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1. Vietnam climate characteristics

Vietnam has monsoon tropical climate in the Southeast Asia peninsula, stretching over latitude 15 and between the tropic of north hemisphere and it is totally affected by Pacific Ocean and East Sea.

Atmosphere flow of Vietnam is integrated monsoon flow in North East Asia and South Asia monsoon. Impacted by Asian Northern East monsoon, there are annually 26 cold fronts (PRL) landing to Northern area. In the Pacific Ocean and East Sea, there are annually 08 tropical cyclones including storms, tropical low pressure landing to coastal areas.

The annually average temperature is 8-280C in which there are many non-tropical weather areas with 800-1000 m high. The average rainfall is from 600-5000 mm, including dry Central South part with only rainfall of 1,200 mm.

Remarkably, the winter exists at latitude 16 only. In the Vietnam territory, there are two different rainy seasons: Southern West monsoon rain (rain occurred from May to October) at the Northern area, High Land, Southern area and Northern East monsoon rain (rain occurred from August to December) in the Central North area and Central South Area.

2. Climate change and the trend of climate in 100 recent years

2.1 Change of some typical climate factors

2.1.1 Change of cold front frequency in Northern Area

Standard deviation (S =  
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arithmetic average) of annual frequency FRL of 2,93. 

Table 2.1: Standard deviation and FRL variation

	Typical 
	I
	II
	III
	IV
	V
	VI
	VII
	VII
	IX
	X
	XI
	XII
	Year

	Standard deviation (times)
	1.57
	1.04
	1.04
	1.39
	1.07
	1.36
	0.22
	0.36
	1.10
	1.10
	1.68
	0.94
	4.36

	Variation (%)
	39.3
	30.2
	30.2
	53.5
	41.1
	97.1
	220.0
	180.0
	91.7
	45.8
	46.7
	27.6
	16.0


With numeric value of 27.3, annual FRL variation is 16%, quite low in comparison with other factors (table 2.1)

The FRL frequency in 1994 (16) is so low that is regarded as abnormal and in 1970 (40) is regarded as extremely high.

2.1.2 Change of tropical cyclone 

2.1.2.1 Change of tropical cyclone in East Sea

In 40 years (1961-2000), there have been following considerable changes of tropical cyclone:

(1). The tropical cyclone has standard deviation of 2.93 and variation of 27% (table 2.2) 

Table 2.2: Standard deviation and variation of Tropical cyclone

	Typical
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII
	year

	Standard deviation (times)
	0.26
	0.22
	0.33
	0.33
	0.77
	0.75
	1.08
	1.09
	1.03
	1.42
	1.24
	0.60
	2.93

	Variation (%)
	347
	440
	264
	264
	64
	75
	60
	61
	57
	75
	95
	150
	27


(2). There are 15 years (37.5%), the tropical cyclone occurred more than average and 16 years (40%), the tropical cyclone occurred less than average. Thus, the number of positive deviation years is same as the number of negative deviation years and two times more the zero deviation.

(3). The tropical cyclone occurred the most in 1981 (20) and the least in 1969 (5). 

(4). The tropical cyclone is reduced from the decade of 1961 - 1970 (114) down to 1971 - 1980 (113) then to 1981 - 1990 (109) and the least in the decade of 1991 - 2000 (103).

2.1.2.2 Change of tropical cyclone affecting to Vietnam

In the period of 1961 - 2000, change of tropical cyclone frequency has following characteristics:

1) Standard deviation and variation of annual tropical cyclone frequency are 2.58 and 35% respectively, it seems to be clearer than that in East China Sea (table 2.3)

2) There were 19 years that tropical cyclone occurred more than average and 21 years which tropical cyclone occurred less than average. In principle, negative deviation standard year is equivalent to positive deviation standard year.

3) The negative deviation standard years normally interpose with positive deviation standard years. 

4) Vietnam tropical cyclone had occurred the most in 1973 (12 cyclones), followed by the years of 1964, 1970, 1971, 1989, 11 cyclones and the least in 1976 (2 cyclones), followed by the year of  1969, 1977, 1987, 3 cyclones each. 

