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Introduction

1. Background 

Climate change (CC) has received increasing attention in a wide range of conferences held across the world. Although CC has negative impact to all countries and economic sectors, this study will focus on examining impacts of climate change on agriculture for followings reasons. Firstly, agriculture is vulnerable to natural conditions especially to weather changes. Secondly, most developing and poor countries possess a dominant-agriculture economy. These countries have inadequate capacity like finance, technology, rules system or law… to cope with and adapt to these serious impacts. The third reason relates to Vietnam, a developing country with a dominant – agriculture economy that ranks the fifth in vulnerability under the impacts of CC (FAO, 2008). In this study, the fishery industry in Vietnam will be emphasized because of its importance in Vietnam agriculture and trade as well as the most serious impacts from CC on it. 
2. Objectives of the study 

This study aims to examine impacts of climate changes on the global agriculture and use Vietnam as a case study of Vietnam. Specifically, this study is designed to answer the following questions:
1. What is the current situation and trends of CC in the world and Vietnam?

2. What are impacts of CC on agriculture by sub-sectors at the global level?
3. What are impacts of CC on Vietnam’s fishery industry? 

4. What are policy implications to cope with and adapt to the climate changes? 

3. Research methodology 

The study makes use the second research method. It means that the research issue is exploited based on secondary data and information from reports, articles and studies.
4. Research scope 

The study focuses on developing countries with a dominant agriculture economy and uses Vietnam as a case study with a focus on the fishery industry. 

The study examines CC and its impacts in the recent decade from 2000 to 2009, when global climate changes rapidly and seriously. Moreover, in this period, effects of climate changes on the overall economy, particularly on agriculture become more clear and substantial. 

5. Organization of the study

The study is divided into three parts: 
Part 1: Overview of climate change

Part 2: Major impacts of climate change on fishery 

Part 3:  Agricultural policy implications to cope with and adapt to climate changes 

Part 1: Overview of climate change

1.1. Definition and reason for climate change

1.1.1. Definition

Nowadays climate change is one of the most significant challenges, which human beings have to face in the 21st century. Climate change has seriously affected life, production and environment worldwide.

Now, there is no consensus on definition of the term “climate change”. A widely used definition by WMO (World Meteorological Organization) is “CC refers to long–term changes in average weather conditions”. Average weather may include average temperature, precipitation and wind patterns. It involves changes in the variability or average state of the atmosphere over durations ranging from decades to millions of years. In addition, the climate change relates closely to the green house effects.

There are some problems related to Climate change such as temperature, typhoon, radiation, sea level and rainfall. Moreover, all of them can bring bad effects to our life in general and to agriculture in particular.  
1.1.2. Reasons for Climate change

Climate change is a long process. It does not happen in a day, a month or a year. It is an accumulation of many factors and many reasons, but in the scope the study, we only focus on some main reasons for climate change, which includes nature causes and human causes.

1.1.2.1 Nature causes

Continental drift

The continents that we are familiar with today were formed when the landmass began gradually drifting apart, millions of years back. This drift also had an impact on the climate because it changed the physical features of the landmass, their position and the position of water bodies. The separation of the landmasses changed the flow of ocean currents and winds, which affected the climate.

Volcanoes

When a volcano erupts, it throws out large volumes of sulphur dioxide (SO2), water vapor, dust, and ash into the atmosphere. Although the volcanic activity may last only a few days, yet the large volumes of gases and ash can influence climatic patterns for years. These gases are one of the main factors making climate change; they can solute the atmosphere, which make the green house effects.

The earth’s tilt

It is tilted at an angle of 23.5° to the perpendicular plane of its orbital path. If there were no tilt, we would not have experienced seasons. However, changes in the tilt of the earth can affect the severity of the seasons - more tilt means warmer summers and colder winters; less tilt means cooler summers and milder winters. This problem seems to be simple but if we cannot adapt timely we will have difficulties especially in agriculture because one of its characteristics is seasonal dependence. 

Ocean currents

Ocean currents have been known to change direction or slow down. Much of the heat that escapes from the oceans is in the form of water vapor, the most abundant greenhouse gas on Earth. Yet, water vapor also contributes to the formation of clouds, which shade the surface and have a net cooling effect.

1.1.2.2. Human causes

Greenhouse gases

Carbon dioxide is undoubtedly the most important greenhouse gas in the atmosphere. Besides, CH[image: image1.png]


, NO, SO2 can also make the change of climate. Daily activities of human can emit these gases. Changes in land use pattern, deforestation, land clearing, agriculture, and other activities have all led to a rise in the emission of carbon dioxide. Fossil fuels such as oil, coal and natural gas supply most of the energy needed to run vehicles generate electricity for industries, households, etc. The energy sector is responsible for about ¾ of the carbon dioxide emissions, 1/5 of the methane emissions and a large quantity of nitrous oxide. All this has contributed to a rise in greenhouse gases in the atmosphere, which makes the increase of the earth’s temperature. 

