
Adapta&on	  to	  Climate	  Change	  in	  Lake	  Champlain	  Basin:	  
Integrated	  Assessment	  Modeling	  of	  Climate	  Change,	  Land-‐

Use	  Change,	  Hydrology	  and	  Lake	  Biogeochemistry	  
Interac&ons	  

Asim	  Zia	  
Associate	  Professor,	  Department	  of	  Community	  Development	  &	  Applied	  Economics	  

Director,	  Ins&tute	  for	  Environmental	  Diplomacy	  and	  Security	  
Co-‐Director,	  Social	  Ecological	  Gaming	  &	  Simula&on	  Lab	  

Associate	  State	  Director,	  Vermont	  EPSCOR	  

University	  of	  Vermont	  
Philipsburg

Sutton

Richford

St. Albans

Burlington
Stowe

Montpelier

Middlebury

Rutland

Chazy

Plattsburgh

Elizabethtown

Port Henry

Ticonderoga

Whitehall

Lake Placid

Ad
i ro

nd
ac

k
M

ou
nt

a i
ns

G
re

en
M

ou
nt

a i
ns

Lake 
Champlain

Lake
George

QUÉBEC

Champlain
Canal

VERMONTNEW YORK

Richelieu
River

Figure 1 | The Lake Champlain Basin

ABOUT THE LAKE CHAMPLAIN BASIN PROGRAM
The Lake Champlain Basin Program (LCBP) was created by the Lake 
Champlain Special Designation Act of 1990. Our mission is to coordinate the 
implementation of the Lake Champlain management plan, Opportunities for 
Action. Program partners include New York, Vermont, and Québec, the US 
Environmental Protection Agency (US EPA) and several other federal agencies, 
and local government leaders, businesses, and citizen groups. The New 
England Interstate Water Pollution Control Commission manages business 
operation of the LCBP on behalf of the Steering Committee. 

The Lake Champlain Steering Committee leads the LCBP. Its members 
include many of the program partners, and the chairpersons of technical, 
cultural heritage and recreation, education, and citizen advisory committees. 
The LCBP’s primary annual funding is received through a US EPA 
appropriation under the Federal Clean Water Act. The program also receives 
funding from the Great Lakes Fishery Commission and the National Park 
Service. 

In the twenty-five years since the Lake Champlain Basin Program was 
created, these public partners have led a collaborative, non-partisan effort to 
address regional water quality and environmental challenges that cross political 
boundaries in a large watershed. This State of the Lake 2015 report is an 
opportunity to carefully describe the condition of the Lake.

The report also is an update for our representatives in Congress—US 
Senators Patrick Leahy and Bernie Sanders of Vermont and Charles Schumer 
and Kirsten Gillibrand of New York, and Representatives Peter Welch of Vermont 
and Elise Stefanik of New York—who have supported management of Lake 
Champlain through congressional authorizations, major federal appropriations, 
and guidance. It is also an important update for Governor Peter Shumlin 
of Vermont, Governor Andrew Cuomo of New York, and Premier Philippe 
Couillard of Québec, who have made vital commitments to implement the Lake 
Champlain management plan Opportunities for Action (OFA). State of the Lake 
2015 provides an account of today’s stewardship challenges and management 
efforts to the US Environmental Protection Agency (US EPA) and other state, 
federal, and international partners that have endorsed OFA and provided 
support for the program.

COVER: Burton Island State Park, Vermont. Photo by Mary Mitchell

Visit www.lcbp.org to learn more.



The	  Overarching	  RACC	  Ques&on	  (from	  NSF	  funded	  
proposal)	  

How	  will	  the	  interac&ons	  
of	  climate	  change	  and	  
land	  use	  alter	  hydrological	  
processes	  and	  nutrient	  
transport	  from	  the	  
landscape,	  internal	  
processing	  and	  eutrophic	  
state	  within	  the	  	  lake,	  and	  
what	  are	  the	  implica&ons	  
for	  adap&ve	  management	  
strategies?	  