Table 2.3: Standard deviation and variation of tropical cyclone affecting to Vietnam

	Typical
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII
	Year

	Standard deviation (times)
	0.016
	0.022
	0.022
	0.37
	0.75
	0.70
	0.89
	1.35
	1.39
	1.07
	0.73
	2.58

	Variation (%)
	63
	44
	44
	45
	107
	77
	99
	123
	87
	97
	243
	35


2.1.3 Change in temperature
Change from year to year of average temperature has the following characteristics:

1) The change in average temperature is quite large in winter, especially in the heart of winter (December, January, and February) and quite little in summer, especially in the heart of summer (June, July, and August) (table 2.4)

2) The change in average temperature of April and October is typical for the transitional period between different seasons, it is not as much as January and not as little as July.

Table 2.4: Standard deviation of some characteristics of temperature in some typical locations  (0C).

	Region
	Typical station
	Average temperature
	Highest temperature of year
	Lowest temperature of year

	
	
	I
	IV
	VII
	X
	Year
	
	

	North West
	Lai Châu
	1.0
	0.9
	0.5
	0.8
	0.3
	1.33
	2.45

	North East
	Sa Pa
	1.5
	1.1
	0.4
	0.7
	0.4
	0.72
	1.17

	Northern Delta
	Hà Nội
	1.4
	1.2
	0.5
	0.9
	0.5
	1.07
	1.46

	Central North
	Vinh
	1.4
	1.3
	0.7
	0.7
	0.5
	0.82
	1.37

	Central South
	Đà Nẵng
	1.1
	0.7
	0.5
	0.6
	0.3
	0.93
	1.51

	Central Highland
	Đà Lạt
	0.7
	0.6
	0.3
	0.4
	0.3
	1.29
	1.72

	The South
	Tân Sơn Nhất
	0.9
	0.6
	0.5
	0.5
	0.4
	0.69
	1.38


3) The change in annual average temperature is the smallest in comparison with the change in average temperature of any month, including the mid-summer months.

4) In the same region, there is no significant different in terms of reflective characteristics of temperature change between mountainous and delta areas, high mountainous areas and low mountainous areas, island and its adjacent mainland.

The change in numeric value leads to the change of annual temperature. The major change is shown in table 2.5.

Table 2.5: Frequency of the coldest and hottest month

	Characteristic
	Coldest
	Hottest

	Month
	XI
	XII
	I
	II
	III
	IV
	V
	VI
	VII
	VIII

	Hà Nội
	
	24
	47
	29
	
	
	
	40
	53
	7

	Đà Nẵng
	
	25
	68
	7
	
	
	
	49
	36
	15

	Tân Sơn Nhất
	6
	45
	49
	0
	3
	77
	20
	
	
	


2.1.4 Change in rainfall

Change of rainfall has the following characteristics:

1) In the same location, standard deviation of annual rainfall is larger than monthly rainfall, and of high-rainfall month is larger than low-rainfall month. On the contrary, the frequency of change of annual rainfall is smaller than monthly rainfall, and of rainy months is smaller than dry months  (Table 2.6).

2) Annual rainfall of the Central regions is not as stable as Northern and Southern region.

Table 2.6: Standard deviation (S; mm) and frequency of change of rainfall  (Sr; %) in some typical locations

	Region
	Typical station
	Characteristic
	I
	IV
	VII
	X
	Year

	North West
	Lai Châu
	S
	29.0
	55.5
	129.3
	61.9
	286.7

	
	
	Sr
	99
	42
	28
	68
	14

	North East
	Sa Pa
	S
	46.4
	75.2
	161.9
	113.6
	402.8

	
	
	Sr
	69
	36
	36
	54
	14

	Northern Delta
	Hà Nội
	S
	21.6
	53.4
	101.8
	104.8
	320.0

	
	
	Sr
	102
	55
	39
	72
	19

	Central North
	Vinh
	S
	29.0
	37.7
	119.2
	353.0
	514.0

	
	
	Sr
	55
	59
	102
	69
	25

	Central South
	 Đà Nẵng
	S
	76.6
	50.7
	83.1
	276.6
	545.4

	
	
	Sr
	98
	143
	98
	44
	26

	Central Highland
	Đà Lạt
	S
	12.1
	89.8
	83.2
	100.3
	237.1

	
	
	Sr
	159
	55
	36
	41
	13

	The South
	Tân Sơn Nhất
	S
	19.3
	50.7
	93.5
	91.8
	284.9

	
	
	Sr
	140
	101
	32
	34
	15


 Rainy season also change significantly from year to year, in terms of beginning time, high peak time, as well as finishing time. In general, rainy season can fluctuate within 3 – 4 months or more, depending on the rainfall change of the region.

