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Impacts of Climate Change on Aquaculture and Fishery 

Representative of MoFi
1. Impacts of climate change:

Global climate change is observed through some important phenomenon as follows:

· Global warning of the Earth: in the 20th century, average temperature of the Earth’s surface increased 0.60 C

[image: image1.jpg]Projected changes in global temperature:
global average 1856-1999 and projection estimaes t0 2100

Global average temperature in °centigrade. IPCC estimate
2 High

s

s

04

19°

s

108

s

2

18

e Best

" (constant aerosol)
174 Best

o (increasing aerosol)
17

oa

00

e

™ Low

16"

o

e

e

15°

e
1ae

uz Arendal iice
1 en o e

1850 1670 1880 1910 1930 1950 1970 1980 2010 2000 2050 2070 2080

1900 2000 2100

Souto: Tamparars 1855 - 1003: it Rseeuch U, Uty at Exst Angls, Nonvch UK. Prjecions: PO epo 95,



Source [1]
· Sea level rise: in the 20th century, sea level rose about 10-20cm[image: image2.jpg]Sea level rise, cm
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· There are also some other important changes like too much rain, cloudy, extreme temperature, etc.
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Economic losses caused by floods and other weather changes 
2. Impacts of climate change on capture of marine products:

2.1.  Overview on capture of marine products in Vietnam
2.1.1. Yield:

In the last decade, yield and export value of aquatic products have been increasing continuously, making Vietnam become one of the leading export countries of aquatic products. In 1990, total yield of aquatic products was about 1 million tones, and total export value was 200 million USD. In 2003, total yield of aquatic products was 2.5 times higher and total export value was 10 times higher than in 1990 (Figure 4). 
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Figure 4.

Source:  Data provided by Ministry of Fisheries [2]
2.1.1.1 .Fishing tool or gears:

Fishing tools or gears for capture of marine products in Vietnam are various and many both in terms of names as well as scales. According to an incomplete statistics, there are about 20 different types of gears classified into 6 groups, which are being used in Vietnam. By the end of 1997, statistic figures collected from 19 provinces shows that structure of gears, which are being used for off-shore fishing boats, are as follows: 
· Dredging net, accounting to 34%

· Purse seine, accounting to 21%

· Drift net, accounting to 20%

· Tune long line, accounting to 17% 

· Lift net, accounting to 5%

· Others, accounting to 3 %

Additionally, about 10,000 fishing boats with engine power of about 33-45 CV can operate in off-shore areas in good weather conditions. However, capture capacity is somewhat limited.

2.1.1.2. Composition of fishing boats/ships:

According to statistics of Ministry of Fisheries (MOFI, 2001), total off-shore fishing boats with engine power from 90 HP or above is about 6,000 boats. Total number of fishing boats with engine power of less than 45 HP accounts up to 85% of total fishing boats with engine power of less than 45 HP. Out of fishing boats with engine power of more than 45 HP, 33% are equipped with GPS facilities, 21% are equipped with fish detecting facilities, 63% are equipped with short-wave generating and receiving facilities, and 12.5 % are equipped with long-range wave generating and receiving facilities.
 2.12. Some threats and challenges of exploitation of marine products in Vietnam
Vietnam has a long coastal line of about 3,260 km, and total exclusive economic zone is more than 1 million km2, these are potential conditions for development of exploitation of marine products. However, exploitation of marine products in Vietnam has been encountering some threats and challenges as follows:
The first challenge is a too fast growing and uncontrolled exploitation of marine products in recent years. Until 1990, exploitation of marine products played a modest role with about 260,000 fish folks, who did fishing for their livelihoods and for domestic markets but until now exploitation of marine products has become one of prominent economic sectors of the economy [3]. There are about 560,000 fish folks out of 3.4 million workers working in the fishery sector (accounting to about 10% of total labor force of the whole country). Total export value of aquatic products in 2004 was 2.35 billion USD, accounting to about one tenth of total export value of the whole economy [3, 4]. 

Secondly, fisheries in Vietnam is characterized by small scales, multi fishing modes and using traditional gears therefore it is difficult to control capture intensity in fishing grounds [5]. According to statistics, there are about 2000 recorded fish species, including 130 economically-value fish species [4]. Fishing boats with engine power of less than 84 HP make up to more than 90% of total fishing boats of the whole country [5]. 

Thirdly, most of capture activities take place in on-shore areas and capture intensity (including the number of fishing boats and the aggregated engine power) has been continuously increasing [5]. Figure 5 shows that the number of mechanized fishing boats had increased two folds and total engine power had increased 3 folds while non-mechanized fishing boats had decreased a half during the period of 1990 - 2002.
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Figure 5.

Source:  Data provided by Ministry of Fisheries [2]
Fourthly, due to low incomes generated from agriculture, many farmers are driven to get involved in capture of marine products and they consider capture of marine products as the last livelihood means and eventually the number of people involved in on-shore capture activities increased, resulting in a decrease in yield per area and increasingly-degraded marine sources [3]. 
Finally, over-exploitation in coastal areas has become increasingly obvious, for example, in the Tonkin Gulf, the actual yield had exceeded the maximum sustainable yield (MSY) since 1994 [6]. On-shore fisheries are considered by fish folks and the Government as over-exploitation, and the Government has been trying to reduce capture intensity in on-shore areas. However, results of such efforts are still far below expectations because there have been no clear coordination and responsibility arrangement among authorities at all levels, and lack of basic necessary scientific inputs and of investments  [4, 5].