Social	  
Ecological	  
System	  
(SES)	  
science	  
goals	  

Adap5ve	  
management	  
goals	  



Complexity	  of	  modeling	  cross-‐scale	  interac&ons	  in	  
Social	  Ecological	  Systems	  (SES)	  
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Uncertainty	  in	  Global	  Climate	  Trajectories:	  Paris	  Treaty	  
expecta&ons	  and	  global	  scale	  collec&ve	  ac&on	  problems!	  

0

50

100

150

2000 2025 2050 2075 2100

Gl
ob

al
	Em

iss
io
ns
	(G

to
ns

CO
2e
/y
r) 4.5°C

8.1°F

3.5°C
6.3°F

2.0°C
3.6°F

Estimated
2100	temp:

Notes:
•	‘No	Action’	is	IPCC’s	RCP	8.5	path.
•	‘Current	INDCs	(3.5°C)’	assumes	no	continued	reductions	by	developed	countries	and	no	further	action	from	developing	
countries	post	2025-2030.	It	delivers	a	50/50	possibility	of	3.5°C	(6.3°F)	with	90%	confidence	that	the	range	is	2.0	to	4.6°C	
(3.6	to	8.2°F).
•	The	regional	distribution	of	emissions	reductions	in	‘2°C	Pathway’	is	one	representation	of	many	possible	approaches.
•	China’s	emissions	rise	in	the	‘Current	INDCs’	scenario	because	their	INDC	does	not	include	other	greenhouse	gases.
•	More	information	at	www.ClimateScoreboard.org.

Analysis	by	Climate	Interactive	and	MIT	System	Dynamics	Group,	17	October	2015

Staying	below	2°C	requires	all countries	
to	take	immediate	action	with	deep,	
long-term	emissions	reductions.	

Pledges	that	go	further	than	current	
INDCs	would	yield	improvement	if:
• Pledged	reductions	continue	post	
2025-2030:	3.2°C (5.8°F);

• China	peaks	all	GHGs	in	2030	and	
reduces	emissions	up	to2%	per	
year:	3.0°C (5.4°F);	

• India	and	other	developing	countries	
also	peak	by	2035:	2.6°C (4.6°F);	and

• All	countries	peak	and	then	reduce	
3.5	- 4%	per	year	as	per	the	‘2°C	
Pathway’:	2.0°C	(3.6°F).

Current INDCs Deliver 3.5°C; With Action 2°C is Possible 
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Scaling	  down	  global	  climate	  change	  scenarios	  to	  
regional/basin	  levels:	  more	  uncertainty	  

General	  
Circula5on	  
Models	  
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Downscaling	  	  

Climate	  
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Existence	  of	  non-‐lineari&es,	  thresholds,	  lags	  and	  
alternate	  stable	  states	  in	  social	  ecological	  systems	  
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Fig. 1. A) Illustration of a hysteresis effect for a shrub-grass savanna. Initially, grazing has little effect
on grass biomass, but eventually a threshold is reached at which a slight increase in grazing (T2) causes
an ecological regime shift to a situation of low grass-high shrub biomass. Decreasing the grazing only
slightly will not suffice to recover the high grass biomass state; it must be decreased to a value T1 before
the grassland savanna is restored. The dotted line between the upper and lower branches represents an
unstable equilibrium. States of the system above this dotted line and between T1 and T2 will reach the
grassy savanna or upper branch, whereas those below will result in the woody savanna or lower branch.
The arrow represents a state excursion that crosses this second type of threshold (the dotted line),
resulting in a switch from grassy to woody savanna. B) A transition from a grassy to woody savanna in
the absence of a hysteretic effect. Changes in grazing pressure lead to a relatively smooth transition from
grassy to woody savanna, with little apparent irreversibility (but see text).

Kinzig	  et	  al.	  2006	  Ecology	  &	  Society	  



Cascading	  Interac&ons	  of	  alternate	  stable	  states	  in	  
social	  ecological	  systems:	  NP	  Hard	  Computa&onal	  

Complexity	  

Ecology and Society 11(1): 20
http://www.ecologyandsociety.org/vol11/iss1/art20/

Fig. 2. A) A generalized model of threshold interactions showing all possible combinations of domains
and scales and the possible interactions between regime shifts at various domain-scale combinations. B)
The critical combinations of domains, scales, and interactions across the four examples. Solid lines
indicate interactions, e.g., regime shifts at one scale combination triggering regime shifts at another, that
occured in all four case studies. Dotted lines indicate interactions that occur in only one or two of the
case studies.

