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Abstract 
 
 
 
 
Climate change is one of the greatest development challenges. The costs of 
environmental neglect have long been known, but growing scientific evidence indicates 
how global warming is linked to greenhouse gas emissions from human activity. The 
impact of global warming is most visible in the rising threat of climate-related natural 
disasters. Disaster risk is the result of the probability of occurrence of hazardous events 
as well as the impacts should these events occur. Policy responses need to take into 
account the increasingly anthropogenic nature of hazardous events, with human 
actions influencing not only exposure and vulnerability but also the hazards themselves 
through high-carbon activities. In response, human actions in climate mitigation and 
adaptation and disaster prevention are needed to reduce the costs of climate change to 
avoid major catastrophes. Prevention strategies and disaster risk reduction need to be 
prioritized. Innovations in clean energy and energy efficiency are increasingly required. 
Opportunities exist for growth and environmental policies to support and reinforce 
each other. But there is a great divide between the knowledge on climate change, 
climate-related disasters, and disaster science on the one side, and the actions and 
policies on these issues on the other. Development work needs to bridge the gap with 
smart actions and policies that take into account political economy considerations. 
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CHAPTER 1 

Steady Growth and 
Development Hinge on a 

Stable Climate Environment 
 
 
 
 

1. Economic growth policies and practices that do not consider natural capital will 
eventually suffer from the ill-effects of an eroding and degraded environment. While 
some human activities affect local environments, others lead to lasting global impacts. 
Pollution from fossil fuels and industry, and the waste from extractive industries, 
threaten the health and safety of communities. Chlorofluorocarbons destroy the Earth’s 
ozone layer, and greenhouse gas (GHG) emissions contribute to climate change. 
 
2. The advent of climate change demonstrates the precarious situation the world 
is in because care of the environment has been relegated to an afterthought. Science 
shows Earth is getting warmer due to GHG emissions from human activity. 
 
3. The impact of global warming is most visible in the rising threat of climate-
related natural disasters.1 Hazards of nature have always been with us, but a growing 
incidence of floods, storms, and droughts puts the spotlight on the need for action. 
Climate-related hazards are now fiercer and their impacts more intense. Recent climate-
related events that bear this out include: 
 

(i) Cyclone Nargis in May 2008 and the subsequent storm surge that killed 
138,000 people in Myanmar. Five years after Nargis only 25% of 
affected agricultural land had fully recovered (McElroy 2016).  

(ii) Typhoon Ketsana in September 2009, which dumped more rain on 
Manila in a matter of hours than would have been normal in a month 
for that time of year. The typhoon was a terrifying example of an 
extreme hydrometeorological event hitting a city.  

(iii) The monsoon floods in Pakistan in 2010 that killed almost 2,000 people 
and affected 20 million people through, loss or damage to homes, and 
loss of livelihoods and businesses, among other things,. The floods 
submerged a fifth of the country.  

(iv) The heat wave in the Russian Federation in 2010 in which 11,000 
people died. Wildfires enveloped 1,740 square kilometers and 
destroyed millions of tons of wheat crops. The extremely high surface 
temperatures associated with these fires have a return-period of 400 
years. The year 2010 is estimated to have experienced the longest heat 

                                                
1 The term “natural disasters” differentiates this set of disasters from events originating from industrial, 

transport, and other technological accidents. In this paper, natural disasters include geophysical, 
climatological, hydrological, and meteorological disasters; they do not include biological disasters such as 
epidemics and insect infestations or extraterrestrial disasters. 
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wave for at least 1,000 years, according to the National Oceanic and 
Atmospheric Administration. 

(v) The floods that submerged Thailand’s industrial heartland in 2011 
stopped production in computer and car factories, affected global 
value chains, and caused economic losses estimated at $43 billion 
(Munich Re 2015). Although several factors are associated with the 
causes of floods—such as urbanization, land subsidence, and 
insufficient drainage and flood protection systems—excessive rainfall 
stands out as a major factor. The year 2011 broke daily and monthly 
rainfall records in Thailand, and was the wettest since 1951. Rains were 
over 300% above normal for March of that year (Thai Meteorological 
Department 2012). 

(vi) Climate-related events in 2012 that cost the global economy $160 
billion—$68 billion from Hurricane Sandy, making it the second 
costliest hurricane recorded in the United States. The year-long drought 
in the US Midwest in the same year caused losses of $30 billion, mostly 
in harvest failures (Baskin-Gerwitz 2013).    

(vii) Typhoon Haiyan tore through the Central Philippines in 2013 claiming 
over 7,000 lives. With sustained winds of 315 kilometers per hour 
(kph), the super typhoon is the strongest on record to make landfall.  

(viii) Cyclone Pam ravaged Vanuatu in 2015 leaving 100,000 people—40% 
of the population—in dire need of drinking water, and 75,000 without 
shelter (Prevention Web 2015a). In the same year, India’s heat wave, 
with recorded temperatures averaging 40° Celsius, killed 2,400 people 
(Prevention Web 2015b). The European heat wave, also in 2015, was 
widespread and led to record temperature highs in Austria, France, 
Spain, and the United Kingdom. In the United States, 623 climatic 
stations set maximum daily record highs in a span of one week (WMO 
2015). 
 

4. The rising costs of climate-related disasters threaten growth and development. 
The frequency of natural disasters shows a sharp increase in hydrological and 
meteorological events since the early 1960s (Figure 1).2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
2 Hazard events are recorded as disasters if there are at least 10 deaths and at least 100 people are affected, 

injured, or homeless, or a state of emergency has been declared. 

Figure 1: Increasing Frequency of Floods and Storms, 1960–2015 

 
Source: EM-DAT database (accessed 23 August 2016). 
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5. Yearly damage data from climate-related disasters (climatological, hydrological, 
meteorological) show a clear rising trend. Disaster damages in 1976–1985 totaling  
$83 billion rose more than tenfold to $857 billion in 2006–2015 (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Asia and the Pacific are particularly susceptible to climate-related disasters. 
Over 2006–2015 global damages from natural disasters totaled $1.3 trillion—$746 
billion from Asia and the Pacific. In the same period, 814 million people were injured or 
left homeless from these events—738 million from Asia and the Pacific; and 252,000 
people died from storms and extreme temperatures, 176,000 of them from Asia and 
the Pacific.  
 
7. Deaths, damages, and losses from natural disasters often happen on a 
recurring basis. For three consecutive years in 2011–2013, the Philippines registered the 
highest death toll in the world from tropical cyclones. Hurricane Irene was thought at 
that time to be a once-in-a-century storm when it hit New York in August 2011 causing 
45 deaths, $7 billion in economic losses, and the shutdown of the city’s transit system. 
But Hurricane Sandy struck a year later. After the 2010 monsoon floods in Pakistan, 
flooding in 2011 and 2012 afflicted 5 million people in each of those years. Floods in 
Pakistan in 2013, 2014, and 2015 led to over 200 deaths and affected more than a 
million people. Since these floods occurred in roughly the same areas, some families 
could have suffered from flooding for years in a row (Ferris, Petz, and Stark 2013). The 
economic toll of Pakistan’s yearly monsoon floods have cost over $18 billion since 2010, 
according to the Emergency Events Database (EM-DAT).3 
 
8. The distress from natural disasters lingers long after the rains stop and the 
winds die down. For example, agriculture land in Myanmar had still not recovered 5 
years after Cyclone Nargis hit.  
 

                                                
3 EM-DAT. http://www.emdat.be/ 

Figure 2: Damages from Climate-Related Disasters, 1966–2015 by Decade 

 

Note: Total damages from climatological, hydrological, and meteorological disasters. US$ in current 
value. 
Source: EM-DAT database (accessed 23 August 2016). 
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9. Mitigating the fallout from natural hazards and climate change by minimizing 
or altogether avoiding economic losses and systems disruptions, not to mention injury 
and loss of life, will be essential for locking in the gains of development and growth. 

 
 
 

 

CHAPTER 2 

Climate-Risk Framework: 
Hazard, Exposure, and 

Vulnerability 

 
 
 
 

10. Climate science has shown how GHG emissions alter atmospheric GHG 
concentrations and affect temperature and precipitation, as well as generate climate 
extremes and hazards. Aside from climate-related factors, disaster risks increase 
because more people are exposed (for example, from rising populations in coastal or 
flood-prone areas), and they will probably be less able to cope if they are poor. 
 
11. Climate-related disaster risk is a function of the probability of occurrence of 
hazardous events multiplied by the impacts (effects on lives, livelihoods, health, 
ecosystems, economies, societies, cultures, services, and infrastructure) should these 
occur. Disaster risks result from the interaction of three elements: 
 

i. Hazard. The occurrence of a physical event that may cause loss of life, 
injury, or other health impacts, as well as damage and loss to property, 
infrastructure, livelihoods, service provision, ecosystems, and 
environmental resources. 

ii. Exposure. The presence of people, economic or social or cultural assets, 
infrastructure, resources, livelihoods, services, ecosystems, and 
environmental functions in places and settings that could be adversely 
affected.  

iii. Vulnerability. The propensity to be adversely affected, including 
sensitivity to harm and lack of capacity to cope and adapt. 
 

12. The framework of climate-related risks in Figure 3 shows the various entry 
points, approaches, and considerations in managing climate-related risks. For instance, 
land-use policy and climate-sensitive urban design can reduce people’s exposure to 
hazards, thereby reducing risk. In the same way, communities armed with disaster 
awareness and preparedness, and supported by adaptive infrastructure, can bolster 
defenses and lessen vulnerability. For hazards, collective decisions and actions to 
reduce GHG emissions can slow anthropogenic climate change and reduce its 
exacerbating effects on hazards.  
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13. There is nothing natural about a climate-related disaster. Indeed, it would be 
inaccurate to label the deaths caused by, say, Cyclone Nargis or the economic 
devastation from the 2011 floods that submerged Bangkok as being solely the result of 
the randomness of nature. People as individuals and communities, as well as 
international intervention, can do a great deal to reduce disaster risks on the three 
fronts of hazards, exposure, and vulnerability. 
 
A. Increasing Intensities of Climate-Related Hazards 
 
14. Climate change is mostly brought about by GHG emissions from human activity. 
This is now scientifically indisputable, as asserted by the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change.4 From 1991 to 2011, 97% of the more 
than 10,000 studies published on climate change supported the existence of 
anthropogenic global warming (Cook et al. 2013). From 1993 to 2003, none of the 928 
evaluated papers in peer reviewed journals on the issue disagreed with human-induced 
climate change (Oreskes 2004). 
 
15. The global warming trend and the associated rise in GHG emissions are 
unswerving. The 20 hottest years of 1880–2016 all occurred since 1995, and the 400 
parts per million (ppm) emissions benchmark was breached in 2014 (Figure 4). 
 
 
 
 
 
 

                                                
4 Intergovernmental Panel on Climate Change assessments are written by hundreds of leading scientists in 

the roles of coordinating lead authors and lead authors, and hundreds of contributing authors are enlisted 
to provide complementary expertise in specific areas. The panel’s reports undergo multiple rounds of 
drafting and review, ensuring they reflect the full range of views in the scientific community. 

Figure 3: Framework of Climate-Related Risk 

 
GHG = greenhouse gas. 
Source: Thomas, forthcoming.  
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16. For the 40th consecutive year, average annual temperatures are above the 20th 
century average.5 June 2016 was the 14th consecutive month that the monthly global 
temperature record was broken—the longest streak in the 137 years of record keeping 
by the National Oceanic and Atmospheric Administration. The year 2016, which was 
nearly over at the time of writing, is set to exceed 2015 as the hottest on record in the 
same way that 2015 eclipsed 2014 (NOAA 2016; NASA 2016), and it also had the 
highest temperature departure for June since 1880. 
 
17. For the first time since records began in 1958, atmospheric carbon dioxide (CO2) 
concentrations surpassed 400 ppm in April 2014 and this continued until June. The 8 
months from November 2015 to June 2016 all recorded CO2 concentrations above 400 
ppm. The first half of 2016’s average was 405.5 ppm. If CO2 concentrations continue to 
increase at a little over 2 ppm annually, as they averaged during  
2005–2014, the planet would be over the 450-ppm mark in a quarter of a century. 
Scientists consider 450 ppm to be the threshold above which it will be difficult, if not 
unlikely, to limit temperature increase to 2° Celsius relative to 1850–1900 levels. 
 
