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of the atmosphere and its changes brought about by urbb
banization, this gave me pause.  The petition asks acabb
demic professional associations: “to measure and report 
the environmental impact of their conferences; to radibb
cally reduce the amount of flying needed for conferencbb
ing; to establish and publish shortb and mediumbterm 
benchmarks for reductions; and to work with universityb
based members to meet key professional objectives in 
ways that do not require flying and that are sustainable.”  
The FAQ page associated with the petition provides an 
extensive collection of material on the environmental imbb
pact, common misconceptions (for example the authors 
take on the impact of carbon offsetting) and possible rebb
sponses by universities and professional associations.  It 
provides interesting reading in its own right and a useful 
reference list.  (...continued on page 30)

Colleagues, welcome to the March 2016 issue of the 
Urban Climate News.  

As you may have seen from the website or email anbb
nouncement, the Board has selected New York City as 
the host city for ICUC-10.  ICUCb10 is scheduled for June 
2018 at the City University of New York and will again be 
held jointly with the 14th AMS Symposium on the Urban 
Environment. This will be the first ICUC to be held in the 
Americas. The decision was a difficult one as all the finalbb
ists, which also included Hong Kong, Phoenix, and Singabb
pore, had very strong proposals and organizing teams, 
and represent excellent destinations for an urban climate 
conference. I would like to thank all those members inbb
volved in the proposals for their efforts and to the Board 
for their thoughtful discussion and deliberations. Finally, 
thank you to all the IAUC members who participated in 
the process by completing the member survey of ICUC 
locations, which is an important part of the selection probb
cess. 

ICUCb10 has adopted a theme of sustainable coastal 
urban environments. It recognizes the large urban popubb
lation who live in coastal areas and who may be particubb
larly exposed to hazards associated with climate change. 
The impacts from Superstorm Sandy on the New York 
area provide some local context for this theme.  

The importance of climate change and cities is rebb
flected in this edition of the Urban Climate News: Edward 
Ng (CUHK) has contributed a feature article “Adapting 
Asian cities to climate and urban climatic changes” and 
UCN editor David Pearlmutter has provided a special rebb
port “Towards net zerobenergy settlements: A European 
demonstration project”.  Also included are two urban 
project reports by winners in the ICUCb9 student presenbb
tation competition: Stephanie Jacobs of Monash Univerbb
sity: “Comparison of modelled thermal comfort during a 
heatwave in Melbourne Australia”, and Brian Bailey of the 
University of Utah: “Incorporating resolved vegetation in 
citybscale simulations of urban micrometeorology and its 
effect on the energy balance”.  Thanks to all our contribubb
tors in this issue and to editor David Pearlmutter for putbb
ting it all together.

And on the theme of IAUC, ICUC and climate change, 
I received an email the other day from flyingless.org. It 
contained a petition initiated in October 2015 that calls 
upon universities and academic professional associations 
to greatly reduce their flyingbrelated footprint as part of 
an effort to cut greenhouse gas emissions. Considering 
that IAUC is a scientific organization related to the study 
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Climate guru James Hansen warns: expect much worse sea level rise

March 2016 — The current rate of global warming 
could raise sea levels by “several meters” over the combb
ing century, rendering most of the world’s coastal cities 
uninhabitable and helping unleash devastating storms, 
according to a paper published by James Hansen, the 
former NASA scientist who is considered the father of 
modern climate change awareness.

The research, published in Atmospheric Chemistry and 
Physics, references past climatic conditions, recent obbb
servations and future models to warn the melting of the 
Antarctic and Greenland ice sheets will contribute to a 
far worse sea level increase than previously thought. 

Without a sharp reduction in greenhouse gas emisbb
sions, the global sea level is likely to increase “several 
meters over a timescale of 50 to 150 years”, the paper 
states, warning that the Earth’s oceans were six to nine 
meters higher during the Eemian period – an interglacial 
phase about 120,000 years ago that was less than 1oC 
warmer than it is today.

Global warming of 2oC above prebindustrial times 
– the world is already halfway to this mark – would be 
“dangerous” and risk submerging cities, the paper said. 
A separate study, released in February, warned that 
New York, London, Rio de Janeiro and Shanghai will be 
among the cities at risk from flooding by 2100.

Hansen’s research, written with 18 international colbb
leagues, warns that humanity would not be able to 
properly adapt to such changes, although the paper 
concedes its conclusions “differ fundamentally from exbb
isting climate change assessments”.

The IPCC has predicted a sea level rise of up to one 
meter by 2100, if emissions are not constrained. Hansen, 
and other scientists, have argued the UN body’s assessbb
ment is too conservative as it doesn’t factor in the potenbb
tial disintegration of the polar ice sheets.

Hansen’s latest work has proved controversial because 
it was initially published in draft form last July without 
undergoing a peer review process. Some scientists have 
questioned the assumptions made by Hansen and the 
soaring rate of sea level rise envisioned by his research, 
which has now been peerbreviewed and published.

Michael Mann, a prominent climate scientist at Pennbb
sylvania State University, said the revised paper still has 
the same issues that initially “caused me concern”.

“Namely, the projected amounts of meltwater seem… 
large, and the ocean component of their model doesn’t 
resolve key windbdriven current systems (e.g. the Gulf 
Stream) which help transport heat poleward,” Mann said 

in an email to the Guardian.
“I’m always hesitant to ignore the findings and warnbb

ings of James Hansen; he has proven to be so very prebb
scient when it comes to his early prediction about global 
warming. That having been said, I’m unconvinced that 
we could see melting rates over the next few decades 
anywhere near his exponential predictions, and everybb
thing else is contingent upon those melting rates being 
reasonable.”

Hansen was one of the first scientists to push climate 
change into the public’s consciousness, following a sebb
ries of appearances before Congress in the 1980s. He 
retired from his role at NASA in 2013 and has become 
increasingly outspoken about the need to slash emisbb
sions, criticizing last year’s Paris climate deal as a “fraud” 
because it didn’t go far enough. 

His new research warns that water gushing from 
melted glaciers is already influencing important ocean 
circulations near both poles. The added cold water risks 
“shutting down” the North Atlantic heat circulation, 
triggering a series of storms similar to Hurricane Sandy, 
which hobbled New York City in 2012. 

“If the ocean continues to accumulate heat and inbb
crease melting of marinebterminating ice shelves of Antbb
arctica and Greenland, a point will be reached at which it 
is impossible to avoid largebscale ice sheet disintegration 
with sea level rise of at least several meters,” the paper 
states. “The economic and social cost of losing functionbb
ality of all coastal cities is practically incalculable.”

Hansen said the world was “pretty darned close” to 
the point of no return, warning that emissions need to 

Former NASA researcher and father of climate change awareness says melting of ice sheets could cause 
‘several meters’ rise in a century, swamping coastal cities

Arizona Avenue is seen underwater following coastal 
flooding in Atlantic City, New Jersey, in January. More 
than 13 million Americans are at risk with a 1.8 meter 
rise in sea level. Source: theguardian.com

http://www.theguardian.com/sustainable-business/gallery/2016/mar/20/hamburg-coffee-pod-ban-bogota-buses-sustainable-cities-in-pictures
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City birds are smarter, healthier than country birds
March 2016 — It seems like living in the urban jungle 

has given birds street smarts, too, according to researchbb
ers from the McGill University in Quebec, Canada.

In a firstbever study comparing bird brains in the city 
to their country counterparts, results showed that city 
birds have better problembsolving capabilities, such as 
accessing to food in drawers, and are more daring.

The birds have adapted to their tough urban environbb
ment, allowing them to learn new tricks of the trade.

A team of three researchers, namely JeanbNicholas 
Audet, Simon Ducatez and Louis Lefebvre, conducted 
the study with more than 50 Barbados bullfinches from 
different parts of the Carribean Island.

The Carribean was a prime location since some of its 
areas have human settlements, while others are mostly 
untouched.

Audet, a doctoral candidate in Biology told CBC News 
that he was inspired to do the test after being “hounded 
by birds at a restaurant terrace in Barbados.”

Barbados bullfinches are the only endemic bird spebb
cies in the islandbnation. They are seedeaters and have 
shown great adaptation with humans.

Besides attitude and skill, urban birds also showed 
better immunity than rural counterparts, with Audet 
saying that they seem to “have it all.”

Their study is published in the current issue of the 
journal Behavioral Ecology.

On the other hand, other research show that not only 
bullfinches have certain smarts. Mental Floss compiled 
a list of surprisingly smart birds, including Galapagos 
woodpeckers that arm themselves to get grub and rabb
vens that are excellent meat cutters.

Studies on crows have also been quite extensive. Prior 
research show that crows can recognize faces, have sharp 
memory and can pass information to their offspring.