Kinzig	  et	  al.	  2006	  Ecology	  &	  Society	  



Adap&ve	  Management	  IN	  Social	  Ecological	  Systems	  

•  Social	  Ecological	  Systems	  are	  characterized	  by:	  	  
–  Cross-‐scale	  interac5ons	  
–  uncertainty	  in	  behavior	  across	  space	  and	  5me,	  	  
–  non-‐lineari5es,	  thresholds,	  lags,	  alternate	  stable	  states	  	  
–  cascading	  interac5ons	  

•  “Command	  and	  Control”	  or	  “Op5miza5on”	  type	  of	  management	  
approaches	  do	  not	  work	  with	  complex	  adap5ve	  systems	  such	  as	  LCB	  SES	  

•  Adap5ve	  Management	  approach	  is	  needed	  to	  tackle	  the	  problem	  of	  
adapta5on	  to	  climate	  change	  in	  LCB	  

•  RACC’s	  Cascading	  Integrated	  Assessment	  Model	  (IAM)	  aims	  at	  deploying	  a	  
complex	  adap5ve	  systems	  computa5onal	  approach	  to	  model	  cross-‐scale	  
drivers	  of	  global	  climate	  change	  as	  well	  as	  social,	  policy	  and	  governance	  
drivers	  of	  land-‐use	  land	  cover	  change	  at	  watershed/basin	  scales,	  
responses	  of	  the	  hydrological	  systems	  to	  these	  drivers	  of	  change	  and	  the	  
effects	  on	  the	  alternate	  stable	  states	  of	  Lake	  Champlain	  (segments).	  	  

•  Cascading	  IAM	  can	  be	  used	  for:	  (a)	  SES	  hypotheses	  tes5ng;	  (b)	  Scenario	  
tes&ng	  for	  facilita&ng	  adap&ve	  management	  in	  the	  medium	  to	  long	  run	  



High	  Resolu&on	  Forecas&ng	  of	  Global	  Climate	  Change	  
Impacts	  on	  Watersheds	  and	  Lakes:	  Integra&ng	  Climate,	  
Land-‐Use,	  Hydrological	  and	  Limnology	  Models	  



PEGASUS	  Job	  Tree	  example	  for	  High	  Resolu&on	  Forecas&ng	  of	  
Global	  Climate	  Change	  Impacts	  on	  Fresh	  Water	  Lakes	  
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Champlain Basin Program Technical Advisory Committee includes representatives from VT, NY, and 
Quebec (see section 4.5). Workshops will enable stakeholders to visualize inter-temporal (present vs. 
future) and inter-sectoral (rural vs. urban vs. forestry sector) trade-offs for directing the flow of public 
investments supporting resilient infrastructure. Such investments are typically in the form of subsidies to 
households, towns and farms to stimulate BMP adoption. There are, however, large amounts of 
uncertainty regarding: 1) whether and where to fund or implement BMPs, 2) the relative effect of 
resilience on lake water quality and 3) identifying the leverage points in the social ecological systems to 
obtain the most “bang for the buck.”   
 The integrated IAM from the current Track-1 research in Fig. 3 is currently coupled in a feed-forward 
only workflow management system. Its outputs (Fig. 8) show that climate change and land use change 
can affect the state of the Lake. (Fig. 8d shows algae in the Missisquoi Bay.)  In contrast, the BREE IAM 
(Fig. 7) shows the addition of numerous feedback effects. Scenarios will be developed and tested to 
simulate inter-dependencies and cross-scale interactions across different components of the focal social 
ecological systems in the face of extreme events and the resulting alternate landscape designs. We will 
use the computational advances from the field of workflow management systems and coupled natural and 
human systems to simulate the feedback effects of changing lake conditions on the social, economic, 
policy and governance system models as well as hydrological and forest models (125). The BREE IAM 
will provide the physical and sociological landscape responses to various hydrological inputs motivated by 
plausible extreme-event scenarios. Cognitive agents embedded within the ABMs of the BREE IAM, will in 
turn, adapt to their dynamically-changing landscape to modify the IAM scenario output to better assure 
resilience of the social ecological system. 