2.2 Climate changing tendency in Vietnam

2.2.1 General introduction on climate changing tendency in the region.

Climate change has regional characteristics. In relation to climate change in Vietnam is some characteristics of climate change in the tropics and Asia – Pacific regions.

In general, tropical region is not a place where temperature increases the most in the global warming tendency. However, in tropical sea, rainfall and evaporation have the tendency of increasing dramatically in comparison with other regions.

In the tropical Asia - Pacific region, climate change expresses in the two following characteristics:

(1) Average temperature increases, but not as much as other regions.

(2) Rainfall increases in some places, but decreases in some other places.

However, climate change in Asia – Pacific always in connection with irregular fluctuation in monsoon mechanism, ENSO phenomenon, frequency, as well as intensity of tropical cyclone.

2.2.2 Changing tendency of some typical climate factors in Vietnam

a) Cold front frequency in Northern
Tendency equation of cold front frequency over Northern in 1961 – 2000 stage has form as Yx = 28,3 - 0.049x

Decreasing tendency of FRL started in 1971-1980 decade in fact.

Table 2.9 Frequency of some weather type in recent decades:

	Decade
	Cold Front over Northern
	Tropical Cyclone in South China Sea 
	Tropical Cyclones effecting to Viet Nam
	Average number of drizzling rain days in Hà Nội per year

	1961 - 1970
	268
	114
	74
	29.7

	1971 - 1980
	288
	113
	77
	35.8

	1981 - 1990
	287
	109
	76
	28.7

	1991 - 2000
	249
	103
	68
	14.5


b) Frequency of Tropical Cyclone in South China Sea 
Tendency equation of Tropical Cyclone is written as follows: Yx = 12,1 - 0,0548x

Decreasing tendency of Tropical Cyclone is fairly consistent in all four decades 1961 – 2000, but has been shown clearly in some recent years. 

c)Frequency of Tropical Cyclones effecting to Viet Nam 

Tendency equation of Tropical Cyclone effecting to Vietnam is written as follows: Yx = 8,0 - 0,0303x

In fact, decreasing tendency started from 1971 –1980 decade, and has been shown fairly clearly in recent years.

d) Number of drizzling rain days in Hanoi 

Tendency equation of number of drizzling rain days in Hanoi has form as follow:

Yx = 37,6 - 0,51x

Decreasing tendency started from 1971 –1980 decade, and has been maintained till most recent years.

e) Yearly average temperature
Tendency equation of yearly average temperature in Hanoi has formed as: Yx = 23,4 + 0,0056x

Tendency equation of yearly average temperature in Da Nang has form as:

Yx = 25,7 + 0,0018x

Tendency equation of yearly average temperature in Tan Son Nhat has form as Yx = 26,8 + 0,010x

Thus, yearly average temperature in past seven decades has an increasing tendency, showing fairly clearly and consistently in Tan Son Nhat, Hanoi and less distinctly in Da Nang.

g. Average temperature in January
Tendency equation of January average temperature in Hanoi is written as:

Yx = 16,5 + 0,0022x

Tendency equation of January average temperature in Da Nang is written as:

Yx = 21,2 + 0,0068x

Tendency equation of January average temperature in Tan Son Nhat is written as: Yx = 25,6 + 0,0095x

So, the tendency of January average temperature in all three places is not clear. The reason is that temperature in January has just increased in 10-20 years recently. 

h. Average temperature in July 
Tendency equation of average temperature in July in Hanoi has formed as: Yx = 28,6 + 0,0091x

Tendency equation of average temperature in July in Da Nang has formed as: Yx = 28,9 + 0,0054x.

Tendency equation of average temperature in July in Tan Son Nhat has formed as: Yx = 26,7 + 0,0136x

So, increasing tendency of temperature in July is fairly clear and consistent in Hanoi and Tan Son Nhat. Meanwhile, tendency of temperature in July is not shown clearly in Da Nang due to a fairly high temperature base in two decades of 1961-1980. 

i. Yearly raining volume
Tendency equation of yearly raining volume in Hanoi has form as: 

Yx = 1644,8 + 0,3391x

Tendency equation of yearly raining volume in Da Nang has form as:

Yx = 1930,7+ 1,0261x

Tendency equation of yearly raining volume in Tan Son Nhat has form as:

Yx = 1831,8 + 2,1373x

In each place, changing tendency of raining volume in nine past decades is not consitent: increase in some decades and decrease in some decades. The changing tendency of raining volume is very different among areas within Viet Nam territory. 

