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Background 
 Natural hazards may well increase in both frequency and 

intensity under projected climate change and their impacts 
enhanced because of anthropogenic activities. 

 Agricultural sector is highly vulnerable to climate change and 
climate variability. 

Source: EM-DAT: The OFDA/CRED International Disaster Database. 

Presenter
Presentation Notes
The agricultural sector is highly vulnerable to climate change and climate variability.Many of these natural hazards may well increase in both frequency and intensity under projected climate change and their impacts enhanced because of anthropogenic activities.According to the International Disaster Database (EM-DAT),� during the 100-year history, the number of natural disasters reported has increased dramatically since 1970's. (Figure 1) The EM-DAT distinguishes two generic categories for disasters: natural and technological.註腳1：EM-DAT is jointly supported by the USAID, WHO and Université catholique de Louvain and compiled from various sources, including UN agencies, non-governmental organizations, insurance companies, research institutes and press agencies. See www.emdat.be for details.



Number of people affected by natural disasters 
I. By Types   II. By Regions  

 floods, droughts and storms 
are top three and growing 
rapidly since 1980‘s 

 Asia increases much more 
dramatically than others. 

Source: EM-DAT: The OFDA/CRED International Disaster Database. 
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二個角度檢視的統計圖都採用 將原始數據以平方根(square rooted)進行變數變換後，讓資料分佈偏態情況加以常態化後的統計圖。If we compare the number of people affected by climate-related natural disasters (i.e., excluding the biological ones), floods, droughts and storms are the top three among the 12 types and growing rapidly since 1980‘s. (圖2)From regional perspective, the number of affected in Asia increases much more dramatically than those in other continents. (圖3)Tropical cyclones, typhoons, earthquakes, tsunamis, torrential rains, and other geological and environmental hazards have had major impacts on farming and fishing activities as well as the entire food systems. (第一段第二句話)補充:The EM-DAT distinguishes two generic categories for disasters: natural and technological.  The natural disaster group is further divided in 5 sub-groups: �biological, geophysical, climatological, hydrological and meteorological which in turn covers 12 disaster types.



Top 10 by number of reported events , 2010 
 APEC account for the majority attacked frequently 
 Hydrological disaster was the most prominent type.   

 

Source: Guha-Sapir D, Vos F, Below R, with Ponserre S. Annual Disaster Statistical Review 2010: The Numbers and Trends. Brussels: CRED; 2011. 
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If we look at country profiles in 2010 as shown in Figure 4, �APEC member economies account for the majority of countries attacked frequently by natural disasters.  Hydrological disaster was the most prominent type in 2010, followed by meteorological disasters.  Both inland and coastal areas are particularly vulnerable to freshwater flooding �if the residents and local communities are not well prepared. (Rappaport, 2006)  Standing water can cause the spread of infectious diseases, �and transportation or communications infrastructure may have been destroyed, hampering clean-up and rescue efforts.  The wet environment in the aftermath of a hydrological disaster, �combined with the destruction of sanitation facilities and a warm tropical climate, �can induce secondary health hazards to both human and animals which claim lives and incur large economic losses long after the storm passes. 



Occurrence of landslide incidence  
in APEC region from 1950 to 2010 

 Occurrence of wet landslides significantly out numbers dry ones 

 Frequency of wet landslides appears to be increasing over time. 

Source: EM-DAT: The OFDA/CRED International Disaster Database. 
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In mountain areas in the APEC region, the storm activity often produces intensive rainfall,� resulting in disastrous mudslides and landslides events.  Historical data shows that, in the APEC region, �the occurrence of wet landslides significantly outnumbers dry ones and, �the frequency of wet landslides appears to be increasing over time. The recorded incidence of death as a result of wet landslides in the APEC region indicate an upward trend over the past 5 decades, �ranging from over 850 deaths in 1950s to nearly 3800 ones in the first decade of the 21 century.  本頁PPT:Chou (2011) compares the occurrences of landslide disasters across five sub-regions in APEC during 1950-2010 in six periods of time.  It is consistently observed over time that South East Asia and East Asia experienced majority of this type of disasters.  The soil losses and resultant decrease in agricultural productivity have contributed to chronic poverty of the rural population dependent on agriculture for livelihood and reinforced higher vulnerability for people living in the hydro-meteorological hazard areas.



Economic Losses in 1990-2010 
 Asia and the America suffered more losses 
 Storms and floods  
 took a share of more than 50%  
 were responsible for the majority of damages in the Americas. 