A computational intelligence approach will focus on social ecological systems management in a given 
fitness landscape to prioritize limited resources and investments in the face of risk from extreme events. 

Figure 8. Output from cascading current Track-1 IAM that will be replaced by the BREE IAM:  Output reveals (a) Projected 
precipitation by GCM BNU_ESM.1.rcp85 in 2040; (b) Projected Land-Use by Agent Based Model in 2040; (c) Projected 
hydrological scenario by RHESSys on August 15, 2040; (d) Projected Chlorophyll A (proxy for algae) concentration by A2EM 
on August 15, 2040.  

 DO NOT SHARE

CONFIDENTIAL



Scenario	  Se[ngs	  for	  Missisquoi	  for	  ongoing	  cascading	  IAM	  runs	  to	  predict	  
alternate	  stable	  states	  of	  Missisquoi	  Bay	  and	  response	  of	  the	  watershed	  

hydrology	  to	  changing	  climate	  and	  land-‐use	  	  
•  Climate	  Scenario:	  RCP	  45	  and	  RCP	  85	  

–  Four	  GCMs	  (miroc-‐esm-‐chem;	  inmcm4;	  csiro-‐mk3;	  ipsl-‐cm5a)	  are	  used	  for	  both	  
scenarios	  

•  LULCC	  ABM	  Scenarios:	  BAU,	  Pro-‐forest,	  Pro-‐Ag,	  Urbaniza5on	  
•  Running	  2001	  through	  2041	  
•  We're	  using	  the	  coarse	  gridded	  lake	  models	  
LULCC	  ABM	   RCP	  4.5	   RCP	  8.5	  

Business	  As	  Usual	  	   ChlA11,	  Temp11,	  …..	   ChlA12,	  Temp12,	  …..	  

Pro-‐forest	   ChlA21,	  Temp21,	  …..	  
	  

ChlA22,	  ,	  Temp22,	  …..	  
	  

Pro-‐Ag	  	   ChlA31,	  Temp31,	  …..	  
	  

ChlA32,	  Temp32,	  …..	  
	  

Urbaniza5on	   ChlA41,	  Temp41,	  …..	  
	  

ChlA42,	  Temp42,	  …..	  
	  



Large	  Uncertainty	  Across	  Four	  GCM	  Projec&ons	  for	  Temperature	  (El	  
Nino	  effects	  are	  not	  included	  in	  these	  projec&ons)	  



Large	  Uncertainty	  Across	  Four	  GCM	  Projec&ons	  for	  Precipita&on	  
(Extreme	  events	  are	  not	  included	  in	  such	  SMOOTHED	  projec&ons)	  



Cascading	  IAM	  can	  generate	  high	  resolu&on	  temperature	  projec&ons	  
for	  alternate	  climate	  scenarios	  and	  GCMs	  for	  LCB	  	  



Cascading	  IAM	  can	  generate	  high	  resolu&on	  precipita&on	  projec&ons	  
for	  alternate	  climate	  scenarios	  and	  GCMs	  for	  LCB	  	  



LULCC	  Agent	  Based	  Model	  (ABM)	  Design	  



Calibrated	  version	  of	  land	  use	  transi&on	  agent	  based	  model	  can	  generate	  
high-‐	  resolu&on	  scenarios	  at	  watershed	  scales	  for	  15	  Na&onal	  Land-‐Cover	  

