) Conceptual Structure
Modeling the Effect of Human =
Population on Land Use and - =
Species Viability B ga Hg

as a series of user-

2 = Time series of

Ti specifed sub-models g
ime series of pecied sub- e

variables

maps: human
population

W. Troy Tucker )
H. Resit Akgakaya e i b

data on habitat

H requiements AT
Heather A. Vaillant
fdapalol maps: vegetation
species & age

Applied Biomathematics i e P whe——
Setauket, NY, USA Green: input data; Blue: existing modules;

Yellow: modules developed for this project

WWWw.ramas.com Troy@ramas.com

Human Population Projection Survival

Age-structured metapopulation model Survival = S, = Proportion of x-year-olds
Uses linear algebra for projection surviving to the next time step (x+n).

Parameters that need to be estimated for projection: Standard life table data
* Survival
* Fecundity
* Migration
« Initial abundance n

National, regional, state, or local may be available
Larger populations are more reliable but less specific

X = nL><+n / nLX
(note, 1%t and last age classes receive special treatment)

S

Use algorithms to convert raw data into parameters

Life Table Fertility

Proportion 01 100,000 Stationary

bom alive population remaining lifetime

et e | ey Raw data are age-specific birth rates per 1000

et [ ol B AL I b i National, state, and local data available
ages stated Annual dying during year age years year of age
Ix Lx Tx ex

Death Rate __Lived

0.00015 0.44086 0.00075 99,136 7,452,869 75.18 H 1 H H

Divide by 1000 and multiply by the time step (n) to
0.0005 0.49486 0.00251 98,744 5,968,053 1

get ASBR for matrix model

A . .

oo osr  oom a7 doiane | d

B oEm omw  owm o S0 need to Incorporate sex ratio

0.14338 42645 207423 297423

Abridged life table for white women, California, 1990.
Available from the California State Government:
http://www.dhs.ca.gov/hisp/chs/OHIR/Publication/OtherReports/LifeExpectancy.htm




Birth Rates

BIRTH RATE BY AGE OF MOTHER

2529 3034

1272 1023
1270 1015
1225 9538
1223 931
1216 o4
1236 926
1239 919
1253 a9
1275 024
1288 938
1322 943
1334 %66
1200 814
m2
1001 554

1343

Birth rates are live births per 1,000 female population in specified age group. Modified
from Table 2-2, California Center for Health Statistics, Office of Health Information and
Research, web page http://www.dhs.ca.gov/hisp/chs/OHIR/vssdata/2001EX.htm.

Projected Population Density

Population density in southern California, projected one five-year time step with
methods developed in this project. Population shown by census tract.
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Migration

Most important to human population change.
Model requires “gross” migration data.
Available data:
« total number of migrants from/to each county in US
* proportion moving by move type for each state
Move types: within state, between states, and from abroad
» age-specific moving rates by move type
« total number of foreign immigrants by county
Algorithms use these data to construct an age
specific dispersal rate matrix.

Projection Accuracy
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Age class

Comparison of the projection of ten southern California counties by age class to the
results of the 2000 census (males and females are combined).

nge in Population Density

Percent change in human population density in southern California, projected for one
five-year time step.




Sage Sparrow Habitat

Ly, 3 L o -

Habitat Degradation
- e -

Time Step 0

Habitat Degradation
- P

Time Step 2

Population Density Impacts Habitat

1
0.8

0.6

20-40% population increase
0.4 >40% population increase

0.2

Proportion Undisturbed Habitat

o -——————————
0 2500 5000
Distance from Census Tract (meters)

Hypothetical impact of change in human population density on habitat. At 5000 meters,
large increases in population begin to degrade habitat. At 2500 meters moderate
increases begin to exert an additional effect. This is a simple land use model.
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Habitat Degradation
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Time Step 4
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Gnatcatcher habitat

Habitat Degradation

L] [

Time Step 5

Sage Sparrow
Terminal Extinction Risk

ter 50 Years

Base population
Impacted population

Probability Smaller than

Threshold

e S A
0 200 400 600 800
Threshold Population Size (in thousands)

Habitat Degradation




Gnatcatcher
Terminal Extinction Risk
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Viability Analysis Summary

One effect was modeled.
Human population change impacts habitat.
No effect on vital rates.
e.g. roads, pets, pollutants, migration barriers, etc.
Viability effect magnitude is species-specific.
Base population trajectory matters.
Density model differences matter.
Ceiling vs. contest.
Location matters.
Change in human population density matters.
Even when overall population is not really growing.

Spotted Owl Habitat

California Spotted Owl
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Modeling Approach Summary

Human population can be conveniently modeled.
Automation for standardized data.
User input where data is coarse or lacking.
Time series maps of human socio-demographic
variables provide input to land use model.
User is free to specify relationships.
Time series maps of landscape change provide
input to population viability models.
The impact of alternate scenarios on population
viability may then be explored.




Emigration Immigration Correlation

08 10 12 14 16
Migration rate (%) within CA

Correlation between migration rate of CA residents within CA (different residence 5
years ago in the same state) and out of CA, as a percentage of the population. Each
point in the plot represents a different age class. The correlation coefficient is 0.96.



