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Adaptation  Strategies	
•  “Spontaneous” Versus “Planned” Adaptation 

•  “Planned” Adaptation Strategies in Agriculture 

o  Technological Developments (crop development, early 
warning systems, irrigation systems) 

 
o  Government Programs (subsidy and grant programs, 

insurance programs, resource management) 
 
o  Farm production practices (crop diversity, intensification 

level, cover cropping, buffers, BMPs) 
 
o  Farm financial management (crop insurance, crop shares 

and futures, income stabilization programs, household 
income)  

(Sources:  Zia  2013  &  Smit  and  Skinner  2002)	



Overview	

•  Behavioral Mechanisms in Land-Use Transition Agent 
Based Model (LUT ABM) 

 
 
 
•  Complex feedbacks among the coupled natural 

and human systems in LCB: A system dynamics 
modeling (SDM) approach 



Behavioral  Mechanisms  in  LUT  ABM	



Predicting  Behaviors  in  Response  to  
Policy  Interventions	

•  Competing underlying theories to explain and 
predict behaviors in response to policy interventions 

1.  Expected Utility Theory (Rational and Bounded Rational 
Versions) 

2.  Theory of Planned Behavior 



Theory  of  Planned  Behavior	

!

[Updated  Source:  Fishbein  and  Ajzen  (2010)  Predicting  and  Changing  Behavior]	



Predicting  NMP  Adoption  Under  
Alternate  Policy  and  Behavioral  Scenarios	

•  A pilot-tested 22-page 43-question survey instrument 
being implemented by NASS, USDA on a stratified 
random sample of Vermont farmers  

•  Bounded-rational (Conjoint Analysis) approach to 
estimate the likelihood of NMP adoption under alternate 
policy incentives and regulations 

•  Theory of Planned Behavior approach to estimate the 
likelihood of NMP adoption under different behavioral 
and social norm conditions 



Conjoint  Analysis  Question  Example	
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Behavioral  Mechanisms  in  LUT  ABM	



Complex  Feedbacks	

•  SDM developed 
by Meals et al. 
(2008a, b) 

•  Improving this 
SDM and 
calibrating for 
Missisquoi and 
Winooski 
watersheds 

3.4. Spatial modeling environment

We used the Spatial Modeling Environment (SME) (Maxwell
and Costanza, 1997; Costanza and Voinov, 2001; Maxwell, 2003)
to link the pixel-based dynamic mass-balance model with a
watershed-level GIS. SME allows a STELLA model to be
simultaneously executed across a complex multi-pixel (raster)
landscape at an annual time step. Non-spatial models are run in
each cell of a gridded model landscape (Fig. 2). SME is the
computational engine (GIEE, 2004; Maxwell et al., 2003) that
links local unit models with input time series and GIS spatial
data.

4. Results

Following the approach described above, we combined a
pixel-level mass-balance model, the P index, RCA, and GIS in a
spatially and temporally explicit framework at the watershed
level. We call this framework the Dynamic Interactive Simulation
of Phosphorus Loss Areas (DISPLA) model. To fully illustrate
model dynamics, we first present results of PPBalModel
simulations for individual pixels, then results of a watershed-
level baseline simulation in a test watershed. Application of
DISPLA to alternative management scenarios is presented in
Meals et al. (this issue).

Fig. 2. Schematic diagram of the DISPLA approach based on the Spatial Modeling Environment (SME) and the PPBalModel.

Table 3
Values for some PPBalModel parameters that define the initial or present-day conditions for pixels in corn, hay, pasture, forest and urban

Model parameter (units) Pixel land use category

Corn Hay Pasture Urban Forest

Manure TP input (kg P ha!1 year!1) 53 24 0 0 0
Fertilizer TP input (kg P ha!1 year!1) 29 15 0 9 0
Vegetative TP uptake (kg P ha!1 year!1) 43 29 0 0 0
Soil P assay (mg MMP kg soil!1)a 9.0 6.0 5.5 15.0 3.0
Depth surficial soil (cm) 14 5 4 4 14
Curve numberb 86 81 74 84 70

These values remain unchanged during PPBalModel baseline simulations.
a MMP = modified Morgan soil P.
b CN for hydrologic group C.
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By year 50, P export from some areas of thewatershedwas reduced
by 9 kg ha!1 year!1 or more compared to the baseline scenario.
These areaswere scattered across the LOCwatershed,mainly in the
RCAp 1.0 areas. Overall, a reduction of 74% in aggregate P export
was simulated in the All Management scenario.

DISPLA simulations showed that management measures
implemented on limited land areas within a watershed can yield
substantial reductions in soil P and P export (Table 2 and in Fig. 13).
Nutrient management was the most effective single measure for
reducing P export and the only practice that affected soil test P by
influencing the P input/output balance. Erosion control on row
cropland had no effect on soil test P and yielded very little
reduction in P export over the long term. Conversion of row
cropland to permanent grassland not only reduced overall P export
but also shifted the dominant source of P export in the watershed
from corn to hay. Implementation of all themanagementmeasures
simultaneously resulted in the largest simulated reduction in P
export from land within the LOC watershed.