Source: EM-DAT: The OFDA/CRED International Disaster Database. 

Flood 

Storm 

Presenter
Presentation Notes
Nevertheless, the mortality risk associated with major weather -related hazards is now declining globally, including Asia-Pacific region where most of the risk is concentrated.  According to GAR (2011), since the 1970 the frequency of tropical cyclones has not increased, but 'at risk population' has grown rapidly with physical exposures almost tripling.  The most recent statistics in the EM-DAT also indicate that in Asia the percentage share of hydrological disasters increased from 51.2% for the period 2000-2009 to 60.4% in 2010 and these disasters remained the most frequent ones in this region in 2010. Figure 6 compares the economic losses across different continents in recent 20 years.  Asia and the America suffered more losses than the other three continents.  Storms and floods took a share of more than 50% and were responsible for the majority of damages in the Americas.  Appendix Tables 1 and 2 provide 20-year summary statistics of the occurrences and effects of storms and floods in which more detailed regional comparison can be drawn.



The Impacts of Monsoon 

   - The 2011 Thailand Flood  

Presenter
Presentation Notes
High exposure to hydro-climatic risks is expected to cause selected areas to experience losses in agricultural productivity primarily due to crop and livestock yield losses. During times of shortages and higher food prices, circumstances are expected to aggravate with climate anomalies.  Due to continuous and heavy rainfall since the mid-May in 2011, Thailand has been hit by the severest flood in past 50 years. According to the official report, the heavy rainfall was mainly caused by consequent southwest monsoon, tropical depression Haima and Nock-ten. The estimated accumulative rainfall level was up to 1822.4 millimeters since January to October, which is 28 percent above the normal, the average accumulative rainfall from year 1971-2000.“Rainfall and severe flooding over Thailand in 2011.” Thai Meteorological Department, 2011. http://www.tmd.go.th 



The 2-metre-high inundation 
has affected the Rangsit 
campus of Thammasat, 

north of Bangkok. 

The 2011 Thailand Flood 

A United States Navy helicopter 
surveys flooded areas in the 

outskirts of Bangkok. 

Photos Source: Wikipedia website, the free encyclopedia 
(http://en.wikipedia.org/wiki/File:2011-10-24_Thammasat_University_Inundation_(006).jpg and 
http://en.wikipedia.org/wiki/File:Helicopter_survey_of_flooding_in_suburban_Greater_Bangkok,_22_October_2011.jpg ). 
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High exposure to hydro-climatic risks is expected to cause selected areas to experience losses in agricultural productivity primarily due to crop and livestock yield losses. During times of shortages and higher food prices, circumstances are expected to aggravate with climate anomalies. Due to continuous and heavy rainfall since the mid-May in 2011, Thailand has been hit by the severest flood in past 50 years. According to the official report, the heavy rainfall was mainly caused by consequent southwest monsoon, tropical depression Haima and Nock-ten.The estimated accumulative rainfall level was up to 1822.4 millimeters since January to October, which is 28 percent above the normal, the average accumulative rainfall from year 1971-2000.
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The 2011 Thailand Flood 
Monthly rainfall amount over 
Thailand from Jan.-Oct. 2011 Observed flooding 

area in Thailand 
 18-67 millimeters of rainfall amount 

above the normal amount from May 
to October. 
 

 The flooding areas mostly 
occurred in northeastern 
and central province 

Data Source: Thai Meteorological Department 
Photo Source: Esri, 
http://www.esri.com/services/disaster-
response/floods/index.html, Oct 2011. 
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Twenty-eight of 76 provinces have been affected by this severe flood. Compared to same period of last year, there has been 18-67 millimeters of rainfall amount above the normal amount from May to October (Figure 7). The flooding areas can be illustrated in Figure 8, the white line stand for the flooding areas, which mostly occurred in northeastern and central provinces . By the end of October, this flooding event has caused at least 600 deaths and affected about 17100 km2 of farming area.

http://www.esri.com/services/disaster-response/floods/index.html�
http://www.esri.com/services/disaster-response/floods/index.html�


World Rice Export Countries 
Share of rice exported from 
major economies 

World top 10 milled rice  
exporters  

 Thailand is the largest exporter 
of rice 

  
 

2008  2009  2010 
Economy Exports* %** Economy Exports* %**  Economy Exports* %** 