 3. SITUATION OF GREENHOUSE GAS EMISSION IN VIETNAM

3.1 Greenhouse gas emission in 1990s

3.1.1 Synthesizing the inventory result of greenhouse gas emission in 1994


With 5 sources of emission: energy, industrial process, forestry and change in land use, agriculture, waste, the amount of greenhouse gas emission by CO2 in 1994 is 103.8393 million ton, in which energy sector accounting for the most and the least is of waste sector (table 3.1)

Table 3.1 Synthesizing the inventory of greenhouse gas emission in 1994

	Emission sector
	Amount of CO2 emission (million ton)
	Percentage (%)

	Energy
	25.63709
	24.7

	Industrial processes
	3.80719
	3.7

	Forestry and the change of land use
	19.38
	18.7

	Agriculture
	52.45
	50.5

	Waste
	2.56502
	2.4

	Total
	103.8393
	100


3.1. Inventory result of greenhouse gas emission in 1998

Regarding greenhouse gas emission, year 1998 was considered as the typical year of the half end of 1990s. According to International Convention Office of Ministry of Natural Resources and Environment, total amount of greenhouse gas emission in 1998 is 120.8 million ton of CO2  (table 3.2).

Table 3.2 Amount of greenhouse gas emission in major sectors in 1998

	Sector
	Amount of CO2 emission (million ton)
	Percentage (%)

	Energy
	43.2
	36

	Industrial processes
	5.6
	5

	Forestry and the change of land use
	57.3
	47

	Agriculture
	12.1
	10

	Waste
	2.6
	2

	Total
	120.8
	100


The most emission sector is agriculture (47%) and the least is of waste sector (2%). In comparison with 1994, percentage of emission from agricultural sector reduces 2% and from energy sector increases more than 20%. It is noted that thanks to afforestation, the amount of greenhouse gas emission in forestry and change of land use sector reduces from 19.38 million ton in 1994 to 12.1 million ton in 1998.

3.2 Greenhouse gas emission in the coming years

According to the first declaration of Vietnam about UN Frame Convention on climate change, the amount of greenhouse gas emission in major sectors includes energy, forestry and change of land use, agriculture of Vietnam is 140.67 million ton in 2010 and 233.28 million ton in 2020 (table 3.3). Suppose that in the future, emission from industrial process and waste sector still account for 6.1% like 1994, then total amount of greenhouse gas emission in 2010 and 2020 is 149.39 and 247.74 million ton respectively.

Table 3.3: Estimating the amount of greenhouse gas emission for the year of 2010 and 2020  (million ton of CO2)

	Sector
	1994
	2000
	2010
	2020

	Energy
	25.64
	45.92
	105.17
	196.98

	Forestry and change of land use
	19.38
	4.20
	21.70
	28.4

	Agriculture
	52.45
	52.50
	57.20
	64.70

	Total
	97.47
	102.60
	140.67
	233.28


So, compare with 1994, the amount of greenhouse gas emission of 2010 and 2020 is 410% and 768% respectively in terms of energy and 109% and 123% respectively in terms of agriculture. Especially, after 2000, in forestry and change of land use sector, amount of CO2 absorption will further exceed the amount of CO2​ emission.

4. SCENARIOS ON CLIMATE CHANGE IN VIETNAM

Like other countries in the region, scenarios on climate change in Vietnam were developed for 3 major factors: temperature, rainfall, and sea water level and for the years of 2010, 2050, and 2070.