(NLCD)	  classifica&ons	  
	  



Pro-‐crop,	  pro-‐forest	  and	  urbaniza&on	  scenario	  families	  
have	  been	  developed	  to	  test	  hypotheses	  about	  the	  
impacts	  of	  alternate	  stable	  states	  in	  landscapes	  that	  
emerge	  in	  response	  to	  different	  land	  use,	  agriculture	  

and	  economic	  development	  policies	  	  

Scenario	   Conserve	  Act	  250	   Maintain	  farmer	  
subsidies	  

Promote	  economic	  
development	  

BAU	   yes	   yes	   no	  

Pro-‐forest	   yes	   no	   no	  

Pro-‐ag	   no/modify	   yes	   no	  

Urbaniza5on	   no/modify	   no	   yes	  



Aggregate	  comparison	  of	  four	  LULCC	  scenarios	  	  



Agriculturally dominant landscape scenario 



Forest dominated landscape scenario 



Urbanized landscape scenario 



In	  Progress:	  Predic&ng	  NMP	  Adop&on	  Under	  
Alternate	  Policy	  and	  Behavioral	  Scenarios	  

•  A	  pilot-‐tested	  22-‐page	  43-‐ques5on	  panel	  survey	  instrument	  implemented	  
by	  NASS,	  USDA	  on	  a	  stra5fied	  random	  sample	  of	  farmers	  in	  two	  
watersheds:	  first	  wave	  in	  2013,	  second	  wave	  in	  2015	  

	  
•  A	  pilot-‐tested	  4-‐page	  16-‐ques5on	  survey	  instrument	  implemented	  

through	  mail	  to	  a	  stra5fied	  random	  sample	  of	  households	  in	  LCB:	  first	  
wave	  in	  2015	  

•  Bounded-‐ra5onal	  (Conjoint	  Analysis)	  approach	  to	  es5mate	  the	  likelihood	  
of	  NMP	  adop5on	  under	  alternate	  policy	  incen5ves	  and	  regula5ons	  

•  Theory	  of	  Planned	  Behavior	  approach	  to	  es5mate	  the	  likelihood	  of	  NMP	  
adop5on	  under	  different	  behavioral	  and	  social	  norm	  condi5ons	  



LULCC	  ABM	  Highlights	  and	  Extensions	  

•  The	  LULCC	  ABM	  is	  generalizable	  with	  NLCD	  and	  other	  
similar	  remote	  sensing	  data	  bases	  

•  Endogenous	  interac5ons	  between	  farmer	  aggregate	  
u5li5es	  and	  land	  cell	  ecosystem	  service	  gradients	  generate	  
emergent	  dynamics	  

•  Work	  in	  progress:	  Disaggrega5ng	  farmer	  and	  land-‐cell	  
ecosystem	  service	  func5ons	  	  

•  Work	  in	  progress:	  Assignment	  of	  land	  value	  for	  urban,	  
forest	  and	  agricultural	  parcels	  using	  ANNs	  

•  Feedbacks	  from	  lake	  and	  hydrological	  models	  are	  being	  
developed	  







Projected	  Monthly	  Streamflow	  in	  Missisquoi	  (2001-‐2041)	  



RHESSys	  Extensions	  in	  progress	  	  

•  While	  RHESSys	  model	  is	  responding	  to	  changing	  
climate	  signal,	  a	  5ghter	  coupling	  of	  LULCC	  ABM	  with	  
RHESSys	  is	  being	  worked	  upon	  to	  both	  improve	  the	  
LULCC	  signal	  in	  terms	  of	  changes	  in	  15	  land	  use	  
classifica5ons	  as	  well	  as	  adop5on	  of	  BMPs	  by	  land-‐
users	  

	  
•  BSTEM	  integra5on	  with	  RHESSys	  will	  improve	  
cascading	  IAM	  ability	  to	  model	  extreme	  events,	  
simulate	  the	  effects	  of	  BMP	  adop5on	  and	  improve	  the	  
es5mates	  of	  nutrient	  fluxes	  in	  the	  lake	  model	  



Weather	  generator	  resampling	  approach	  
GENERAL'
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Daily, 1950 - 2099
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For each future daily T and P

Find  a matching pair of T and P in historic NARR 

Steps: 

1. Search the historic data under two conditions:

A. time: near selected date

B. value: close T and P values

2. Collect a set of nearest T and P neighbors

3. Randomly select one neighbor 

daily weather sequence of all climate variables 

North	  American	  Regional	  Reanalysis	  
(NARR)	  
32	  km	  grid	  resolu5on,	  daily	  from	  1979	  
–	  2014	  
hop://www.esrl.noaa.gov/psd/data/
gridded/data.narr.html	  	  
	  



