application of policies. Evoland policies are user-defined rules that specify when, 
where, and what land-use conversions may occur. A policy may affect population dynamics if 
it converts land use between residential and non-residential, changing the residential density 
classification of the parcel.  The population submodel, Evopopuli, responds to these land-use 
changes as well as to overall population change. 

In the case study, population dynamics also derive from the concept of urban growth 
boundaries (UGBs). Oregon and six other states have adopted UGBs as a policy tool to 
control urban sprawl and rural fragmentation.  The first UGB in the US was established in 
1958 in Fayette County, Kentucky (Kolakowski et al., 2000, p. 2). Statewide UGBs were a 
1973 Oregon innovation. The population model expands the urban growth boundary (UGB) 
as needed to maintain an adequate supply of land for residential growth, via a feedback 
mechanism that tests state variables that measure the availability of housing against a 
threshold value.  Rules are incorporated into the submodel that guide the expansion according 
to accepted principles of land use planning.  

State variables and scales 

Population added during simulation is allocated to parcels which are called integrated 
decision units (IDU). IDU are the spatial unit of computation in Evoland and correspond to 
polygons in a vector-based GIS that are homogeneous with respect to management decisions.  
Each IDU is represented by polygonal geometry and a row in the spatial database.  In urban 
areas IDUs are usually equivalent to taxlots, but in rural areas they represent the subdivision 
of taxlots into homogeneous land-uses. The state variables of Evopopuli (table A6.1) include a 
number of fields in the spatial database (Appendix 5), population density, area, and LULC_C 
(land- use land-cover, level C), suitability, and UGB annexation priority, and also a number of 
variables that track available capacity for population growth in each of the residential density 
land-use classifications that Evoland uses to characterize the landscape. The subset of 
LULC_C values that are residential are listed in tables A6.3 and A5.2.  It is important not 
confuse these LULC_C values, e.g. 0-4 dwelling units per acre, 4-9  DU/ac, rural residential, 
and so on, with the concept of zoning.  In Evoland the residential LULC_C values signify that 
the IDU is populated, whereas, in general, a zoning designation may signify a potential rather 
than an actual residential land-use. Nonetheless, zoning and suitability do play a role in 
Evoland and Evopopuli as expressed in land use conversion mechanisms.  Zoning (Appendix 
5) and suitability impact agent decisions that cause land-use changes that affect the population 
submodel. Agent decisions do not specify the allocation of population but rather specify the 
conversions between non-residential and residential land use, and also the redevelopment of 



residential land to a different residential or urban use. Some of the state variables in the case 
study were static throughout the simulation (Table A6.1). 

Table A6.1. Significant state variables in the model. An IDU is in general equivalent to a parcel. 

Name Scale Units Comments 
Population density IDU People/hectare The fundamental state variable 
Land use 
classification 

IDU  Table A6.3 for values 

Suitability IDU  Static. Gives the suitability of an IDU for 
development as one of the residential density 
land-uses.  

UGB_PRTY IDU  Static. Ranks IDU outside of the UGB at 
initialization for subsequent annexation. 

Residential 
capacity 

Landscape people Aggregated over the following components 

ResCap0_4 
ResCap4_9 
ResCap9_16 
ResCap9_16 
ResCap16 
RurResCap 

Landscape 
Landscape 
Landscape 
Landscape 
Landscape 
Landscape 

people The difference between current population 
and population capacity of the parcels in 
these residential density land-use categories.  
The character sequences, 0_4, 4_9, ... refer 
to dwelling units per acre, as in Table A6.3. 

 
 
Process overview and scheduling 

Evopopuli does not explicitly simulate birth, death, and relocation processes (Figure A6.1). 
Instead population is adjusted each time step using a maximum a priori probability annealing 
process (Brown et al. 2002, Deutsch and Journel 1998). During annealing, which continues 
until the simulated population matches the exogenous input population, IDU are updated if a 
random draw from a probability density function conditional on the IDU residential density 
class results in a better fit of the simulated to the exogenously input population. The 
conditional density functions (Table A6.3) were estimated by cross-tabulating US Census 
Block population data with a detailed LULC map giving residential density land use classes 
(Hulse et al. 2002).   

Evopopuli also realizes the conversion of non-residential LU classes to residential classes, the 
expansion of UGB, and other land-use conversions (Figure A6.2).   Evopopuli is governed by 
the list of rules given in the section describing the submodels, UGB expansion, and residential 
capacity.  For the case study, when residential capacity decreases below a threshhold, reached 
as a result of population growth, the urban growth boundary (UGB) is expanded. UGB 
expansion is a pre-requisite for conversion of non-residential to residential land-uses, where 
the latter land-use designates accomodate additional population.   

