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INTRODUCTION 

Climate change is one of the defining challenges of our time, requiring an unprecedented level of global 
cooperation to avoid dangerous levels of greenhouse gas emissions (GHG).1 Despite the recent diplomatic 
success of the Paris Agreement, climate change politics continues to be characterized by gridlock at the 
international level.2 In light of such challenges, coordinated action at the sub-national level has 
increasingly been seen as a hopeful spur to greater climate action through more “bottom-up” political 
processes.3 In North America, Quebec, California and, most recently, Ontario have taken an important 
leadership role in climate policy through a linked GHG trading system operating under the auspices of the 
Western Climate Initiative (WCI) - a voluntary cooperative agreement between partner jurisdictions.4 

In 2015, the WCI was significantly expanded to include transportation-induced emissions, which 
constitutes the largest source of emissions in all three jurisdictions - 38% California, 42% in Quebec and 
34% in Ontario.5 In this context, it is important that jurisdictions be able to anticipate the effects of various 
GHG emission reduction measures on emissions trading with WCI partners, notably the effects of 
measures in the transportation sector. Energy systems modelling allows these issues to be explored by 
beginning to attempt to quantifying energy and technology pathways. Equally important is to understand 
the role that modelling plays in policy decision-making.  

In order to face this challenge, academics and practitioners from Quebec, California and Ontario as well 
as the state of Vermont have come together to develop the Joint Clean Climate Transport Research 
Partnership (JCCTRP). In this policy note, we report on a Phase 1a meeting of the JCCTRP held in early 
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November 2017 in Montreal. The JCCTRP aims to build a network of experts whose objective is to identify 
best practices, clarify links between modelling and decision-making, and formulate concrete propositions 
to strengthen modelling capacities across partner jurisdictions. 

In this policy brief we report on Californian efforts to reduce emissions in the transportation sector. The 
state has recently legislated to reduce GHG emissions 40% below 1990 levels by 2030.6 To achieve this 
goal, California aims to cut its gasoline consumption by half and raise the amount of power generated 
from renewable energy sources by 50%.7 California also aims to add 100,000 zero-emission heavy trucks 
to the current fleet and to raise the efficiency of freight transportation by 25%.8 Below we present some 
of the key modelling tools and policies that California will use in attempting to reach these ambitious 
goals. 

MODELLING CAPACITY IN CALIFORNIA 

Many Californian organizations have developed high-level modelling capacities. The Institute of 
Transportation Studies at University of California Davis (ITS-Davis) is a research institute of global stature 
with advanced expertise in three core areas: (i) travel behaviour and transport systems modelling; (ii) 
environmental vehicle technologies and fuels; (iii) climate change, air quality, and other environmental 
impacts.9 In terms of modelling, ITS-Davis also leads the California Climate Policy Modelling (CCPM) 
Dialogue, which brings together policy-makers, modellers, and other stakeholders.10 Its main objective is 
to review the current status of energy systems modelling in California and to examine technology and 
policy pathways for achieving California’s climate policy goals. 

 

Figure 1: Projected emissions in 2030 compared to 2015, across CCPM models 

 
 

Source:  Adapted from Yeh,S. (2016) Low Greenhouse Gas Emissions in Cal ifor nia by 2030.  Presentation to 
the 22n d  Session of  the Conference of the Part ies to the United  Nations Framework Convention on Climate 

Change (COP22); Transport Models and Climate Pol icy Evaluation Tools:  Marrakesh.  
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In 2015, the CCPM undertook an inventory of models used in California, identifying three broad categories 
of models: optimization models (CA-TIMES of UC Davis), equilibrium models (UC BEAR, Berkeley Energy 
and Resources) and spreadsheet-based scenario development models (E3 Pathways et CALGAPS).11 
Californian modelling expertise also features sectoral and regional models used to model specific areas of 
the economy, such as the USC REMI PI+ (REMI Policy Insight Plus) macroeconomic model and the NREL 
LCGS (Low Carbon Grid Study) cost-distribution model.12 Figure 1 below presents a comparison of 
projected emissions in 2030 of the different models considered in CCPM for various economic sectors, 
including transportation—each compared to a 2015 reference scenario. One of the challenges of such 
dialogues is to understand different modelling results and their implications for policy. 

