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Uncertainty in Global Climate Trajectories: Paris Treaty 
expectations and global scale collective action problems!
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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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The Water–Energy–Food Security Nexus:Towards a practical planning and decision-support framework 
for landscape investment and risk management 9

Policy recommendations/relevance: It outlines a number of areas to explore as levers, including integrated and 
multistakeholder resource planning, regionally focused infrastructure development, market-led resource pricing, 
community-level empowerment and implementation, and technological and financial innovation for managing the 
nexus (World Economic Forum, 2011).

FIGURE 2. APPROACH TO WEF SUGGESTED BY THE WORLD ECONOMIC FORUM 
Source: World Economic Forum, 2011.

WEF Framework: International Centre for Integrated Mountain Development, 2012
A third framework centres on ecosystem services (Figure 3). This framework was developed by ICIMOD with a focus 
on the Himalayas and South Asia (ICIMOD, 2012). Within this framework, the nexus approach is seen as a system-
wide, rather than a sectoral, approach; it can help in reducing trade-offs and generating additional benefits. In South 
Asia, such an approach inevitably needs to take Himalayan ecosystem services into account (ICIMOD, 2012, p. 4). 
Key parts of the framework are ecosystem goods and services that contribute to a connected triangle representing 
WEF and agriculture, towards enhanced security in all three elements of WEF. Ecosystems are the crucial part of 
this framework, and the authors stress that they must be protected and enhanced to ensure their resilience and their 
support for production (ICIMOD, 2012). 

Policy recommendations/relevance: The paper introducing the framework also presents policies and strategies 
to enhance food, water, and energy security in South Asia, such as: restoration of natural water storage capacity; 
development of climate-smart, environmentally and socially sound infrastructure; and incentive mechanisms for 
managing Himalayan ecosystems.

 





Linear (or end-to-end) versus Integrated Models of 
Early Warning Systems

(iv) integrated early warning systems. This concept, as proposed here and
illustrated in figure 3, emphasizes the following characteristics: the linkages
and interactions among all the elements necessary to effective early
warning and response, the role of the human elements of the system and the
management of risks rather than just warning of hazards.

The integrated model proposed in figure 3 includes the core warning system
elements, but in addition contains two new key features. The first is the inclusion of
actors that often are not recognized as part of the warning system,most notably the
political-administrative supporting entities, the district and community actors and
the research community. The second feature is the explicit inclusion of multiple
linkages and feedback paths, particularly from affected populations through their
organizations to the political and technical actors. The model could be elaborated
further for the particular circumstances of countries, e.g. to better specify the
district-level and community-level elements or the collaborative roles of different
discipline-based technical institutions (e.g. such as seismological, oceanographic
and meteorological organizations in a tsunami early warning system).

Figure 3 is largely conceived as a nationally based system, but it is worth
noting that many warning systems depend on regional and international
cooperation to secure the exchange of necessary data and warnings. This is not
a simple matter to arrange, however, as sovereign states can view their data as
having strategic or commercial value, and for these reasons can deny or limit its
exchange. In the field of meteorology, many years of discussion under the auspices
of the World Meteorological Organization (WMO), a specialized technical agency
of the United Nations, have led to formal agreements on the types of data that are
routinely exchanged (WMO 1995). Much remains to be done to achieve similar
levels of agreement in other hazard fields, e.g. in respect to rainfall and river flow
data required for flood warnings in shared river basins and seismic data for
tsunami warnings.
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(probabilistic)
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mitigation, 
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Figure 3. Integrated systems model of early warning system. Linear technical warning service in
box at bottom. Feedback paths indicated in red.

2175Early warning for natural hazards

Phil. Trans. R. Soc. A (2006)

 on 3 September 2009rsta.royalsocietypublishing.orgDownloaded from 

Linear model indicated on the left box. Feedback loops of integrated model 
indicated with red arrows.



Deploying Integrated Assessment Models of Climate 
Change, Land-Use Change, Hydrology and Lake 
Biogeochemistry Interactions as Early Warnings
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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.

Environ. Res. Lett. 11 (2016) 114026 doi:10.1088/1748-9326/11/11/114026
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Abstract
Global climate change (GCC) is projected to bring higher-intensity precipitation and higher-
variability temperature regimes to theNortheasternUnited States. The interactive effects of GCCwith
anthropogenic land use and land cover changes (LULCCs) are unknown for watershed level
hydrological dynamics and nutrient fluxes to freshwater lakes. Increased nutrientfluxes can promote
harmful algal blooms, also exacerbated bywarmerwater temperatures due toGCC. To address the
complex interactions of climate, land and humans, we developed a cascading integrated assessment
model to test the impacts of GCC and LULCCon the hydrological regime, water temperature, water
quality, bloomduration and severity through 2040 in transnational Lake Champlain’sMissisquoi Bay.
Temperature and precipitation inputs were statistically downscaled from four global circulation
models (GCMs) for three Representative Concentration Pathways. An agent-basedmodel was used to
generate four LULCC scenarios. Combined climate and LULCC scenarios drove a distributed
hydrologicalmodel to estimate river discharge and nutrient input to the lake. Lake nutrient dynamics
were simulatedwith a 3Dhydrodynamic-biogeochemicalmodel.We find acceleratedGCC could
drastically limit landmanagement options tomaintainwater quality, but the nature and severity of
this impact varies dramatically byGCMandGCC scenario.

1. Introduction

In the ‘Age of theAnthropocene’, changes in ecological
systems are increasingly coupled with changes in
social, economic and political systems [1, 2]. These
coupled complex adaptive systems are broadly defined

as ‘Social Ecological Systems’ (SESs) [3–7]. Social-
ecological systems are complex adaptive systems
characterized by threshold effects, path dependencies,
nonlinear dynamics, multiple basins of attraction, and
limited predictability [8]. Natural ecosystems often do
not respond smoothly to gradual change [4], and may
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V1.0: High Resolution Forecasting of Global Climate 
Change Impacts on Watersheds and Lakes: Integrating 
Climate, Land-Use, Hydrological and Limnology Models

Climate Change Downscaling of
21 Global Circulation Models (GCMs)

(Precipitation, Temp Max & Temp Min at 
0.8KM x 0.8KM) per Day

Interactive Land Use Transition Agent 
Based Model (ABM) 

(15 Land Use Classifications at 30M x 
30M  per Year)

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 Estimator for 
downscaled 22 Global Circulation 

Models (GCMs)
(Precipitation, Temp Max & Temp 

Min, Cloud Cover, Wind Speed 
etc. per day

Advanced Aquatic Ecosystem Model 
(A2EM) 

(TP, TN, ChlA, Temp etc. per day)
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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.  
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