Now, researchers from University of Washington are 
figuring out if crows also know about death, as per this 
AP report.      Source: http://www.natureworldnews.com/
articles/20318/20160322/citybbirdsbcountrybbirdsburbb
banbruralbanimalbbehaviorbbehaviorbcognitivebbehavbb
iorbadaptationbuniversitybofbmcgill.htm

A Barbados bullfinch performs a task for the study. 
Source: natureworldnews.com

be cut by about 6% a year in order to stabilize the clibb
mate.

“What we are threatening to do to young people is 
irreversible, it’s irreparable harm,” he said. “This is somebb
thing they didn’t cause but will be out of their control. 
Among the top experts, there’s agreement that this is 
very urgent, we can’t continue on this path hoping that 
emissions will go down, we have to take actions.”

Hansen reiterated his call for a global tax on carbon, 
denying that the roles of scientist and advocate for 
change are conflicted.

“This isn’t advocacy, this is what is needed,” he said. 
“We are allowing fossil fuel companies to use the atmobb
sphere as a free waste dump. If scientists don’t say it 
then politicians will tell you what’s needed and that will 
be based upon politics rather than science. I don’t see 
any reason to not make the whole story clear, or to draw 
a line and say ‘I’m not going to step beyond this.’”

Tom Wagner, NASA’s program scientist for the cryobb
sphere, said Hansen has done an “amazing job” in probb
viding a “provocative” piece of research on sea level 
rise.

“It’s an interesting paper as it’s one of the few times 

when all of these different fields have been combined,” 
he said. “It is at odds with some research from other 
places. He’s made a great effort to combine the Eemian 
period to what is happening today, which is hard to do. 
It’s a tough one. 
Source: https://www.theguardian.com/science/2016/mar/ 
22/seablevelbrisebjamesbhansenbclimatebchangebscientist

James Hansen argues that the effects of melting glacc
ciers, such as this one near Ilulissat, Greenland, could 
be devastating. Source: theguardian.com

http://www.mcgill.ca/newsroom/channels/news/cities-breed-smarter-birds-259744
http://www.mcgill.ca/newsroom/channels/news/cities-breed-smarter-birds-259744
http://www.cbc.ca/news/canada/montreal/city-birds-country-bird-mcgill-1.3501307
http://www.eurekalert.org/pub_releases/2016-03/mu-cba032116.php
http://beheco.oxfordjournals.org/content/27/2/637
http://mentalfloss.com/article/55868/11-surprisingly-smart-birds
http://www.usnews.com/news/science/articles/2016-03-17/in-death-a-crows-big-brain-fires-up-memory-learning
http://www.natureworldnews.com/articles/20318/20160322/city-birds-country-birds-urban-rural-animal-behavior-behavior-cognitive-behavior-adaptation-university-of-mcgill.htm
http://www.natureworldnews.com/articles/20318/20160322/city-birds-country-birds-urban-rural-animal-behavior-behavior-cognitive-behavior-adaptation-university-of-mcgill.htm
http://www.natureworldnews.com/articles/20318/20160322/city-birds-country-birds-urban-rural-animal-behavior-behavior-cognitive-behavior-adaptation-university-of-mcgill.htm
http://www.natureworldnews.com/articles/20318/20160322/city-birds-country-birds-urban-rural-animal-behavior-behavior-cognitive-behavior-adaptation-university-of-mcgill.htm
http://www.natureworldnews.com/articles/20318/20160322/city-birds-country-birds-urban-rural-animal-behavior-behavior-cognitive-behavior-adaptation-university-of-mcgill.htm
https://www.theguardian.com/science/2016/mar/22/sea-level-rise-james-hansen-climate-change-scientist
https://www.theguardian.com/science/2016/mar/22/sea-level-rise-james-hansen-climate-change-scientist
http://www.theguardian.com/sustainable-business/gallery/2016/mar/20/hamburg-coffee-pod-ban-bogota-buses-sustainable-cities-in-pictures
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From Sydney to New York, landmarks go dark for Earth Hour
March 2016 — From Sydney’s Opera House to New York’s 

Empire State Building and Paris’s Eiffel tower, landmarks 
worldwide dimmed their lights for the 10th edition of the 
Earth Hour campaign against climate change.

Millions of people from 178 countries and territories were 
expected to take part in WWF’s Earth Hour this year, organbb
isers said, with monuments and buildings such as Berlin’s 
Brandenburg Gate plunging into darkness for 60 minutes 
from 8:30 pm local time on March 19th. 

The annual event kicked off in Sydney, where the Earth 
Hour idea originated in 2007. “We just saw the Sydney Harbb
bour Bridge switch its lights off... and buildings around as 
well,” Earth Hour’s Australia manager Sam Webb told AFP 
from The Rocks area.

Earth Hour’s global executive director Siddarth Das said 
organisers were excited about how much the movement 
had grown since it began nine years ago. “From one city 
it has now grown to over 178 countries and territories and 
over 7,000 cities, so we couldn’t be happier about how milbb
lions of people across the world are coming together for 
climate action,” he told AFP from Singapore ahead of the 
lights out.

Over 150 buildings in Singapore dimmed their lights, 
while Taipei’s 101 skyscraper gradually turned lights off for 
one hour and the city’s four historical gates and bridges 
also went dark. The lights also dimmed across Hong Kong’s 
usually glittering skyline, although online commentators 
pointed out that China’s People’s Liberation Army garrison 
headquarters on the harbour front kept the lights blazing. 
“Imagine being the manager of the only building in a major 
metropolis to forget,” said one Twitter post alongside a picbb
ture of the PLA building lit up against a darkened skyline.

After Asia, Earth Hour shifted to Europe where St Peter’s 
Basilica, Rome’s Trevi Fountain and the Parthenon temple 
in Athens were among a slew of iconic sites to go offbgrid.
In London, the lights were shut off at the Houses of Parliabb
ment, the London Eye, Tower Bridge, St Paul’s Cathedral, 
Buckingham Palace and Harrods department store. In Parbb
is, the Eiffel Tower was plunged into darkness, as was the 
Kremlin in Moscow.

When New York’s Empire State Building went dark, one 
New Yorker joked on Twitter “I was wondering why my 
skyline is black.” In Chile’s capital, Santiago, the La Moneda 
presidential palace cut off its lighting for an hour, while in 
Mexico, the capital city’s Monument to the Revolution went 
dark as well.

Meanwhile Canadian Prime Minister Justin Trudeau 
tweeted a cozy photo of himself and his wife, illuminatbb
ed only by candlelight, with a fireplace glowing in the 
background. “We’re all on this planet together. During 
#EarthHour and every day thereafter,” he wrote. Source: 
http://articles.economictimes.indiatimes.com/2016b03b20/
news/71678546_1_earthbhourblightsbeiffelbtower

Are these the seven most 
sustainable cities?

Landmarks around the world went dark for Earth 
Hour this weekend, but many cities are making longer 
term moves towards sustainability. From Hamburg to 

São Paulo – seven cities taking radical steps
See more at: theguardian.com

Banning coffee pods and bottled water - Hamburg

Getting cars out of the city centre - Oslo

Better buses - Bogotá

http://www.theguardian.com/sustainable-business/gallery/2016/mar/20/hamburg-coffee-pod-ban-bogota-buses-sustainable-cities-in-pictures
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March 2016 — With warmer temperatures this year, 50 
U.S. cities are faced with higher risk of Zika virus spread, 
scientists found.

The Centers for Disease Control and Prevention (CDC) 
reports that there are 258 travelbassociated Zika virus infecbb
tions in its various states while in U.S. territories, three were 
travelbassociated while 283 are locallybacquired. If the virus 
continues to spread, however, scientists created a map to 
show which states will be impacted the most.

In a new study published in the journal PLOS Currents 
Outbreaks, researchers from the National Center for Atbb
mospheric Research (NCAR), NASA Marshall Space Flight 
Center and the University Corporation for Atmospheric 
Research (UCAR) observed 50 U.S. cities. They wanted to 
demonstrate which cities have ideal weather conditions 
that could boom Aedes aegypti mosquito numbers during 
warmer months.

One key factor that contributed to the Zika virus spread 
in the Americas is warm temperature. With the right mix 
of certain conditions including warmer weather, these are 
favorable for populations of mosquito along the East Coast 
as far as New York and in the southern parts of the country 
including Los Angeles and Phoenix.

The researchers created computer models by using data 
on climate, air travel, mosquito breeding patterns and sobb
cioeconomic status to determine which areas would make 
for a hospitable environment for Zika virus outbreak.

They found that between December and March, the 
weather condition is not conducive for mosquitoes except 
in south Texas and south Florida because of their relabb
tively warm conditions. From July to September, however, 
weather conditions are very suitable for Aedes aegypti 
mosquitoes.