The population explosion 

Although the population growth rate is controlled, in some developing and poor countries, population is one of the big troubles affects considerably our environment. As the population has been increasing, more and more land that was covered with vegetation has been cleared to make way for houses. Besides, people used natural resources especially forest extensively for construction, industries, transport, and consumption, which makes the climate change in the bad trend. Not only exploiting natural resources but also the population explosion means that every day, people emit large quantities of waste in the environment. This is dangerous to our environment and atmosphere. 

1.2. Current situation of climate change

1.2.1. Temperature

The Earth’s temperature is increasing more and more. Our earth is hotter and hotter. According to the IPCC (Inter-governmental Panel on Climate Change) Fourth Assessment Report in 2007, the global average has risen by 0.74oC for the period of 1906- 2005 and temperature rise over the continents is higher than that over the oceans. As shown in Figure 1, there is a fluctuation in the monthy average temperature in the period 1850 -2000 but from 2002 to 2010, the average temperature is forecasted to rise by about 0.4oC.
Global average temperature in ◦centigrade                                                                                                      
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Figure 1: The global average temperature, 1850 - 2100

(Source : http://www.greenfacts.org)
1.2.2. Rainfall and typhoon

The trend of average annual rainfall was not clear in different places: there were periods of increase and decrease and we cannot forecast it. Heavy rainfall events seem to take place more frequently in many regions of the world; therefore, people often bear unexpected floods that cause serious consequences about men and assets. Recently, there are more and more intensive typhoons and storming season lasts later eventhough, sometime there is acid rain, which is dangerous to people, plants and animal.

1.2.3.  Sea level

The global average sea level has increased in the 20th century because of ice melting and thermal expansion. The satellite data from TOPEX/PSEIDON in the period of 1993 – 2003 showed an increasing rate of the average global sea level of about 3.1±0.7mm/year (IPCC, 2007).
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Figure 2: The upward trend of the sea level, 2000 - 2100 


(Source : http://www.greenfacts.org)
1.3. Climate change in Vietnam

Vietnam is one of the countries, which affected most strongly by climate change in the world. According to the report of the Ministry of Resource and Environment, the climate in Vietnam tends to have following changes: 

1.3.1. Increase average temperature

During the last 50 years, the annual average temperature in Vietnam raised about 0.5 to 0.7oC. Winter temperature grew faster than those of summer did and temperature in Northern climate zones rose faster than Southern climate zones. 

Especially, in 2007, the annual temperature in Ha No, Da Nang and Ho Chi Minh city  were all higher than the average for 1991 – 2000 by 0.4 – 0.5oC (NTP, MONRE, 2008). The average temperature in Vietnam may increase to 30oC in 2100. 

1.3.2. Rainfall

The rainfall might be unevenly in different regions and may increase up to 10% in rainy season and decrease at most in dry season. There may be more fluctuation of rainfall. According to the statistic of the Central Flood and Storm Control Committee, flood and storm has happened more frequently, more complicatedly and more seriously at national scale in 3 years recently compared with the other years.  In three months of the end of 2007, the rainfall in the Central region and northern Tay Nguyen overpasses 100%-150% compared with average in many years. This led to six big floods caused serious damages in this region. Especially a rare phenomenon that has never happened in the past: floods lasted for long in the centre and there was continuous flood tide in Ho Chi Minh, Ha Noi.

1.3.3. Sea level

As the data from tidal gauges along Vietnam coasts, sea level rose at the rate of about 3mm/year during the period of 1993 – 2008, which coincides with global trend. Some Scientifics forecast that the average sea level along the coastal range in Vietnam might rise by 1m in 2100.  
In overall, because of climate change, we are really facing the harsh weather.

Part 2: Major impacts of climate change oN

FISHERY INDUSTRY

2.1. Impacts of climate change on global fishery industry 

Climate change can affect fisheries through many ways such as changing in water temperature, sea level rise, wave action, which bring about significant ecological and biological changes to marine and freshwater ecosystems and fish stock and directly impact on people whose life depends on the fishery.

Today millions of people around the world depend on fisheries and aquaculture, directly or indirectly, for their livelihoods. In 2004, an estimated 41 million people worked as fishers and fish farmers. Therefore, any change in fishery can make difficult to fishers’ life.

