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Urban energy and carbon modeling
In a rapidly urbanizing world

Executive Director, Global Carbon Project, Tsukuba International Office

DHAKAL Shobhakar

Global urbanization has been phenomenal in the past
decades. Consequently, urban areas already contribute
a large share to global energy use and CO; emissions.
How urbanization further unveils itself quantitatively
(land-use change, physical growth, population) and
qualitatively (urban form, density, type of urban
infrastructure, per capita energy use) determines future
energy use and CO; emissions. Urbanization drivers
are linked to economy, social system, demography, and
others. Thus, a sound understanding of emerging and
alternative pathways of urbanization and their drivers are
essential to energy-use reduction and carbon mitigation.

Urban areas are also connected with a multitude of
external networks of activities (trade, mobility etc) and
flows (water, material, food, energy etc). An urban system
that aims to alleviate global energy and carbon emissions
needs to understand better these activities and flows
because energy is used and CO; is emitted upstream
elsewhere in order for goods to be consumed in urban
areas and the vice versa. The system boundaries of urban
areas are important to understand and the de-isolation of
urban areas from their strict territorial notion is utterly
essential in order to see a plausible role and options for
the energy and carbon mitigation in urban areas.

In the territorial sense, an urban area is a complex
system that has to be optimized. The objective is to meet
the demands for accessibility, food, space, water, leisure
etc. There are choices of how to meet them; which
type of functional system to devise and which physical
infrastructure to put in place. The energy use and CO;
emissions are largely outcomes of how we configure and
optimize urban systems. Urban areas are often already
built up, have path dependencies, local conditions, and

thus, a multitude of constraints. The energy use and CO>

mitigation objectives have to consider these constraints.
Therefore, it is essential to understand the prospects of
optimizing urban areas for energy and carbon reductions.

In this context, the Workshop “Urban energy use

and CO; emission modeling in a rapidly urbanizing
world", organized by the Global Carbon Project (GCP)
jointly with the International Institute for Applied
System Analyses (ITASA) and the National Institute for
Environmental Studies (NIES), Japan, on 10-11 March
2011 at ITASA in Austria, addressed the three key issues
mentioned above, i.e. global urbanization-energy-CO»
dynamics from the perspective of demography, land
use and economics; urban system boundaries of flows
and activities, and intra-urban optimization. The focus
of the workshop was on modeling. The key aims of the
workshop were:

* To bring together different international research
groups working on different aspects of this
interlinked topic,

» To take a stock of ongoing research and to discuss
prevailing modeling approaches, recent advances,
and the prevailing challenges and opportunities for

modeling,

Global
urbanization
& energy-CO2
dynamics

System
boundary of
urban, flows, &
energy-carbon
attribution

Intra-urban
energy & carbon
optimization
& scenario

Themes of the workshop

Figure 1
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* To stimulate ideas, showcase ongoing works and
methods and create a snow-ball effect,
* To develop an international forum for urban energy

and carbon modeling.

In the symposium, Arnulf Grubler, Professor of Yale
Forestry School and senior research scholar of IIASA
and Dr. Shobhakar Dhakal, Executive Director of GCP,
welcomed the participants on behalf of the organizers
and outlined the aims and objectives of the workshop.
They emphasized the importance of urban studies in
the global energy and CO: discourse and highlighted
the need for a better understanding of the urbanization-
energy-carbon nexus from modeling.

The workshop had a several key contributions from
NIES. Dr. Yoshiki Yamagata welcomed the participants
on behalf of NIES and also delivered a key talk on
recent approaches in urban extent and urban land use-
transportation modeling in urban carbon context.
Another expert, Dr. Mikiko Kainuma, delivered a
talk from the viewpoint of lessons learned from the
Integrated Assessment Modeling for urban carbon
modeling. The workshop also witnessed several other
Japanese contributions from Hiroshima University and

Kyoto University.

The workshop was divided into three sessions. The
first session was devoted to modeling related to global
urbanization from demographic, land-use and economic
aspects and its implication to energy use and CO:
emissions. The key talks in this session addressed the
following, followed by discussions:

* The latest UN urban and city population projection
figures and their modeling approaches and
uncertainties,

* Population-Environment- Technology Modeling
with analyses on the impact of the pace of
urbanization on global and regional energy use and
CO; emissions,

* Land use modeling and its interaction with transport
and other components of the urban system,

* A global look at the trend of urban energy use.

The second session of the workshop was devoted to
the modeling of system boundaries of urban regions in
relation to energy use and CO» emissions. This included
modeling techniques such as Life Cycle Assessment,
material flow, and economic input-output analyses
applied to cities. The thrust was on understanding
cities with CO; attribution to the consumption side
and how boundaries were to be tackled in modeling of
intercity road transport, aviation, and flows of material
and energy. The key talks in this session addressed the
following:

» Attributing global carbon releases to local

consumption activities: methods and applications,

* Trans-boundary carbon emission footprints and

frameworks for sustainable cities,

* Long-term stocks and flows dynamics of urban

infrastructure,

» Carbon footrprint s of cities under different system

boundary considerations and I-O modeling.