There are two submodels involved.  Figure A6.1 provides a high-level flow chart of the 
population submodel, and figure A6.2 does the same for the residential capacity modeling.  In 
a time step, the population precedes the residential capacity model. The trigger to convert land 
to residential LULC, either via UGB expansion, or via (re)development within the UGB, 
depends on the amount of 'available residential capacity' (ARC).  If the current population 
exceeds a threshold, then a UGB expansion event is triggered, and adjacent parcels are 



Figure A6.1 Yearly Population Dynamics. The exogenous population drives the simulation. The repopulate 
objective is simply to make the simulated population match the exogenous population input better. The 
probability of redevelopment, or residential densification, is a model parameter that is set to 3% or 20% over a 
period of 50 years, for conservation or development scenarios, respectively. The residential density objectives 
used by GetSuitableLU are scenario parameters that specify society’s objectives for proportioning land use to 
various density classes.  The suitability data is input data for the model and specifies for each parcel a 
suitability rating for different types of development.

React to Policy Induced Land Use Changes in Previous Time Step

Remove population from parcels that have changed to non-residential

Reconcile population on new parcels created by subdivision of populated parcel

For each parcel that has changed land use to residential, Repopulate.

Get Exogenous Population N

Repopulate
Resample population density 
conditional on land use of the 
parcel; and change population 
density to the new value only if it 
satisfies objective

GetSuitableLU
Returns a candidate Land Use 
category based on evaluation of 
residential density objectives
and suitability data.

Maximum  a Priori Probability Annealing Step 

While not within tolerance or iterations < maximum

For each parcel (iterated in random order)

RepopulateIf residential

If parcel not in UGB then continue
If GetSuitableLU returns a valid candidate LU then

if Repopulate satisfies objective for the candidate LU then 
accept both the population and candidate LU and continue.

If Redevelopment = true and GetSuitableLU returns a valid candidate LU then
if Repopulate satisfies objective for the candidate LU then 

accept both the population and candidate LU and continue.

yes

no

Redevelopment
Returns true or false conditional 
on probability of redevelopment.

Functions



Figure A6.2. Yearly Residential Capacity and UGB Dynamics. This submodel is important for the case 
study scenarios where development is constrained by an Urban Growth Boundary (UGB).  This submodel 
periodically expands the UGB when a threshold occupancy rate is exceeded. That rate depends on the 
build-out capacity, a model parameter that for each residential density class represents an aggregate 
population carrying capacity for the land area of that class. Each time step the current population is tested to 
see if the occupied portion of the aggregate build-out capacity exceeds an user defined threshold.  If that 
threshold is exceeded, then the UGB is expanded until the unoccupied portion of the aggregate build-out 
capacity increases to a user defined target value.  
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annexed into the UGB until  a target amount of ARC has been created.  The threshold is 
defined as a fraction of the total buildout capacity, where buildout capacity is the population 
at which all urban residential lands are fully populated.   

The buildout population density for a residential density classification corresponds to the Nth 
(in the case study 45th) percentile of the cumulative distribution function of population 
density conditional on the LULC, level C.  The buildout capacity for a residential density 
classifications is the product of aggregate area and buildout population density.  The 
cumulative distribution functions were tabulated from spatial cross-tabulations which overlaid 
US Census block population data with 30 m resolution land use land cover classifications 
(Hulse et al 2002, and the IDU layer prepared for this study).  

Design concepts 

Adaptation.  Conceptually, UGB expansion will occur whenever sufficient housing demand 
occurs (as expressed as scarcity of available residential capacity (aggregated over all 
residential LULC class).  The expansion is mediated spatially by a prioritization map (Table 
A6.1).  The expansion occurs contiguously mediated by algorithms that move the UGB 
outward in major increments. The implementation does not predestine the residential density 
class that an IDU will get upon its incorporation into the after the UGB.  UGB expansion is 
not immediately followed by infill.   

Prediction. The total population for each simulation year is constrained to the exogenously 
defined value determined by the population growth rate.  Visual observation of animated 
sequence of simulated population densities in the built-in GIS shows the spatially explicit 
behaviour of the model to be plausible (Hulse et al., 2002).  

Sensing. This model may be considered to be a governmental agent charged with 
orchestrating the urban growth and population density dynamics.  This agent is characterized 
by algorithmic behaviour and input parameters. 

Stochasticity.  Many of the processes in this model are stochastic, including decisions to 
redevelop, the choice of density classification for a parcel that is newly converted to 
residential, and the population update process.  The stochasticity provides for simulating 
ensembles of outputs to facilitate better understanding of where the system might go.  

Observation.  Complete output from settable parameters and run results are available to users.  