 Thailand 10,011 33.6  Thailand 8,570 29.2  Thailand 9,047 28.6 
 Vietnam 4,649 15.6  Vietnam 5,950 20.3  Vietnam 6,734 21.3 
 India 3,383 11.4  Pakistan 3,187 10.9  Pakistan 4,000 12.7 
 USA 3,267 11.0  US 3,017 10.3  USA 3,856 12.2 
 Pakistan 3,050 10.2  India 2,123 7.2  India 2,052 6.5 
 China 969 3.3  Burma 1,052 3.6  Cambodia 1,000 3.2 
 Egypt 750 2.5  Uruguay 926 3.2  Uruguay 808 2.6 
 Uruguay 742 2.5  Cambodia 800 2.7  China 619 2.0 
 Burma 541 1.8  China 783 2.7  Egypt 570 1.8 
 Brazil 511 1.7  Argentina 594 2.0  Argentina 468 1.5 

 

Source: United States Department of Agriculture, Rice Yearbook 2011. 

Source: USDA, Rice Yearbook 2011. 
*1000 tons 
**the percentage=the exports of each economy/the world total*100% 
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右圖: As Figure 10 (The share of rice exported from major economies to the world total)shows,� Thailand has occupied the highest percentage of rice export among the Asia-Pacific Region and the world. The peak of rice exported came in year 2004 and then had a slight decrease. 右圖: Thailand is the largest exporter of rice.  In recent five years, the share of rice exported from Thailand to that from the world is about 30 percent.Viet Nam ranks the second with about 20 percent share.  The share of Unites States and Pakistan fluctuates between 10 to 15 percent.  India and China account for less than 10 percent of the market share.In 2008, the milled rice exported from Thailand was 10,011 thousand tons, 33.6% to the rice export from the world.省略表2未貼: To examine the major rice export markets of Thailand,� Table 2 exhibits the top 10 rice importers from Thailand. It is observed that Asia-Pacific region is the largest market of Thai rice especially for Asia economies. From 2008-2010, although United States imported the most rice from Thailand, Asia economies such as China, Malaysia and Japan still accounted for most of Thailand rice export. 



World Rice Trade from Jan. 2010- Oct. 2011 
Rice import volume 

Rice export volume of Thailand  

 Import volume 
increase from 205 
tons to 1,459 tons 
since July 2011 

 Decline in Thailand 
rice export came in 
Aug. and Sep. 

Data Source: Agricultural statistics, Office of Agricultural Economics, Thailand 
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Because most regions count on the rice from Thailand,� it is important to analyze the potential impacts of this flood on agriculture in Thailand and other regions. To measure the food security, the supply and availability of food may be the two major indicators and can be observed from the food production and the trend of price variation (del Ninno and Dorosh, 2001). Jasmine rice and white rice are the two species of rice primarily cultivated in Thailand. 左圖：Since July 2011, as exhibited in Figure 11, the rice import,� very small in volume, has been increasing from 205 tons to 1,459 tons, which was 1.9 times of the total last year. At the same time, because reduction in rice production, Thailand has cut its rice export since the flood. 右圖：As shown in Figure 12, although obvious growth since this January, a sharp decline in rice export came in August and September can be observed.  The rice exported this October was about 86% to that of last October.  As shown in Table 2, the reduced rice export from Thailand may affect the rice availability of most Asia-Pacific region especially in United States, the Philippines and China.



Monthly farm gate, export, import price  
2010-2011. 

Source: Office of Agricultural Economics, Thailand. Agricultural statistics, http://www.oae.go.th/oae_report/export_import/import.php. 
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According to Figure 9, it is observed that the farm gate price of the both kinds of rice was stable even after the flood. However, since the flood started in May, the rice import price has shown a decrease in June but then surged up to 40,754.65 Baht per ton in July.  After August, the import price was about 32,200 Baht per ton. This may caused by the higher demand of rice in Thailand domestic market. Because the flood has affected the rice production, high domestic demands lead to increasing rice import. To sum up, the severe flood in Thailand has reflected to some extent its impacts through import and export markets. According to the FAO estimates, about 1.6 million hectares, or 12.5% the total rice farmland has been damaged in Thailand alone. The Ministry of Commerce in Thailand issued a warning in mid-October, before the worsening flood situation, that there could be a possibility of a rice shortage later in the year with 5-6 million tons of rice lost to the floods, and an additional 35 warehouses and rice mills devastated. In Cambodia, 12% of paddy fields have also been destroyed, with another 7.5% in Laos, 6% in the Philippines and 0.4% in Vietnam.  The affected farming area may lead to low agricultural production and export.  If so, economies that reply on Thai exports will be likely to face food unavailability in the coming months.  However, rice importing countries usually keep a stockpile of 2 to 3 months consumption and good harvest from various alternative sources like India and the Unites States have prevented the rice price from rising. Now the flood is receding, and the Thailand government has designed some adjustment plans which include  “The Agriculture Ministry adjusts its 6-month plan to cope with agricultural disaster situation during April - September 2010, through keeping an eye on delayed raining, flooding and pandemic crop pests.”  Factors that impact food security after similar hazards and related response strategies will be critical to address the forthcoming food price problems for the entire Asian Pacific region. Mahtani S., "Fears of Food Shortage Rise with Thai Floods", Wall Street Journal , October 25, 2011.News in April 2010, Ministry of Agriculture and Cooperatives, Thailand, http://eng.moac.go.th/ewt_news.php?nid=100&filename=index .
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The Impact of ENSO on agriculture 

