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Figure 4 Hysteresis in the response of charophyte vegetation in the shallow Lake
Veluwe to increase and subsequent decrease of the phosphorus concentration. Red
dots represent years of the forward switch in the late 1960s and early 1970s. Black
dots show the effect of gradual reduction of the nutrient loading leading eventually to
the backward switch in the 1990s. From ref. 59.
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Adaptive Management IN Social Ecological Systems

e Social Ecological Systems are characterized by:
— Cross-scale interactions
— uncertainty in behavior across space and time,
— non-linearities, thresholds, lags, alternate stable states

— cascading interactions

e “Command and Control” or “Optimization” type of management approaches do
not work with complex adaptive systems such as LCB SES

* Adaptive Management approach is needed to tackle the problem of adaptation to
climate change in LCB

 RACC’s Cascading Integrated Assessment Model (IAM) aims at deploying a
complex adaptive systems computational 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).

e Cascading IAM can be used for: (a) SES hypotheses testing; (b) Scenario testing for
facilitating adaptive management in the medium to long run



Interactive Land Use Transition Agent Climate Change Downscaling of
Based Model (ABM) 22 Global Circulation Models (GCMs)
(15 Land Use Classifications at 30M x (Precipitation, Temp Max & Temp Min at
30M per Year) 0.8KM x 0.8KM) per Day

|

GRASS GIS with Training
Preservation Module
(17 Land Use Classifications

at 30M x 30M per Year)

|

Regional Hydro-Ecologic
Simulation System (RHESSys)
(Water run-off at 5.4KM x
5.4KM per day )

Weather Generator for
downscaled 22 Global Circulation
Models (GCMs)
(Precipitation, Temp Max &
Temp Min, Cloud Cover, Wind
Speed etc. per hour

Advanced Aquatic Ecosystem Model
(A2EM)
(TP, TN, ChlA etc. density per hour)




For each scenario
(combination of GCM, RCP, LUT)

Simulation of 2001

- wmasmnn

GRASS 2001
EFDC Prep 2001 RCA Prep 2001

-

* Decadal land use transitions are simulated

 ABM output is converted by programmatic GIS
into input for RHESSys

* RHESSys output is processed to inputs for the
first bay model

* Data and models are staged to and run from
the Yellowstone supercomputer in parallel

* Data are returned from Yellowstone and the
second bay model is run in sequence

 The process is repeated each decade

Simulation of 2011
}
Simulation of 2021

}
Simulation of 2031



(a) Downscaled climate change scenario RPC 8.5

(b) Agriculture
intensification land use
scenario in Missisquoi

watershed in 2040
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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.




— Four extreme GCMs (Warm: miroc-esm-chem; Cool: mri-cgcm3.1; Wet: noresm1-m.1; Dry: ipsl-cm5a-mr.1)
are used for three RCP scenarios.

*  FOUR LULCC ABM Scenarios: BAU, Pro-forest, Pro-Ag, Urbanization
* Running 2001 through 2041
* We're using the coarse gridded lake models

LULCC ABM RCP 4.5 RCP 6.0 RCP 8.5

Business As Usual ChIA!!, Temp??, ChlA®2, Temp??, ChlA®3, Temp13,

Pro-forest ChlA%L, Temp?!, ChlA%%, Temp??, ChlA%3, Temp?3,

Pro-Ag ChlA3%, Temp?3!, ChlA32, Temp?3?, ChlA33, Temp?33,

Urbanization ChlA%1, Temp*!, ChlA%2, Temp??, ChlA%3, Temp?3,
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l. Initialization
Initialize agents

Initialize exogenous parameters

ﬂserved Datasets:

Land use: NLCD 2001

\

‘Landuse Transition Agent-based Model

year + 1
|

v

ll. Landowners update expected utilities to
determine landuse

Agricultural Urban Forest
landowners: landowners: landowners:
(1) Crop (1) Residence (1) Private
(2) Dairy (2) Business (2) Public

v

Agricultural
landowners

Urban
landowners

lll. Landowners determine whether to adopt
Nutrient Management Practices (NMPs)

Forest
landowners

I—‘L

IV. (1) Update agents' attributes

(2) Recategorize agents

V. Output landuse patterns 2001-2041

against observed NLCD

A




Observed Land Use 2011

Calibrated 2011

Calibrated 2041

NLCD Land Cover Classification
- Open Water

[:] Developed, Open Space
- Developed, Low Intensity
- Developed, Medium Intensity
- Developed, High Intensity
[T Barren (Rock/Sand/Clay)
- Deciduous Forest

- Evergreen Forest

Mixed Forest

[ | shrubrscrub

I:] Grassland/Herbaceous
:] Pasture/Hay

- Crops

:] Woody Wetlands

[ Herbaceous Wetlands

Pro-Forest 2041

Pro-Crop 2041




Conserve Act 250 Maintain farmer Promote economic
subsidies development

BAU
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Forest dominated landscape scenario
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Missisquoi River at Swanton (USGS)
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Mi'ssisquoi River at Swanton (USGS)
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RHESSys Extensions in progress

 While RHESSys model is responding to changing
climate signal, a tighter coupling of LULCC ABM with
RHESSys is being worked upon to both improve the
LULCC signal in terms of changes in 15 land use
classifications as well as adoption of BMPs by land-
users

e BSTEM integration with RHESSys will improve
cascading IAM ability to model extreme events,
simulate the effects of BMP adoption and improve the
estimates of nutrient fluxes in the lake model
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Expected/possible extensions in Cascading IAM

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

Replace flow based P regression equations in A2EM with
sedimentation (May 2016) and C,N, P fluxes (BREE)

Add 3-5 agricultural BMPs (May 2016) and additional ag and urban
BMPs (BREE) in LULCC ABM

Feedbacks from the lake to LULCC ABM, in particular impact of
water quality in LCB on regulator agents (April 2016), property
values (BREE), public opinion reflected in surveys, news media and
social media (BREE), governance network (BREE), and macro-
economic indicators (BREE)
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What can cascading IAM do for facilitating
adaptive management and supporting decision
making under risk and uncertainty?

e A crowdsourcing Delphi survey of 100+ experts and civil society
stakeholders led to the identification of more than 60+ unique
adaptive (management) interventions

By May 2016, we expect IAM to be able to simulate 20+ scenarios
developed by stakeholders in October 2015 mediated modeling
workshop to assess the P, N and HAB reduction effectiveness,
under alternate climate change and landscape scenarios

e Extensions of cascading IAM can be developed as targeted
Decision Support Systems (DSS) for facilitating decision making
and adaptive management at watershed and basin wide scales



THANK YOU

* For more information: Asim.Zia@uvm.edu
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