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Hawai’i as a model system for human-environment
interactions

  

Graphic from the Polynesian Voyaging Society, http://pvs.kcc.hawaii.edu/polynesia.htmlCharlotte Lee
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A unique environment, dramatic population growth

            http://hvo.wr.usgs.gov/kilauea/update/archive/2009/2009_Jun-Oct.html

Wet and dry photos from Virtually Hawai'i 
http://satftp.soest.hawaii.edu/space/hawaii/index.html 

Copyright by P. Mouginis-Mark 
Curator: Lori Glaze 

Colonized 800-1200
AD
In late 1700s,
inhabitants numbered
200,000 to 1 million
(Cook’s visit in 1778 -
1779)
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Hawaiians had sophisticated agriculture

  

Google books: http://books.google.com/
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And the most elaborate Polynesian monarchy

http://www.hawaiiforvisitors.com/oahu/attractions/bishop-museum-05.htm     http://en.wikipedia.org/wiki/Hawai%27i_Mamo 
Charlotte Lee
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A very simple diagram of the big question

Population

SocietyEnvironment

?
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Food can provide some concrete links
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Step 1: From environment (and society) to food
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Step 2: From food (and society) to population
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Step 3: From food and population to social change
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Step 1: From environment to food via crop models
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Environment of Kohala, Hawai’i

Climate and soils well
characterized; climate highly

spatiotemporally variable

Charlotte Lee
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Put Kohala environment into crop model

Plants (3-vector):
a1(t + 1) = M1a1(t) + w(t)

Litter(4-vector):
a2(t + 1) = M2a2(t) + K1a1(t)

Soil organic matter (3-vector):
a3(t + 1) = M3a3(t) + K2a2(t)

Decomposition through stages is essentially linear
But decomposition rates and transfers between
compartments are not constant but are functions of
inorganic N, and therefore the model is actually nonlinear
(with lags)

Charlotte Lee
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Complex dynamics arising from nonlinearity: variation
in crop yield
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Lee, Tuljapurkar, and Vitousek 2006

Dynamics look random in a 
seasonal environment...

Lee et al. (2006) Human Ecology 34: 739:763
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Yield distributions don’t necessarily reflect rainfall
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Lee, Tuljapurkar, and Vitousek 2006

...and don't look like annual rainfall 

Lee et al. (2006) Human Ecology 34: 739:763

Charlotte Lee
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Step 2: Develop models of demography that depend
on food

Specify how survival and fertility rates depend upon food
Accommodate fluctuations in food supply
Retain useful features of standard formal demography

Charlotte Lee
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Food consumption is age-dependent

Define maximal survival rates px and fertility mx at age x
To realize these rates, individuals need J Kcals per year at
the most demanding age
Need fraction ρx of J at age x (absolute need is Jρx )
Total food needed to maximize vital rates for everyone in a
population for one year is J < ρ,n >= JN < ρ,u > Kcals

Lee and Tuljapurkar (2008) TPB 73: 473-482

Charlotte Lee
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Food production is age-dependent

Individuals work H hours per year at the most productive
age
At age x , individuals work a fraction φx of H (absolute
effective contribution is Hφx )
Tend k hectares per year per effective person-hour,
producing Y kcals per hectare per year
Total food produced by the population in one year is
YkH < φ,n >= YkHN < φ,u > Kcals, given land available

Lee and Tuljapurkar (2008) TPB 73: 473-482

Charlotte Lee
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Realized vital rates depend on food and need

The food ratio E(t) = (food produced) / (food needed):

E(t) = YkHN<φ,ux (t)>
JN<ρ,ux (t)> = YkH<φ,ux (t)>

J<ρ,ux (t)>

  

Lee and Tuljapurkar (2008) TPB 73: 473-482

Charlotte Lee
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The model integrates environment and population

The food ratio E(t) = (food produced) / (food needed):

E(t) = YkHN<φ,ux (t)>
JN<ρ,ux (t)> = YkH<φ,ux (t)>

J<ρ,ux (t)>

Is a measure of well-being
Captures dependence of population’s future on its present
(nonlinear)
Can accommodate different climates, agricultural
techniques, technology, etc. through parameter choices
Changing the form of E(t) can allow other sharing
strategies or limitation by arable land
Demographic framework enables calculation of life
expectancy, etc.

Lee and Tuljapurkar (2008) TPB 73: 473-482

Charlotte Lee
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Dynamics depend on demography and environment

Assemble food-dependent survival and fertility into
projection matrix and proceed essentially as usual
Nonlinear model reaches linear-like equilibrium
(exponential growth)
Varying crop yield produces population fluctuation;
measure using long-term average growth rate
Can be modified to consider what happens when space
limits growth

Lee and Tuljapurkar (2008) TPB 73: 473-482

Charlotte Lee
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Step 3: Consequences of subdividing a variable
landscape?

Evidence-based
subdivision scheme
yields 7 hypothetical
territorial configurations
For each territory in any
configuration, start with
climate to model crop
yield and population
Analyze dynamics of
population and food
surplus (food in excess
of demand (E > 1))

Ladefoged et al. (2008) JAA 27: 93-110
Charlotte Lee
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Subdivision may benefit some at the expense of others

Ladefoged et al. (2008) JAA 27: 93-110

Charlotte Lee
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Mean life expectancy shows no clear trend...
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But variation in life expectancy is high with many
territories
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Ladefoged et al. (2008) JAA 27: 93-110
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Average food surplus increases with subdivision...

yearly average surplus
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Ladefoged et al. (2008) JAA 27: 93-110
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And predictability of surplus increases...

Average temporal CV
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Ladefoged et al. (2008) JAA 27: 93-110
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While variation between territories increases

yearly average surplus
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Ladefoged et al. (2008) JAA 27: 93-110
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Coupling crop and population models illuminates
social change

Fine-grained environmental heterogeneity begets
fine-grained heterogeneity in agricultural productivity
(nonlinearities in plant-soil dynamics plus climatic forcing)
Subdivision of heterogeneous landscape likely benefited
elites at the expense of many commoners (nonlinear
food-dependent demography plus variability in food
production)
Potentially resulting in increased social heterogeneity at
two different levels (stratification, and have/have-not
between commoners)

Ladefoged et al. (2008) JAA 27: 93-110

Charlotte Lee
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