 The El Niño Southern Oscillation (ENSO) is 
another pervasive climate phenomenon associated 
with regional variations in climate 

 The Case of Rice 
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The El Niño Southern Oscillation (ENSO) is another pervasive climate phenomenon that has been found to be associated with regional variations in climate. Changes in the thermal profile of ocean currents alter wind, sea surface temperature, and precipitation patterns in the tropical Pacific, and drive climatic effects throughout much of the world (IPCC, 2001).  ENSO is comprised of three phases, a warm-El Niño, a cold-La Niña, and a Neutral phase.  The most pronounced ENSO anomalies appear in the monsoon-Pacific trade wind regions.  During a warm episode, parts of this region, as well as the northeast Pacific subtropics, are plagued by drought, while abnormally heavy rainfall occurs over the eastern equatorial Pacific (Rasmusson, 1989). 



Increasing strength and frequency of ENSO 

 Enhance the variability of precipitation and stream flow in many 
ENSO-affected areas 
 Leading to greater risk of droughts and floods 

 Indonesia following the 1997-98 ENSO event caused substantial 
threat to rural livelihood and attracted global attention.  
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Increasing strength and frequency of ENSO events may enhance the variability of precipitation and stream flow in many ENSO-affected areas and leading to greater risk of droughts and floods (IPCC, 2001, Adams and Peck, 2002).  Forest fires and associated environmental hazards (e.g., haze pollution, forest degradation) in Indonesia following the 1997-98 ENOS event caused substantial threat to rural livelihood and attracted global attention.  Interestingly, this happened simultaneously with the increase of international trade in agricultural commodity in the Southeast Asian region.  Agricultural cultivation has increased substantially to counteract the adverse environmental impact from to natural hazards and human activities, but loss of biodiversity may impose serious threat to their long-term sustainability. (Braimoh et al., 2011)



Impact of  ENSO on Rice Market 

 Chen et al. (2008) 
 Extreme and more frequent ENSO on rice  
Based on a stochastic spatial equilibrium model 
Negative impacts in the cold phases are more severe 

than they are in the warm event.  
El Nino  
 Trade increase 32 million ton  
 Annual welfare loss  USD 741 million 

La Nina  
 Production decrease but no sig. effect  on trade 
 Annual welfare loss  USD 2,058 million 
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The impact of ENSO on agriculture has been studied extensively for various crops at many different scales (e.g., Adams, et al., 1995; Solow, et al., 1998, Chen and McCarl, 1999, Hill et al., 1999).  As for rice, Chang et al. used an imperfectly competitive spatial equilibrium model to investigate the production and trade implications of ENSO on rice around the world.  Based on the historical data, they find that most of the importing regions are likely to receive negative impacts in production from the cold event.  The production impacts on the exporting countries are more diversified, but the negative impacts in the cold phases are still more severe than they are in the warm event. Such domestic production changes due to the ENSO events will alter the trade volume as well as the marketing share.  Both the cold and warm events could trigger strong changes in trade volume as well as in the market shares due to the highly diversified regional impacts.  This is certainly an interesting result and implies that the ENSO forecast information may have potential values to the rice traders.  In this regard, further research on how to incorporate forecast information into the decision making process of the players in the world market to improve our societal welfare is obviously needed.