18. Human-induced climate change has been linked to the increase and likelihood 
of heat waves and droughts (Coumou and Rahmstorf 2012). The 2005 and 2010 
Amazon droughts coincided with higher than normal tropical North Atlantic sea 
surface temperatures (UNEP 2011). The 2010 Moscow heat waves that killed 11,000 
people would most probably not have occurred without human-induced climate 
warming (Rahmstorf and Coumou 2011). The 2012–2014 drought in California—the 

                                                
5 Global temperature anomalies measure the departure from the 1901–2000 average.  

Figure 4: Atmospheric Carbon Dioxide Impact on Global Temperature, 1880–2016 

 
CO2 = carbon dioxide, ppm = parts per million. 
Source: National Oceanic and Atmospheric Administration’s National Centers for Environmental 
Information and Earth System Research Laboratory, Scripps Institution of Oceanography (accessed 29 
July 2016). 
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highest temperature departure for June since 1880. 
 
17. For the first time since records began in 1958, atmospheric carbon dioxide (CO2) 
concentrations surpassed 400 ppm in April 2014 and this continued until June. The 8 
months from November 2015 to June 2016 all recorded CO2 concentrations above 400 
ppm. The first half of 2016’s average was 405.5 ppm. If CO2 concentrations continue to 
increase at a little over 2 ppm annually, as they averaged during  
2005–2014, the planet would be over the 450-ppm mark in a quarter of a century. 
Scientists consider 450 ppm to be the threshold above which it will be difficult, if not 
unlikely, to limit temperature increase to 2° Celsius relative to 1850–1900 levels. 
 
18. Human-induced climate change has been linked to the increase and likelihood 
of heat waves and droughts (Coumou and Rahmstorf 2012). The 2005 and 2010 
Amazon droughts coincided with higher than normal tropical North Atlantic sea 
surface temperatures (UNEP 2011). The 2010 Moscow heat waves that killed 11,000 
people would most probably not have occurred without human-induced climate 
warming (Rahmstorf and Coumou 2011). The 2012–2014 drought in California—the 

                                                
5 Global temperature anomalies measure the departure from the 1901–2000 average.  

Figure 4: Atmospheric Carbon Dioxide Impact on Global Temperature, 1880–2016 

 
CO2 = carbon dioxide, ppm = parts per million. 
Source: National Oceanic and Atmospheric Administration’s National Centers for Environmental 
Information and Earth System Research Laboratory, Scripps Institution of Oceanography (accessed 29 
July 2016). 
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severest drought in 1,200 years—was exacerbated by the record high temperatures of 
2014 (Nuccitelli 2014).6 
 
19. Climate warming has been confirmed to intensify precipitation extremes, with 
important regional variations (O’Gorman 2015). Using 30 years of data during storm 
events, precipitation increases by 6.9%–9.3% per degree Celsius (Molnar et al. 2015). 
The risk of floods in England and Wales in the autumn of 2000 increased significantly 
due to anthropogenic climate change (Pall et al. 2011). 
 
20. Sea levels are projected to rise with climate change. This will increase the 
ferocity of storm surges, which propel water inland at high speed and immense force. 
In 1970, Cyclone Bhola’s massive storm surge killed 300,000–500,000 people in the 
coastal wetlands of Bangladesh. The 6-meter (20-feet) storm surge generated by 
Typhoon Haiyan that hit Tacloban City in the Philippines caused huge loss of life and 
widespread devastation. 
 
21. The increase in sea surface temperatures is a major determinant of storm 
intensity and has been observed to be highly correlated with the increasing 
destructiveness of hurricanes since the 1970s. Category 4–5 hurricanes increased from 
50 events every 5 years in the 1970s to almost 90 events every 5 years in the early 
2000s (Webster et al. 2005). 
 
22. Wind speeds could increase by 3%– 5% for every degree increase of tropical sea 
surface temperatures (WMO 2006). Hurricane Sandy and Typhoon Haiyan were formed 
by unusually warm ocean waters. Weeks before Haiyan struck, the sea surface 
temperature of the Pacific Warm Pool Region was at its highest (based on records 
since 1981) and the sea surface temperature of the West Pacific Region was elevated. 
 
23. The emerging consensus is that the overall frequency of climate-related 
extreme events will continue to rise due to anthropogenic global warming. 
 
B. Exposure of Asia and the Pacific 
 
24. Asia and the Pacific is the region most exposed to natural hazards (Table 1). 
 

Table 1: Countries Facing Extreme Hazards 
2016 Rank Flood Tropical Storm and Cyclone 

1 Bangladesh Japan 
2 India Philippines 
3 Cambodia Taipei,China 
4 Nepal Vanuatu 
5 Pakistan Mauritius 
6 PRC Jamaica 
7 Viet Nam Madagascar 
8 Philippines Fiji 
9 Lao PDR Australia 

10 Colombia PRC 
Lao PDR = Lao People’s Democratic Republic, PRC = People’s Republic of China. 
Source: Verisk Maplecroft 2016. 
 

25. Urban centers have the highest population and asset exposures to extreme 
hazards. Cities have roughly 3.9 billion of the world’s 7.2 billion people and create 
more than 80% of global gross domestic product (GDP). Some of the world’s largest 

                                                
6 The drought conditions were reconstructured using the Palmer Drought Severity Index, which estimates 

soil moisture.  
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cities are built on flood plains or low-lying coastal areas. The strategic markets of 
Bangladesh, the People’s Republic of China (PRC), Japan, and the Philippines are home 
to over half of the 100 cities most exposed to natural hazards, highlighting the 
potential risks to foreign business, supply chains, and economic output in Asia from 
extreme weather events and seismic disasters (Verisk Maplecroft 2016). In the 
Philippines, the National Capital Region, which includes Manila, has 23 million residents 
exposed to tropical cyclones, 19 million to earthquakes, and 5 million to tsunamis. 
Manila is the world’s most exposed megacity to natural hazards. Tokyo ranks number 
two. The top seven most exposed major cities are all in Asia and the Pacific (Table 2). 
 

Table 2: Top 10 Cities with the Greatest Population Exposure to Natural Hazards 
Rank  City  Major natural hazards  

1  Manila, Philippines  Tropical cyclones, severe storms, earthquakes  
2  Tokyo, Japan  Tropical cyclones, earthquakes  
3  Jakarta, Indonesia  Severe storms, tsunamis  
4  Dongguan, PRC  Tropical cyclones, severe storms, flooding  
5  Dhaka, Bangladesh  Flooding, severe storms  
6  Kolkata, India  Flooding, severe storms  
7  Osaka, Japan  Tropical cyclones, earthquakes, tsunami  
8  Mexico City, Mexico  Severe storms  
9  Delhi, India  Severe storms  

10  São Paulo, Brazil  Severe storms  
PRC = People’s Republic of China. 
Source: Verisk Maplecroft 2016.  
 
26. Disasters hitting cities have the potential to derail or cut heavily into economic 
growth. The world’s costliest and deadliest disasters were borne by cities ill-prepared 
for hazards. In 2005, levees in New Orleans crumpled under the fury of Hurricane 
Katrina and led to over 900 deaths and $182 billion in losses. The flooding of the 
Fukushima nuclear plant multiplied the damages from the earthquake and tsunami that 
preceded this catastrophe. The Bangkok floods in 2011 contracted Thailand’s GDP by 
13% (World Bank and GFDRR 2012). Typhoon Haiyan destroyed 90% of the provincial 
capital of Tacloban City in the Philippines. 
 
27. Environmental degradation specific to urban areas contributes to hazard 
impacts. A number of cities on coastal plains and deltas are extracting groundwater at 
rates faster than they can replenish, causing land subsidence. This presents a critical 
challenge for authorities in the advent of climate change and rising sea levels. Bangkok, 
Beijing, and Jakarta suffer from subsidence; Beijing by as much as 10 centimeters per 
year (Chen et al. 2013). The loss of mangrove forests also makes coastal areas more 
vulnerable to storm surges and flooding. 
 
28. A study of the world’s 136 coastal cities showed that coastlines as we know 
them will cease to exist if GHG emissions are not controlled. With climate change and 
subsidence, flood-loss damages will soar to over $1 trillion a year if flood protection 
investments remain at current levels and are not upgraded (Hallegatte et al. 2013). 
 
29. Appreciating the enormity of disaster risks is vital for policy reforms and in 
changing mindsets to reduce exposure and vulnerability. Investments that take into 
consideration the advantages of location and agglomeration economies but ignore 
disaster risks are not sustainable. Hazard maps must guide community planning and 
zoning laws. Limiting the number of people living in hazard-prone areas will clearly 
reduce these risks. Economic calculations that put more weight on short-term profits 
and excessively mark down future risks from exposure and vulnerability must be 
reviewed. 
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C. Poor Populations Face Rising Vulnerability 
 
30. From 1970 to 2008, over 95% of deaths from natural disasters occurred in 
developing countries (IPCC 2012). From 1970 to 2014, almost two-thirds of deaths 
from natural disasters in Asia and the Pacific were in low- and lower-middle-income 
economies, with just 5% of deaths in high-income economies (UNESCAP 2014). Relative 
to country populations, low-income economies suffered 86 deaths per million 
population, while middle- and high-income countries suffered 11 or less deaths per 
million population. 
 
31. Natural hazards are income blind, affecting both developed and developing 
countries, but lower-income economies are hit harder. Fatality rates and economic 
losses as a proportion of GDP are higher in developing countries. Impoverished 
populations in vulnerable urban areas with poor infrastructure are prone to stronger 
natural hazard impacts in developing countries. Weak government capacity and lack of 
basic facilities increase susceptibility to disasters. 
 
32. Poverty reduction measures and social safety nets for the poor are part of 
disaster mitigation and resilience building. Flash floods commonly cause more fatalities 
in poorer communities than in better-off ones. Poorer segments of the population with 
scant resources often end up in higher-risk peripheral areas where poorly built homes 
offer little protection. When disaster strikes, the poor are left with even less resources; 
and when livelihoods are affected, losses are amplified, leaving them even more 
vulnerable. 
 
33. High- and upper-middle-income countries in Asia and the Pacific incurred 82% 
of the region’s $1.3 trillion damage from disasters from 1970 to 2014. Although low-
income countries shouldered less than 4% of the total damage, they were in a more 
precarious situation. The Pacific islands of Samoa and Vanuatu have had years when 
disasters completely wiped out their total annual output. In various years, losses from 
natural disasters surpassed national outputs of these low-income countries, with 
average losses amounting to 150% of GDP (UNESCAP 2014). 
 
34. Typhoon Haiyan struck one of the poorest regions of the Philippines (Eastern 
Visayas), where 4 out of every 10 families are poor. While damages from natural 
disasters in that year cost the country roughly 0.9% of its national product,  
Haiyan-related losses in the Eastern Visayas amounted to 17.4% of the region’s 
national product (NEDA 2013). With very little coping capacity, many Haiyan victims 
were still living in tents 18 months after the disaster, and 20,000 remain displaced as of 
2015 (Internal Displacement Monitoring Centre 2015).  
 
35. Equally exposed populations hit with comparable hazards can result in different 
outcomes because of varying vulnerabilities. In 2010, strong earthquakes struck Chile 
and Haiti, resulting in 525 fatalities in Chile and 160,000 in Haiti; the higher death toll 
was because of Haiti’s lack of disaster-resilient infrastructure.  
 
36. Institutional and adaptive capacities need to be bolstered where they are weak 
because strong governance lowers vulnerability. Japan and the United States have high 
population exposure to natural hazards, but low vulnerability because of good 
infrastructure and services for resiliency. Japan has significant investments in disaster 
risk reduction (DRR) (Verisk Maplecroft 2016). 
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37. Lower-middle and low-income countries are overwhelmed by rebuilding costs 
when disasters strike. Only 7% of losses resulting from Typhoon Haiyan’s destruction 
were insured, compared to 20% of the estimated $15 billion losses from the 2013 
floods in central Europe. Generally, less than 5% of disaster losses in Asia and the 
Pacific are insured compared to 40% in developed countries (Munich Re 2014). This 
makes losses more debilitating and the cost of rebuilding financially draining. 
 