Impacts on fisheries that have already been observed include an increase in the frequency and intensity of extreme weather events, such as the El Nino phenomenon in the South Pacific; the warming of the world’s oceans, with the Atlantic in particular showing signs of warming deep below the surface; and warmer-water species increasing toward the South and North Poles. Changes to the distribution of species are likely. Salinity changes may also drive changes in species distribution but the net effects on fisheries yields are unlikely to be significant. Changes in sea temperatures alter the body temperature of aquatic species used for human consumption and therefore influence their metabolism, growth rate, reproduction and susceptibility to diseases and toxins. Climate change has been implicated in mass mortalities of many aquatic species, including plants, fish, corals and mammals, but lack of standard epidemiological data and information on pathogens generally makes it difficult to attribute causes (Harvell et al. 1999). Other lobster diseases also appear to result from the stress of high temperature and hypoxia. The result of these multiple stresses has been a 75% reduction in total landings and 85% reduction in the overall abundance of the population. These diseases now appear to be moving northward. Another example of climate-induced effects on fisheries involves the northward expansion of a disease known as “dermo” that afflicts the oyster. It caused by Perkinsus marinus, a parasite that yearly kills 50% of oysters in the Gulf of Mexico. Therefore, we can see that changes in primary and secondary production will obviously have a major effect on fisheries production. 

Besides warming in the basin could affect fisheries yields not only positively but also negatively depending on how dissolved oxygen concentrations and aquatic productivity (food availability) respond. In particular: Higher flows during the wet season are predicted to bring benefits to fisheries but very high flows or rapid changes in water level may diminish reproductive success in some species. Increased precipitation during the dry season is expected to increase fishery yields providing that elevated water levels do not diminish the system's primary productivity and habitat diversity. Drier conditions will affect fishery yields. 

In fact, it is easier to see the negative impacts than positive impacts of climate change on the fishery industry. There has been an increase in salinity in near-surface waters in hotter regions, while the opposite is occurring in colder areas because of greater precipitation, melting ice and other processes. In addition, the oceans are becoming more acidic with probable negative consequences for coral reef and calcium-bearing organisms. Fishing communities in the world’s high-latitudes, as well as those that rely on coral reef systems will be most exposed to the impact of climate change. Fisheries located in deltas, coral atolls and ice-dominated coasts will be vulnerable to flooding and coastal erosion because of rises in sea level. 

2.2. Effects of climate change on Vietnam’s fishery industry


2.2.1. Overview of the fishery industry of Vietnam

Viet Nam has a coastline of 3,260 km that crosses 13 latitudes, from 8°23'N to 21°39'N.  The continental shelf has a surface area of some 700,000 km, with an Exclusive Economic Zone (EEZ) of more than 1 million km2. Besides, Vietnam has over 4,000 islands and the coast has more than 400,000 hectares of mangrove stands. This geographic position with abundant natural resources contributes an important part to develop the fishery. 

Therefore, recently, fishery plays an important role in the economy. It contributed 4% in GDP in 2003 while the overall agriculture took up 21% of GDP in the same year. (See table 1). Moreover, export values of this sector are increasing every year and account for a big share of the total export values of the whole economy. In addition, this sector attracts a large number of workers in the whole country especially rural coastal areas. So that, the importance of this industry is perceived clearly and any changes in this sector lead to effects on many facets of the economy, the society. 

Table 1: General geographic and economic data

	Area
	329 560 km2

	Water area (inland)
	4 200 km2

	Shelf area
	Approx 700 000 km2

	Length of continental coastline (excludes islands):
	3 444 km

	 
	 

	GDP (ppp) per head (2002) (2003):
	435 (2 500) US$

	Agricultural % of GDP (2003)
	21%

	Fisheries GDP (2003):
	4%


	
	
	
	
	
	

	 Date
	Production
	Import
	Export
	Total supply
	Per capita supply

	 
	'000 tones (live weight)
	Kg/year

	Fish for direct human consumption
	1 434 (2002)
	21
	482
	973
	19.4 (2001)

	Fish for animal feed and other purposes
	990
	54
	8
	1 036
	 

	
	(MOFI, 25% of total=634)
	
	
	
	


(Source : https://www.cia.gov)
Table 2: Fishery data
	Estimated employment (2002):
	 

	
	

	(i) Primary sector (including aquaculture):
	553 900

	
	

	(ii) Secondary sector (2001)
	3.4 million

	Gross value of fisheries output (2003)
	 1.7 billion US$

	
	

	Trade (2003):
	 