ITS-Davis itself also undertakes important modelling and monitoring efforts of California’s transport 
sector. For example, ITS-Davis regularly produces a review of California’s Low Carbon Fuel Standard, one 
of the key policies of California’s climate action plan.13 This has identified several opportunities and 
challenges. For example, as demonstrated in Figure 2, while the LCFS has been successful in driving overall 
reductions in carbon intensity and leading to important increases in the availability of alternative fuels 
(Figure 2a), such success has largely been due to reductions in the carbon intensity of diesel fuel rather 
than in gasoline use (Figure 2b). ITS-Davis has pointed to three coming revolutions in transportation, that 
require careful management and analysis to ensure they lead to a sustainable, low carbon, transportation 
sector of the future: vehicle electrification, automation, and widespread shared mobility.14 It is worth 
stating that ITS-Davis has also been involved in a recent global evaluation of the potential to reduce 
emissions in the transport sector. This was done by collecting and assessing detailed sectoral studies and 
comparing these to integrated assessment model (IAM) results.15 

 

Figure 2: Some key findings of 2017 Review of California’s Low Carbon Fuel Standard 

(a) Alternative fuel penetration. (b) Carbon intensity of fuel pools vis-à-vis LCFS 
compliance targets. 

    
 

Source: Witcover, J.  (2017) Low Carbon Fuel  Standard (LCFS) Update. Presentation to the ITS -Davis 
Sustainable Transportation Energy Pathways (STEPS) Fall Research Symposium , UC Davis:  Davis.  

  

The consulting group Energy Innovation, based in San Francisco, has strong modelling expertise in the 
energy sector and associated emissions.16 For example, Energy Innovation has developed the Energy 
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Policy Simulator, a new model which estimates the relative effect of various emission reduction policies 
set out in California’s Scoping Plan in a user-friendly online interface.17 The Energy Policy Simulator is 
based on system dynamics which may be contrasted with approaches such as computable general 
equilibrium (CGE) models or technology-based optimization models. System-dynamics models can 
contribute significantly to policy-making because they take a feedback approach that captures relatively 
complex intra-system relationships and focus on aggregate rather than individual dynamics, resulting in 
relatively simple models that allow for straightforward model runs and policy simulations.18  

Also important is a recent Energy Innovation analysis of the market balance of the California-Quebec-
Ontario carbon market. The concern is that, for a variety of reasons including the inability of models to 
anticipate accurately the amount of emissions required by firms in the three jurisdictions involved, more 
emission allowances appear to exist on the market than are necessary. Such oversupply has implications 
for prices on the carbon market. Energy Innovation estimates that, through 2020, annual oversupply will 
range between 25-60 MtCO2e, though peaking in 2015-2016 and declining by 2020 (Figure 3). Cumulative 
oversupply is estimated at 270 MtCO2e for the period 2013-2020 which would, if unaddressed and carried 
forward towards the 2030 emissions target, possibly render difficult efforts to use the carbon market as 
a tool to incite emission reductions. While potential oversupply certainly warrants further attention, it is 
worth pointing out that other observers argue that because of price control mechanisms of the California-
Quebec-Ontario carbon market, such as the price floor and price ceiling, oversupply may pose less of a 
problem that anticipated.19 

In addition to modelling exercises led by academics and consultants, the California government also 
possesses considerable in-house modelling capacity. For climate change and energy issues, the two most 
important are the California Energy Commission (CEC) and the California Air Resources Board (CARB). The 
CEC collects energy-related data and conducts surveys and assessments of California’s energy systems 
and trends, while also cultivating in-house modelling and analytical capacity for the regular publication of 
Integrated Energy Policy Reports (IEPRs).20 CARB is the Californian body responsible for developing climate 
action plans, most notably in the form of regular Scoping Plans. CARB experts use bottom-up and top-
down models to evaluate policy options for reducing emissions across all sectors of California’s economy, 
including Energy 2020 and E-DRAM.21 They also undertake modelling of transportation fuels in its 
examination of carbon intensity reduction requirements under the Low Carbon Fuel Standard.22 In 
addition, CARB has also undertaken modelling exercises of its carbon market linkage with Quebec.23 Such 
modelling capacity suggests that modelling has an important impact on policy design and evaluation in 
California, which we discuss in greater detail below. 
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Figure 3: Market balance analysis of California-Quebec-Ontario carbon market, 2013-2020 

(a) Market balance under trend demand forecast 
shows oversupply resolving in 2020. 

(b) Annual oversupply appears to have peaked in 
2016 but cumulative oversupply still climbing. 
Integrating Ontario does not change the basic 

dynamic. 

  
 

Source:  Busch C (2017)  Oversupply Grows in the Western Climate Init iative Carbon Market, Energy 
Innovation, San Francisco,  pages 20-21.  

 

MODELLING AND DECISION-MAKING IN CALIFORNIA  

The relative autonomy enjoyed by California within the American federal system explains the exceptional 
capacities of CEC and CARB for energy and climate policy implementation.24 Ideally, modelling assists 
policy-makers to identify the appropriate mix and sequencing of various technologies and incentives to 
reach policy goals. Ideally, this should proceed in a three-step iterative cycle where models help decision 
makers evaluate and revaluate policy options: (i) technology assessment and sector data collection; (ii) 
scenario development and modelling; (iii) evaluate results against goals.  