The computer models show that the highest mosquito 
abundance would likely to occur in southeast and south 
Texas. Areas like southern Florida and south Texas are likely 
to be affected by travelbrelated virus spread while they ofbb
fer suitable environments for populations of mosquitoes.

“This research can help us anticipate the timing and lobb
cation of possible Zika virus outbreaks in certain U.S. citbb
ies,” said Andrew Monaghan of NCAR. He added that even 
if there is still more to learn about Zika virus, shedding light 
on the mosquito patterns and where they can thrive in the 
country could help establish mosquito control efforts.

The researchers stressed that even if Zika virus would 
spread in mainland U.S., it would not be like the outbreak 
that ravaged through the Americas. Most Americans live in 
airbconditioned rooms which are sealed from the outdoors 
which lessens the contact between humans and diseaseb
causing mosquitoes.      Source: http://www.techtimes.com/
articles/142748/20160321/warmerbclimatebplacesb50busb
citiesbatbriskbforbzikabvirus.htm

Warmer climate places �0 US cities 
at risk for Zika virus

Mobility on demand - Helsinki

Big data city - Seoul

Paying cyclists - Paying cyclists - Milan

Advertising-free street - São Paulo
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By Professor Edward NG (edwardng@cuhk.edu.hk)

Chinese University of Hong Kong

Adapting Asian Cities to Climate 
and Urban Climatic Changes:
A Chinese Tale

The COP21 Paris Agreement and developing countries in Asia

Table 1. A comparison of GDP, population and annual CO2 emissions for selected Asian countries
(Source: various online reports)

CO2 emissions
(tonnes per capita)

Population
(millions)

Total CO2 emissions 
(kilotonnes)

GDP
(US$ per capita)

World
USA

5.0
16.5

7,130
320

35,650,000
5,280,000

11,000
53,000

China
India

Indonesia
Pakistan 

Bangladesh
Philippines

Vietnam
Thailand

7.6
1.8
1.8
0.8
0.4
1.0
1.9
3.9

1,340
1,200
240
180
145
100
90
85

10,184,000
2,160,000
432,000
144,000
58,000

100,000
171,000
331,000

7,500
1,700
3,500
1,500
1,300
3,000
2,200
5,500

Japan
South Korea
Singapore

Hong Kong

11
13
9
7

130
50
6
7

1,430,000
650,000
54,000
49,000

39,000
26,000
56,000
39,000

tionally determined contributions that it intends to 
achieve. Parties shall pursue domestic mitigation 
measures, with the aim of achieving the objectives 
of such contributions.” (Paris Agreement 2015).  The 
Agreement continues in Article 2(4) to distinguish 
the actions of developed country parties and develbb
oping country parties.  

There are 42 countries in Asia.  Many of them have 
a GDP of less than US$10,000 per capita; among 
them are China, India, Indonesia, Philippines, Banbb
gladesh, Pakistan, Vietnam, and Thailand (Table 1).  
These eight East Asian countries have a total popubb
lation of around 3,400 million – this represents albb
most half of the world’s population of 7,130 million.  

COP21 in Paris has recently been concluded.  For 
the first time in over 20 years there is a determinabb
tion to achieve a legally binding agreement on clibb
mate change: to keep global warming below 2 debb
grees C.  As the world celebrates, we need to read 
further into what has been agreed.  Eventually, it is 
not about “what is agreed”, it is about “what can be 
achieved”.  

Beyond this “below 2 degrees C”, the COP21 Paris 
Agreement, Article 2(2) acknowledges the fact that 
although the responsibility is common, the capabb
bilities of the parties need to be differentiated.  The 
Agreement articulates that “Each Party shall prebb
pare, communicate and maintain successive nabb
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and ensuring an adequate adaptation response 
in the context of the temperature goal referred to 
in Article 2.”  The determinant of adoption of any 
adaptation strategy is the cost involved – and it rebb
mains to be seen how Article 9 of the Agreement on 
financial aids might be substantiated.  

It is very easy for a nation to develop an adaptabb
tion plan.  However, a plan is only as good as how it 
is implemented and realised.  For many Asian develbb
oping countries, this, perhaps more than the need 
for mitigation measures, is the real challenge.  Apart 
from the need to finance adaptation measures, the 
other challenge is technology.  Both detection and 
facilitation technologies are needed, that is to say, 
knowing “where the problems are” and “how to 
tackle the problem” require technological knowbb
how that may exceed the capability of many develbb
oping nations.  This is where Article 10 and 11 of the 
Agreement on technology transfer may assist.    

A reading of the COP21 Paris Agreement, as outbb
lined above, provides the context when the national 
plans of different Asian countries are dissected.  

Under Article 2(4) of the Agreement, these eight debb
veloping countries are only required to “enhance” 
their mitigation efforts, and are only “encouraged 
to move over time towards economybwide emisbb
sion reduction or limitation targets in the light of 
different national circumstances”.  

The crucial point to note is: how does China see itbb
self?  On the one hand, from an economic and social 
development point of view, China is still very much 
a developing country; however, from a total energy 
consumption and CO2 emission point of view, it is a 
major contributor.  The fact is, if China chooses only 
to “enhance” its mitigation efforts as in Article 2(4) 
of the Agreement, it is difficult to see how the two 
degree limit may be achieved.

Apart from the issue of mitigation, the Agreement 
also touches on the issue of adaptation.  Article 7(1) 
of the Agreement spells it out clearly: “Parties herebb
by establish the global goal on adaptation of enbb
hancing adaptive capacity, strengthening resilience 
and reducing vulnerability to climate change, with 
a view to contributing to sustainable development 

Figure 1. Total CO2 emissions of major emitters in 1970–2012. (Zhu Liu, 2015)
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China’s National Climate Change Program
In terms of industrialisation, China started late.  

The World Resources Institute has compiled a set of 
historical data (Table 2).  Since the turn of the twenbb
tybfirst century, China has industrialised rapidly 
(Figure 1).  By 2005, it had surpassed the USA as the 
world’s largest CO2 emitter.  By 2010, China’s annual 
CO2 emission level was about 8,200 megatonnes, 
and it is increasing rapidly at about 3% per year.

China issued its first National Climate Change 
Program in 2007 (NDRCbChina, 2007).  In a nutshell, 
the 2007 Program set up six guiding principles (UN, 
2007):

—To address climate change within the framebb
work of sustainable development;

—To place equal emphasis both on mitigation 
and adaptation; 

—To integrate climate change policy with other 
interrelated policies; 

—To rely on the advancement and innovation of 
science and technology; 

—To follow the principle of “common but differbb
entiated responsibilities”; and 

—To actively engage in wide international coopbb
eration.

The 2007 Program also set up a number of Objecbb
tives (UN, 2007):

—To reduce energy consumption per unit GDP 
by 20%; 

—To increase the share of renewable energy to 
10% of primary energy supply; 

—To stabilize nitrous oxide emissions from inbb
dustrial processes at the 2005 level; 

—To control the growth rate of methane emisbb
sions; 

—To increase the forest coverage rate to 20%; 
and 

—To increase the carbon sink by 50 million tonnes 
over the 2005 level.

It is not difficult to see, when examining the prinbb
ciples and objectives of the 2007 Program, that for 
China the development of its economy has very 
much been the overarching concern.  For example, 
given the average growth rate of about 8% per year, 
achieving the CO2 intensity target of 20% over five 
years means that actually more CO2 will be emitbb
ted.  Indeed, in the years between 2005 and 2010, 
China’s CO2 emissions increased from 5,935 to 8,159 
megatonnes per year.  This represents an increase 
of 37%.  

In 2011, a revised set of policies was published 
(NDRCbChina, 2011).  It set the CO2 intensity target 
of 17% reduction over five years.  Even given the 
slowdown of the Chinese economy, the undeniable 
fact is that China’s total CO2 emission will still be on 
an upward trend.  

A recent report by the Netherlands Environmenbb
tal Assessment Agency highlights that China’s CO2 
emission level in 2014 was around 10,500 Mt; this is 
an annual increase of about 7% since 2010.  In 2014 
at the UN Climate Summit, China committed to 
peaking its total CO2 emissions by 2030.  This was in 
line with an earlier announcement (November 2014) 
on the “US – China Joint Announcement on Climate 
Change and Clean Energy Cooperation”.  China had 
also set the goal of reducing its carbon intensity by 
up to 45% by 2020.  How the promise is to be fulbb
filled is a major question.  But the most important 
fact is that China’s CO2 emissions, given an annual 
growth rate of say 5%, will in 2030 be around 22,000 
megatonnes. Unfortunately, this number alone will 
make COP21’s two degree target impossible.  