38. Disaster losses hardly make a dent in rich countries’ economies and social 
development. But low-income countries incur average annual losses equivalent to 22% 
of social spending. The comparable figure for rich countries is less than 2% (UNISDR 
2015a). Bigger economies have the capacity to absorb and replenish capital stocks and 
spend for social development after disasters strike.  
 
39. The PRC’s average annual loss of $31.9 billion is a mere 4% of social 
expenditure and less than 1% of its capital investments. By contrast, the Philippines’ 
average annual loss of $7.9 billion from disasters, mostly attributable to tropical 
cyclone risks, is equivalent to 69% of social expenditure and 14% of capital 
investments. Spending for the costs of future disasters in the Philippines will be a heavy 
drain on resources that should be going to education and health. The country also has 
the largest proportion of capital investment at risk from typhoons. For flood risks, 
Myanmar’s average annual loss exceeds its social expenditure. Small island states in the 
Pacific are in very precarious situations. Vanuatu’s average annual loss is equivalent to 
76% of its social expenditure and 30% of capital investments. 
 
 
 
   

 



 

CHAPTER 3 

Economic Benefits of 
Disaster Risk Reduction and 

Prevention 
 
 
 
 
40. Good vulnerability management can lighten increased threats from natural 
hazards. The greater incidence of extreme natural hazards and high exposure of 
populations should not lead to disasters. Investments to lessen vulnerability in the form 
of prevention strategies and DRR make economic sense. 
 
41. Governments recognize the increasing incidence of disasters. The response 
should be better investments in prevention and DRR. Protecting human and physical 
capital from disasters should be regarded as public service worthy of spending up to 
the recommended 1% –2% of national budgets (Darwanto 2012).  
 
42. Changing mindsets is necessary for disaster prevention to be treated as a 
priority. Disaster losses are still largely regarded as costs to be borne after hazards 
strike, and disasters as one-off events. Disaster management agencies in many 
countries rely on emergency funding, making disaster preparedness an underresourced 
investment.  
 
43. Preparing for disasters means spending more and better ahead of disasters, 
investing in DRR and adaptation, and building capacity for relief and recovery. By doing 
this, governments can manage vulnerabilities to protect development gains. Awareness 
of the need for better disaster prevention and risk reduction has not caught up with 
the actual risks. 
 
44. Between 1991 and 2010, global disaster losses reached $862.0 billion (Kellet 
and Caravani 2013). In the same period, $106.7 billion (or 3.6%) of the $3 trillion in 
official development assistance worldwide was allocated to disasters. Of the $106.7 
billion, $69.9 billion went to emergency response, $23.3 billion for reconstruction and 
rehabilitation, and $13.5 billion for disaster preparedness and prevention (Box 1). For 
every $100 of official development assistance, only $0.40 cents go to DRR. 
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Box 1: Investing in Disaster Preparedness: Case Study Curitiba 
 
Investing in disaster risk reduction will save lives, livelihoods, and infrastructure. Disaster 
resilience and prevention programs will sustain growth, and lead to economically vibrant cities 
and regions. Curitiba in Brazil is one of the greenest cities in the world, and making the city 
greener increased property values and tax revenues. Areas in Curitiba vulnerable to flooding 
were converted into parks and planted with trees. The city fixed its flooding problem through a 
combination of flood control and drainage measures, using artificial lakes to hold floodwaters. 
This strategy, including the cost of relocating slum dwellers, is estimated to be five times less 
expensive than building concrete canals.  
Source: Thomas, forthcoming. 

 
45. DRR is not the sole responsibility of governments and humanitarian and 
emergency agencies—it is also the responsibility of communities and individuals 
because no one is immune to disaster impacts. Margareta Wahlström, the head of 
United Nations Office for Disaster Risk Reduction, has argued that businesses need to 
see disasters as a risk to themselves—and therefore a core business interest.  
 
46. Strengthening the capacity of people, lifelines, and infrastructure to withstand 
and rapidly recover from a hazard will limit losses and disruptions—and can even 
prevent hazards from turning into disasters. Building disaster resilience, especially in 
countries highly vulnerable to the effects of climate change, should be a priority. 
 
47. Disaster management cycles can be divided into three equally important phases: 
pre-disaster, disaster relief, and reconstruction and recovery. Increased efforts must be 
done to prepare for disasters rather than reacting only after the event. It is important 
to mobilize funds, secure investments for DRR, and build capacities across institutions 
for disaster monitoring and response before disaster strikes.  
 
48. Bangladesh’s cyclone warning system is a good example of this. After Cyclone 
Bhola struck with wind speed of 200 kph, it killed several hundred thousand people in 
1970 and the country invested $10 billion on cyclone readiness. With equipped with 
early warning systems, disaster-resilient shelters, and embankment protection, the 
Cyclone Sidr in 2007 with wind speeds of 250 kph, caused a much lower death toll of 
10,000 (Thorlund and Potutan 2015). 
 
49. In the Philippines, the entire population of Tulang Diyot—a small island off 
mainland Cebu—was saved from Typhoon Haiyan by enforced preemptive evacuation. 
All the houses were damaged after Haiyan struck, however, all 1,000 inhabitants were 
saved (McElroy 2013). 
 
50. The early warning systems, resilient and accessible infrastructure for safe water, 
hospitals, and evacuation centers are among the most important investments identified. 
From across Asia to the Americas, lack of these lifelines are major causes of desperation 
and breakdowns in law and order that often follows climate-related disasters and 
earthquakes. Facilities vital to crisis response must be linked to networks that will not 
fail them. 
 
51. Seismic retrofitting of hospitals in Sendai, Japan, enabled these facilities to 
continue functioning after the 2011 Tohoku earthquake. Disaster-proofing hospitals, by 
one measure, adds less than a tenth to the cost of new hospitals, eliminating the need 
to rebuild that virtually doubles the initial cost. 
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52. Adverse impacts of geohazards can be minimized or mitigated. For example, 
raising the height of houses above flood levels—by putting them on pillars or using 
higher foundations—can enhance the resilience of residents and structures. In 
Bangladesh, a postflood housing reconstruction project introduced capping traditional 
earth plinths with cement-stabilized soil. This proved very effective in subsequent 
floods. Geohazard mapping and assessment is a priority for the Department of 
Environment and Natural Resources in the Philippines, and has been implemented by 
the Mines and Geosciences Bureau. It identifies communities at risk from the landslides 
and flash floods often triggered by seasonal typhoons and monsoons. 
 
53. Governments can underinvest when they do not think disasters are imminent. 
The urgency to act recedes because most governments and their bureaucracies can 
absorb the costs of disaster damage over time. As the memory of disasters fade, those 
affected by them in a specific area are not necessarily the ones who matter most when 
it comes to decision-making by authorities. The same attention will need to be paid to 
prevention and mitigation measures as to post disaster policies. 
 
54. The Sustainable Development Goals (SDGs) 7  demonstrate how DRR is 
interlinked with human well-being and development. Given how disasters push people 
into hardship and poverty, achieving SDG targets will be challenging for some countries 
if DRR is not prioritized. In the domain of the SDGs, underinvestment in DRR is not an 
option. 

 

                                                
7 The 17 SDGs, see https://sustainabledevelopment.un.org/sdgs 



 

CHAPTER 4 

A Low-Carbon Path for 
Better Quality Growth 

 
 
 
 
55. Globally, various actions across sectors are needed to curb GHG emissions. The 
call to action is spurred by the understanding that the severity of climate-related 
hazards is induced by human activity. The urgency is prompted by the realization that 
climate change is a reality today, and that postponing action any further would be an 
act of recklessness that the world cannot afford. Current understanding of events and 
developments show that low-carbon paths can be good for growth. Innovations in 
clean energy and energy efficiency should invite investments that can promote sector 
growth and employment. Opportunities exist for growth and environmental policies to 
support and reinforce each other. 
 
56. The Carbon Disclosure Project, an investor-led initiative that helps countries 
generate returns through carbon reducing and energy efficiency projects, asked 
companies from high-emitting industries to provide data on their emission reductions 
and investment returns on carbon reduction activities.8 Based on the performance of 
241 companies, which carried out carbon reduction activities, these generated an 
internal rate of return of 33.6%, while reducing emissions by 169 million metric tons of 
CO2 (Carbon Disclosure Project 2014).  
 
A. Carbon Taxes and Removing Fossil Fuel Subsidies 
 
57. Experts argue that the dual objective of climate mitigation and spurring 
economic growth can be achieved by imposing a price on CO2 emissions that reflects 
the burden it imposes on the environment.  
 
58. Emitters do not bear the costs of the damages caused by GHG emissions. 
Nicholas Stern, cochair of the New Climate Economy Report, described this as the 
largest market failure that the world has ever seen; and that carbon pricing, which 
corrects for this externality, is today’s “most urgent policy.” As such, energy prices 
should reflect the damage caused by emissions (Global Commission on the Economy 
and Climate 2015).  
 
59. Carbon taxes provide additional revenue and can help stimulate low-carbon 
development. A higher price of carbon will boost investments in low-carbon or carbon-
reducing technologies.  
 
60. Fossil fuel subsidies are estimated to be responsible for over a third of GHG 
emissions since the mid-1980s. If energy subsidies are removed, it is estimated that 

                                                
8 High-emitting industries have high average emissions, high emissions intensity, and account for 89% of 

corporate emissions reported to the Carbon Disclosure Program; they include energy, utilities, materials 
(chemical, metals, and mining), and industrials (airlines, air freight, and marine).  
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global CO2 emissions can be cut by more than 20%, and air pollution deaths reduced 
by more than half (Coady et al. 2015). 
 
61. Subsidies introduce inefficiencies and divert funds away from public 
investments in hospitals, schools, and cleaner energy. Globally, fossil fuel subsidies 
were estimated to be over $500 billion in 2013 (IEA 2014). This estimate rockets  
tenfold if the environmental damage from energy consumption is incorporated. 
Eliminating global post-tax fossil fuel subsidies in 2015 could raise government revenue 
by $2.9 trillion, equivalent to 3.6% of global GDP (Coady et al. 2015).  
 
62. Fossil fuel subsidies are regressive because they tend to benefit affluent 
segments of the population rather than the poor. A larger portion of subsidies will 
accrue to those with higher energy consumption levels, such as the urban middle 
classes with their vehicles and appliances. In Mexico, 80% of electricity subsidies for 
irrigation went to the richest 10% of farmers (Global Commission on the Economy and 
Climate 2014). 
 
63. Removing fossil fuel subsidies generally means higher energy prices. But the fall 
in oil prices which began in the second half of 2014 presents a rare opportunity to let 
go of these subsidies without the economic and political repercussions of high oil 
prices. India and Malaysia seized the opportunity and cut fossil fuel subsidies, while 
Indonesia entirely scrapped subsidies for petrol in January 2015. With this move, 
Indonesia will have some $16 billion in savings to spend on health, education, and 
infrastructure-spending which is expected to improve the country’s longer-term 
prospects. Malaysia went a step further by directly channeling its subsidy savings on 
cash transfer schemes for the poor. 
 
64. Poor households are hit hard when energy prices rise because energy comprises 
a large share of their spending. So, removing subsidies will have a bigger impact on 
meager budgets. For farmers, however, removing subsidies may raise the price of 
fertilizers and other agricultural inputs. Subsidy reforms should be accompanied by 
targeted pro-poor spending and cash transfer payments which will benefit poorer 
households more. 
 
B. Huge Savings from Energy Efficiency 
 
65. With an appropriate mix of policies and technology, energy efficiency can be a 
driver of lower fuel consumption resulting to, lower emissions, and huge savings on 
energy use which can help grow the economy. 
 
66. Globally, harmonizing and implementing the most stringent current minimum 
energy performance requirements for product energy efficiency will lower global final 
energy consumption by 9%, or 8,950 terawatt hours. This is equivalent to closing 165 
coal-fired power plants or taking 132 million cars off the road, and it would mean a 
20% reduction in GHG emissions compared to business as usual. Particulate matter 
formation and ozone depletion would also see a 20% reduction in both PM10 and 
chlorofluorocarbons emissions (Molenbroek et al. 2015). 
 