Warming Climate and Fishery Sector 
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Presentation Notes
Rising sea surface temperature due to warm El Niño event also causes changes in ocean circulation patterns and salinity threatening marine lives and livelihood of fishery in particular the equatorial Pacific areas.   More than 30 percent of coral reefs in Asia were reported lost due to bleaching in response to high sea-surface temperature in the 1997/98 episode.  



Fishery Contribution to Food Security 

 Consumption:  
 20% of the world’s population derives one-fifth of its 

animal protein intake from fish.   
 Employment:  
 2008 FAO estimated 43.5 million people are directly 

involved in  fisheries and aquaculture 
 86% of which living in Asia.  

 Trade:  
 In low-income food-deficit countries (LIFDCs), fish is 

an important means of earning foreign exchange.  
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The 1997/98 event According to the recent report by RSIS Centre for Non-Traditional Security Studies (NTS) of the Singapore (2011, p.16), “fish is often neglected in food security discussions despite being considered as ‘rich food for poor people’.”  As stated in the12th session of the Sub-Committee on Fish Trade in 2010, the fishery product can contribute to food security in the following three ways: Consumption: Worldwide, about 20% of the world’s population derives at least one-fifth of its animal protein intake from fish.  Employment: Based on the 2008 FAO report, an estimated 43.5 million people are directly involved in capture fisheries and aquaculture, 86% of which living in Asia. Factoring in employment in fish processing, marketing and all people employed directly or indirectly from fisheries and aquaculture, over half a billion people depend on the fishery sector. Trade: Among developing countries especially the 77 low-income food-deficit countries (LIFDCs), fish is an important means of earning foreign exchange. Furthermore, many countries that are exporters of fish also import fish. According to the FAO statistics, the production of marine fishery had declined and stagnated since the 1970s.  In contrast, aquaculture production has followed the opposite path with an increase from 0.7 kg in 1970 to 7.9 kg in 2008.  Actually, it is expected that within the next decade aquaculture will overtake capture fisheries in its contribution to fish for human consumption.  Nevertheless, most of the increase has taken place in South East Asia.  It is of great concern that the growth potential in global aquaculture production is dropping quickly. 	 FAO and WHO, Global and regional food consumption patterns and trends Chapter 3: Diet, Nutrition and the Prevention of Chronic Disease, 2003.Sub-Committee on Fish Trade, Committee on Fisheries, Argentina, 26-30 April 2010, the point 28th.FAO, Fishery and Aquaculture, www.fao.org/fishery.Sub-Committee on Fish Trade, Committee on Fisheries, Argentina, 26-30 April 2010, the point 20th.



Regional production 

Source: Fisheries and Aquaculture Department, http://www.fao.org/fishery/en. 

   2006  2007  2008 
   tons %  tons %  tons % 
Africa Aquaculture  570,217     1.2   833,145  1.3   955,237  1.4  
 Inland  2,344,016  24.2   2,467,198  24.7   2,502,570  24.5  
 Marine  5,212,122  5.8   4,716,338  5.8   4,765,603  5.9  
Americas Aquaculture  2,161,859  3.9   2,371,818  3.7   2,432,870  3.6  
 Inland  608,599  6.1   579,037  5.8   556,552  5.4  
 Marine  25,518,044  27.3   21,608,581  26.7   21,335,798  26.5  
Asia Aquaculture  49,463,979  91.0   59,099,348  91.2   62,442,864  91.4  
 Inland  5,317,494  65.9   6,532,287  65.5   6,786,664  66.4  
 Marine  38,903,974  48.9   40,259,783  49.7   40,604,351  50.4  
Europe Aquaculture  2,171,564  3.6   2,351,199  3.6   2,341,646  3.4  
 Inland  318,098  3.6   376,609  3.8   357,057  3.5  
 Marine  13,860,676  16.4   13,108,408  16.2   12,713,823  15.8  
Oceania Aquaculture  144,928  0.3   172,529  0.3   176,325  0.3  
 Inland  17,668  0.2   17,802  0.2   17,786  0.2  
 Marine  1,392,063  1.6   1,259,521  1.6   1,100,547  1.4  

World 
Total 

Aquaculture  41,672,529  100.0   44,249,732  100.0   47,276,122  100.0  
Inland  8,577,990  100.0   8,534,699  100.0   8,412,160  100.0  
Marine  85,914,870  100.0   83,150,900  100.0   83,468,946  100.0  
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Table 3 provides global and regional distribution of fishery production during 2006-8. Due to over exploitation, global fish production are stagnating in recent years.   Of the 140 million tons of fish produced, 60 percent came from capture fisheries  40 percent from inland and aquaculture.  Asia contributes to   more than 90 percent in aquaculture  50 percent in global marine production.