China’s Adaptation Strategies

Given the impossible story China has so far prebb
sented in terms of mitigation, it seems that adapbb
tation measures are its only hope.  The 2011 policy 
document reveals that the emphases are on water, 

Table 2. CO2 emissions (megatonnes per year) from 1850 to 2010.
(Source: World Resources Institute)
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and economic development of China during the 
last 30 years has in a way set the direction and priorbb
ity of the nation. Government leaders and officials 
are not going to dampen the shortbterm economic 
gains in return for longbterm benefits.  At the end 
of the day, let us hope that it is not going to be too 
little too late.  

From Climate Change to Urban Climate
2030 or 2050 is too far away for politicians, but 

2014 was not. Premier Xi Jinping in his opening 
address at the AsiabPacific Economic Cooperation 
(APEC) November 2014 meeting in Beijing remindbb
ed delegates of Beijing’s air pollution and urban clibb
mate problems.  He hoped that, as part of his “Chibb
nese dream”, one day China will see “blue sky, green 
mountains and clean water”.  The directive set off a 
chain reaction.  

The address was preceded by the National Plan on 
Climate Change 2014–2020 published in Septembb
ber 2014 (NDRCbChina 2014).  The paper mentions, 
for the first time, policies related to urban climate 
and urban living.  Keywords like urban heat island, 
heat stress prevention, building design, transportabb
tion planning, open space provision, urban greenbb
ery, and water body have been included.  

Almost immediately after Xi’s address, China finalbb
ly passed its 2009 draft Design Standard for Thermal 
Environment of Urban Residential Areas (JGJ, 2013).  
It specifies that the urban heat island effect will be 
limited to 1.5 degrees C. 

In May 2015, the 2011 draft Technical Guideline for 
Climatic Feasibility Demonstration in Urban Overall 
Planning by the China Meteorological Administrabb
tion was passed. As a major basis of city planning, 
the document mentions the need to calculate and 
quantify human thermal comfort, air pollution inbb
dex, urban heat island intensity, mixing height, and 
so on.  

In June 2015, the Ministry of Housing and Urban–
Rural Development (MHURD) published a draft 
policy paper titled National City Environmental Probb
tection and Development Policies (MHURD, 2015).  
It highlights the importance of Xi’s “blue sky, green 
mountains and clean water”.  The key strategies are 
“city air corridors” and “urban greening”.  It recombb
mends that China’s major cities – and there are 291 
of them – need to complete their Greening Masterbb
plan and Air Corridor Masterplan by 2017.  

health, land use, forestry, transport, air pollution, 
and industrial processes.  No target was set, and, 
surprisingly, sea level rise was not mentioned.  Subbb
sequently, in 2013, a set of revised policies was pubbb
lished (NDRCbChina, 2013).  The six highlights are:  

(A) Disaster Prevention and Mitigation: The Minbb
istry of Civil Affairs, the Ministry of Agriculture and 
the Ministry of Water Resources now work closely 
together to build defensive infrastructure for exbb
treme weather.  Above all else is the production of 
flood risk maps and assessment mechanism.  Howbb
ever, given the vastness of China’s territory, the task 
is challenging.  

(B) Monitoring and Early Warning: The China 
Meteorological Administration and the State Ocebb
anic Administration are charged with providing the 
needed early warning and monitoring mechanism.  

(C) Agriculture and Water Resources: The Outbb
line of National Agricultural Water Conservation 
(2012–2020) promotes waterbsaving agriculture.  
Strictest Water Resources Management Systems 
have been developed for river basin protection.  

(D) Coastal Areas and Ecosystems: Overseen by 
the State Oceanic Administration, the coastal debb
fences are being reinforced.  The long coast lines 
and the cities on or near the flood plains are the 
key challenges.  A report by the Organization for 
Economic Cooperation and Development (OECD) 
reckons that a number of Chinese cities, including 
Guangzhou, Shanghai, Tianjin, Hong Kong, and 
Qingdao, are ranked in the top 20 most vulnerable 
cities in the world (Pan et al., 2011). 

(E) Public Health: For Climate Change’s impact 
on public health, the issue of heatwaves has not 
been explicitly mentioned.  Drinking water and 
PM2.5 are the focuses.

Despite the above highlights of China’s action 
plans, a question remains: is China ready for Climate 
Change? For the Chinese Government, the most 
risky challenges are agriculture and water resources 
(Darkin, 2008).  Droughtbrelated and floodbrelated 
crop failure poses the highest impact not only sobb
cially and economically, but also politically.  China’s 
agriculture and water infrastructures are outdated.  
A lot of investment is going to be needed.  Apart 
from building defensive measures, advances in 
agrobbiological technology are also needed.  

Having policies and action plans are one thing, 
realising them is another.  The rapid urbanisation 
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The MHURD’s paper was followed by a joint 
MHURD/NDRC paper in February 2016 on Climate 
Change Adaptation Action Plan for Cities (MHURD/
NDRC, 2016).  It requires results to be realised by the 
local governments of 30 key cities.  

One of the bigger cities to have attempted an 
initial understanding is the city of Wuhan.  It is lobb
cated inland on the Yangtze River 700 km west of 
Shanghai.  It has more than 10 million inhabitants. 
The city’s climate is humid subtropical (Köppen 
Cfa).  It has very hot and humid summers, but is well 
endowed with lakes in and around the city.  

Using the excellent GIS database of the city’s planbb
ning department, the research team at the Chinese 
University of Hong Kong calculated the city’s Fronbb
tal Area Density (FAD) as the basis of its air path unbb
derstanding (Figure 2).  Potential air path locations 
at the urban and neighbourhood scales are then 
identified (Figure 3).  The understanding provides a 
useful initial basis for planners.  

 What is next? 
So, one city is almost there, and there are 290 

more to go.  Two challenges lie ahead.  
The first challenge must be the technical capabb

bility to quickly finish the initial assessment of all 
290 cities.  For that to happen, detailed urban morbb
phological data of the cities are needed. The recent 
WUDAPT initiative by Gerald Mills, Jason Ching, Ren 
Chao and others provides us with hope (Ching et 
al., 2015).  As of today (March 2016), Professor Ren 
Chao’s team has already finished most major cities 
to WUDAPT Level 0.  Her team will complete all 290 
cites by the end of the year.  The harmonised dabb
tabase will provide the muchbneeded basis for an 
air corridor assessment of these cities.  Based on the 
dataset, Ren’s team will be able to quickly assemble 
the urban climatic maps of all the cities (Ren, 2011).  
Planning advices may then follow.  

The other challenge is more difficult because it is 
beyond science.  It has to do with the political will 
and more importantly the administrative capabilbb
ity for professional planners to take on the scienbb
tific information and merge it into their daybtobday 
practice of city planning.  According to Professor 
Ingegard Eliasson, the challenge is conceptual, 
knowledgebbased, institutional, and technical (Elibb
asson, 2000).  The call has been echoed by Professor 
Gerald Mills and his cobauthors (Mills et al., 2010).  

And two fundamentals of the quality of the needed 
information are “prevailing” and “criticality” (Mills, 
2006; Ng, 2011).  Let us see how our leaders can 
cross the river by feeling the stones!  

As for now, my takebhome message when I gave 
the plenary lecture at the 9th ICUC conference in 
Toulouse is still valid:  The giants of our discipline, 
Professor Tim Oke, Professor Bob Bornstein, and the 
like, and our predecessors have inspired us much on 
what we need to “know”, now it is our turn to pay re--
spect by making “real” what we know.

Figure 2. The FAD map of Wuhan. (Source: Author)

Figure 3. Using the FAD map of Wuhan, the existing air 
paths through the city may be defined.  They need to 
be protected. (Source: Author)
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Introduction
On January 28b30, 2009 the city of Melbourne in southbb

eastern Australia experienced a recordb breaking heatbb
wave with three days above 43˚C and one night above 
30˚C. Following the event, over 374 excess deaths and 
714 hospitalisations were attributed to the heatwave 
(Victorian Department of Health 2009). 

Heatwaves in southeastern Australia are typically 
driven by synoptic scale processes comprising an antibb
cyclone to the east of the continent that advects hot dry 
air from the desert interior of Australia to the southeast 
of the country, where Melbourne is located (Pezza et al. 
2011). Heatwaves in southeast Australia have also been 
associated with large scale modes of variability such as 
the negative phase of the Southern Annular Mode (Marbb
shall et al. 2013) and the La Niña phase of the El Niño 
Southern Oscillation (Parker et al. 2014). 

Perkins (2015) found that antecedent soil moisture 
conditions had a large impact on Australian heatwaves, 
where drier soils mean longer, hotter and more heatbb
wave days per season. Indeed, antecedent soil moisture 
and its negative correlation with maximum temperature 
was shown to contribute greatly to the intensity and 
spatial extent of the January 2009 heatwave when simubb
lated with a short lead time (Kala et al. 2015).