2.2. Impacts of climate change on exploitation of marine products in Vietnam
Climate Change has influenced marine ecosystems, and disturbed marine habitats and fish sources, therefore it has affected livelihoods of fishermen communities in coastal areas  directly [1]. Massive coral bleaching in the last 20 years was caused by several causes, including increased temperature in sea [1]. 
Potential impacts of climate change on environment and socio-economic structures can be assessed based on sensitivity, adaptability and vulnerability of these structures [7]. In Vietnam, no comprehensive study on impacts of climate change on exploitation of marine products has been available. However, with given potential threats and challenges on capture fisheries, potential impacts of climate change can be huge. These impacts had been partially demonstrated through statistics of losses caused by storms and typhoons on fishermen communities in coastal areas in recent years.
According to statistics of Ministry of Fisheries since 2001-2006 [8]: “natural disasters tend to be more unpredictable with increased frequency and intensity in all types. Storms and typhoons, sea level rise, intensified sea waves, floods, flash floods, etc. have been continuously occurring in an unpredictable manner”.
	Year
	Storms and typhoons evolved in the South China Sea
	Storms and typhoons affecting Vietnam directly 
	Tropical depressions in the South China Sea
	Tropical depressions affecting Vietnam directly 
	Losses associated with fishermen communities in coastal areas 
	Estimated losses

	2001
	9
	1
	11
	0
	- 261 fishing boats sunk, 135 fishing boats damaged
- 4 fish folks died
	97 billion VND

	2002
	5
	1
	11
	3
	-
	-

	2003
	7
	2
	10
	1
	-
	-

	2004
	5
	2
	4
	0
	- 11 fishing boats sunk
- 14 fish folks died, 7 people wounded
	

	2005
	9
	6
	5
	2
	-
	-

	2006
	10
	3
	4
	
	1457 fishing boats sunk, damaged
40 people died
	-


Statistic data of impacts of storms and typhoons on aquaculture [8]
Storms and typhoons affecting Vietnam do not only tend to increase in terms of frequency but also intensity. In 2006, 10 strong storms and typhoons, prolonged North Eastern seasonal cold winds, and other extreme weather events had significantly influenced on aquaculture, and resulted in losses of human life and fishing boats operating in sea, especially the 1st (Chanchu) storm had resulted in a huge loss of fish folks operating in off-shore areas. Additionally, losses of human life and materials of fishermen communities in coastal areas are significant after the attack of the 9th (Durian) storm. 

3. Impacts of climate change on aquaculture in Vietnam
3.1. Status of development of aquaculture in Vietnam
Aquaculture is a potential economic sector in Vietnam. In recent years, aquaculture of our country has experienced strong development and obtained great achievements, contributing to promotion of socio-economic development of the country. The sector plays an important role in contributing to poverty reduction, provision of nutrition and income generation for people, and gradually increasing export values of the country. Until 2003, laborers working in aquaculture and fisheries account to 5.1% of total labor force of the country; until the end of 2006, total aquaculture yield reached at 1,526,000 tones, an increase of about 14% compared with 2005 (Chart 1 and Chart 2). Aquaculture is mainly concentrated on the Mekong River delta, and followed by the Red River Delta (Chart 3)
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Chart 1: Total aquaculture yield and export values of Vietnam 1990 - 2005
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Chart 2: Aquaculture yield distributed per region from 1995 – 2005
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Chart 3: Water surface area for aquaculture distributed per region from 1995 – 2005

3.2. Impacts of climate change on aquaculture of Vietnam
3.2.1. Impacts of temperature
Temperature plays an important role in growth and development of creatures in general and aquatic species for aquaculture in particular. Each species lives in a certain temperature range. Their resilience falls within a certain range or limitations. For example: suitable temperature range for growth and development of shrimps fall within about 25 – 32 oC, if temperature is higher than 32 oC or lower than 25 oC, development of shrimps will be affected such as shrimps will grow slowly. 

Water temperature in ponds and lakes depends entirely on weather and locations (Chart 4). Increase in temperature of atmosphere makes water hotter; however, changes in water temperature in ponds and lakes will happen slower than changes in atmosphere. In Vietnam, especially in central provinces, hot weather makes water temperature extremely hot that goes beyond temperature range of creatures, including aquatic species. Hot water causes massive death of shrimp and fishes, especially in shallow ponds and lakes. As for deep, large water basins, or running water, changes in temperature take place more slowly and water is cooler. Therefore cage-based aquaculture in large water basins like rivers, streams, or sea is less influenced by prolonged, extremely increased temperature, while aquaculture in idle, small water basins are is more easily and seriously influenced. 