	Value of fisheries imports:
	 52.1 million US$



Source: https://www.cia.gov

There are four main fishing areas: Gulf of Tonkin, shared with China; Central Vietnam (the Southern Mainland Shelf); Southeastern Vietnam (Northern Sunda Shelf and part of the Central Sunda Shelf); and Southwestern Vietnam (part of Gulf of Thailand), shared with Cambodia and Thailand.
Table 3: Exports of the fishery in 2003
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(Source: VASEP, 2003)
Referring the structure of fishery industry in Vietnam, the fisheries sector in Vietnam can be divided in three main sub-sectors: the marine, the inland and the aquaculture sub-sector. The recreational fisheries sector is still not developed except from the production of ornamental fish. Marine fisheries are the biggest contributor to the fisheries production, followed by aquaculture. Vietnam mainly exports seafood products though the rise in income and the demand for new and luxurious products does increase the imports. In 2001, Vietnam imported sea products, mainly salmon, crabmeat, and caviar from Norway, France, the U.S. and other countries. In this study, two sub-sectors, which are underlined, are the fish capture and the aquaculture sub-sector. This study will show effects of climate changes on these sub-sectors, which not only play important parts in the overall fisheries sectors of Vietnam but also depend substantially weather on conditions.
In the previous part, climate changes put serious impacts on global fishery and the fishery in Vietnam is not an exception. Before addressing effects of climate changes on its specific sub-sectors, this study gives a table illustrating outputs of fishery in Vietnam from 2000 to 2008. 

Table 4: The output of fishery sector in the period 2000-2008
	Year
	Total Total output 
	Fish capture  output
	Aquaculture output

	
	Value
	Percent
	Value
	Percent
	Value
	Percent

	2000
	2250.5
	112.1
	1660.9
	108.8
	589.6
	122.6

	2001
	2434.7
	108.2
	1724.8
	103.8
	709.9
	120.4

	2002
	2647.4
	108.7
	1802.6
	104.5
	844.8
	119

	2003
	2859.2
	108
	1856.1
	103
	1003.1
	118.7

	2004
	3142.5
	109.9
	1940
	104.5
	1202.5
	119.9

	2005
	3465.9
	110.3
	1987.9
	102.5
	1478
	122.9

	2006
	3720.5
	107.3
	2026.6
	101.9
	1693.9
	114.6

	2007
	4197.8
	112.8
	2074.5
	102.4
	2123.3
	125.3

	2008
	4602
	109.6
	2136.4
	103
	2465.6
	116.1


 (Source: General Statistics Office of Vietnam, 2009)
2.2.2. Effects of climate changes on fish capture in Vietnam


The fact proved that climate changes such as typhoons, tropical vacuums, and increase in temperature…have serious impacts on the marine environment, accordingly on the fishery about both the productivity and the output.

Firstly, if the temperature increases, a series of mass consequences will follow it. Above all, the higher temperature caused the huge disparity between the levels of water. Thus, living activities of creatures are affected. In addition, some species moved to the North, others moved into the deeper water level. This movement changed the structure of allocation of creatures by the depth. 

Furthermore, the process of photo-actinic and decomposing organic substances happens in short time faster than before because of the warming of the globe. Beings consume more calories for the breathing as well as other living activities, so productivity and quality of maritime products are decreased. Finally, the intensity and the amount of big rains made the salt concentration reduce in a long time; then this phenomenon led to the mass death of coastal creatures because they cannot bear the change of salt concentration. 
Climate change affects strongly the ecosystem of seas; first, the unpredictable variation of the population and the source of sea fish are considered as one of the most visible consequences of typhoons and tropical vacuum. In addition, during 20 passed years coral bleaching that made marine living environment worse is explained by some reasons, including the increase in temperature in sea areas. In fact, salty water invaded the internal areas and took up the resident places of some maritime species of sweet water. In addition, areas of existing salt-marsh forests are narrowed. This affects the ecosystem of maritime species and mitigates the diversity of the ecosystem of sea. As a result, resources of fish and shrimps are becoming less and less abundant.

Furthermore, because of the rise of sea level and salt marsh, the capacity of keeping the organic substance of the ecosystem in seaweeds constant declined. Accordingly, the supply of food and nutrients for maritime creatures, which live at the bottom floor of sea, declined considerably. Consequently, the quality of living environment of many maritime species got worse. The quality of maritime products also suffered from negative effects. 