For urban areas, where soil or vegetation covered surfacbb
es are increasingly being replaced by impervious surfaces, 
soil moisture can impact the magnitude of the urban heat 
island (Hafner & Kidder 1999), as well as the soil temperabb
ture and air pollution concentration (Jacobson 1999). 

The January 2009 heatwave event came at the end of 
a 13byear drought for southeastern Australia (Ummenbb
hofer et al. 2009). As such, there was no rain recorded at 
Melbourne Airport weather station between January 9, 
2009 and February 7, 2009 (Engel et al. 2013). The daily 
maximum temperature in Melbourne is known to be 1b
3˚C higher after drought conditions (Nicholls and Larsen 
2011), which may have contributed to the intensity of 
the 2009 heatwave. 

For southeastern Australia, accurate soil moisture probb
files for model initialisation are essential for simulating the 
spatial extent and intensity of heatwaves (Kala et al. 2015). 
Our research tests this by simulating the January 28b30, 
2009 heatwave using two different methods of initialisbb
ing soil moisture, one wetter and one drier, to determine 
whether improving the accuracy of soil moisture measurebb
ments can improve the representation of extreme heat in 
urban areas using Melbourne as a case study. 

The motivation for this research is that heatwaves over 
Australia are predicted to become hotter, longer and 
more frequent with climate change (Cowan et al. 2014), 
and they have been shown to exacerbate the urban heat 

Local soil moisture product improves Australian heatwave simulation

island (Li and BoubZeid 2013), which creates a higher risk 
of heat stress in urban areas (Fischer et al. 2012). There 
is also evidence that human resilience to heat is very 
sensitive to particular temperature thresholds (Nicholls 
et al. 2008), making more accurate simulations crucial, 
particularly over cities. Therefore, it remains pertinent to 
simulate heatwaves accurately and understand the full 
impact of soil moisture initialisation for the modelling of 
Australian heatwaves, particularly in urban areas. 

Data and methods
This study uses a modelling framework and compares 

simulations to instrumental nearbsurface temperature 
observations to determine how different soil initialisabb
tion techniques affect the accuracy of a modelled Ausbb
tralian heatwave.

 Model framework
We used the Weather Research and Forecasting modbb

el (WRF) V3.6.0 (Skamarock et al. 2008) driven by 0.7˚ x 
0.7˚ gridded ERA Interim reanalysis data (Dee et al. 2011) 
to simulate the January 28b30, 2009 heatwave at a 2km 
spatial resolution over Melbourne. WRF was coupled to a 
single layer urban canopy model (Kusaka et al. 2001; Chen 
et al. 2011) to better represent the urban features of the 
city. WRF has been extensively used to simulate urban arbb
eas (Argüeso et al. 2014, 2015; Salamanca et al. 2012) and 
heatwaves (Kala et al. 2015; Stegehuis et al. 2015).

We used the MODIS land surface categories in WRF 
which as a default have only one urban category. Howbb

Figure 1. Domain 1 covers the entire figure at a 10km 
grid resolution and the red box shows the 2km inner 
domain for Melbourne and its surrounding areas.
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ever, the single layer urban canopy model in WRF allows 
for three different urban categories: low, medium and 
high density, so to define these three urban categories 
for Melbourne, the land surface data set from Jackson et 
al. (2010) was used. The low, medium and high density 
urban fractions in WRF were set to 0.71, 0.77 and 0.8 rebb
spectively based on values in Coutts et al. (2007). These 
values were chosen as the fraction of urban surface that 
is not vegetation. We used two domains in the WRF simbb
ulations with Melbourne and its surrounding areas as 
the innermost domain. The largest domain had a 10km 
resolution and the innermost domain a 2km resolution 
(Figure 1). All domains used onebway nesting.

The physics schemes used in WRF were the Noah land 
surface scheme, the Yonsei University boundary layer 
scheme, the KainbFritsch cumulus scheme (only for the 
larger domain with a resolution of 10km), the Dudhia 
shortwave radiation scheme, the MoninbObukhov surbb
face similarity scheme, the Rapid Radiative Transfer Modbb
el longwave radiation scheme and the WRF Single Mobb
ment 5bclass microphysics scheme. This group of physics 
schemes has been deemed one of the best combinations 
for southeastern Australia on seasonal (Evans and McCabe 
2010) and diurnal timescales (Evans and Westra 2012). 

Experimental design
To determine the sensitivity of temperatures in heatbb

waves to the initial conditions of soil moisture, two exbb
periments were performed. Experiment 1) ran WRF using 
ERA Interim as the model driver for three days with the 
first day discarded as model spin up and repeated this 
process until the heatwave was fully simulated. These 
threebday simulations were repeated 8 times to form an 8b

member ensemble to reduce the sensitivity to initial conbb
ditions (Georgescu et al. 2014). Each ensemble member 
was initialised 6 hours apart. Experiment 2) ran WRF with 
the same setup as Experiment 1, but the top layer of ERA 
Interim soil moisture (0b7cm) was replaced with gridded 
0.05˚ x 0.05˚ soil moisture data from the Australian Water 
Availability Project (AWAP, http://www.csiro.au/awap/). 
The AWAP soil moisture is a locally made high resolution 
soil moisture reanalysis product, which has undergone 
local verification on monthly and weekly time scales 
(Raupach et al. 2009). The top layer AWAP soil moisture 
is an order of magnitude drier than the ERA Interim soil 
moisture, showing the large difference between the two 
products (Figure 2). We ran each ensemble from 18UTC 
January 24, 2009 until 18UTC January 31, 2009.

Observational data
To test the accuracy of our two model experiments 

we validate WRF against two observational datasets. 
First, we obtained gridded AWAP maximum and minibb
mum temperature data (Jones et al. 2009). This data has 
been interpolated from observational weather stations 
around Australia to a 0.05˚ x 0.05˚ grid. To compare the 
2km resolution WRF to the ~5km resolution gridded 
data we interpolated the WRF data to the AWAP grid usbb
ing a nearest neighbour method so that the two datasbb
ets were directly comparable.

Next, threebhourly 2m temperature data from six urbb
ban Australian Bureau of Meteorology weather stations 
in Melbourne were obtained to compare the results 
from the closest WRF gridpoint to the weather stations. 
We calculated a root mean square error (RMSE) between 
WRF and the weather station for the warmest part of 

Figure 2: The ERA Interim top layer of soil moisture used in Experiment 1 compared to the AWAP soil moisture 
used as the top layer of the simulation in Experiment 2. The AWAP soil moisture is an order of magnitude dryer. 
Note that this scale only varies between 0 and 0.3. The soil moisture variable actually varies between 0 and 1, 
though not in this domain, where water covered surfaces (shown here in white) have a soil moisture of 1.
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the day (12pmb6pm) for the three days of the heat wave 
and the coolest part of the day (12amb6am) for the two 
middle nights of the heatwave. A cold front swept across 
Melbourne at 6pm on the final day of the heatwave, yet 
in Experiments 1 and 2, WRF simulated the cold front at 
8pm. This resulted in an unusually large error between 
the observed 2m temperature and the WRF values, which 
lead to an over inflation of the RMSE values. Therefore, for 
our warmest part of the day RMSE calculations, we have 
excluded the 6pm value on January 30, the final day of 
the heatwave. The observational data is from 00:00 Janubb
ary 28 2009 until 00:00 January 31 2009 (local Australian 
Eastern Daylight time) and the weather station details are 
in Table 1.

These simple measures of validating WRF against nearb
surface temperature will highlight which soil moisture 
initialisation experiment best simulates the January 2009 
heatwave over Melbourne.

Results
The areabaveraged urban temperature bias of the WRF 

heatwave simulations show that the maximum temperabb
ture is underestimated and the minimum temperature is 
overestimated for both Experiment 1 and 2. Experiment 
1 had an ensemble mean maximum temperature bias 
of b2.92˚C and a minimum temperature bias of 4.68˚C, 
whereas Experiment 2 had an ensemble mean maximum 
temperature bias of b1.87˚C and a minimum temperature 
bias of 3.86˚C. The maximum and minimum temperature 

bias for Experiment 2 is over 1˚C lower than for Experibb
ment 1 indicating that the drier soil simulation is better at 
achieving the extremely high maximum temperatures of 
the heatwave in Melbourne as well as the cooler nights. 

The large minimum temperature bias for both experibb
ments is partially due to the extremely high observational 
minimum temperature on the first night of the heatwave. 
Throughout this night the minimum temperature was 
30.5˚C at Melbourne Airport weather station, and while 
WRF is prone to overestimating the minimum temperabb
ture, it still did not achieve this unusually high nightbtime 
temperature.