67. Energy efficiency improvements in 11 of the 29 member countries of the 
International Energy Agency contributed to savings of 1,336 million tons of oil 
equivalent in 2011.9 This is more than the 2011 consumption of the European Union 
                                                
9 The 11 countries are Australia, Denmark, Finland, France, Germany, Italy, Japan, the Netherlands, Sweden, 

the United Kingdom, and the United States. 
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and Asia, excluding the PRC (OECD-IEA 2014). These energy savings will free up 
resources and increase consumer spending in the wider economy.  
 
68. The energy efficiency industry itself will help propel growth. Energy efficiency 
has progressed steadily since 2005, and in 2012 over $300 billion was invested in 
energy efficiency—higher than in renewable energy in the same year and even higher 
than conventional coal, oil, and gas electricity. Energy service companies are growing 
and are worth $56 billion in Europe, $12 billion in the PRC, and $6.5 billion in the 
United States (Economist 2015).10 Harmonizing efficiency requirements will further spur 
investments in energy-efficiency innovation.  
 
69. Light-duty vehicles in non–Organisation for Economic Co-operation and 
Development countries present the biggest opportunity for this. Motivated by vehicle 
fuel economy standards, energy efficiency investments in vehicles are estimated to 
reach $80 billion annually and will save $40 to $190 billion in fuel costs (OECD-IEA 
2014). This push must also include heavy-duty vehicles, which have a growing share in 
freight energy consumption.  
 
70. Energy demand in the building sector is expected to double due to rising 
wealth, lifestyle changes, housing, and urbanization. This will raise the sector’s GHG 
emissions 50% to 150% by 2050 (IPCC 2014). With the long lifespans of buildings, the 
speedy adoption of very low-energy building codes and the retrofitting of building 
stocks will produce substantial energy savings by reducing emissions significantly. 
Retrofitting buildings can reduce heating and cooling energy use by 50% to 90%. 
 
C.  Transitioning to Renewable Energy 
 
71. With a quarter of global emissions coming from power supply, reducing the 
carbon intensity of electricity generation is a key element in mitigation. To limit CO2 

levels to 450 ppm, 80% of electricity will have to be supplied by clean fuels by 2050, 
and CO2 capture and storage will have to be used by all fossil fuel power generation by 
2100 (IPCC 2014). 
 
72. Annual investments in renewable energy have multiplied sixfold since 2004, 
demonstrating the business potential of renewables (Figure 5). Global investments in 
renewable energy rose 5% in 2015, setting a new record at $285.9 billion. The 
additional capacity of 118 gigawatts of renewables, excluding large hydro, was 53.6% 
of installed capacity in 2015. For the first time, capacity from renewable investments 
made up the majority of energy investments—and developing countries outdid 
developed countries in these investments. This was mostly due to investments made by 
the PRC of $130 billion, 36% of the global total (Frankfurt School-UNEP and BNEF 
2016). 
 
 
 
  

                                                
10 Energy service companies provide and install energy efficiency equipment and building refurbishment to 

final energy users to save energy.  
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73. The costs of generating electricity from renewables have fallen sharply since 
2009, such that levelized costs of electricity from solar photovoltaics and onshore wind 
in some regions can already compete with conventional coal plants. The global 
levelized cost of solar energy from crystalline silicon photovoltaics fell from $315 per 
megawatt-hour (MWh) in 2009 to $122 in 2015. The lowest cost was registered in a 
200 megawatt plant in Dubai at $58.50 per MWh. In the PRC, the levelized cost of 
onshore wind electricity at $77 per MWh is lower than that of combined-cycle gas 
turbine power at $113 per MWh, but still higher than coal-fired at $44 per MWh. 
Onshore wind electricity costs in Germany and the United Kingdom are now lower than 
both gas and coal (Frankfurt School-UNEP and BNEF 2016). 
 
74. The speed at which renewable plants are built is an advantage. Wind farms 
take 9 months to put up and solar parks can be built in just 3–6 months. Coal, gas, and 
nuclear plants take years to build. Countries needing to build additional capacity 
quickly should consider renewables. 
 
75. The growing concern over pollution and climate change makes renewables the 
better option (Box 2). As climate policies become broader and more potent, fossil fuel 
investments may run the risk of becoming stranded assets, and financing may even be 
more difficult given the climate policies of multilateral development banks (MDBs). 
 

Box 2. Promoting Renewable Energy Investments in the  
People’s Republic of China 

 
The People’s Republic of China stands out as an example of policy-led development in 
renewable energy that has created jobs, income, and revenue streams for nascent low-carbon 
industries. The country’s Renewable Energy Law offers discounted lending and preferential tax 
treatment for renewable energy projects. The law requires power grid operators to purchase 
resources only from renewable energy producers, and it subsidizes wind energy research and 
development after the government mandated the use of locally made wind turbines. The 
People’s Republic of China produces 45% of global solar photovoltaic cells, and is the world’s 
largest market for solar hot water.  
 
Source: Asian Development Bank Independent Evaluation Department. 

 

 
Source: Frankfurt School-UNEP and BNEF 2016. 
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D. Transportation 
 
76. Carbon emissions from road, marine, and aviation bunker fuel combustion have 
all grown by at least 60% since the 1990s, with road transport accounting for three-
quarters of transport emissions. A transformation of urban and rural transport systems 
is clearly needed. Low-carbon mass transport, a shift away from urban sprawls and the 
car culture, and well-planned compact cities need time and infrastructure investments. 
Making these investments will be good for the climate and contribute to economic 
efficiency and quality living. 
 
E. Low-Carbon Urbanization for Better Quality Urban Living 
 
77. Cities account for more than 70% of global GHG emissions and are central to 
climate change mitigation strategies (World Bank 2016). Low-carbon urban actions are 
estimated to generate savings totaling $16.6 trillion up to 2050. Urban mitigation 
actions can also reduce annual GHG emissions by 3.7 gigatons CO2 by 2030—14% of 
the 27 gigatons CO2 recommended reductions to limit warming by 2° Celsius (Global 
Commission on the Economy and Climate 2015).  
 
78. The positive impact of cities shifting to a low-carbon path will resonate beyond 
the borders of cities, although the cities themselves will gain the most. Schemes to 
make cities greener and more efficient will lead to healthier people, more resilient 
communities, and more inclusive development.  
 
79. Pollution in India is estimated to shorten the life expectancies of millions of its 
population; indeed, most deaths in India are from chronic respiratory diseases. India is 
home to 13 of the 20 most polluted cities in the world, and over 70% of India’s urban 
agglomerations fail air quality standards (WHO 2016).  
 
80. In the PRC, Beijing residents also suffer from the health impacts of high 
pollution levels, mostly from the use of coal and more vehicles on the road. Cities in the 
northern areas have been subjected to higher levels of total suspended particulates 
from coal for boilers for winter heating. The increased concentration of particulate 
shortens the life expectancy of some 500 million Chinese by 5.5 years (Chen et al. 2016). 
 
81. Cutting back on black carbon emissions will mean better air for local 
populations and a salutary effect on climate change. 
 
82. In Brazil, Curitiba has 25% lower GHG emissions per capita and 30% lower fuel 
consumption than the national average. Curitiba is one of the most affluent cities in 
the country and has the highest rate of public transport use (45% of journeys) and one 
of the lowest rates of urban air pollution. Per capita losses due to time spent in severe 
congestion is about 11 times less than in São Paulo and seven times less than in Rio de 
Janeiro (Global Commission on the Economy and Climate 2014).  
 
F. Sustainable Forest Management, Reducing Deforestation 
 
83. Deforestation accounts for 20%–24% of global GHG emissions from reduced 
carbon sink and releasing carbon dioxide to the atmosphere. Stabilizing global 
temperatures and climate systems will be practically impossible without reducing 
emissions from forests. Deforestation is also closely linked to flash floods and landslides. 
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84. Forests should be protected and nurtured. Sustainable forest management and 
reducing deforestation remain relevant efforts since forests continue to be threatened. 
Satellite data between 2000 and 2014 show that 2.53 million square kilometers of the 
world’s forests were lost over that period. This is bigger than Indonesia or five times 
the size of Thailand (Hansen et al. 2013). Brazil, Canada, Indonesia, the Russian 
Federation, and the United States had the biggest forest loss during 2000–2014, 
accounting for 60% of the global loss.  
 
85. Afforestation and reforestation, while laudable, are not stand-alone programs 
for climate change; in other words, they cannot offset increasing CO2 emissions from 
deforestation and fossil fuel. Based on a 2013 study, the reforestation of areas affected 
by land use would reduce atmospheric CO2 by 40–70 ppm by the end of the century. 
This reduction, however, is dwarfed by continued global deforestation, which is 
projected to increase CO2 levels by 130–290 ppm by 2100 (Mackey et al. 2013). 
 
86. Commercial agriculture is a major driver of deforestation, responsible for 40% 
of total forest clearing. Latin American forests are being cleared for soy fields and cattle 
ranches, and the tropical forests of Indonesia and Malaysia for palm oil plantations. In 
less-developed regions such as Africa, local and subsistence agriculture account for 
most forest clearing. In Canada, forests are cleared to make way for tar sands 
development. 
 
87. There should be no trade-off between environmental protection and economic 
activities. Evidence shows that a healthy natural resource base is necessary to sustain 
development gains. 
 
88. Forest ecosystems will be preserved and restored for as long as the true value 
of forest products and services are recognized and integrated into economic decisions. 
As long as this economic value is greater than that of alternative land uses, forest 
conversion can be discouraged. Establishing that land is worth more with trees than 
without is important. 
 
89. A forest management strategy that increases forest carbon stocks while 
producing a sustainable yield of timber could keep forests growing. In Thailand and 
Costa Rica, local communities increased incomes with improved natural resources 
management. In Africa, Asia, and Latin America, forest protection programs in which 
indigenous peoples were included reduced deforestation rates by two percentage 
points a year (ECG 2012). Giving local people a stake in forest conservation can 
simultaneously address forest protection and economic development. Some attribute 
the decline in deforestation in the Brazilian Amazon to property rights to the local 
communities. 
 
90. Restoring degraded lands is another option. Niger, one of the world’s poorest 
nations, offers a prime example of a land and tree tenure program supporting the 
regeneration of trees that benefited 4.5 million people by increasing food production, 
farmers' incomes, and creating new markets. Brazil and Indonesia recognize that they 
have vast tracks of degraded forest lands with the potential for restoration and reuse in 
creating agricultural jobs without clearing more forests. 
 
91. The United Nations program on reducing emissions from deforestation and 
degradation (REDD+) under the aegis of the organization’s Framework Convention on 
Climate Change puts a price on avoided deforestation. Developing countries 
implementing REDD+ need financial and technical assistance from more developed 
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countries. An investment of $30 billion a year in the REDD+ tropical forest conservation 
initiative can accelerate the global transition to green and sustainable growth. As of 
2014, REDD+ is backed by $6.27 billion (UNEP 2014). 
 
92. In Indonesia, large tracts of plantations and forests are burned to clear the way 
for paper and pulp, and palm oil plantations. This is having a dire effect on the region’s 
environment and climate. Every year, the pollution and haze from these fires cause 
illness, disrupt schools and businesses, and cancel flight schedules across the region. 
The worst case was in 1997 when 60,000 square kilometers of forests and peat lands 
were razed and burned. The Center for International Forest Research (2015) estimates 
this caused forestry and farming losses of $8.5 billion, while losses from short-term 
health impacts and tourism amounted to $4.5 billion. In 2015, about 500,000 cases of 
acute respiratory tract infections in Kalimantan and Sumatra were attributed to 
people’s exposure to smoke from burning forests (Lamb 2015). The hazardous air 
reaches as far as Kuala Lumpur in Malaysia, Phuket in Thailand, and Singapore. 
 
93. Policies to protect mangrove forests strengthen coastal areas against storms 
and sea surges, and are good for community livelihoods by maintaining breeding 
grounds for fisheries and providing sources of wood. 
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CHAPTER 5 

Knowledge–Action Gap 
 
 
 
 
94. There is a great divide between the knowledge on climate change, climate-
related disasters, and disaster science on the one side, and actions and policies on 
these issues on the other. Development work needs to start bridging the gap with 
smart actions and policies. 
 