Increased temperature can decrease yield of aquatic products in ponds and lakes. Many studies show that increased temperature reduces oxygen content in water sharply at night due to over consumption of aquatic plant species, or decomposition of organic matters. Decrease in oxygen contents affects growth and development of aquatic species, for example, shrimp can die or grow slowly. This can be observed through over-nutriment phenomenon in shrimp or fish ponds; fishes emerge their heads in shrimp or fish ponds in the morning; red waves and massive death of seaweed in coastal areas.

Changes in temperature are also a condition for developing and spreading many diseases for aquaculture species. High temperature weakens health of aquaculture species, and pollutes water environment, which is a good condition for development of harmful microorganisms. In recent years, degradation of environment for aquaculture and extreme weather changes have caused a massive death of shrimp in most of provinces such as diseases caused by Vibrio bacterium, or by virus (e.g. MBV, HPV and BP). These diseases commonly happen in a large scale with a very fast transmission rate, and are difficult to cure. As a result, risks are too high.

In addition to negative impacts, increased temperature is also a favorable condition for aquaculture. Increased temperature allows to increase preliminary yield of shrimp or fish ponds, and to create favorable conditions for development of aquatic species, which are important feed source of aquaculture species. In Northern provinces, aquaculture is subject to temperature in spring and decreased salinity of water in summer. Increased water temperature in spring nurtures development of water catchments biomass, and people can release breeds earlier and thus avoid risks of died shrimp and fishes due to a sudden decrease in salinity of water.
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Chart 4: Monthly average temperature of some provinces of the country
3.2.2. Impacts of droughts and floods
Water basin is one of decisive factors that influence the success of development of aquaculture. Prolonged hot sunshine dries up fresh water basins and increases water evaporation rate in shrimp or fish ponds, however, as for shrimp or fish ponds, which are near by water basins or cage-based aquaculture in big water basins (e.g. rivers, streams, and sea), such impacts are not significant but as for shrimp or fish ponds, which are far away from water basins, such impacts on aquaculture are very severe. The Central region is a place, where total sunshine hours are highest and evaporation rate is highest too. As a result droughts in this region are most serious. Many shrimp and fish ponds are left abandonee since no water is available for raising. Some shrimp or fish ponds run out of water before the harvesting time comes hence farmers have to do early harvesting or give up their business. Early-harvested shrimps and fishes are sold at very cheap price or used as feed for cattle and poultry because they are too small for sales. 

Too much sunshine must be followed by too much rain that causes floods in many locations. Average rainfall varies among regions (Chart 5). Floods had caused very severe impacts on many localities in the country. Many areas are considered as potential areas for development even if droughts occur but these very areas are considered as vulnerable areas for development of aquaculture if floods occur. If drought occurs, water can be provided to drought-affected areas but it will be much more difficult to handle with flood-affected areas, if flood occurs. Many strong, high dykes have been built to protect shrimp and fish ponds from high water level rise during rainy season but such dykes can not stand against floods. As for brackish aquaculture, salinity is the most influencing factor of growth and development of aquatic species. When heavy rain occurs, salinity in shrimp or fish ponds suddenly falls below a range that shrimps and fishes can stand or slows down growth of fishes and shrimps. Floods also reduce salinity of catchments areas like river mouths, aquaculture of molluse, shrimp, fishes, and seaweed will be seriously affected.
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Chart 5: Average monthly rainfall of some provinces of the country
3.2.3. Storms and typhoons and typhoons
Because of being located in the tropical region, Vietnam has been suffering from impacts of storms, typhoons and tropical depressions. Storms, typhoons and tropical depressions often cause heavy rains and strong winds. Storms and typhoons had caused formidable waves that might destroy protection dykes for ponds and cages for aquaculture in the sea completely, therefore losses are unavoidable. Storms and typhoons and tropical depressions caused a lot of damages to ecosystems of aquaculture areas – that takes a long time to recover. Compared with temperature changes, it is more difficult to forecast or predict storms, typhoons and tropical depressions. In contrast, impacts of storms and typhoons and tropical depressions are much more severe. It can be said that extreme climate changes have had very huge impacts on not only aquaculture but also every aspects. In coastal areas, where local communities depends their livelihoods on aquaculture, if storms and typhoons happen, economic losses will not be avoidable and consequently their livelihoods will be lost too.

3.2.4. Solutions
As mentioned above, phenomenon of storms, typhoons and tropical depressions with floods have had great impacts not only on aquaculture but also on other sectors and activities. Therefore early forecast or prediction of evolution of abnormal climate changes is a decisive factor for prevention and mitigation of storms and typhoons and floods. When a timely forecast or prediction is provided, concerned agencies in localities, where storms and typhoons may invade, should collaborate closely with each others to mitigate and minimize losses of human lives and assets. 

As for aquaculture, specific solutions for aquaculture models should be found out in order to avoid and mitigate severe changes of climate. Identification of proper locations for aquaculture may contribute to avoiding prolonged droughts, floods, and extremely high or low salinity in shrimp ponds. It is recommended to develop bio-technology to breed aquatic species, which are able to adapt well to changes in environmental factors (e.g. temperature, or salinity); improve technologies for cage-based aquaculture such as designing cages that are resistant to strong waves; and identify suitable time range for aquaculture of each aquatic species in each specific regions in order to avoid changes of weather.
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