The explanation for these results is that the antecedbb
ent soil moisture conditions are known to have a negative 
correlation with maximum temperature (Kala et al. 2015). 
This is because liquid water has a higher heat capacity 
than air, meaning it takes more time to heat up and cool 
down. Drier soils are filled with more air than water and 
so are able to warm up during the day and cool down at 
night faster than soils with a higher moisture content.   

When comparing the 2m temperature from 6 urban 
weather stations to the closest WRF gridpoint we found 
that Experiment 2 performed better for the warmest part 
of the day (12pmb6pm) and the coolest part of the day 
(Table 2). This confirms the ensemble mean results where 
having the drier AWAP soils in the simulation enables WRF 
to better simulate the diurnal variability of the heatwave. 
It is worth noting that WRF is on a 2km grid and so choosbb
ing one representative point to compare to a weather stabb

Table 1. The latitude, longitude and altitude of the 6 urban weather stations.

Station name Latitude (˚) Longitude (˚) Altitude (m)

Essendon Airport
Laverton RAAF
Melbourne Airport
Moorabbin
Scoresby
Viewbank

b37.73
b37.86
b37.67
b37.98
b37.87
b37.74

144.91
144.76
144.83
145.10
145.26
145.10

78.4
20.1

113.4
12.1
80.0
66.1

Table 2. The root mean square error (RMSE,  in oC) between the observational urban weather stations and the 
closest WRF grid point over the warmest part of the day and the coolest (bold indicates lower RMSE value).

Experiment 1 (ERA Interim soil moisture) Experiment 2 (AWAP soil moisture)

Weather Station 12pm-6pm 12am-6am 12pm-6pm 12am-6am

Essendon Airport
Laverton RAAF
Melbourne Airport
Moorabbin
Scoresby
Viewbank

1.68
1.15
1.56
2.07
2.47
2.72

2.84
1.95
2.0�
3.41
3.15
2.63

1.29
1.15
1.03
1.6�
1.�3
2.21

2.�1
1.69
2.47
3.0�
2.�9
2.33
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tion is a strict test of the model. Nevertheless, the weather 
station results broadly agree with the gridded data.

Using Moorabbin as an example, Figure 3a shows that 
Experiment 2 has a greater diurnal variability than Experbb
iment 1, and when compared to observations it clearly 
performs better during the warmest and coolest parts 
of the heatwave. It is clear that the timing of the cold 
front in the observations is earlier than the WRF simulabb
tions resulting in unusually large errors at 6pm on the 
final day of the heatwave (Figure 3b). This is why the final 
6pm timestep was excluded from RMSE analysis.

At Melbourne Airport weather station Experiment 1 
performs better during the coldest part of the day (Table 
2). It is clear from Figure 4a that Experiment 2 performs 

best at Melbourne Airport during the warmest part of 
the day and during the second night of the heatwave 
with a temperature difference of less than 1˚C (Figure 
4b). However, the RMSE discrepancy is due to the unusubb
ally hot first night of the heatwave, which was particubb
larly prominent at Melbourne Airport compared to the 
other five weather stations analysed. Experiment 1 has 
wetter soils and so does not cool down as much as Exbb
periment 2, which for this first night meant that its errors 
were smaller at Melbourne Airport, resulting in a smaller 
overall RMSE for Experiment 1. These results suggest that 
the errors are not uniform across the heatwave and that 
each experiment performed better during different days 
and nights of the heatwave.

Figure 3: (a) The 3 hourly 2m temperature for Moorabbin weather station observational data (grey), Expericc
ment 1 (blue) and Experiment 2 (orange). (b) Experiment 1 minus observations (blue) and Experiment 2 minus 
observations (orange). The warmest and coolest parts of the day 12pmc6pm and 12am to 6am, respectively, are 
shown in bold. It is from the bold values that the RMSE in Table 2 are calculated. Times are in Australian Eastern 
Daylight Time (+11UTC).
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Conclusions 

Antecedent soil moisture conditions are crucial for debb
termining the length, intensity and number of heatwave 
days per season in Australia. With regards to modelling, 
if simulating with a short lead time accurate soil moisbb
tures are fundamental in determining the spatial extent 
and intensity of Australian heatwaves. Heatwaves are also 
known to exacerbate the urban heat island, posing inbb
creased heat stress risks for urban residents. 

With this as motivation we performed a small model 
validation on the ability of WRF to simulate the nearbsurbb
face temperatures of the January 2009 heatwave over Melbb
bourne. We conducted two experiments, the first using 

the default ERA Interim reanalysis soil moistures in WRF 
and the second replacing the top layer of ERA Interim soil 
moisture with the much drier Australian made AWAP soil 
moisture product. Our results showed that the drier soil 
moisture product enabled WRF to more accurately simubb
late the diurnal variability of the heatwave in the urban 
environment. By using this alternate and arguably more 
accurate product, we can improve accuracy of WRF simubb
lations during heatwaves. This avoids the use of long runs, 
which, while they can improve the soil moisture initialisabb
tion are also more computationally expensive. For future 
research we plan to use the drier soil simulations as a conbb
trol run for testing urban heat mitigation scenarios during 
heatwaves in Melbourne.

Figure 4: (a) The 3 hourly 2m temperature for Melbourne Airport weather station observational data (grey), 
Experiment 1 (blue) and Experiment 2 (orange). (b) Experiment 1 minus observations (blue) and Experiment 2 
minus observations (orange). The warmest and coolest parts of the day 12pmc6pm and 12am to 6am, respeccc
tively, are shown in bold. It is from the bold values that the RMSE in Table 2 are calculated. Times are in Australian 
Eastern Daylight Time (+11UTC).
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Introduction
Urban vegetation plays a critical role in the exchange 

of heat and mass across a wide range of scales. Shading 
and evaporative cooling by trees reduce air and surface 
temperatures, which can increase human comfort, rebb
duce building energy usage, and mitigate the urban heat 
island effect (Akbari et al., 2001; Oberndorfer et al., 2007; 
Susca et al., 2011). Urban vegetation can also improve 
air quality through deposition and respiration processes 
(Akbari et al., 2001; Nowak et al., 2007).

Despite the clear benefits of urban vegetation, it is dibb
cult to determine how their local effects translate across 
neighborhoodb and citybscales, and the degree to which 
their benefits offset their costs. It is relatively straightforbb
ward to determine the local effects of urban vegetation 
by measuring the surface and air temperature in the dibb
rect vicinity of the vegetation. However, the widespread 
effects of vegetation are extremely difficult to measure 
directly due to the complicated interactions between 
micrometeorology and topography.

Remote sensing has been successfully used to meabb
sure citywide surface temperature (e.g., Nichol, 2005; 
Weng, 2009). However, air temperature is the quantity 
that is most relevant in assessing the microclimate of 
humans.

Modeling is one commonly used method to fill in 
the gaps of limited measurements. The wide disparity 
in length scales between tree, building, and citybscales 
presents substantial difficulty in modeling the effects of 
vegetation on urban microclimate. Citybscale models are 
too coarse to represent localized changes in urban form, 
and building/treebscale models are too inefficient to feabb
sibly represent whole citybscales.

To address these issues, we have developed a new 
modeling framework that includes highly detailed modbb
els for threebdimensionally resolved urban vegetation. 
The model directly resolves buildings and trees, but is 
computationally efficient enough to include cityscales.

In this work, the modeling system is used to explore 
several “what if?” scenarios regarding various urban vegbb
etation congurations.

Model overview
The overall goal of the model is to provide the threeb

dimensional distribution of temperature and temperabb
turebrelated quantities (e.g., fluxes of radiation, sensible 
heat, moisture) in the urban environment over kilomebb
terbscales at meter or subbmeter resolution. This requires 
resolving the effects of individual trees and buildings. It 
is not feasible to resolve every individual leaf within the 
domain, as this likely amounts to trillions of leaves in an 

Incorporating resolved vegetation in city-scale simulations of urban 
micrometeorology and its effect on the energy balance

expected urban area. To incorporate subbtree heterogebb
neity without having to represent every leaf, vegetation 
is discretized into subbvolumes of arbitrary shape and 
size, within which properties are constant (Bailey et al., 
2014). Solid surfaces such as the ground or buildings 
are discretized into subbareas called patches. Using this 
approach, urban domains can be built up using these 
primitive elements analogous to Lego® blocks. For each 
vegetation volume, the user must specify radiative propbb
erties of the leaves (emissivity, transmissivity, reflectivbb
ity), the leaf area density, and the leaf angle distribution 
function. For each patch, radiative properties and the 
bibdirectional reflectance distribution function (BRDF) 
must be specified.