Exports, Consumption, Governance 

Source: Smith et al. (2010).  

Continent level of 
undernourishment 

Percent of 
world 

population 

fishery 
products net 

exports 
(metric 

tons/year) 

fishery products 
consumption 

(kg/person per 
year) 

Pop. weighted 
avg. 
governance 

World     
Low    29.3 –7,838,123  21.72  0.63  
Moderate 31.1 3,387,403  20.05  –0.40  
High 37.9 3,182,602  9.03  –0.51  

Africa        
Low 3.1 73,540  11.09  –0.13  
Moderate   3.7 –935,520  10.71  –0.87  
High 7.1 289,134  5.57  –0.93  

Asia        
Low  6.6 –5,462,261  31.89  0.32  
Moderate  22.4 3,858,470  24.21  –0.36  
High 30.0 2,912,576  9.95  –0.41  

Europe        
Low    11.3 –2,376,047  20.09  0.68  
Moderate 0.0 0      
High 0.0 0      

North America        
Low 7.0 –2,190,357  20.54  1.17  
Moderate 0.3 –51,508  9.48  –0.28  
High 0.6 –11,711  5.22  –0.73  

Oceania        
Low   0.4 90,891  25.69  1.79  
Moderate  0.0 91,751  34.14  –0.77  
High 0.0 0      

South America        
Low 0.9 2,026,111  11.07  0.07  
Moderate 4.7 424,210  8.16  –0.19  
High  0.1 –7,397  1.61  –0.58  

South America        
Low 0.9 2,026,111  11.07  0.07  
Moderate  4.7 424,210  8.16  –0.19  
High   0.1 –7,397  1.61  –0.58  
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Table 4 listed the regional status of trade and consumption of fishery products. Each continent is divided into three sub-regions by the undernourishment categories which are based on the FAO’s average percentage of the population that is undernourished for 2003 to 2005 . Low, moderate, and high refer to population-weighted averages of country-level undernourishment status. They indicate, for each continent, the proportion of the population that lives in countries where <5%, 5 to 15%, and >15%, respectively, of that country’s population is undernourished.The governance in the last column is the average of four World Bank As listed in Table 3, Asia generates most of the world’s net seafood exports from countries with moderate to severe undernourishment.  Within the Asian countries, China illustrates the potential for aquaculture to contribute to food security by expanding export-oriented and domestically consumed aquaculture.In contrast, Japan is the world’s largest net importer and has low undernourishment.large-scale aquaculture in Vietnam, Chile, and Norway creates opportunities for countries with all levels of nourishment to become net exporters.However, weak governance threatens the abilities to consume fishery products domestically or export. Because much of the world’s seafood production comes from regions with weak governance, improved governance is essential to sustain or increase seafood’s contribution to food security. (Smith et al., 2010)



Sea Level Rise (SLR) and Rice 
Production 

SLR due to climate change is a long-term threat to portions of 
society including agriculture 
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Sea level rise due to climate change is a long-term threat to portions of society including agriculture.  Sea level rise would be costly in a variety of ways, changes in surface and ground water quality,decreasing agricultural and aquaculture production through land inundation



Some predict larger rates for the future 

 Raper and Braithwaite (2006) project annual sea level rise caused by 
melting mountain glaciers and icecaps will fall between 0.046 and 
0.051 meters by 2100 

 Meier et al. (2007) estimate an additional 0.1 to 0.25 meters of sea 
level rise by 2100 due to glacier and ice cap melting.  

 The Intergovernmental Panel of Climate Change (IPCC) fourth 
assessment report projects 0.18 to 0.59 meters sea level rise without 
consideration of ice melting by 2100. 

 Rahmstorf (2007) projects a cumulative sea-level rise of 0.5 to 1.4 
meters by 2100. 

 Dasgupta et al. (2009) projects 1 to 3 meters of rise but indicates as 
much as 5 meters is possible if the unexpected rapid breakup of 
Greenland ice cover and West Antarctic ice sheet occurs. 
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Some predict yet larger rates for the future. For instance: Raper and Braithwaite (2006) project annual sea level rise caused by melting mountain glaciers and icecaps will fall between 0.046 and 0.051 meters by 2100Meier et al. (2007) estimate an additional 0.1 to 0.25 meters of sea level rise by 2100 due to glacier and ice cap melting. The IPCC fourth assessment report projects 0.18 to 0.59 meters sea level rise without consideration of ice melting by 2100.Rahmstorf (2007) projects a cumulative sea-level rise of 0.5 to 1.4 meters by 2100.Dasgupta et al. (2009) projects 1 to 3 meters of rise but indicates as much as 5 meters is possible if the unexpected rapid breakup of Greenland ice cover and West Antarctic ice sheet occurs.   