Cascading	  IAM	  can	  project	  alternate	  stable	  states	  in	  Missisquoi	  Bay	  for	  alternate	  
climate	  and	  land-‐use	  scenarios:	  Example	  of	  Pro-‐forest	  &	  RCP	  4.5	  Miroc-‐ESM	  	  



Cascading	  IAM	  can	  project	  alternate	  stable	  states	  in	  Missisquoi	  Bay	  for	  alternate	  
climate	  and	  land-‐use	  scenarios:	  Example	  of	  Pro-‐forest	  &	  RCP	  4.5	  Miroc-‐ESM	  	  



Cascading	  IAM	  can	  project	  alternate	  stable	  states	  in	  Missisquoi	  Bay	  for	  alternate	  
climate	  and	  land-‐use	  scenarios:	  Example	  of	  Pro-‐forest	  &	  RCP	  4.5	  Miroc-‐ESM	  	  







IAM	  applica&ons	  for	  SES	  science	  and	  adap&ve	  
management	  goals	  

•  Develop	  IAM	  capability	  to	  simulate	  the	  impacts	  of	  adap&ve	  
interven&ons	  on	  water	  quality	  condi&onal	  upon	  climate	  change	  and	  
land-‐use	  scenarios	  (RACC)	  

	  
•  Test	  Alternate	  Lake	  States	  (RACC)	  
	  
•  Facilitate	  stakeholder	  designed	  scenario	  tes&ng	  (RACC)	  
	  
•  Test	  feedback	  loop	  dominance	  (RACC	  and	  BREE)	  
•  Quan5fy	  uncertainty	  propaga5on	  (RACC	  and	  BREE)	  
•  Simulate	  adap5ve	  decision	  making	  by	  Land-‐use	  agents	  (BREE)	  
•  Es5mate	  the	  risk	  benefit	  ra5os	  for	  policy	  investments	  through	  BMP	  

adop5on	  incen5ves	  and	  regula5ons	  (Poten5al	  applica5on)	  



Possible	  Cascading	  IAM	  Structure	  beyond	  RACC	  (2011-‐2016):	  currently	  
under	  review	  for	  BREE	  2016-‐2021	  at	  the	  earliest!!	  	  
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generations), inter-sectoral (urban vs. agriculture) and intra-sectoral (crop vs. dairy) trade-offs in 
prioritizing scarce public investments for building resilient infrastructures to prime decision makers for 
integrating risk and uncertainty in their decision-making processes. The infrastructure and design 
scenarios will be assessed using the BREE IAM shown in Fig. 7 as a vehicle for the provision of input into 
the decision-making computational tools. Specific research objectives include:  

 Develop cognitive ABMs (ALL and GovNet above) that will embody intelligence so as to learn 
and adapt their spatially-dependent rules in response to a fitness landscape. (See Deep 
Belief Neural Networks below.) 

 Extend RHESSys to include sediment, flow, bank erosion, and overland flow 
 Implement and enhance Biome-BGC and nutrient cycling models that will account for 

interactions among land use and nutrient cycling (C, N and P), storage, and fluxes from land 
to surface waters (See Ecological Systems above.) 

 Develop a macroeconomic model that allows capture of direct and indirect macro-economic 
effects of extreme events (See GEAM in Social Systems above.) 

 Create new Lake models across a suite of environments characteristic of the Basin  
 Create new governance network model (See GovNet in Social Systems above.) 
 Transition to a dynamic climate downscaling model to provide a larger suite of atmospheric 

variables (See Climate Forecasting below.) 
The BREE IAM (Fig. 7) will provide a computational intelligence framework that will develop and test 

risk management infrastructure scenarios to promote Social Ecological Systems resilience in the face of 
extreme events. There are two major 
features that differentiate the BREE 
IAM from other published IAMs (for 
example, (118)). The first is our use of 
stakeholder partnership groups and an 
adaptive governance lens to design 
and evaluate resilient infrastructure 
scenarios. Secondly, the BREE IAM will 
be used to provide input into models 
capable of employing “computational 
intelligence.” Computational intelligence 
refers to biologically inspired 
computational methods, including but 
not limited to neural networks, 
evolutionary computation and symbolic 
machine learning.  