The third session of the workshop was devoted to
intra-urban energy and carbon modeling in cities. In this
session, the prevailing urban energy system modeling
and scenario analysis approaches for urban energy use
and GHG emissions were presented and discussed. The
key talks in this session addressed the following:

» Approaches, challenges and opportunities in urban

energy system modeling,

* Urban energy and carbon modeling using MARKAL

and other models,

* Modeling the interactions between energy, economy

and carbon in carbon constrained cities,

* Back-casting approach and modeling for low-

carbon city scenarios,

» Optimising retrofits of key urban infrastructure such

as energy systems.

The key modeling lessons in the three topics mentioned
above were shared and discussed in this workshop.
Furthermore, the prevailing data gaps, the strength of
the models and their ability to address current needs

for understanding urban systems vis-a-vis carbon in a




HIBRESBEf 7S L > R —= 2 — 2 Vol22 No.2 (0114E5H) /v

policy-relevant manner were also discussed. Also the
need for simpler models that could be applied to a large
number of cities, and the importance of meta-analyses
in creating a generalized understanding of different city
typologies were outlined. The future evolution needs of
a model, challenges and opportunities were key parts of
the discussions. The lack of institutional mechanisms of
capacity building of local modelers in the developing

countries was also mentioned.

The agenda, all presentations, speakers” profiles and
other details can be found at http://www.gcp-urcm.
org/, or contact shobhakar.dhakal@nies.go.jp for further

details.

In the workshop which aimed to serve as a modeling
forum for the urban energy and carbon research
community, prevailing modeling approaches, ongoing
challenges and emerging opportunities were discussed.
It brought together 20 well-established scientists/
researchers from seven countries representing three
key themes (a), (b), and (c). The participants were
senior researchers from IIASA, NIES, National Center
for Atmospheric Research USA, United Nations
Population Division, University of Colorado Denver,
Potsdam Institute for Climate Impact Research,
Technical University Berlin, Imperial College London,
CIRED Paris, Kyoto University, Hiroshima University

and Asian Institute of Technology.

/7 Air Mail />—7Air Mail /=7 Air Mail /~—7Air Mail /7 Air Mail /7

Workshop at a historical place

The workshop venue, IIASA has a very interesting history and location. IIASA was
created in 1972 to build a scientific cooperation bridge across the Cold War divided
eastern-block and western-block countries, recognizing that the world needs to face the
growing global problems collectively on an international scale. IIASA is located in “Schloss
Laxenburg” or the Laxenberg Palace, a former summer retreat of the Habsburg Empire
that ruled Austria and the surrounding regions for over six centuries. Several members of

the Habsburg imperial family, including Crown Prince Rudolf, were born here.
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Research Associate of the month @ BELIKOV Dmitry

Biogeochemical Cycle Modeling and Analysis Section
Center for Global Environmental Research
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My name is Dmitry
Belikov. I came from
Russia. My birth place
is a small town Mariinsk
in Siberia. Since I
was a child I wanted
to study ecology and

environmental science,

but it was not so easy

to find a place at a university to do that, so directly after
high school I entered the Tomsk State University, the
faculty of Mecanics and Mathematics. Pure mathematics
is not my favorite subject, as results my study in the
university did not bring me a full satisfaction. Hopefully,
when I was a third-course student I meet prof.
Alexander V. Starchenko and I was involving in study
of secondary pollutant (tropospheric ozone) formation
and transportation in the atmosphere boundary layer
above urban regions. [ have worked on this topic for
seven years and in October 2006 I completed my Ph.D.
in Mathematical modeling at Tomsk State University.
The subject of my dissertation was a design of an
atmospheric substances regional transport model for
prediction of tropospheric ozone concentrations and
high-performance parallel implementation of the model.
In August 2007 I came in Japan to begin working for
NIES and GOSAT project and thus new page of my
life was started. As a postdoctoral fellow at NIES, I am
involved into research of greenhouse gases using NIES
global transport model. My responsibilities include
designing, coding and testing of NIES global transport
model. I am responsible for planning and conducting the
Atmospheric Tracer Transport Model Intercomparison
Project (TransCom-CH4, TransCom-satellite) and the

Comprehensive Observation Network for Trace gases by

Airliner (CONTRAIL) transport model intercomparison
experiments. Moreover, I participate in designing of an
inverse modeling system for retrieval of the regional
fluxes of CO; and CHg from GOSAT data.

My friends and my family were worried about me to
know if it was not too difficult to adapt to the culture and
live here because of a very different language. However
my everyday life in Japan is going smoothly and quite
easy. Everyone is very friendly, helpful and patient to
me. Tsukuba is very international city with large foreign
and Russian-speaking communities, so I am able to
learn not only Japanese but also other cultures and speak
native language as well. My style of life is very healthy
due to unique Japanese food and using of a bicycle

everyday.
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the level of 55 hPa, which represents how good the NIES
model can reproduce exchange between troposphere and
stratosphere




HIEREES I L > R —= 2 — A Vol.22 No.2 (20114E5/1) /v

During a preparation of this paper Japan was hit by the
9.0 magnitude Tohoku earthquake and horrible tsunami
on 11 March 2011 that caused a series of equipment
failures and releases of radioactive materials at the

Fukushima-1 Nuclear Power Plant. My Russian friends,

my family and I express our heartfelt condolences
on the tragedy unfolding in Japan. The images of the
destruction are unbelievable and astonishing in scope.
Yet the Japanese people have always shown a resilient

spirit, and I am confident that Japan will recover soon.
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