95. It is vital to seize every opportunity to dispel ill-founded perceptions on the cost 
of climate action, exploit windows of opportunity to promote climate action, and to 
build on win–win options.  
 
A. Climate Change and the Growth–Development Agenda 
 
96. The absence of climate change implications in the economic calculus of 
decisions contributes to resistance in changing the mindset on the cost of climate 
action. While scientists project the economic impacts of runaway climate change, 
economists for the most part foresee economic growth rates unaffected by climate 
scenarios. Introducing climate change into growth models may present difficulties, 
especially with the levels of uncertainty involved. Some discussions underestimate 
climate change impacts on development scenarios and neglect the possibility of 
catastrophic climate outcomes. 
 
97. Uncertainties on the exact time when a hazard will occur, plus the erroneous 
assumption that the severe effects of climate change will not be felt in our lifetime, 
intensify the inertia on preventive climate actions. Under various scenarios, the sea level 
rise for 2081–2100 is projected to be in the range of 0.26 meters to 0.82 meters, due 
to increased ocean warming and loss of mass from glaciers and ice sheets (IPCC 2013). 
Though 2100 may seem far into the future, and less than a meter increase may seem 
small, it is likely that the increase in storm surges since the 1970s is already a result of 
rising sea levels (IPCC 2014).  
 
B. Preparing for Climate and Weather Extremes through Disaster Risk Reduction  
 
98. A low-carbon path leads to sustainable economic growth, a clean environment, 
and which results to higher quality of life. Considering the lasting effects of climate 
change, cleaner options in energy and transport, and shifting to a low-carbon growth 
trajectory is essential. Prevention and resilience building are smart investments and 
should not be viewed as superfluous costs. 
 
99. Urgent action is needed on two fronts: to reduce GHG emissions and to help 
countries prepare for a world of climate and weather extremes. Acting on disaster 
prevention will benefit countries, especially from the perspective of growth. Indeed, 
disaster risk management can be a profitable investment. 
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100. DRR and adaptation can help improve and protect agricultural productivity and 
hence growth. In urban settings, this can go hand in hand with resilience building, 
inducing growth through stronger and better-adapted city plans and infrastructure. 
Investing in the capacity for disaster preparedness and prevention can help ensure 
against economic losses. New York’s disaster preparedness and prevention efforts after 
Hurricane Sandy helped boost confidence among investors and businesses, leverage 
private investments, and induce growth. 
 
101. Indeed, it will be imprudent to wait for disasters to unfold rather than use DRR 
as a game changer for development plans and policies. A great deal of global 
manufacturing and other economic activities are in exceptionally hazard-prone and ill-
prepared areas. Natural disasters are taking a heavier toll on more densely populated, 
poorer, and more environmentally degraded areas. Another alarming trend is the 
increasing mortality and economic losses from smaller-scale and recurrent local 
disasters. 
 
102. Disaster prevention can complement traditional growth efforts by involving 
businesses and the research community to foster innovations and to make the disaster 
insurance market viable and profitable. The growth implications of working with 
disaster insurance companies and risk markets are gaining traction. The recognition is 
growing that managing endemic disaster risks leads to the development of disaster 
insurance markets, which could have a strong potential to catalyze other industry-wide 
investments or spur new economic activities. 
 
103. Climate response is in an economy’s own growth interest. Shifting to a low-
carbon path will lower future climate and disaster losses, lower future mitigation costs, 
and pave the way for more sustainable growth. Green and sustainable growth should 
not be the monopoly of high-income households and developed countries, especially 
when poorer communities and economies are hit harder by disasters. 
 
104. Patterns from 1991 show Germany successfully dissociating emissions from 
growth, as opposed to the global trend (BMUB 2015; Handrich et al. 2015; Morris and 
Pehnt 2015). Germany’s feed-in tariffs—government set price for renewable energy—
helped ensure positive returns on investments and long contracts, and local 
communities were encouraged to invest in renewables. By 2013, more than half of 
German investments in renewables were made by small investors and local 
cooperatives. With over 90% of the population supporting renewables, German 
political parties were swayed to promote the transition to a renewable-based economy.  
 
105. The policy shift to renewables led to the following economic benefits:  
(i) industries benefited from lower energy costs; (ii) energy-intensive industries invested 
in renewables; (iii) the trade balance improved because of less reliance on energy 
imports; (iv) the country was less vulnerable to fluctuations in the world fossil fuel 
market; (v) jobs in renewables increased; (vi) local communities investing in and earning 
from renewables strengthened local economies; and (vii) first-mover advantage in the 
global market with its development of high-value engineering technologies, skills, and 
services in energy efficiency and renewables. 
 
106. With wind and solar increasingly becoming cost-competitive, other countries 
may find it cheaper to invest in energy efficiency and renewable technology. For 
countries with more sunshine than Germany, solar energy will be much cheaper, by 
producing power as much as twice from the similar solar panels. 
 



24  Mitigating the Impacts of Climate Change and Natural Disasters for Better Quality Growth 
 

107. As countries restructure their economies to comply with sustainable and 
responsible practices, the misguided belief in a negative correlation between 
environmental care and economic growth begins to disappear. One demonstration of 
this is the establishment of marine sanctuaries and ending destructive dynamite and 
cyanide fishing in two islands in the Philippines, Apo and Sumilon, in an initiative of 
fishing communities, local governments, and a university. This resulted to an increase in 
catch and size and other economic benefits including tourism (White et al. 2006).  
 
108. Education plays an important role in bridging the disconnect between 
knowledge and action that hinders the switch to a green economy. The benefits of 
climate action and environmental protection do not accrue exclusively, directly, and 
linearly to those who act, but can spill across communities and national boundaries 
over time. Changing mindsets through education—about the physical repercussions of 
actions and, more importantly, toward sustainability and responsibility—can make a 
big difference in promoting a green economy. 
 
109. Current and future generations must change how they price their actions, and 
how they price the associated present and future impacts of climate change, natural 
hazards, and disasters. People have to see that the benefits of acting and investing 
early on in mitigation and adaptation outweigh the current costs, and realize how 
these costs will be many times greater in the future because of inaction today.  
 
C. Global and National Governance 
 
110. Climate action is a global responsibility, which can mean that it is nobody’s 
individual responsibility. This is a paramount example of the tragedy of the commons. 
Individual actions for individual gains produce small, seemingly harmless side effects, 
which add up to the detriment of all. Like the problems of overgrazing and overfishing 
which leave pastures and seas degraded and no longer fit to sustain cattle and fish, 
everybody can turn a blind eye to the deteriorating natural environment as they 
continue to reap the gains of high-carbon activities. Everybody can easily see 
themselves as hardly doing anything wrong, and can easily point to a neighbor who is 
doing more harm. In the end, nothing gets done to solve the problem. This is where 
governments and international agreements come in. 
 
111. The year 2015 was important in the field of international agreements in the 
areas of climate and disasters. The Sendai Framework for Disaster Risk Reduction 2015–
2030 was adopted during the Third United Nations World Conference on Disaster Risk 
Reduction in March 2015 in Sendai, Japan. This was built on the knowledge, lessons, 
and experiences of the earlier 10-year international DRR plan—the Hyogo Framework 
for Action 2005–2015—and its implementation. To substantially reduce disaster 
mortality, damages, and losses, the framework emphasizes the need to strengthen 
disaster risk governance, disaster preparedness, and resilience (UNISDR 2015a, 2015b).  
 
112. Take the examples of disaster-resilient malls and livelihood starter kits in 
helping to achieve this. A shopping mall in Cabanatuan City, Philippines, was designed 
to allow the lower basement parking area to act as a flood catchment. In 2015, during 
a typhoon that inundated 90% of the city, the mall design reduced flooding and served 
as a basin during the typhoon. Such a disaster-resilient mall costs 10% more to build, 
but this additional cost will be recovered in avoided losses from just one typhoon 
(UNISDR 2016). On the other hand, kitchenware, gas stoves, grocery items, and 
weighing scales were part of livelihood starter kits distributed in the aftermath of 
Typhoon Haiyan in the Philippines to help households start small businesses and 
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promote early recovery; beneficiaries reported profits two months after the disaster. 
These examples demonstrate viable business cases as well as the replicability of DRR 
interventions.  
 
113. The 2030 Agenda for Sustainable Development launched the SDGs to continue 
where the Millennium Development Goals left off. Of the SDG’s 17 goals, seven are 
closely or directly linked to climate change: clean water, clean energy, sustainable cities, 
responsible consumption and production, climate action, life below water, and life on 
land. The development of a science–policy interface intends to reduce the  
knowledge–action gap by forming appropriate frameworks for action to inform and 
enrich the decision-making process.  
 
114. The Paris agreement was adopted at the 21st Conference of the Parties of the 
United Nations Framework Convention on Climate Change in December 2015. The 
agreement aims to limit global temperature increase to 2° Celsius through nationally 
determined carbon-reduction contributions. Mitigation and adaptation efforts are 
expected from both developed and developing countries, with developed countries 
supporting the efforts of developing countries.11 The Paris agreement came into force 
on 4 November 2016, 30 days after the date on which at least 55 countries accounting 
for 55% of global GHG emissions submitted instruments of ratification. At the time of 
writing, 117 countries had ratified the agreement. 
 
115. In October 2016, an amendment to the Montreal Protocol was adopted by 197 
countries to phase down the use of hydrofluorocarbons as refrigerants, aerosols, 
aerosol propellants, solvents, and fire retardants by 80% over the next 30 years. This is 
estimated to avoid more than 80 billion metric tons of CO2 emissions by 2050, and so 
avert an increase in global warming of up to 0.5° Celsius by 2100 (US EDA 2016). 
Hydrofluorocarbons are potent GHGs with long atmospheric lifetimes for over 200 
years and high global warming potential (10,000 times more than CO2). 
 
116. Countries can benefit from unilateral climate action. Doing this will shield them 
from international politics and bureaucratic webs. In nonsymbolic terms, developing 
countries could take unilateral climate action without waiting for multilateral accords, 
especially when local and global gains overlap. And for all countries, taking unilateral 
action will enhance their standing in the international arena. 
 
117. In November 2014, the PRC and the United States made a joint agreement on 
climate change and clean energy. The PRC will increase the nonfossil fuel share of its 
energy mix to 20% and peak emissions by 2030; the United States will cut net 
emissions by 26%–28% below 2005 levels by 2025. Based on a 2015 study of the 
London School of Economics and Grantham Research Institute of 99 countries, climate 
action is beginning to show a very positive trend. There are now 75 countries plus the 
European Union which have national laws and policies to address climate mitigation; 
45 of these have economy-wide emission targets. 
 
118. All countries need to move toward a low-carbon and environmentally 
sustainable growth path through actions and cooperation. International and national 
governance will spur cooperation. Consistency of agreements is essential, with 
agreements that are mutually reinforcing being most beneficial. 

                                                
11 United Nations Framework Convention on Climate Change, Paris Agreement—Status of Ratification. 

http://unfccc.int/paris_agreement/items/9444.php (accessed 25 August 2016). Ratification entails 
government action that enables countries to be bound by the agreement, and this may require legislative 
action.  
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D. Politics of Climate Change 
 
119. Political leaders must understand that action on climate change and natural 
disasters is a call to protect natural capital as an investment and not as a cost, and 
doing so will not jeopardize economic growth. They need to know that competitive 
pressures will unleash new technological changes and create jobs, and realize that 
pressures to go green may soon become among the benchmarks of economic, social, 
and political strength.  
 
120. So, why do politicians continue to put off DRR measures in the face of 
increasing and intensifying climate-induced natural disasters? For one, DRR and 
prevention is not as newsworthy and politically eye-catching as disaster response, the 
provision of relief goods, and reconstruction. And the benefits of DRR and prevention 
are neither as tangible nor as easy to quantify as these. Also, the benefits of DRR and 
prevention may also accrue long after the expiry of the terms of current politicians, 
gaining them zero political mileage. 
 
121. Successful mitigation policies will have to pay attention to differences in the 
forms of resistance from different communities and different energy industries. By 
disaggregating the political dynamics of carbon mitigation policies, tax revenues (or a 
reduction in carbon subsidies) can be spent successfully in a targeted way to spur 
growth and address environmental issues.  
 