Impacts on Agricultural Land 
 Inundate 0.39% to 2.10% of global cropland  
 Occurs in ag land in SE Asia, E Asia, S Asia, SE US 
 Constitutes a threat to rice 
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Studies of agricultural implications have been limited because most of them only concentrate on coastal protection implications.  Dasgupta et al. (2009) combine geographic information system (GIS) software and coastal terrain models with datasets on country and coastline boundary, elevation, population, agriculture and urban extent, and wetland coverage. Sea level rises of 1 to 5 meters are found to inundate 0.39% to 2.10% of global cropland.  Their results show that Egypt, Japan, Myanmar, South America, Taiwan, and Vietnam are the most vulnerable regions. Figure 13 displays the percentages of agricultural lands that would be inundated under various levels of sea level rise in Southeast Asia, East Asia, South Asia, and the Southeast U.S.  Significant rice acreage occurs in these areas and thus sea level rise constitutes a threat to rice. In Asia, a recent study by Chen et al. (2011) extends the previous studies by evaluating the economic impacts of simultaneous sea level rise and crop yield effects on the Taiwanese agricultural sector.  Possible offsets from adopting alternative adaptation strategies including crop mix adjustments, trade liberalization, and technological improvement on yield performance are also examined. Crop yield enhancement involves adapting varieties and farm practices to enhance heat, salinity, and drought tolerance.  Policy makers may wish to consider such an option given the likely inevitability of a substantial degree of climate change as it will take time to develop and require R&D investment.  



Space Information Technology 
Development 
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Presentation Notes
New development in geospatial technology will play an increasingly important role in keeping a balance between raising agricultural productivity and reducing environmental degradation.  Monitoring crop production with the help of this new technology will also help to develop new risk mitigation strategies such as crop insurance for farmers to better adapt to future climate-related hazards.  On the other hand, increased frequency and severity of climate disasters has led to increasing instability of agricultural production and food prices.  Farmers, especially the resource-poor ones, in the Asian Pacific region are not only vulnerable due to high risk exposures but also limited by their small-scale operations to cope with the consequences.  Niel and McVicar (2004) pointed out the “For high water use cropping systems such as irrigated rice, the positive outcome of producing stable food source and sustaining the economy often come at the expense of high resource use and environmental degradation.”  New development in geospatial technology will play an increasingly important role in keeping a balance between raising agricultural productivity and reducing environmental degradation.  Monitoring crop production with the help of this new technology will also help to develop new risk mitigation strategies such as crop insurance for farmers to better adapt to future climate-related hazards.  Space-borned remote sensing 



Remote Sensing Technology 

Name Application Indicator 
Doppler Radar  3D meteorology Rainfall  
Synthetic aperture 
radar (SAR) 
  

3D environment/ 
geology/ 
landcover landuse/ 
forest /veg. type 

Deformation, 
soil moisture 
content 

Earth observation 
Satellite  

2D environment/ 
meteorology 

  

Weather satellite 2D weather/climate   

Air photo 2D environment   
MODIS-Moderate 
Resolution Imaging 
Spectro-radiometer 

2D Atmosphere, Land, 
and Ocean 

Potential 
evapo-
transpiration 
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Extreme weather events are expected to exacerbate agricultural losses as storms, floods and droughts become more frequent and more intense.  The solutions to these challenges will require innovations in global governance and an urgent transition of the world economy towards a sustainable and resource efficient path. (Ostrom et al. 2007)Many new techniques permit all-weather observations and is able to provide both quantitative and sustained monitoring information when the ground-based accessibility is hampered by damaged roads, broken bridges, remoteness or other socio-political reasons. Although there is broad agreement that agriculture has the capability to meet the future challenges, there is little consensus on how this can be achieved in a sustainable manner (Tilman et al. 2002).It is necessary to maintain the sustainability of agriculture as a key component of the global food system. 