Vermont’s state and regional policy 
makers have identified the need for a 
BREE IAM like computational 

intelligence open source engine to aid 
their operational, tactical and strategic 
decision making for targeting 
infrastructure designs and prioritizing 
public investments. Adaptive 

management approaches have emphasized strong stakeholder roles in defining and testing management 
and design scenarios (119-124). The Integration Team will use an adaptive governance approach to work 
with stakeholders (see Social Systems section), for the development and testing of scenarios in which 
location matters (spatially explicit). We expect these scenarios (Table 2) to run the gamut from the ideal 
100% “green” infrastructure design (i.e., maximum feasible adoption of urban, agriculture and forestry 
BMPs identified above) to the opposite extreme (i.e. maximum agricultural and urban expansion on the 
basin lands). We will convene two stakeholder workshops per year with the Governor’s Climate Cabinet 
and Lake Champlain Basin Program Technical Advisory Committee. The Governor’s Climate Cabinet 
includes representatives of Vermont Agencies of Agriculture, Transportation, Natural Resources, 
Commerce and Community Development, non-profit organizations and private sector. The Lake 

Figure 7: The BREE Integrated Assessment Model (IAM) of coupled 
social ecological systems for understanding the cascading impacts of
climate change induced extreme events at watershed scales; tan = new 
model; blue = expanded existing model;  WRF: Weather Research and 
Forecasting; ALL: Adaptive Landuse Land cover agent based model: 
GEAM: General Equilibrium Analysis Model 
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What	  can	  cascading	  IAM	  do?	  Facilitate	  adap&ve	  
management	  and	  support	  decision	  making	  under	  

risk	  and	  uncertainty	  

•  A	  crowdsourcing	  Delphi	  survey	  of	  100+	  experts	  and	  civil	  society	  
stakeholders	  led	  to	  the	  iden5fica5on	  of	  more	  than	  60+	  unique	  
adap5ve	  (management)	  interven5ons	  

	  
•  By	  May	  2016,	  we	  expect	  IAM	  to	  be	  able	  to	  simulate	  16	  of	  these	  

interven5ons	  to	  assess	  the	  P,	  N	  and	  HAB	  reduc5on	  effec5veness,	  
under	  alternate	  climate	  change	  and	  landscape	  scenarios	  

	  
•  Extensions	  of	  cascading	  IAM	  can	  be	  develeped	  as	  targeted	  

Decision	  Support	  Systems	  (DSS)	  for	  facilita5ng	  decision	  making	  
and	  adap5ve	  management	  at	  watershed	  and	  basin	  wide	  scales	  	  



Expected/possible	  extensions	  in	  Cascading	  IAM	  

•  Embed	  BSTEM	  in	  RHESSys	  to	  simulate	  sedimenta&on	  flows	  (May	  
2016);	  and	  BiomeBGC	  in	  RHESSys	  to	  simulate	  C,	  N,	  P	  fluxes	  in	  
streams	  (BREE)	  

	  
•  Replace	  flow	  based	  P	  regression	  equa&ons	  in	  A2EM	  with	  

sedimenta&on	  (May	  2016)	  and	  C,N,	  P	  fluxes	  (BREE)	  
	  
•  Add	  3-‐5	  agricultural	  BMPs	  (May	  2016)	  and	  addi&onal	  ag	  and	  urban	  

BMPs	  (BREE)	  in	  LULCC	  ABM	  
	  
•  Feedbacks	  from	  the	  lake	  to	  LULCC	  ABM,	  in	  par&cular	  impact	  of	  

water	  quality	  in	  LCB	  on	  property	  values	  (May	  2016),	  public	  opinion	  
reflected	  in	  surveys,	  news	  media	  and	  social	  media	  (BREE),	  
governance	  network	  (BREE),	  and	  macro-‐economic	  indicators	  
(BREE)	  



THANK	  YOU	  

•  For	  more	  informa5on:	  Asim.Zia@uvm.edu	  
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