Following is the imitation of temperature, rainfall, sea wall level by regions:

Table 4.1 Imitations of climate change in Vietnam

	Factor
	Region
	Season
	2010
	2050
	2070

	Temperature increase (0C)
	North West, North East
	-
	0.5
	1.0
	2.5

	
	Northern Delta
	-
	0.3
	1.1
	1.5

	
	Central North
	-
	0.3
	1.1
	1.5

	
	Central Region
	-
	0.3
	1.1
	1.5

	
	Central South
	-
	0.3
	1.1
	1.5

	
	Central Highland
	-
	0.5
	1.0
	2.5

	
	The South
	-
	0.3
	1.1
	1.5

	Rainfall increase (+) or decrease (-) %
	North West, North East
	Rainy
	0
	0 - 5
	0 - 5

	
	
	Dry
	0
	-5 - +5
	-5 - +5

	
	Northern Delta
	Rainy
	0
	0 - 5
	0 - 5

	
	
	Dry
	0
	-5 - +5
	-5 - +5

	
	Central North


	Rainy
	0
	0 - 10
	0 - 10

	
	
	Dry
	0
	0 - 5
	0 - 5

	
	Central region
	Rainy
	0
	0 - 10
	0 - 10

	
	
	Dry
	0
	0 - 5
	0 - 5

	
	Northern of Central South  
	Rainy
	0
	0 - 10
	0 - 10

	
	
	Dry
	0
	0 - 5
	0 - 5

	
	Central Highland
	Rainy
	0
	0 - 5
	0 - 5

	
	
	Dry
	0
	-5 - +5
	-5 - +5

	
	The South and Central South Pole 
	Rainy
	0
	0 - 5
	0 - 5

	
	
	Dry
	0
	-5 - +5
	-5 - +5

	Sea surge (cm)
	Total coastal line
	-
	-
	33
	45


5. IMPACT OF CILIMATE CHANGE IN VIETNAM

Like other countries in South East Asia, climate change causes the following impacts to the important sectors of national economy.

5.1 Impact of climate change on water resources

In the two big rivers named Red River and Mekong River, negative change is much for annual flow and dry flow and positive change is much for flood flow.

In the medium and small rivers, annual flow can be decreased or increased with the same level or much more.

5.1.2 Impact of climate change on agriculture

With the warming in the whole territory, the adaptive time of tropical trees will be more and the adaptive time of sub-tropical trees will be less. According to estimation, following changes will be happened for tree distribution:

 - Boundary of tropical trees will move to higher mountainous areas and Northern latitude. In the other hand, adaptive range of sub-tropical trees will be reduced. In the year of 2070, tropical trees in mountainous areas only grow in the belt range which is higher than 100 – 500m and 100 – 200 km away from the existing North. 

- Flooding or draught will be occurred with higher frequency than today.

- A remarkable cultivating area of coastal plain, Red River and Mekong Delta will be saline due to sea surge.

5.1.3 Impacts of climate change on forestry

Due to climate change, forest ecological system is affected by various ways:

· Sea level rises high making mangrove forest narrowed, and in other way badly impact on indigo forest and artificial forest in alkaline land in Southern provinces

· Boundary of primeval forest and secondary forest can change. Oily tree forest will expand to the North and higher belts, deciduous forest with drought-resistant trees will develop strongly.

· Raise of temperature and drought make threats of forest fire, pestilent insect, epidemic diseases,... increase.

5.1.4 Impacts of climate change on aquaculture sector

Climate change causes following impacts on seafood source and fishery:

· Raise of sea level make physical, chemical and biological status of water environment worse. As the result, the existing biomes change on its structure and participant, the reserve decreases.

· The increase of temperature make seafood source disperses. Tropical fish kinds with low economic value increase while subtropical kinds of fish with high economic value decrease or extinct. Fishes at coral reef are killed.

· Floating plants, the first link of food chain for floating animal are exterminated, make floating animal decrease sharply, therefore, decreasing food source of middle and upper water layer animals.

5.1.5 Impacts of climate change on energy – transportation sectors

Rise of sea level impacts on operations of drill rigs installed in the sea

Maritime ports including wharf, berth, and warehouse. North-South railway route and other transportation route located close to sea.

The increase of temperature also led to a higher cost of ventilation, raise of  electrical consumption for living activities and cooling cost in commercial and industrial sectors.

The raise of temperature and increase of evaporation volume together with erratic of raining regime lead to the change of water reserves and input traffic of hydroelectric lakes.

5.1.6. Impacts of climate change on people health

· The increase of temperature raises negative impacts to the health of people, leading to the increase of some threats to old people, patients with cardiovascular and neurological problems. The hotter situation makes yearly temperature and season structure. In Northern region, the winter will be hotter, causing a change of characteristic in biological rhythm.

· Climate change causes the increase of some tropical diseases such as malaria, petechial fever, increase of growth and development of various kinds of insects and bacteria, owners with disease, and raise of number of patients with spread-able bacterial contamination.
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