The clearest example of the role of modelling in California’s climate policy decision-making is found in the 
Scoping Plan outlining the strategy for achieving the state’s greenhouse gas target. The Californian 
administration is required to develop and update every five years a comprehensive Scoping Plan to 
“identify and make recommendations on direct emission reduction measures, alternative compliance 
mechanisms, market-based compliance mechanisms, and potential monetary and nonmonetary 
incentives” in order to attain California’s emission reduction goal.25 The 2008 Scoping Plan and the 2017 
update have been informed by sophisticated economic modelling.26 Marking a significant increase in 
modelling sophistication, the 2017 update includes an assessment of uncertainty of the relative 
effectiveness of the carbon market and related policies and measures (Figure 4). However, it is worth 
noting that the general strategy in 2017 remains similar to that of 2008: policies and measures such as 
the Low Carbon Fuel Standard are intended to drive the majority of California’s emission reductions, with 
the carbon market accounting for remaining reductions. To the degree that policies and measures 
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underperform, rising prices on the carbon market are expected to play a larger role in achieving the 
emission reduction target. 

 

Figure 4: Uncertainty analysis of emission outcomes set out in California’s 2017 Scoping Plan 

 
 

Source:  CARB (2017)  Cal ifornia’s 2017 Climate Change Scopin g Plan: The Strategy for Achieving  
California's  2030 Greenhouse Gas Target, Cali fornia Air Resources Board, Sacramento, page 29.  

 

However, the manner in which modelling outputs are integrated in the Californian decision-making 
process is difficult for policy experts to evaluate. For example, models such as those reviewed by the CCPM 
are not designed to optimize the choice of policies, rather they estimate the costs of policies identified by 
analysts and are not necessarily those selected by decision makers. Nor do they capture the benefits of 
switching to other policies if modelled options turn out to be incorrect. Perhaps more significant for the 
transport sector, most models like those discussed at the most recent CCPM tend to use broad 
assumptions to characterize local-level policy-making despite the fact that Californian local governments 
and agencies have a major role to play in climate policy implementation. This is particularly important for 
transport, where major decisions about infrastructure and land-using planning are made at the local level.  

For example, the 2016 California State Freight Action Plan (CSFAP) envisions that sustainable freight 
system will “Utilize a partnership of federal, State, regional, local, community, and industry stakeholders 
to move freight in California on a modern, safe, integrated, and resilient system that continues to support 
California’s economy, jobs, and healthy, livable communities.”27 Higher-resolution models appropriate for 
local-level decision-making and also qualitative approaches will be necessary to implement the CSFAP 
successfully. METRANS Transportation Center, based at University of Southern California (USC), is an 
important academic research center focused on mitigation in the transportation sector. Its research 
combines qualitative and quantitative approaches to assess the impact of climate policies in the 
transportation sector.28  

Finally, when discussing the role of energy and transport system modelling in the decision-making process, 
it is also important to underline the uncertainty surrounding the scenario modelling and cost assumptions, 
especially of emerging technologies. Conveying findings along with uncertainties to decision-makers is a 
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key challenge. It is particularly at this level where the JCCTRP hopes contribute, by help decision-makers 
and the public understand what energy and transport system models can and can’t tell us. 

  

CONCLUSION 

California is a global leader in modelling and their application to climate and transport policies. The state 
has advanced energy-system modelling capacities in academia, private sector as well as government that 
are formally integrated into the decision-making process. The economic impact of the carbon market 
linking Quebec, California and Ontario is also being modelled. The California Climate Policy Modelling 
(CCPM) Dialogue is a testament to the considerable interest in integrating various modelling expertise and 
to further informed and critical reflection on the use, evolution and development of models to assist 
decision-making. To be held in 2018, the next meeting of the CCPM will accord considerable attention to 
the transportation sector and to the limitations of principal existing models. 

The role of energy and transport modelling in California also raises important issues for the political 
economy of sustainability transitions. The importance given to modelling in California appears to 
demonstrate how state planning and liberal economic policy can be bridged in an effective manner. It is 
increasingly recognized that governments can be a key partner in the social and technological innovation 
process.29 This role may need to be intensified to transition in an efficient and timely manner to low-
carbon energy systems and fight climate change. However, despite the considerable sophistication and 
effort put into planning Californian climate policy, much of the modelling appears concentrated at the 
state-level which might overlook local-level challenges with transport policy implementation. We 
anticipate that the implementation of transport solutions at the regional, municipal and local levels will 
seek out finer-resolution and spatially-explicit models that aid with infrastructure and land-use planning. 
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