Initialization 

The initial population density is derived from 2000 U.S. Census block level population counts 
that had been down scaled to the IDU level.  The IDU and the census layers were spatially 
intersected. Downscaling was accomplished by database operations that proportioned the 
population counts from each census block to the IDU contained therein conditional on the 
IDU being classified as residential.  For each residential IDU, the resultant population density 
is an area weighted average of the population densities from the contributing census 
blocks.The residential density classes were taken from a detailed LULC map that was derived 
from a temporal stack of LandSat ETM+ images (30 m resolution), digital orthophotos (at 1m 



resolution), and taxlot information (Hulse et al., 2002).  The detailed LULC map included 
residential categories, 0-4, 4-9, 9-16, 16+ (dwelling units per acre), rural residential, and 
residential-commercial, which are the same categories used in the Evoland simulation for the 
McKenzie study area.   

The population growth rate is initialized to 1.5% per year for all scenarios; this is the 
exogenous input that drives the submodel. 

The Evoland map layer  for the McKenzie study area initially has 16005 polygons (total 7,091 
hectares). Each polygon is called an integrated management unit (IDU) and is homogeneous 
with respect to tax lot, LULC, flood plain status, and riparian association. The scale of these 
polygons corresponds to the minimum mapping unit (Evans and Kelley, 2004).  These 
polygons are derived by the geographic intersection of thematic map-layers, e.g. taxlots, flood 
zone map, land use, habitat suitability, land cover (LULC) maps, and so on, such that the 
resultant landscape is subdivided into polygons that are homogeneous with respect to LULC 
and management decisions but highly variable with respect to shape and size.  The details of 
this process are given in the initialization section pertaining to the main Evoland model.  

The IDU layer was also initialized with a values for UGB annexation priority (UGB_PRTY). 
This value prioritizes IDUs not initially in the UGB for subsequent inclusion into the UGB. 
This prioritization map was constructed based on spatial analysis using urban planning 
considerations.  UGB_PRTY varies between 0 and 100 for those parcels subject to expansion, 
or -99 for those parcels excluded from expansion.  "0" indicates low priority for expansion, 
100 represent high priority for expansion (David Hulse pers. comm.).   

Suitability Maps (David Hulse pers. comm.) for each combination of residential LU density 
class (e.g. RES0_4DUAc …) and scenario (development or conservation oriented, with tags, 
DEV or CON, respectively) attibute each IDU with a suitability for the corresponding land 
use, where -99 equals unsuitable for residential use, 1 equals least suitable for residential use, 
and 4 equals most suitable for residential use.   

Evopopuli requires approximate probability density functions for population density 
conditional upon residential density land use classification (Table A6.3).  In this version of 
Evoland normal distributions were fitted.  The fitted observations came from a spatial cross-
tabulation of the EC90 land-use-land-cover layer for the Willamette River Basin 
(http://www.fsl.orst.edu/pnwerc/wrb/lulc1990.html; Hulse et al 2002) with the 1990 US 
census block layer (http://www.fsl.orst.edu/pnwerc/wrb/metadata/blkpop.html#TOC).  The 
former is a raster with 30 m pixels, and the latter was converted to a raster.  For each 
residential land use zone the corresponding population density pixels comprised the sample.     

 

http://www.fsl.orst.edu/pnwerc/wrb/lulc1990.html
http://www.fsl.orst.edu/pnwerc/wrb/metadata/blkpop.html#TOC


 
Table A6.2.  Significant (UGB Expansion|Conversion) model parameters.  The column labeled, "User 
Edit,“ indicates which parameters are editable by users in the Scenario Editor.  The Base Values were 
used in the simulations discussed by this article.  All of these base values were not stochastic 

Parameter Base 
Value 

User 
Edit 

Description 

gPopulationGrowthRate 1.015 Yes 1+r such that r*N=dN/year.   

gAvailResCapacityThreshold 0.75 Yes Fraction of build-out capacity that yields the 
threshold population count at which creation of 
new capacity is triggered.  Capacity is scarce 
when population exceeds this threshold. 

gAvailResCapacityTarget 0.40 Yes Fraction of build-out capacity that yields the 
target occupancy desired to result from an UGB 
expansion event. 

gInUgb 0.30 Yes Fraction of new residential capacity that is 
located inside the existing UGB 

gScenario 0 Yes 0 = CONSERVATION, 1=DEVELOPMENT 

gResCommFracOfRes16 0.05 Yes Fraction of new Res16+ that is ResComm 

gRes0_4goal 0.0 Yes Planning goal in range [-3,3] giving desired 
relative proportion of this residential LU 

gRes4_9goal 0.0 Yes Planning goal in range [-3,3] giving desired 
relative proportion of this residential LU 

gRes9_16goal 0.0 Yes Planning goal in range [-3,3] giving desired 
relative proportion of this residential LU 

gRes16goal 0.0 Yes Planning goal in range [-3,3] giving desired 
relative proportion of this residential LU 

gRurResGoal 0.0 Yes Planning goal in range [-3,3] giving desired 
relative proportion of this residential LU 

gGrowthRate 1.015 Yes 1+r, where r*N population change per year, and 
N is total population. 