As a result, the degradation of marine ecosystem contributed to decline the output of fish capture. On the one hand, the number of marine creatures, especially marine species living in the coastal areas declined considerably. This decline can explain a low growth of the fish capture output. The following chart illustrates clearly this fact. On the other hand, the sudden change of temperature, of salinity…not only makes the growth of marine animals slow down but also threats their survival through epidemic diseases. In other words, climate changes reduce the normal weight and the normal quality of shrimps, or fish, so productivity as well as quality of products in this field is not improved even are damaged in recent years. 
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Figure 2.1. The fish capture output versus in the period 2000 – 2008
(Source: GSO, 2009)
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Figure 2.2. The contribution of fish capture to fishery growth in the period 2000-2008
( Source: GSO, 2009)
Seeing these figures, there was a significant growth of the output of fish capture in the first period 2000-2004. However, after that, the output of this field seemed to keep a constant level 2000 thousand tons of marine creatures. This situation is explained by dramatic changes of the weather in Vietnam, typically the typhoon Chanchu and the Durian in 2006. 

 In Vietnam, despite incomplete study on these potential effects, with potential risks and challenges in fishery, effects of climate changes may be very considerable. These effects have been figured out partly through recent statistics of Ministry of Fisheries about damages due to typhoons for fishers in recent years:
Table 5: Effects of typhoon on fishery industry
	Year 
	Typhoons formed  in East Sea  
	Typhoons affected directly Vietnam  
	Tropical vacuum in East Sea
	Tropical vacuum affected directly Vietnam  
	Damage involving coastal communities of fishers
	Estimated value of damage 

	2001
	9
	1
	11
	0
	- 261 fishery ships sunk, 135 broken down 

- 4  fishers  died
	97 billion

	2002
	5
	1
	11
	3
	-
	-

	2003
	7
	2
	10
	1
	-
	-

	2004
	5
	2
	4
	0
	- 11 fishery ships sunk 

- 14 fishers died 

- 7 injured people
	

	2005
	9
	6
	5
	2
	-
	-

	2006
	10
	3
	4
	
	- 1457 fishery ships sunk  and broken down

- 40 fishers died  

250 people missing 
	-


 (Source: Statistics of Ministry of Fisheries, 2007)
Indeed, severe damages of these disasters put on direct and indirect impacts on fish capture in particular, overall fishery sector in general. Accordingly, it was the decrease in production, the damage of property, which affects directly the life of fishermen in the coastal areas. Moreover, beside current consequences, damage in ships, fishing tool can lead to the low productivity of the next years. 

So that, the number of typhoons affecting Vietnam not only tends to increase but also the level of effect is more and more serious. In 2006, 10 typhoons with strong intensity, the wave of Northeast Monsoons keeps long and other strange climatic phenomenon affected fishery and caused damage for fishers and fishery ships, which are exploiting in seas, especially typhoon number 1 (Chanchu) led to huge damage for off shore fishers. Besides, physical and human damage for coastal communities of fishers was significant in the typhoon number 9 (Durian).

In conclusion, climate changes cause serious effects on fishery including the productivity and the quality. The rise of sea level made the sudden change of water regimen. As a result, there appear changes in the structure, the composition and the deposit of maritime ecosystem. The increase of temperature disperses benefits of fishery. Some rare species of fish disappeared and many rows of corals are destroyed. Besides, the food supply for maritime animals is becoming poor and scary. Continuous typhoons, storms gave huge damages about fishing tools and fishermen’s property. 
2.2.3. Effects of climate changes on aquaculture sub-sector in Vietnam 

The climate change not only places serious impacts on fish capture but also shrimp and fish farming. Therefore, in recent years, under sudden climatic changes, Vietnamese residents in the coastal areas have encountered many difficulties. In more details, they had to suffer from serious consequences of the unpredictable variability of the climate.  It was figured out that fishermen, the Vietnamese government and related organizations took action to handle these consequences and cope with these difficulties. 

While the fish capture has developed slowly even kept constant the growth because of negative effects of climate change, they paid more attention to aquaculture with a high growth rate of production as seen in the table 3. However, Vietnam aquaculture has faced numerous difficulties due from climate changes. 

Firstly, warming in the basin could affect fisheries yields both positively or negatively depending on how dissolved oxygen concentrations and aquatic productivity (food availability) respond. Changes to the distribution of species are likely. Salinity changes in the delta may also drive changes in species distribution but the net effects on fisheries yields are unlikely to be significant. Expansion of existing aquaculture systems based upon valuable euryhaline species may form attractive adaptive strategies for farmers inhabiting the delta.

Next, higher flows during the wet season are predicted to bring benefits to fisheries but very high flows or rapid changes in water level may diminish reproductive success in some species. 

Moreover, increased precipitation during the dry season is expected to increase fishery yields providing that elevated water levels do not diminish the system's primary productivity and habitat diversity. Drier conditions will influence fishery yields.