122. The idea of co-benefits of climate change seems to be gaining ground. Political 
acceptance of unpopular environmental programs can be enhanced by linking them 
with co-benefits such as better health, energy security, lower fuel bills, jobs, and 
disaster prevention. 
 
123.  These immediate issues can be folded into electoral campaigns and policies, 
rather than simply focusing on long-term and single-point issues like climate change. 
Comparisons of present costs and future gains could similarly be the foundation of 
reform and investment for climate mitigation. 
 
124. In the United States, energy efficiency measures were able to lower fuel bills by 
roughly $2,500 per capita, or some $800 billion in 2014 (American Council for an 
Energy-Efficient Economy 2015). This evidence should be easy to translate into a public 
concern and, eventually, policy. 
 
125. Outdoor air and water pollution in the PRC is costing the country some $100 
billion a year in health and nonhealth costs (World Bank 2007). Given the convergence 
of the demands of its citizens and a growth imperative, the government has scaled up 
investments in renewables, with new investments in wind and photovoltaics.  
 
126. The failure to mobilize support against fossil fuel subsidies clarifies political 
economy constraints in the sharpest way. Imposing carbon taxes on fossil fuels is 
administratively quick and easy to implement, but popular support is necessary. Some 
of the largest financial benefits from subsidies go to powerful industrial interests that 
lobby to defend them. For wealthy and middle-class households, subsidies help lower 
the cost of living, thus

 
generating a vocal and powerful constituency against a  

low-carbon policy.  
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127. Given the stance of rapidly industrializing countries such as the PRC and India, 
a global carbon tax seems a political nonstarter. Even Canada’s pro-environment 
government rejected a carbon tax. In 2014, Australia’s conservative government 
repealed the country’s carbon tax, a move that showed how economic concerns can 
overshadow and complicate efforts to combat climate change.  
 
128. An important first step is information and advocacy. Subsidy reforms can be 
accompanied by targeted pro-poor spending and cash transfer payments which will 
benefit poorer households more. Putting carbon revenues into sound economic 
investments and politically favorable uses can hasten acceptance of carbon taxes or the 
elimination of fossil fuel subsidies. The experience of Nordic countries suggests that 
well-implemented energy taxes can win public and political approval, particularly when 
carbon taxes are proclaimed to spur growth and catalyze investments.  
 
E. Leadership of Multilateral Development Banks 
 
129. Development organizations such as Asian Development Bank (ADB) and the 
World Bank, together with country partners, seek to foster economic and social 
progress. With the rising threat of climate change, the effectiveness of their work 
stands or falls on solutions that confront environmental threats. Without DRR, 
preparedness, and prevention, including climate adaptation and mitigation, their 
development agenda will suffer setbacks. Traditionally set up to do loans, MDBs need 
new and innovative instruments and approaches to address climate change. 
 
130. MDBs need to confront institutional and funding constraints in responding to 
the challenges of climate change and climate-related disasters. They can have stronger 
policies on climate change and more compelling leadership in climate action.  
 
131. MDBs need to mainstream climate change action into their operations. 
Together with regional and bilateral development organizations, they can do more to 
internalize climate change action into their decision-making. Disaster and climate risks 
can be incorporated in the design and implementation of regular investment 
operations. At the very least, they should climate-proof their own work.  
 
132. To this end, MDBs can: 
 

(i) strengthen their capacities to function as repositories of knowledge 
and best development practices by developing expertise in disaster risks 
and climate action, as well as in the assessment of policies in these 
areas;  

(ii) encourage countries to integrate climate change and disaster 
management into their development policies by supporting low-carbon 
strategies in developing member countries without waiting for 
international climate treaties, and helping inform policy on the social 
costs of fuel subsidies, the economic viability of renewables, and the 
market failures of fossil fuels; and 

(iii) play a more active role in coordinating regional climate action and 
initiatives for disaster resilience, as well as harmonizing standards and 
policies. 

 
133. Given its focus on infrastructure, and the susceptibility of Asia and the Pacific 
to the impacts of climate change and climate-related disasters, adopting a climate-
infrastructure strategy is a unique opportunity for ADB (Box 3). 
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134. Since 2011, MDBs have collectively committed over $100 billion to address 
climate change in developing and emerging economies. In 2015, ADB announced plans 
to double its annual climate finance from $3 billion to $6 billion by 2020, that make up 
30% of its overall financing. 
 
135. MDBs can leverage private finance for climate change, disaster risk 
management, and carbon markets. Through the wide range of financing instruments 
available to them, MDBs can effectively steer governments and the private sector 
toward basic efficiencies in energy production and use. 
 
136. Disaster risk financing can help reduce liquidity gaps that hamper the capacity 
of governments, households, and businesses to recover from disasters. Financial 
protection strategies include programs to increase the capacity of governments to 
respond to emergencies. 
  

Box 3: Leading Regional Role for ADB in Climate Action 
 

The implications of climate change for development in Asia and the Pacific are profound. The 
Asian Development Bank (ADB), with its special focus on infrastructure, is well-positioned to 
make a difference. To do so, ADB operations will need to pay special attention to the following 
considerations: 
 

(i) Climate threat. Asia has been hit disproportionately by climate-related 
floods, storms, heat waves, and droughts, which threaten growth. 

(ii) Asia’s responsibility. Asia contributes 45% to global greenhouse gas (GHG) 
emissions and its middle-income countries have a disproportionate share 
(relative to gross domestic product) of GHG emissions that underlie global 
warming. 

(iii) Sources of warming. The energy and transport sectors, which represent 
two-thirds of ADB’s lending, are responsible for two-thirds of global GHG 
emissions. 

(iv) ADB’s advantage. A stronger portfolio in climate-related investments in 
energy and transport than comparable organizations in the private and 
public sectors. 

(v) Regional response. ADB’s regional cooperation pillar provides an opening 
for regional climate actions.  

(vi) Middle-income countries. The majority of ADB clients are going to be 
middle-income countries, and their participation in ADB’s portfolio will find 
strong justification in climate actions. 

(vii) Financing leverage. With the availability of climate financing set to exceed 
its effective use, ADB has the chance to leverage these funds.  
 

Source: Asian Development Bank Independent Evaluation Department. 
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CHAPTER 6 

Leading Statements 
 
 
 
 

137. Human action. Climate-related disasters are becoming increasingly 
anthropogenic events, with human actions influencing not only exposure and 
vulnerability but also the hazards themselves, particularly through high-carbon 
activities. Human actions in climate mitigation and adaptation and disaster prevention 
are needed to reduce the costs of climate change and avoid major catastrophes. 
 
138. Urgent. The urgency to act is heightened by the observed effects of a warming 
world—intensifying climate-related hazards, shrinking glaciers, decreasing crop yields, 
and irreversible sea level rise from ice sheet loss. Once global warming reaches a 
tipping point, climate change then becomes a self-amplifying cycle.  
 
139. Doable. The 2015 New Climate Economy Report asserts that climate change 
can be overcome. The success of climate action depends on the consistency of policies 
and the scaling-up of actions through the involvement of developed and developing 
countries, governments, businesses, investors, and communities. 
 
140. Reeducation. Continuing reeducation on climate and disaster action must be 
boosted to correct wrong notions, transform mindsets, and overcome the resistance to 
change. 
 
141. Good growth. Efforts on reducing climate change must be top priority in the 
growth and development agenda. Adaptation and DRR are needed to secure 
development gains. Opportunities exist for growth policies and environmental policies 
to support and reinforce each other. 
 



30  Mitigating the Impacts of Climate Change and Natural Disasters for Better Quality Growth 
 

References 
 
American Council for an Energy-Efficient Economy. 2015. “Energy Efficiency Works: US 
Energy Use per Dollar Cut in Half in Last 35 Years.” News release, June 15. 
http://aceee.org/press/2015/06/energy-efficiency-works-us-energy. 
 
Baskin-Gerwitz, C. 2013. “The Rising Costs of Natural Disaster Insurance. American 

Security Project.” https://www.americansecurityproject.org/the-rising-costs-of-
natural-disaster-insurance/. 

 
BMUB (Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit/Federal 

Ministry for the Environment, Nature Conservation, Building and Nuclear 
Safety), Government of Germany. 2015. Climate Action in Figures. Berlin: 
Federal Ministry for the Environment, Nature Conservation, Building and 
Nuclear Safety. 

 
Carbon Disclosure Project. 2014. CDP Carbon Action. London: Carbon Disclosure 

Project.  
 
Center for International Forest Research. 2015. “Clearing the Smoke: The Causes and 

Consequences of Indonesian Forest Fires.” Blog, October 30. http://blog .cifor 
.org/37016 /clearing-the-smoke-the-causes-and-consequences-of-indonesias-
fires?fnl=en. 

 
Chen, Y., A. Ebenstein, M. Greenstone, and H. Li. 2013. “Evidence on the Impact of 

Sustained Exposure to Air Pollution on Life Expectancy from China’s Huai River 
Policy.” Proceedings of the National Academy of Science of the United States of 
America. 

 
Chen, M., R. Tomás, Z. Li, M. Motagh, T. Li, L. Hu, H. Gong, X. Li, J. Yu, and X. Gong. 

2016. “Imaging Land Subsidence Induced by Groundwater Extraction in Beijing 
(China) Using Satellite Radar Interferometry.” Remote Sensing 8 (6): 468.  

 
Coady, D., I. Parry, L. Sears, and B. Shang. 2015. “How Large Are Global Energy 

Subsidies?” IMF Working Paper 15/105. Washington, DC: International 
Monetary Fund. 

 
Cook, J., D. Nuccitelli, S. A. Green, M. Richardson, B. Winkler, R. Painting, R. Way, P. 

Jacobs, and A. Skuce. “Quantifying the Consensus on Anthropogenic Global 
Warming in the Scientific Literature.” Environmental Research Letters 8 (2). 

 
Coumou, D., and S. Rahmstorf. 2012. “A Decade of Weather Extremes.” Nature Climate 

Change (2): 491–96.  
 
Darwanto, H. 2012. “Preliminary Examination of Existing Methodologies for Allocating 

and Tracking National Government Budget for Disaster Risk Reduction in 
Indonesia. United Nations Office for Disaster Risk Reduction.” 
http://www.unisdr.org/files/32377_32377indonesiadraftdrr investmenttra .pdf. 

 

References 
 
 
American Council for an Energy-Efficient Economy. 2015. “Energy Efficiency Works: US 

Energy Use per Dollar Cut in Half in Last 35 Years.” News release, June 15. 
http://aceee.org/press/2015/06/energy-efficiency-works-us-energy.  

 
Baskin-Gerwitz, C. 2013. “The Rising Costs of Natural Disaster Insurance. American 

Security Project.” https://www.americansecurityproject.org/the-rising-costs-of-
natural-disaster-insurance/. 

 
BMUB (Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit/Federal 

Ministry for the Environment, Nature Conservation, Building and Nuclear 
Safety), Government of Germany. 2015. Climate Action in Figures. Berlin: 
Federal Ministry for the Environment, Nature Conservation, Building and 
Nuclear Safety. 

 
Carbon Disclosure Project. 2014. CDP Carbon Action. London: Carbon Disclosure 

Project.  
 
Center for International Forest Research. 2015. “Clearing the Smoke: The Causes and 

Consequences of Indonesian Forest Fires.” Blog, October 30. 
http://blog.cifor.org/37016/clearing-the-smoke-the-causes-and-consequences-
of-indonesias-fires?fnl=enhttp://blog.cifor.org/37016/clearing-the-smoke-the-
causes-and-consequences-of-indonesias-fires?fnl=en. 

 
Chen, Y., A. Ebenstein, M. Greenstone, and H. Li. 2013. “Evidence on the Impact of 

Sustained Exposure to Air Pollution on Life Expectancy from China’s Huai River 
Policy.” Proceedings of the National Academy of Science of the United States of 
America. 

 
Chen, M., R. Tomás, Z. Li, M. Motagh, T. Li, L. Hu, H. Gong, X. Li, J. Yu, and X. Gong. 

2016. “Imaging Land Subsidence Induced by Groundwater Extraction in Beijing 
(China) Using Satellite Radar Interferometry.” Remote Sensing 8 (6): 468.  