Radiation model: Radiation absorption, scattering, 
and emission by patches or vegetation volumes was 
modeled using the approach developed by Bailey et al. 
(2014) and Overby et al. (2016). The model uses a quasib
deterministic ray tracing approach to determine radiabb
tion transport over PAR, NIR, and TIR bands. The effects 
of leaf anisotropy are incorporated by integrating the 
leaf angle distribution function to determine radiation 
transfer parameters (e.g., attenuation coefficient, scatbb
tering phase function).

Surface energy balance model: Surface fluxes of heat 
and moisture, as well as surface temperature were modbb
eled using the approach of Bailey et al. (2016). The rabb
diation model described above is used to drive a surface 
energy balance model for all surfaces and vegetation 
volumes in the domain, which considers a balance bebb
tween radiation, sensible heat, latent heat, and, in the 
case of the ground and buildings, energy storage.

Turbulent transport model: Turbulent transport is the 
mechanism that couples heat and moisture transport 
between individual elements in the urban domain. The 
model of Briggs (2015) was used, which solves an advecbb

Figure 1. Example simulation domain of 115,591 trees 
comprised of 1.65 million vegetation volumes.
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tionbdiffusion equation for heat and moisture. The advecbb
tion component requires a threebdimensional prediction 
of the ensemble turbulent wind field, which is provided 
by the Quick Urban & Industrial Complex (QUIC) model 
(Singh et al., 2008).

GPU acceleration
The above models have high demands in terms of 

computational resources. This means that standard 
desktop and laptop computers are not powerful enough 
to run them in a reasonable length of time. Supercombb
puters provide the required power, but many anticipatbb
ed model users (e.g., urban planners) do not have access 
to supercomputing resources.

Graphics processing units (GPUs), which are standard 
hardware on all desktop and laptop computers, are esbb
sentially miniature supercomputers that were designed 
to perform graphicsbrelated computations with high efbb
ficiency. They are exceptionally suited to perform the 
expensive raybtracing calculations associated with the 
radiation models. The NVIDIA OptiX raybtracing framebb
work was used to perform highly efficient radiation 
simulations in parallel on commodityblevel GPUs. Bailey 
et al. (2014) showed that using this framework allowed 
the execution time of the radiation models to scale linbb
early with domain size. This has allowed us to run dobb
mains with hundreds of thousands of trees at subbmeter 
resolution (Fig. 1). Additionally, the turbulent transport 
model is also accelerated by leveraging the parallelism 
afforded by the GPUs.

Impact of urban vegetation on citywide micro--
climate

The simulation tool was used to examine various urbb
ban vegetation scenarios in Salt Lake City, UT USA. City 
databases of building and tree locations were used to 
reconstruct a 5 km2 area of the downtown portion of the 
city. This area consisted of 552 buildings and 1,812 trees, 
each of which were resolved by a model grid of size 4 m3 
(Fig. 2).

The simulations were driven by a mean wind origibb
nating out of the Southwest (Fig. 3a). The mean air 
temperature was set at 21oC. Radiative conditions were 
characteristic of Salt Lake City for clearbsky conditions on 
October 1.

Figure 3 shows simulated air and surface temperature 
distributions for 14:00 local time. Substantial reductions 
in surface temperature can be seen in areas of shadow, 
vegetation, and grass. The range of surface temperature 
in the domain is greater than 15oC. However, reductions 
in air temperature are much less dramatic (range of less 
than 3oC), as localized effects of heterogeneity are mixed 
out by turbulent transport. 

To assess the impacts of trees on microclimate, three 

different scenarios were simulated. Cases were considbb
ered with no trees, the actual number of trees, and doubb
ble the actual number of trees. Plane averages of tembb
perature are given in Fig. 4 for each of these cases. Values 
at a height of zero correspond to surface temperatures.

Trees reduced the domainbaveraged surface temperabb
ture, but this reduction was small at about 0.5oC. When 
the number of trees was doubled, the average surface 
temperature was only negligibly reduced. This indicated 
a scenario of diminishing returns, where trees began to 
shade each other rather than the ground. Air temperabb
ture was negligibly impacted by vegetation at all heights. 
Although localized reductions in air temperature due to 
vegetation can be several degrees, overall these reducbb
tions were negligible when integrated over the entire 
domain.
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 Special Report

ZERO-PLUS: Achieving near-zero and positive energy    
settlements in Europe using advanced energy technology

By David Pearlmutter, Editor

In Europe, over 40% of final energy use occurs in resibb
dential and commercial buildings, making the “building 
sector” the largest consumer of energy and emitter of 
carbon. There is a growing reliance in much of Europe 
on energybintensive airbconditioning, which is expected 
to intensify in a climate that is warming both globally 
due to climate change, and locally in cities due to UHI 
effects. In addition to the implications for public health 
and wellbbeing, the burden of rising energy consumpbb
tion in buildings has a pronounced economic dimenbb
sion, as fuel poverty becomes a reality for an increasing 
number of EU citizens.

In response to a growing perception that the trajecbb
tory of energy use patterns in buildings is not sustainbb

able, the European Union has established specific polibb
cies aimed at reducing fossil fuel consumption and their 
related greenhouse gas emissions. The “Europe 2020” 
strategy adopted by the European Commission stipubb
lates three targets to be met by the year 2020 (relative 
to 1990): a reduction in GHG emissions of 20%, an inbb
crease in energy efficiency of 20%, and an increase in the 
contribution of renewable energy sources equivalent to 
20% of final energy consumption. By simultaneously rebb
ducing consumption and relying on “clean”production, 
a goal has emerged of achieving “net zerobenergy” (NZE) 
– by which energy consumption decreases over time 
and is eventually matched by an equivalent supply of 
energy from renewable sources. Net zerobenergy buildbb
ings are thus intended to have highly energy efficient 
performance, and the low amount of energy that they 
require comes from sustainable nonbfossil resources. 

Partners in the European ZEROcPLUS project met recently in Dalmine, Italy to discuss advanced technolocc
gies for achieving extreme energy efficiency – highlighting the multicfaceted relationship between climate 
and the built environment.
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 Special Report

The “Energy Performance in Buildings Directive” (EPBD) 
issued by the EU requires that by the year 2020, all new 
buildings be “nearly” zerobenergy. 

This month in Dalmine, Italy, a diverse group of Eurobb
pean academics, practitioners and industrial partners met 
to demonstrate the feasibility of achieving the net zerob
energy concept in practice. They are contributors to an 
ambitious Horizon 2020 project entitled “Achieving near 
Zero and Positive Energy Settlements in Europe using Adbb
vanced Energy Technology” or ZERObPLUS – which aims 
to show that at an urban scale, residential settlements can 
not only be designed to produce more energy than they 
consume, but they can also be realized with significantly 
reduced costs.

The project is being coordinated by Prof. Mat 
Santamouris from the University of Athens, and includes 
research partners from a host of institutions around Eubb
rope. The selected “zerobplus” technologies will be intebb
grated in the design and construction of four actual case 
study projects in Italy, Cyprus, France and the UK. In each 
of these “settlementbscale” case studies, advanced techbb
nologies which are found to be most cost effective for the 
particular climate and site requirements will be selected 
and implemented. The investment in these technologies 
will be concentrated in four main areas that are considbb
ered critical for minimizing the “net” consumption of enbb
ergy: a) energybconserving building envelope systems, b) 
highbefficiency heating and cooling systems, c) renewable 
and lowbcarbon energy supply systems, and c) smart enerbb
gy management systems for optimizing the distribution of 
energy services at the building and settlement level. Much 
of the design emphasis at the settlement scale is placed 
on contributing to UHI mitigation, and in turn to energy 
conservation through reduced cooling loads.

While the zerobenergy concept has largely focused until 

now on achieving a net zero balance within the framework 
of an individual building, the settlement scale has imporbb
tant advantages in terms of energy management. Taking 
advantage of energy exchange within a local “smartbgrid“ 
overcomes important limitations of “autonomous buildbb
ings,” for which onbsite energy storage can be prohibitivebb
ly expensive. Such storage is essential given the intermitbb
tent nature of solar radiation and wind flow, the primary 
renewable sources of energy for local power generation. 

Even if individual buildings within a neighborhood or 
district do not meet the NZE target due to limiting factors 
such as their inefficient spacebtobvolume ratio, or their sizbb
able energy demand due to specific needs, the cumulative 
NZE balance still can be achieved at a larger scale if there 
is compensation by other buildings with better perforbb
mance. This framework potentially allows greater flexibilbb
ity in architectural design, and a larger variety of building 
forms and functions. With a mix of residential and combb
mercial uses, for example, large structures such as parkbb
ing facilities and commercial buildings may provide ample 
space for onbsite energy generation using rooftop solar 
photovoltaic panels, while reducing the embodied energy 
of ground based PV field arrays which require dedicated 
foundations and supporting structures.