Finally, empirical studies are being undertaken by the MRC Fisheries Programs to predict the net effect of the expected changes to the basin's climate. Faced with complex interactions among competing sectors at the land-water interface, the integrated water resources management (IWRM) approach to basin planning adopted by the MRC led Climate Change and Adaptation Initiative will help to formulate and implement effective national adaptation plans and guide local autonomous coping strategies.  

Referring to effects of temperature, the temperature plays an important role in the growth and development of creature in general and aquaculture species in particular. Each species has an own adaptable temperature space. Their resistance locates in the constant limit. For example, suitable temperature for the growth and the development of shrimps is about 25 – 32oC, if the temperature is over 32oC or under 25oC, the development of shrimp will be slowed down.

The water temperature in lakes depends totally on the weather and the location of each community. An increase in air temperature makes water warm up, however the variation of water temperature in lakes is slower in comparison with the air. In Vietnam, especially in the Middle provinces, the phenomenon of being sunny and hot made the water temperature increase over the resistance of many beings, of them aquacultures. Hot water caused the death of mass shrimps, especially seriously in cases of shallow lakes. For deep and large waterfalls, the change in temperature happens more slowly and the water is less hot. Therefore, aquaculture on large water areas such as rivers, ponds…is affected less by the excessive and continuous increase of temperature, for the case of small ponds and lakes, effects are more serious.

The increase in temperature can reduce the yield of shrimps in lakes. Many studies showed that the increasing temperature leads to the decline of amount of oxygen in water, especially at nights, because of excessive consumption of water vegetables, or process of distributing and combining of organic substances. The decline in the oxygen dose affects the growth and development of aquacultures; shrimps can die or grow in a slow speed.  

The change in temperature is also a favorable condition for the appearance of epidemic diseases to aquaculture species. The highly increasing temperature makes their health attenuate and the water environment get worse; it is a good chance for the development of harmful microbes. In recent years, environment degradation along with the tough change of weather caused the mass death of shrimps in almost provinces, such as epidemic diseases due to Vibrato, MBV, HPV and BP. Generally, these diseases occur and transmit rapidly and largely and it is difficult to cure them, therefore the level of risk of causing damage is significant.

Beside negative effects, the warming is also a favorable condition for aquaculture. The increase in temperature in acceptable limit allows raising the primary productivity for aquaculture, creating a good environment for water species, which provide essential resources of food to feed shrimps. In Northern provinces, the temperature of springs as well as the sweet of water restricts aquaculture in summers. The increase in water temperature in springs pushes the development of water species, fishers can begin make aquaculture earlier, so it is possible to avoid risks of dying by the sudden decrease of the salinity of water.  

Regard to effects of droughts and floods, keeping being hot and sunny in a long time exhausted sweet water source and increased the level of heating of water in fish lakes. For fish, lakes near large water supply such rivers and seas…effects are insignificant, but for the rest, aquaculture is affected seriously. The Middle region which has the most numerous sunny days and the highest level of heating of water is the centre point of droughts. Many fish lakes were deserted because of lack of water. Some other lakes were run out of water before the harvest season. As a result, fishermen have to harvest earlier or give up feeding fish. They have not reached the correct shape and so are bought at the low price or are used as the food for domestic animals. 

Many droughts are followed evidently by raining so much, by this way, there existed many floods in different places in Vietnam. Average rainfall is different in many locals in the whole country. Many places, which are considered as ideal places in case of droughts, have to suffer from the most damage when floods occur. For droughts, it can be stopping this situation by supplying water, but in case floods occur, it is difficult to cope with floods. In fact, there are many fishponds armed carefully in order to prevent floods, but it is impossible to face these floods. For feeding fish and shrimps in salt water, the salinity of water is a factor affecting much the growth and development of aquaculture species. When having heavy rain, the salinity decreases suddenly over passing the acceptable limit, by this way makes shrimps shocked, dead or grows slowly. Floods leads to the decline in the salinity water areas near the sides such as the door of rivers...aquaculture fishery suffered from a serious impact. 

Because of locating in the tropical belt, Vietnam has to suffer from the effects of typhoons and tropical vacuum which are along with heavy rain and powerful winds. Typhoons cause violent waves which may destroy completely the system of protective walls of lakes and ponds, so damage is unavoidable. The demolishment of typhoons and tropical vacuum also affects the ecosystem of feeding areas, it will be take years to recover it. In comparison with the increase of temperature, it is difficult to predict typhoons and tropical vacuum while the level of their effects is much more serious. 