 
Coady, D., I. Parry, L. Sears, and B. Shang. 2015. “How Large Are Global Energy 

Subsidies?” IMF Working Paper 15/105. Washington, DC: International 
Monetary Fund. 

 
Cook, J., D. Nuccitelli, S. A. Green, M. Richardson, B. Winkler, R. Painting, R. Way, P. 

Jacobs, and A. Skuce. “Quantifying the Consensus on Anthropogenic Global 
Warming in the Scientific Literature.” Environmental Research Letters 8 (2). 

 
Coumou, D., and S. Rahmstorf. 2012. “A Decade of Weather Extremes.” Nature Climate 

Change (2): 491–96.  
 
Darwanto, H. 2012. “Preliminary Examination of Existing Methodologies for Allocating 

and Tracking National Government Budget for Disaster Risk Reduction in 
Indonesia. United Nations Office for Disaster Risk Reduction.” 
http://www.unisdr.org/files/32377_32377indonesiadraftdrr investmenttra.pdf  

 



References 31 

 

 

Economist. 2015. “The Biggest Innovation in Energy Is to Go Without.” January 17.  
ECG (Evaluation Cooperation Group), World Bank. 2010. “Ensuring Biodiversity in a 

Sustainable Future: Lessons from Evaluations.” ECG Briefing Note. Washington, 
DC: World Bank.  

 
Ferris, E., D. Petz, and C. Stark. 2013. The Year of Recurring Disasters: A Review of 

Natural Disasters in 2012. Washington, DC: Brookings Institution. 
 
Frankfurt School-UNEP Collaborating Centre for Climate and Sustainable Energy 

Finance, and Bloomberg New Energy Finance (BNEF). 2015. Global Trends in 
Renewable Energy Investment 2015. Frankfurt-am-Main: Frankfurt School–
UNEP and BNEF. 

 
———. 2016. Global Trends in Renewable Energy Investment 2016. Frankfurt-am-Main: 

Frankfurt School–UNEP and BNEF. 
 
Global Commission on the Economy and Climate. 2014. The New Climate Economy 

Report: Better Growth, Better Climate.  
https://www.unilever.com/Images/better-growth-better-climate-new-climate-
economy-global-report-september-2014_tcm244-425167_en.pdf.  

 
———. 2015. The 2015 New Climate Economy Report: Seizing the Global Opportunity. 

Washington, DC and London: Global Commission on the Economy and Climate. 
http://newclimateeconomy.Report/2015/wp-
content/uploads/sites/3/2014/08/NCE-2015_Seizing-the-Global-
Opportunity_web.pdf. 

 
Hallegatte, S., C. Green, R. J. Nicholls, and J. Corfee-Morlot. 2013. “Future Flood Losses 

in Major Coastal Cities.” Nature Climate Change Journal. 3:802–806.  
 
Handrich, Lars, Claudia Kemfert, Anselm Mattes, Ferdinand Pavel, and Thure Traber. 

2015. Turning point: Decoupling Greenhouse Gas Emissions from Economic 
Growth. Berlin: Heinrich-Böll-Stiftung. 

 
Hansen, M. C., P. V. Potapov, R. Moore, M. Hancher, S. A. Turubanova, A. Tyukavina, D. 

Thau, S. V. Stehman, S. J. Goetz, T. R. Loveland, A. Kommareddy, A. Egorov, L. 
Chini, C. O. Justice, and J. R. G. Townshend. 2013. Global Forest Watch. 
Accessed July 29, 2015. www.globalforest watch.org.  

 
IEA (International Energy Agency). 2014. World Energy Outlook. Paris: International 

Energy Agency. http://www.worldenergyoutlook.org /resources 
/energysubsidies/. 

 
IPCC. (Intergovernmental Panel on Climate Change). 2012. Managing the Risks of 

Extreme Events and Disasters to Advance Climate Change Adaptation. 
Cambridge, UK and New York: Cambridge University Press.  

 
———. 2013. Summary for Policymakers. In Climate Change 2013: The Physical Science 

Basis. Contribution of Working Group I to the Fifth Assessment Report of the 
IPCC. New York: Cambridge University Press.  

 

Economist. 2015. “The Biggest Innovation in Energy Is to Go Without.” January 17.  
 
ECG (Evaluation Cooperation Group), World Bank. 2010. “Ensuring Biodiversity in a 

Sustainable Future: Lessons from Evaluations.” ECG Briefing Note. Washington, 
DC: World Bank.  

 
Ferris, E., D. Petz, and C. Stark. 2013. The Year of Recurring Disasters: A Review of 

Natural Disasters in 2012. Washington, DC: Brookings Institution. 
 
Frankfurt School-UNEP Collaborating Centre for Climate and Sustainable Energy 

Finance, and Bloomberg New Energy Finance (BNEF). 2015. Global Trends in 
Renewable Energy Investment 2015. Frankfurt-am-Main: Frankfurt School–
UNEP and BNEF. 

 
———. 2016. Global Trends in Renewable Energy Investment 2016. Frankfurt-am-Main: 

Frankfurt School–UNEP and BNEF. 
 
Global Commission on the Economy and Climate. 2014. The New Climate Economy 

Report: Better Growth, Better Climate.  
https://www.unilever.com/Images/better-growth-better-climate-new-climate-
economy-global-report-september-2014_tcm244-425167_en.pdf.  

 
———. 2015. The 2015 New Climate Economy Report: Seizing the Global Opportunity. 

Washington, DC and London: Global Commission on the Economy and Climate. 
http://newclimateeconomy.Report/2015/wp-
content/uploads/sites/3/2014/08/NCE-2015_Seizing-the-Global-
Opportunity_web.pdf. 

 
Hallegatte, S., C. Green, R. J. Nicholls, and J. Corfee-Morlot. 2013. “Future Flood Losses 

in Major Coastal Cities.” Nature Climate Change Journal. 3:802–806.  
 
Handrich, Lars, Claudia Kemfert, Anselm Mattes, Ferdinand Pavel, and Thure Traber. 

2015. Turning point: Decoupling Greenhouse Gas Emissions from Economic 
Growth. Berlin: Heinrich-Böll-Stiftung. 

 
Hansen, M. C., P. V. Potapov, R. Moore, M. Hancher, S. A. Turubanova, A. Tyukavina, D. 

Thau, S. V. Stehman, S. J. Goetz, T. R. Loveland, A. Kommareddy, A. Egorov, L. 
Chini, C. O. Justice, and J. R. G. Townshend. 2013. Global Forest Watch. 
Accessed July 29, 2015. www.globalforestwatch.org.  

 
IEA (International Energy Agency). 2014. World Energy Outlook. Paris: International 

Energy Agency. http://www.worldenergyoutlook.org/resources/energysubsidies/   
 
IPCC. (Intergovernmental Panel on Climate Change). 2012. Managing the Risks of 

Extreme Events and Disasters to Advance Climate Change Adaptation. 
Cambridge, UK and New York: Cambridge University Press.  

 
———. 2013. Summary for Policymakers. In Climate Change 2013: The Physical Science 

Basis. Contribution of Working Group I to the Fifth Assessment Report of the 
IPCC. New York: Cambridge University Press.  

 



32  Mitigating the Impacts of Climate Change and Natural Disasters for Better Quality Growth 
 

———. 2014. Summary for Policymakers. In Climate Change 2014: Mitigation of 
Climate Change. Contribution of Working Group III to the Fifth Assessment Report of 
the IPCC. New York: Cambridge University Press.  
 
Internal Displacement Monitoring Centre. 2015. “Philippines IDP Figures Analysis.” 

http://www. internal-displacement.org/south-and-south-east-
asia/philippines/figures-analysis. 

 
Kellet, J., and A. Caravani. 2013. Financing Disaster Risk Reduction: A Twenty Year Story 

Of International Aid. Global Facility for Disaster Reduction and Recovery at the 
World Bank and the Overseas Development Institute. 

 
Lamb, K. 2015. “Indonesia's Fires Labelled a ‘Crime Against Humanity’ as 500,000 

Suffer.” The Guardian, October 26.  
 
Mackey, B., I. C. Prentice, W. Steffen, J. I. House, D. Lindenmayer, H. Keith, and S. Berry. 

2013. “Untangling the Confusion around Land Carbon Science and Climate 
Change Mitigation Policy.” Nature Climate Change 3:552–57. 

 
McElroy, A. 2013. “Evacuation Saves Whole Island from Typhoon Haiyan.” United 

Nations Office for Disaster Risk Reduction, November 15. 
http://www.unisdr.org/archive/35524. 

 
———. 2016. “Nargis Memory Spurs Resilience Training.” United Nations Office for 

Disaster Risk Reduction, February 8. https://www.unisdr.org/archive/47728. 
 
Molenbroek, E., M. Smith, N. Surmeli, S. Schimschar, P. Waide, J. Tait, and C. 

McAllister. 2015. Savings and Benefits of Global Regulations for Energy 
Efficient Products. Brussels: European Commission. 

 
Molnar, P., S. Fatichi, L. Gaal, J. Szolgay, and P. Burlando. 2015. “Storm Type Effects on 

Super Clausius–Clapeyron Scaling of Intense Rainstorm Properties with Air 
Temperature.” Hydrology and Earth System Sciences 19:1753–66. 

 
Morris, C., and M. Pehnt. 2015. The German Energiewende (Energy Transition). Berlin: 

Heinrich Boll Foundation. 
 
Munich Re. 2014. “Loss Events Worldwide 2013.” Munich Re NatCatSERVICE. 

https://www.munichre.com/site/touch-
naturalhazards/get/documents_E2037092764/mr 
/assetpool.shared/Documents/5_Touch/Natural%20Hazards/NatCatService/Annu
al%20Statistics/2013/MunichRe-Natcatservice-Naturaldisaster2013-Ordered-by-
Eco.pdf. 

———. 2015. “Loss Events Worldwide 1980–2014.” Munich Re NatCatSERVICE. 
https://www.munichre.com/site/touch-naturalhazards/get/documents_E-
567437233/mr/assetpool.shared/Documents/5_Touch/_NatCatService/Significan
t-Natural-Catastrophes/2014/10-costliest-events-ordered-by-overall-losses.pdf. 

 
NEDA (National Economic and Development Authority). 2013. Reconstruction 

Assistance on Yolanda. Pasig City, Philippines: National Economic and 
Development Authority. 

 

———. 2014. Summary for Policymakers. In Climate Change 2014: Mitigation of 
Climate Change. Contribution of Working Group III to the Fifth Assessment 
Report of the IPCC. New York: Cambridge University Press.  

 
Internal Displacement Monitoring Centre. 2015. “Philippines IDP Figures Analysis.” 

http://www.internal-displacement.org/south-and-south-east-
asia/philippines/figures-analysis. 

 
Kellet, J., and A. Caravani. 2013. Financing Disaster Risk Reduction: A Twenty Year Story 

Of International Aid. Global Facility for Disaster Reduction and Recovery at the 
World Bank and the Overseas Development Institute. 

 
Lamb, K. 2015. “Indonesia's Fires Labelled a ‘Crime Against Humanity’ as 500,000 

Suffer.” The Guardian, October 26.  
 
Mackey, B., I. C. Prentice, W. Steffen, J. I. House, D. Lindenmayer, H. Keith, and S. Berry. 

2013. “Untangling the Confusion around Land Carbon Science and Climate 
Change Mitigation Policy.” Nature Climate Change 3:552–57. 

 
McElroy, A. 2013. “Evacuation Saves Whole Island from Typhoon Haiyan.” United 

Nations Office for Disaster Risk Reduction, November 15. 
http://www.unisdr.org/archive/35524. 

 
———. 2016. “Nargis Memory Spurs Resilience Training.” United Nations Office for 

Disaster Risk Reduction, February 8. https://www.unisdr.org/archive/47728.  
 
Molenbroek, E., M. Smith, N. Surmeli, S. Schimschar, P. Waide, J. Tait, and C. 

McAllister. 2015. Savings and Benefits of Global Regulations for Energy 
Efficient Products. Brussels: European Commission. 

 
Molnar, P., S. Fatichi, L. Gaal, J. Szolgay, and P. Burlando. 2015. “Storm Type Effects on 

Super Clausius–Clapeyron Scaling of Intense Rainstorm Properties with Air 
Temperature.” Hydrology and Earth System Sciences 19:1753–66. 