According to a study conducted by the International 
Energy Agency in 2010, more than 200 projects around 
the world have been realized in the last two decades with 
a reputable claim of a net zerobenergy balance. Every year 
more and more projects are being built, since more debb
velopers and architects are inspired by the demonstrated 
benefits of the NZE building approach. The increasing 
efficiency and affordability of technologies is also a sigbb
nificant convincing factor – which is why the ZERObPLUS 
demonstration of feasability in actual built projects is so 
important.

Zerocenergy settlements use efficiently designed buildings and systems to reduce energy demand to a minimum, 
and then meet this demand by  generating renewable energy oncsite. The ZEROcPLUS project will demonstrate 
that this ambitious strategy for cutting carbon emissions can be achieved at a significantly lowered cost. Pictured 
above: the existing BedZed development in London (left) and Schlierberg settlement in Freiburg (right).

https://ec.europa.eu/programmes/horizon2020/
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FIRST INTERNATIONAL CONFERENCE ON           
URBAN PHySICS (FICUP)
Quito b Galápagos • Sept 25 b Oct 2, 2016
http://www.ficup2016.com/

2ND URBAN & INFRASTRUCTURE DEvELOPMENT 
CONFERENCE FOR EAST AND CENTRAL AFRICA
Kampala, Uganda • October 5b6, 2016
http://uidc.siup.ac.ug/

Upcoming Conferences...

INTERNATIONAL CONFERENCE ON COUNTERMM
MEASURES TO URBAN HEAT ISLANDS
NUS, Singapore • May 30 b June 1, 2016
http://www.ic2uhi2016.org/

EUROPEAN FORUM ON URBAN FORESTRy
(EFUF 2016)
Ljubljana, Slovenia • May 31 b June 4, 2016
http://efuf2016.gozdis.si/

Wang Y, Li L, Kubota J, Han R, Zhu X, Lu G (2016) Does urbb
banization lead to more carbon emission? Evidence from 
a panel of BRICS countries. Applied Energy 168:375b380.

Wang ZbH, Zhao X, Yang J, Song J (2016) Cooling and enbb
ergy saving potentials of shade trees and urban lawns in 
a desert city. Applied Energy 161:437b444.

Watanabe S, Ishii J (2016) Effect of outdoor thermal enbb
vironment on pedestrians> behavior selecting a shaded 
area in a humid subtropical region. Building and Environ--
ment 95:32b41.

Wong PPbY, Lai PbC, Low CbT, Chen S, Hart M (2016) The 
impact of environmental and human factors on urban 
heat and microclimate variability. Building and Environ--
ment 95:199b208.

Xie YL, Huang GH, Li W, Ji L (2014) Carbon and air pollutbb
ants constrained energy planning for clean power genbb
eration with a robust optimization model: A case study 
of Jining City, China. Applied Energy 136:150b167.

Xu X, Culligan PJ, Taylor JE (2014) Energy Saving Alignbb
ment Strategy: Achieving energy efficiency in urban 
buildings by matching occupant temperature preferbb
ences with a building’s indoor thermal environment. Ap--
plied Energy 123:209b219.

Yang B, Ke X (2015) Analysis on urban lake change durbb
ing rapid urbanization using a synergistic approach: A 
case study of Wuhan, China. Physics and Chemistry of the 
Earth, Parts A/B/C 89b90:127b135.

Yang F, Chen L (2016) Developing a thermal atlas for 
climatebresponsive urban design based on empirical 
modeling and urban morphological analysis. Energy and 
Buildings 111:120b130.

Yang S, Changshan W (2015) Examining the impact of 
urban biophysical composition and neighboring envibb
ronment on surface urban heat island effect. Advances in 
Space Research 57:96b109.

Yi W, Chan APC (2014) Erratum to: Effects of temperature 
on mortality in Hong Kong: a time series analysis. Inter--
national Journal of Biometeorology 59:937b937.

Yoshida A, Hisabayashi T, Kashihara K, Kinoshita S, Hashibb
da S (2015) Evaluation of effect of tree canopy on therbb
mal environment, thermal sensation, and mental state. 
Urban Climate 14, Part 2:240b250.

Zeiger S, Hubbart J, Anderson S, Stambaugh M (2016) 
Quantifying and modelling urban stream temperature: 
a central US watershed study. Hydrological Processes 
30:503b514.

Zhang LY, Jin LW, Wang ZN, Zhang JY, Liu X, Zhang LH 
(2015) Effects of wall configuration on building energy 
performance subject to different climatic zones of China. 
Applied Energy (doi:10.1016/j.apenergy.2015.10.086).

Zhang N, Du Y, Miao S (2015) A microscale model for air 
pollutant dispersion simulation in urban areas: Presentabb
tion of the model and performance over a single buildbb
ing. Advances in Atmospheric Sciences 33:184b192.

Zhong S, Yang XbQ (2015) Mechanism of urbanization 
impact on a summer coldbfrontal rainfall process in the 
greater beijing metropolitan area. J. Appl. Meteor. Clima--
tol. 54:1234b1247.

Zhou D, Zhang L, Hao L, Sun G, Liu Y, Zhu C (2016) Spabb
tiotemporal trends of urban heat island effect along the 
urban development intensity gradient in China. Science 
of The Total Environment 544:617b626.



IAUC Board

   IAUC Board Members & Terms

•  Gerald Mills (UCD, Dublin, Ireland): 2007b2011; President, 2009b
2013; Past President, 2014b2018 (nv)

• James Voogt (University of Western Ontario, Canada), 2000b
2006; Webmaster 2007b2013; President, 2014b2018
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•   Rohinton Emmanuel (Glasgow Caledonian University, UK): 2006b
2010; Secretary, 2009b2013; Past Secretary 2014b2018 (nv)

• David Pearlmutter (BenbGurion University of the Negev, Israel): 
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tary, 2014b2018

• Alexander Baklanov (University of Copenhagen): 2013b2017
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• Edward Ng (Chinese University of Hong Kong, Hong Kong): 
2014b2018

• Nigel Tapper (Monash University, Australia): 2014b2018
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Editor, IAUC Newsletter: David Pearlmutter

Bibliography Committee: Matthias Demuzere

Chair Teaching Resources: Gerald Mills

Chair Awards Committee: Nigel Tapper

Webmaster: James Voogt

Newsletter Contributions
The next edition of Urban Climate News will appear in late June. 
Contributions for the upcoming issue are welcome, and should be 
submitted by May 31, 2016.

Editor: David Pearlmutter (davidp@bgu.ac.il)

News: Paul Alexander (paul.alexander@nuim.ie)

Conferences: Jamie Voogt (javoogt@uwo.ca)

Bibliography: Matthias Demuzere (matthias.demuzere@ees.
kuleuven.be)

Projects: Sue Grimmond (Sue.Grimmond@kcl.ac.uk)
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The articles in this Newsletter are unrefereed, and their appearbb
ance does not constitute formal publication; they should not be 
used or cited otherwise.
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(continued from page 1)
The good news (as I see it) is that IAUC/ICUC already 

do quite a few of the things that are on the suggested 
response list: we meet less than annually, we use online 
infrastructure for archiving ICUC materials (see http://
www.urbanbclimate.org/icuc/), and we tend to meet in 
major cities.  What can we do better? Two of their sugbb
gestions resonated with me:  allow easier remote access 
to some or all of the conference and to strengthen rebb
gional conferences associated with the association.  Perbb
haps we can, in conjunction with future ICUC organizers, 
help facilitate online access to our conference.  This can 
occur through member participation online, or, in a difbb
ferent example provided in the petition FAQ, through 
the selected remote plenary presentation by speakers 
who might otherwise not attend ICUC.  And the strong 
interest in hosting an ICUC, as reflected in the quality and 
number of proposals for hosting ICUCb10, might suggest 
that IAUC could consider a regional level of conference 
to accommodate the growing interest in urban climates 
and climate change, while also respecting the impact 
our travel has on the environment. Perhaps the two can 
even be joined – a regional, onbline conference?  An idea 
to contemplate perhaps? I’d welcome your thoughts and 
ideas. In the meantime, the IAUC Board will work with 
ICUCb10 organizers to ensure we work towards best 
practices in reducing the environmental impact of our 
conference.

Prof. Arieh Bitan (right), a former IAUC Board memcc
ber and recipient of the 2006 Luke Howard Award, 
was recently presented with a citation for Lifetime 
Contribution by the president of the Israeli Mecc
teorological Society, Dr. Noah Wolfson (left). This 
distinction was given previously to Prof. yair Goldcc
reich, the 2013 Luke Howard Award winner.
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