4. Discussion

The numerous factors that control the input, output, storage,
and flux of P in soils, vegetation, livestock, and water interact
simultaneously and change through time. Some of these relation-
ships are synergistic and some are antagonistic; DISPLA and other
models give us an opportunity to illuminate the net effects of
management decisions and perhaps guide policy decisions for
watershed management.

Our simulations were conducted over an unusually long time
horizon, certainly exceeding the duration of typical management
programs. We believe that there is value in taking a long view of
complex environmental problems. Phosphorus enrichment of soils
and fresh waters has taken decades to reach crisis proportions in
North America and short-term solutions are rare. The significance
of gradual, long-term processes may not be appreciated in short
simulations. The impact of small annual increases in soil test P, for
example, may not seem important until consequences of
continuous imbalance over decades can be visualized. Temporary
reduction in P export resulting from erosion control might appear
as ‘‘mission accomplished’’ in a short view; a long view reveals a
different picture (Fig. 7). Finally, a long simulation shows
important patterns not obvious in short-term exercises. Long lag
times in system response and long-term variability are examples
that are discussed below. The days when erosion control and
animal waste storage appeared to be immediate solutions to P
management are past. The principles illustrated in our simulations
can offer some important lessons for future efforts to control P
loads.

If present-day management and conditions continue, both soil
test P and P export will inevitably increase as P inputs continue to
exceed outputs. Increases in soil test P over time are not uniform,
but vary spatially in response to variability in initial conditions and
in ongoing natural and management processes in the watershed;
DISPLA analysis identifies hotspots of projected high soil test P and
P export. Recognizing and targeting these hotspots could improve
the cost-effectiveness of nonpoint source control programs.

The onlyway to influence soil test P is to achieve a closer balance
between P inputs and outputs; the only management measure we
tested that was effective in reducing soil test P was nutrient
management. Implementationofnutrientmanagement appeared to
hold the lineonaveragepixelPexport for the testwatershedover the
80-year simulation; simulated P export from all pixels in the test
watershed at the end of the nutrient management simulation was
reduced by 64% compared to baseline P export.

Implementation of erosion control on row cropland yielded
only a transitory reduction in P export and had little or no effect on
soil test P. Exclusive reliance on cropland erosion control to
manage nonpoint source nutrient loads is unlikely to succeed over
the long term.

Conversion of critical P-exporting corn land to permanent hay
land reduced aggregate watershed P export, but did not by itself
address excessive soil P levels. Because converted grassland retains
its high soil test P, management of converted grassland to reduce
runoff and P export is very important; row cropland with elevated
soil test P converted to riparianbuffer, for example,may still serve as
a source of dissolved P to runoff. This suggests that P inputs to such
land must be managed carefully (e.g., through nutrient manage-
ment) even if runoff and erosion rates are substantially reduced.

Regardless of land use, runoff-contributing areas are critical to P
export within a watershed. Identification and mapping of these
areas should be a key component of watershed management
efforts. Major runoff-contributing areas, for example, could be
targeted for additional management measures or for accelerated
soil P testing to monitor watershed status with respect to soil P.

Two notable patterns emerge from the long-term DISPLA
simulations. While reductions in soil test P and P export began to
occur immediately after implementation of nutrient management,
there was substantial lag time – on the order of decades – before a
new equilibrium was achieved. Recognition of such lag time must
temper expectations in short-term watershed management
programs. Secondly, even with the significant reductions from
nutrient management, neither soil test P nor P export achieved a
constant ‘‘equilibrium’’ level over time. Under realistic agronomic
conditions that allow additional P inputs to maintain adequate soil
fertility, both soil test P and P export varied between theminimum
and maximum limits set by nutrient management practices; these
cycleswere on the order of decades ormore. Such variabilitywould
be increased if natural weather variability were included in the
simulation. Again, recognition of the likelihood of such variation
must temper the notion of fixed loading targets embodied in TMDL
programs, for example.

Some important constraints of DISPLA should be mentioned.
Simulation results were oversimplified because estimates of some
initial conditionswere oversimplified and because neither year-to-
year variations in weather nor long-term climate change were
included. Actual conditions would be considerably less uniform
and the response correspondingly more variable, both temporally
and spatially. Secondly, baseline simulations did not account for
change in the quantity of animalwaste or in cropland or urban area
in the watershed likely to occur over 80 years. Finally, our model
application was not constrained by agronomic realities, such as
how to reduce P inputs in manure and fertilizer or how to cope
with decreased silage corn production resulting from conversion of

Fig. 13. Plot showing the sum of P export frommodeled pixels in the test watershed
at the end of 80-year DISPLA simulations. Numbers above bars represent reductions
relative to baseline scenario.
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Complex  Feedbacks:  Unresolved  Issues	
•  Identifying precipitation and extreme event variability 

impacts on land-use transitions and NMP adoptions in LCB 
o  Focus groups, interviews, data mining in progress 
 

•  Predicting conditions for the emergence of alternate 
stable states in the terrestrial and lake systems 
o  Deepening collaboration with Q2 and Q1 modeling teams  
 

•  Predicting the economic, social and ecological impacts 
of deteriorating water quality scenarios in Lake 
Champlain 
o  A PhD student expected to investigate this in collaboration with ANR. Public 

opinion surveys already in progress 
 

•  Representing and communicating uncertainty across 
natural and human system models 
o  Collaboration with Q1, Q2 and IAM teams. IAM workshop in September 2013.  