In general, impacts on aquaculture could be positive or negative, arising from direct and indirect impacts on the natural resources aquaculture requires, namely water, land, seed, feed and energy. As fisheries provide significant feed and seed inputs, the impacts of climate change on them will, in turn, affect the productivity and profitability of aquaculture systems. Vulnerability of aquaculture-based communities will stem from their resource dependency and exposure to extreme weather events. Climatic changes could increase physiological stress on cultured stock. This would not only affect productivity but also increase vulnerability to diseases and, in turn, impose higher risks and reduce returns to farmers. Interactions of fisheries and aquaculture sub-sectors could create other impacts.

For example, extreme weather events could result in escapes of farmed stock and contribute to reductions in genetic diversity of the wild stock, affecting biodiversity more widely. These impacts will be combined with other aspects affecting adaptive capabilities, such as the increased pressure that ever-larger coastal populations place on resources. Any political, institutional and management rigidity that negatively impacts on communities’ adaptive strategies; deficiencies in monitoring and early-warning systems or in emergency and risk planning; as well as other non-climate factors such as poverty, inequality, food insecurity, conflict and disease. However, new opportunities and positive impacts emerging from such areas as changes in species and new markets also could be part of future changes. So far, these opportunities are not well understood but are possible. A community’s ability to benefit also will depend on its adaptive capacity. 

In fact, these following charts show a significant fluctuation of the growth rate in aquaculture. In 2004, the growth rate reached 20% and was 23% in 2005 but then this figure decreased by 8% in 2006. From 2007 to 2008, the growth rate in aquaculture varied in a big distance from 25% to 15%.
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Figure 2.3: The growth rate of aquaculture output versus the one of fishery in the period 2000-2008
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Figure 2.4: The output of aquaculture versus the one of fishery in the period 2000 – 2008

Although the output of aquaculture as well as the one of aquatic exports in Vietnam has increased steadily in recent years, Vietnamese fishermen have to change the way of farming shrimps as well as the location of aquaculture. Moreover, residents in the coastal areas have experienced serious damages from natural disasters and epidemic diseases, which are due to sudden variability of the climate. As a result, farmers spend more cost on changing farming location as well as carrying out measures to adapt to climate changes. Therefore, the price of aquatic products has increased and then makes their competitiveness lower in comparison with the foreign ones. By this way, the domestic market and the exporting market of Vietnam may be restricted in the future. It can be long-term effects of climate changes on aquaculture in particular, on overall fishery sector in general.  

In short, climate changes pose a tough task for both residents in the coastal areas and the Vietnam government in an attempt to develop aquaculture sector, which is becoming one of the most important ones in the whole economy. 

Part 3:  Agricultural policy implications to cope with and adapt to climate changes
According to the analysis above, we can see that fishery sector has to face with many problems of climate change. The question here is how we can cope with these difficulties. Bellows are some recommendations for international organizations, national government, agriculture enterprises and for people suffering directly from the devastation of climate change on fishery 

3.1. For international institutions

Climate change has become an important subject for international negotiation and debate, not only for environment specialists but also for people and institutions focused on economies, development, energy, technology, and other pressing international issues. The WTO for example, will play an important role in regulating trade in low-carbon technologies. 

There are some recommendations for institutions to cope with climate change in agriculture generally. Institutions can provide important analytical and data support to international mitigation and adaptation efforts of climate change. Institutions can also provide technical training and other support to governments to strengthen their abilities to respond to climate challenges. They also can support finance to farmers to improve the damage of climate change.

 The important role of international institutions afore-mentioned reveals that each policy applied has an immense impact on current climate change situation. In this study, we focus on the impacts of climate change on fishery, so we will pose numerous solutions for fishery sector particularly. The fact showed that climate change affect strongly to fishery sector.  Temperatures increase, changes in rainfall patterns and amounts will affect the productivity of cultivating and aquaculture. Thus, international institutions should have the potential to help farmers adapt to climate change. Temperature plays an important role with the fishery sector so institutions should have policies to avert the global warming.  The root cause of global warming is the increase of emissions. Therefore, international institutions should invest in technology to reduce the emissions. They also support the fishery sector to improve the capacity and lead it to a climate-friendly direction. Fishery may have the potential to help cut down emissions through high technology. 
In fishery sector, it is essential to create a good breed of fish or other species. Moreover, it also requires a professional process from choosing breed, feeding to launching the product to market. Thus, funds investing in research have an immense contribution to adaptation to climate change. 

In conclusion, institutions have a key role in dealing with climate change. Above are some recommendations for institutions to mitigate emissions as well as the effects on fisheries sector.     