gBuildOutDensityPercentile 45 No The percentile of the conditional cumulative 
distribution functions (from EC90 or LULC2K) 
for population density in each residential class 
used to calculate buildout capacity  

gFracRedevelopmentCon 0.005 No Yearly fraction residential densification; 
gScenario = CONSERVATION; 20%/50 year 

gFracRedevelopmentDev 0.0006 No Yearly fraction residential densification;  
gScenario = DEVELOPMENT; 3%/50 year 

 



Table A6.3.  Initial values of population densities conditional on land use category. The abbreviation, 
DU, signifies dwelling units, and ac significies acres. The mean and std dev specify normal 
distributions with the given mean and standard deviation in units of people per hectare. 

Land Use Category Mean Std Dev 
Residential 0-4 DU/ac  29.7748 8.9991 
Residential 4-9 DU/ac  43.9956 10.5545 
Residential 9-16 DU/ac 77.8811 20.5535 
Residential >16 DU/ac  181.6485 69.2153 
Residential/commercial 181.6485 69.2153 
Rural Residential      5.555 2.3331 

 
 
Input 

The only time varying input is the exogenous yearly population growth rate (Table 1).   

Submodels 

The following are the rules used to construct the model codes. These rules add additional 
detail the descriptions and figures already discussed. 

Population Dynamics. See Figure A6.1.  The following rules govern the operation of the 
population dynamics sub-model.  These were implemented in C++ code that is available. 

• Development (infill and redevelopment) occurs either via policy application outcome or via the 
Population Model.  In the latter case, the outcome of development will be conversion from non-
residential to a residential LULC_C class, where the outcome class will be stochastically determined, 
with higher likelihoods to those residential density LULC_C specified by user to be most desirable (as 
indicated by the relative values of the goals in Table A6.2).  Infill is defined to be conversion of non-
residential to residential land use within the UGB. Redevelopment is defined to be conversion from 
one residential density class to another; in the case study it is densification. The rates of infill and 
redevelopment done by the population model are regulated by user specified probabilities and also 
feedback from state variables which track housing availability in each of the residential density 
classes. 

• The mechanism for spatially distributing new (and redistributing existing) population is a variant of 
simulated annealing (Journel and Deutsch, 1998) called maximum a posteriori probability annealing 
(Brown et al., 2002 ). Each time step, the loop over IDUs is done on a random shuffle of the list of  
IDUs. All residential IDUs are reconsidered for population recalculation.  Also non-residential IDUs that 
have been recruited into the UGB are considered for land use conversion and population calculation.  
A fraction of residential IDU are considered for redevelopment rather than conversion. Whenever the 
population density of an IDU is recalculated, there is a probabilistic resampling of the IDU’s likely 
population by drawing from the distribution specified in Table A6.3. If the objective function were to be 
minimized by replacing the the population with the new draw, then it is done; otherwise the population 
is unchanged.   

UGB Expansion and Residential Capacity. See Figure A6.2.  The following rules govern the 
operation of the UGB expansion and residential capacity sub-model.  These were 
implemented in C++ code that is available. 



• UGB expansion occurs when current population exceeds a threshold.  An expansion event is big 
enough so that the resultant capacity satisfies a target (Table A6.2).  

• Contiguity takes precedence over priority and suitablity during expansion. 

• Calculation of the expansion event size allocates space for industrial and commercial according to 
parameters in Table 1. 

• An expansion event simultaneously converts a number of adjacent IDUs such that the IN_UGB 
attribute becomes TRUE (from false), but the LULC of the IDU is not concomitantly changed.   

• These recruited IDUs are placed in a pool awaiting development, where development is defined to 
be an LULC transition from unbuilt to built.  

• Policies must not require the site-attribute that LULC_C==5{Vacant} as a prerequisite for 
(re)development.  In most cases policies will consult the spatial database attribute, IN_UBG, and 
develop where true == IN_UGB.   

• Not allowed policies (nor Evoland models) that convert to industrial/commercial outside the UGB. 

•  UGB can never expand to include Is_Devable=0; however it may include Is_Devable=0 initially. 

• UGB model simultaneously increments both flags, In_Ugb and Is_Devable, from 0 to 1 and from 1 
to 2, respectively, on occasion of UGB expansion event. 
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