Application of Remote Sensing 

 Satellite 
photographs 
showing flooding in 
Ayutthaya and 
Pathum Thani 
Provinces in 
October (right), 
compared to before 
the flooding in July 
(left) 
 

Source: Wikipedia website, the free encyclopedia 
(http://en.wikipedia.org/wiki/File:2011_flooding_in_Ayutthaya_Province-EO-
1_merged.jpg  
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Advanced remote sensing technologies also provides a unique and valuable source of information to monitor changing conditions in both the atmosphere and on the earth’s surface at a variety of spatial and temporal scales.Twenty-eight of 76 provinces have been affected by this severe flood in Thailand. From Wikipedia website, the free encyclopedia:Satellite photographs showing flooding in Ayutthaya and Pathum Thani Provinces in October (right), compared to before the flooding in July (left)With the monsoon season well underway in 2011, with noticeable rainfalls started from May, major flooding began as Tropical Storm Nock-ten made landfall in Northern Vietnam, causing heavy precipitation in Northern and Northeastern Thailand and flash flooding in many provinces beginning 31 JulyBy 19 September almost all lower central provinces were being affected by flood, i.e. Uthai Thani, Chai Nat, Sing Buri, Ang Thong, Suphan Buri, Ayutthaya, Pathum Thani and Nonthaburi, the last two of which sit on the northern border of Bangkok.y the beginning of October, most dams were already near- or over-capacity and being forced to increase their rates of discharge, potentially worsening downstream flooding.[15] Flooding in Ayutthaya worsened as flood water entered the city proper, inundating the Ayutthaya Historical Park and forcing evacuations.
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Remote Sensing Application 
 

Land Cover 
Classification 

Crop 
Classification 

Soil 
Moisture Forest 

Volume 

Forest 
Monitoring 

Precision 
Agriculture 

Soruce: Shoei-Jui WU, Communication Research Center, NCU. 



Regional Early Warning Systems 

 By integrating the constellation of multi-SAR 
systems, frequent observations is highly feasible 
and provide update information about the structure 

 Gives all countries access to similar timely and 
accurate early warning products at the scale of the 
region would provide a good tool for decision-
making 

 Benefit from the fast developing information 
technologies in establishing satellite-linked 
networking for faster communication and linkages 
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A regional EWS (Early Warning Systems) that gives all countries access to similar timely and accurate early warning products at the scale of the region would provide a good tool for decision-making. The countries can also benefit from the fast developing information technologies in establishing satellite-linked networking for faster communication and linkages. Such exchange of information will assist to alleviate disasters, famine and poverty (Oroda 2002, USDA 2002).  Advanced remote sensing technologies also provides a unique and valuable source of information to monitor changing conditions in both the atmosphere and on the earth’s surface at a variety of spatial and temporal scales.  Many new techniques permit all-weather observations and is able to provide both quantitative and sustained monitoring information when the ground-based accessibility is hampered by damaged roads, broken bridges, remoteness or other socio-political reasons.  By integrating the constellation of multi-SAR systems, frequent observations is highly feasible and provide update information about the structure and thus an early warning system can be established. 



Conclusion 
 The rising consumption of food by many Asian countries may 

underscore the vital contribution of agriculture to the food 
security in this region. 

 Responsibility of decision makers is to find practical solutions to 
ensure a sustainable agricultural transformation.  

 Through support from public and private sector commitments 
on basic research and innovation-driven solutions for  
 Better understanding of the complex interrelationships 

between social, economic, biophysical, geochemical and 
climate systems;  

  Effective cooperation among key stakeholders, facilitated 
by better-designed institutions and governance 
arrangements. 
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In Asia, changes of land use patterns, competition for water resources, and protection of ecosystem are seldom addressed, despite its close links to the natural environment and society. Many countries are still struggling with both the rising challenge of food insecurity as well as the rising cost of food to consumers. However, most of the government response focus on short-term measures such as reducing domestic food prices through trade policies or domestic tax/subsidies. Price control is also implemented in some cases.  The severity of the food insecurity renders national action inadequate and requires multilateral cooperation. Greater attention is also needed on organizational reform and policy innovations.  In conclusion, the rising consumption of food by many Asian countries may underscore the vital contribution of agriculture to the food security in this region.  It is thus a responsibility for the decision makers to find practical solutions to ensure a sustainable agricultural transformation. This will be achieved through support from public and private sector commitments on basic research and innovation-driven solutions for (1) a better understanding of the complex interrelationships between social, economic, biophysical, geochemical and climate systems; and (2) an effective cooperation among key stakeholders, facilitated by better-designed institutions and governance arrangements.
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