3.2. For national governments 
Like international institutions, national government has an important role to address climate change impact on agriculture generally. Government has special rights to control the emissions as well as climate change. Especially, government can solve the problem of deforestation through regulations or law system. 

In fishery sector, each nation has many solutions to adapt to the impact of climate change. Government should have policies to manage the activities of fishery and aquaculture sector. 

By releasing some edicts to enforce firms related to environment pollution, the government can make reduction of emissions. Moreover, they need to apply international fishery agreements and conventions more vigorously, and strengthen them if necessary to accommodate and support climate change-related activities. In addition, it is necessary to develop trade policies such as tax, tariff or quota in order to give advantages for exportation. This is a good condition for farmers in selling more easily their products in the overseas market.  

Another recommendation is that they should invest much more in this sector, especially in infrastructure. Building a good infrastructure is the basic to increase fishing productivity. Cultivating fish will be better against the mitigation of climate change. Finally yet importantly, the government should subsidize farmers to adapt to the devastation of climate change. They also can provide payment for environment services, particularly offering additional livelihood options to poor farmers. However, subsidizing policies should be more suitable because sometimes it causes economic distortions such as harmful subsidies, which encourage overcapacity and over-fishing.

Finally, some policies such as controlling fishing effort, enhancing emergency preparedness and response and developing insurance and social safety schemes in the fisheries sectors should be paid attention. As international institutions, national governments also play a prominent role to eliminate negative effects on fisheries sector. Each country is essential to make fisheries environmentally sustainable and resilient to climate change impacts.    

3.3. For agricultural enterprises 
Agricultural enterprises especially fisheries enterprises have a significant role to adapt and build resilience to climate change from the bottom to the top. In agriculture, enterprises can have some activities to cope with climate change. For example, they should support funds for improving the consequences of climate change. Firms should provide strategies for building adaptive capacity to inform their responses to climate change. It can be the guideline for other drivers in communities. Moreover, the mission of cutting emissions depends completely on all organizations. Enterprises account an immense proportion for the environment pollution so they need to eliminate the greenhouse gases and carbon dioxide. Using clean production technology is the best methods to contribute to reduction of emissions. 
In fishery sector, to secure the development benefits of fisheries into the future, enterprises can identify clearly the picture of policies. For example, they frequently prepare to answer some questions such as how to adapt or turn over the shock of climate change, how to go about getting both technical and financial support for adaptation. 

Climate change is inevitably a challenge for fisheries enterprises as well as communities. Through rigorous research on technology development for mitigation and adaptation, enterprises can combine with practical actions. High-quality research should be encouraged to build a stronger ability of adaptation. 

3.4. For farmers
Farmers are the direct people who implement the cultivation fish and suffer from climate change impacts. Therefore, giving recommendations for them is highly considered to make solutions or policies come true. 

Firstly, farmers should follow the direction of experts to cultivate fish or shrimp cleaner and more efficient. This is a best way to limit such emissions as much as possible. Decreasing carbon dioxide emissions will also improve the aquatic ecosystems’ ability to respond to external shocks. This is also the way to improve the education and skills upgrading on fishery for farmers. 

Farmers also need to enhance accessibility to scientific information on climate and weather patterns relevant to local levels to have the preparation timely. Nevertheless, to implement this, it is essential to have a good secure systems response to flood or other damages. A good infrastructure can protect the fish from the damage of climate change. 

In addition, farmers should use good breeds for cultivating because they can have stronger ability to survive. Good breeds will also make fishery product better and more competitive in export market. 

In conclusion, each of us has a different role to play to adapt and cope with climate change. However, the role of this part will support for others so the consolidation and cooperation is necessary. 
CONCLUSION
This study brings the general sight about impacts of climate change on fishery sector in the world especially in Vietnam. This analysis showed that CC has a huge effect on fishery about both of productivity and output. The changes in temperature, amount of rainfall, typhoon, and sea level…damaged many fishing tools and fisherman’s property. Moreover, the aquaculture sub-sector has also been influenced seriously. The increasing temperature reduced the yield of fish and caused many diseases to aquaculture species. Fisheries sector provides significant feed and seed input so the impacts of CC on them will also affect the productivity and profitability of aquaculture systems. 
These consequences suggest the following policy and program for government, international institutions, agriculture enterprises and farmers. 

· Increasing investments in agriculture

· Extension research and program

· Improving global data collection and analysis

· Supporting funds for fishery sector

· Eliminating the emissions 

· Enhancing the accessibility to scientific  information for farmers

These solutions cannot guarantee that the consequences of CC can be overcome. However, continuing the activities which cause CC without any attempt to improve will become the disaster for human being.  
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