 
Morris, C., and M. Pehnt. 2015. The German Energiewende (Energy Transition). Berlin: 

Heinrich Boll Foundation. 
 
Munich Re. 2014. “Loss Events Worldwide 2013.” Munich Re NatCatSERVICE. 

https://www.munichre.com/site/touch-
naturalhazards/get/documents_E2037092764/mr/assetpool.shared/Documents/
5_Touch/Natural%20Hazards/NatCatService/Annual%20Statistics/2013/MunichR
e-Natcatservice-Naturaldisaster2013-Ordered-by-Eco.pdf.  

 
———. 2015. “Loss Events Worldwide 1980–2014.” Munich Re NatCatSERVICE. 

https://www.munichre.com/site/touch-naturalhazards/get/documents_E-
567437233/mr/assetpool.shared/Documents/5_Touch/_NatCatService/Significan
t-Natural-Catastrophes/2014/10-costliest-events-ordered-by-overall-losses.pdf.  

 
NEDA (National Economic and Development Authority). 2013. Reconstruction 

Assistance on Yolanda. Pasig City, Philippines: National Economic and 
Development Authority. 

 



References 33 

 

 

NOAA (National Oceanic and Atmospheric Agency), National Centers for Environmental 
Information. 2016. “State of the Climate: Global Analysis for June 2016.” 
http://www.ncdc.noaa. gov/sotc/global /20 1606.  

 
NASA (National Aeronautics and Space Adminstration). “NASA, NOAA Analyses Reveal 

Record-Shattering Global Warm Temperatures in 2015.” 2016. News release, 
January 20. https://www.nasa.gov/press-release/nasa-noaa-analyses-reveal-
record-shattering-global-warm-temperatures-in-2015. 

 
Nuccitelli, D. 2014. “California Just Had Its Worst Drought in over 1200 Years, as 

Temperatures and Risks Rise.” The Guardian, December 8. 
 
O’Gorman, P.A. 2015. “Precipitation Extremes under Climate Change.” Current Climate 

Change Reports 1 (2): 49–59. 
 
OECD (Organisation for Economic Co-operation and Development) and IEA 

(International Energy Agency). 2014. Energy Efficiency Market Report 2014. 
Paris: OECD. http://www.oecd-ilibrary.org/energy /energy-efficiency-market-
report-2014_97894218260-en. 

 
Oreskes, N. 2004. “The Scientific Consensus on Climate Change.” Science 306 (5702).  
 
Prevention Web. 2015a. “Vanuatu: Disaster Preparedness Saved Lives.” UNDP News and 

Annoucements. Prevention Web. 
http://www.preventionweb.net/english/professional/news/v.php?id=44535&ut
m _sourc20. 

 
Prevention Web. 2015b. “India’s Heatwave a Lesson for Sendai Framework.” Prevention 

Web. 
http://www.preventionweb.net/english/professional/news/v.php?id=44814.  

 
Rahmstorf, S., and D. Coumou. 2011. “Increase of Extreme Events in a Warming 

World.” Proceedings of National Academy of Sciences of the United States of 
America 108 (44): 17905–9. 

 
Thai Meteorological Department. 2012. “Annual Weather Summary of Thailand in 

2011.”  
http://www.tmd .go.th/programs/uploads/yearlySummary/Annual2011_up.pdf. 

 
Thomas, V. 2017. “Climate Change and Natural Disasters: Transforming Economies and 

Policies for a Sustainable Future.” Asian Development Bank. (forthcoming) 
 
Thorlund, A., and Gerry Potutan. 2015. “Bangladesh Forges Ahead on Recovery.” 

United Nations Office for Disaster Risk Reduction. 
http://www.unisdr.org/archive/44888. 

 
UNEP (United Nations Environment Programme). 2011. “Drought, Fire and 

Deforestation in the Amazon: Feedbacks, Uncertainty and the Precautionary 
Approach.” UNEP Global Environmental Alert Service. 
http://www.unep.org/GEAS/.  

 
———. 2014. Building Natural Capital: How REDD+ Can Support a Green Economy. 

Summary Report, UNEP International Resource Panel. Nairobi: UNEP. 

NOAA (National Oceanic and Atmospheric Agency), National Centers for Environmental 
Information. 2016. “State of the Climate: Global Analysis for June 2016.” 
https://www.ncdc.noaa.gov/sotc/global/201606.  

 
NASA (National Aeronautics and Space Adminstration). “NASA, NOAA Analyses Reveal 

Record-Shattering Global Warm Temperatures in 2015.” 2016. News release, 
January 20. https://www.nasa.gov/press-release/nasa-noaa-analyses-reveal-
record-shattering-global-warm-temperatures-in-2015.  

 
Nuccitelli, D. 2014. “California Just Had Its Worst Drought in over 1200 Years, as 

Temperatures and Risks Rise.” The Guardian, December 8. 
 
O’Gorman, P.A. 2015. “Precipitation Extremes under Climate Change.” Current Climate 

Change Reports 1 (2): 49–59. 
 
OECD (Organisation for Economic Co-operation and Development) and IEA 

(International Energy Agency). 2014. Energy Efficiency Market Report 2014. 
Paris: OECD. http://www.oecd.org/publications/energy-efficiency-market-report-
2014-9789264218260-en.htm. 

 
Oreskes, N. 2004. “The Scientific Consensus on Climate Change.” Science 306 (5702).  
 
Prevention Web. 2015a. “Vanuatu: Disaster Preparedness Saved Lives.” UNDP News and 

Annoucements. Prevention Web. 
http://www.preventionweb.net/news/view/44535  

 
Prevention Web. 2015b. “India’s Heatwave a Lesson for Sendai Framework.” Prevention 

Web. 
http://www.preventionweb.net/english/professional/news/v.php?id=44814.  

 
Rahmstorf, S., and D. Coumou. 2011. “Increase of Extreme Events in a Warming 

World.” Proceedings of National Academy of Sciences of the United States of 
America 108 (44): 17905–9. 

 
Thai Meteorological Department. 2012. “Annual Weather Summary of Thailand in 

2011.” 
https://www.tmd.go.th/programs/uploads/yearlySummary/Annual2011_up.pdf. 

 
Thomas, V. 2017. “Climate Change and Natural Disasters: Transforming Economies and 

Policies for a Sustainable Future.” Asian Development Bank. (forthcoming) 
 
Thorlund, A., and Gerry Potutan. 2015. “Bangladesh Forges Ahead on Recovery.” 

United Nations Office for Disaster Risk Reduction. 
http://www.unisdr.org/archive/44888.  

 
UNEP (United Nations Environment Programme). 2011. “Drought, Fire and 

Deforestation in the Amazon: Feedbacks, Uncertainty and the Precautionary 
Approach.” UNEP Global Environmental Alert Service. 
http://www.unep.org/GEAS/.   

 
———. 2014. Building Natural Capital: How REDD+ Can Support a Green Economy. 

Summary Report, UNEP International Resource Panel. Nairobi: UNEP. 
 



34  Mitigating the Impacts of Climate Change and Natural Disasters for Better Quality Growth 
 

 
UNESCAP (United Nations Economic and Social Commission for Asia and the Pacific). 

2014. Statistical Yearbook for Asia and the Pacific 2014. Bangkok: UNESCAP. 
 
UNISDR (United Nations International Strategy for Disaster Reduction). 2015a. Global 

Assessment Report on Disaster Risk Reduction 2015. Making Development 
Sustainable: The Future of Disaster Risk Management. Geneva: UNISDR.  

 
———. 2015b. Sendai Framework for Disaster Risk Reduction 2015–2030. Sendai, 

Japan: UNISDR. 
 
———. 2016. Philippines: “The Case of SM City Cabanatuan Mall. ARISE Case Studies in 

Disaster Risk Management.” 
http://www.unisdr.org/we/inform/publications/49457. 

 
Verisk Maplecroft. 2016. “Risk Resilience Reputation: Natural Hazards: Reducing 

Vulnerability: Is Economic Development Enough? Introducing Verisk 
Maplecroft’s Natural Hazard Dataset.” https://maplecroft.com/portfolio/new-
analysis/2016/03/23/natural-hazards-14bn-people-face-severe-risks-south-asia-
region-struggles-build-resilience/. 

 
Webster, P. J., G. J. Holland, J. A. Curry, and H.-R. Chang. 2005. “Changes in Tropical 

Cyclone Number, Duration, and Intensity in a Warming Environment.” Science 
309 (5742): 1844–46. http:// science 
.sciencemag.org/content/309/5742/1844.full.  

 
White, A., E. Deguit, W. Jatulan, and L. Eisma-Osorio. 2006. “Integrated Coastal 

Management in Philippine Local Governance: Evolution and Beliefs.” Coast 
Management 34:287–302.  

 
World Meterological Organisation (WMO). 2006. “Statement on Tropical Cyclones and 

Climate Change.” Sixth WMO International Workshop On Tropical Cyclones. 
San Jose, Costa Rica. 

 
World Bank. 2007. Cost of Pollution in China: Economic Estimates of Physical Damages. 

Washington, DC: World Bank. 
 
———.2016.“UrbanDevelopment.” 

http://www.worldbank.org/en/topic/urbandevelopment/overview#1. 
 
World Bank and GFDRR (Global Facility for Disaster Reduction and Recovery). 2012. Thai 

Flood 2011: Rapid Assessment for Resilient Recovery and Reconstruction 
Planning. Bangkok: World Bank.  

 
WHO (World Health Organization). 2016. WHO Global Urban Ambient Air Pollution 
Database. Accessed December 9. 
http://www.who.int/phe/health_topics/outdoorair/databases/cities/en/. 

UNESCAP (United Nations Economic and Social Commission for Asia and the Pacific). 
2014. Statistical Yearbook for Asia and the Pacific 2014. Bangkok: UNESCAP. 

 
UNISDR (United Nations International Strategy for Disaster Reduction). 2015a. Global 

Assessment Report on Disaster Risk Reduction 2015. Making Development 
Sustainable: The Future of Disaster Risk Management. Geneva: UNISDR.  

 
———. 2015b. Sendai Framework for Disaster Risk Reduction 2015–2030. Sendai, 

Japan: UNISDR. 
 
———. 2016. Philippines: “The Case of SM City Cabanatuan Mall. ARISE Case Studies in 

Disaster Risk Management.” 
http://www.unisdr.org/we/inform/publications/49457.    

 
Verisk Maplecroft. 2016. “Risk Resilience Reputation: Natural Hazards: Reducing 

Vulnerability: Is Economic Development Enough? Introducing Verisk 
Maplecroft’s Natural Hazard Dataset.” https://maplecroft.com/portfolio/new-
analysis/2016/03/23/natural-hazards-14bn-people-face-severe-risks-south-asia-
region-struggles-build-resilience/.   

 
Webster, P. J., G. J. Holland, J. A. Curry, and H.-R. Chang. 2005. “Changes in Tropical 

Cyclone Number, Duration, and Intensity in a Warming Environment.” Science 
309 (5742): 1844–46. http://science.sciencemag.org/content/309/5742/1844  

 
White, A., E. Deguit, W. Jatulan, and L. Eisma-Osorio. 2006. “Integrated Coastal 

Management in Philippine Local Governance: Evolution and Beliefs.” Coast 
Management 34:287–302.  

 
World Meterological Organisation (WMO). 2006. “Statement on Tropical Cyclones and 

Climate Change.” Sixth WMO International Workshop On Tropical Cyclones. 
San Jose, Costa Rica. 

 
World Bank. 2007. Cost of Pollution in China: Economic Estimates of Physical Damages. 

Washington, DC: World Bank. 
 
———.2016.“UrbanDevelopment.” 

http://www.worldbank.org/en/topic/urbandevelopment/overview#1.  
 
World Bank and GFDRR (Global Facility for Disaster Reduction and Recovery). 2012. Thai 

Flood 2011: Rapid Assessment for Resilient Recovery and Reconstruction 
Planning. Bangkok: World Bank.  

 
WHO (World Health Organization). 2016. WHO Global Urban Ambient Air Pollution 

Database. Accessed December 9. 
http://www.who.int/phe/health_topics/outdoorair/databases/cities/en/.  

 


