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Introduction

“El Nino” is understood as the abnormal warming of surface ocean waters in the eastern equatorial Pacific, it lasts from 8 – 12 months or even longer. EL Nino occurs once in 3 – 4 years; however, the frequency may be more or less than usual.

“La Nina” is characterized as the unusual cold ocean temperatures in the eastern equatorial Pacific, La Nina has the same frequency or lesser than El Nino.

ENSO is the abbreviation for El Nino Southern Oscillation, which is used to mention both El Nino and La Nina and related to the atmospheric oscillation between the Eastern Pacific and Western Pacific – Eastern Indian Ocean (referred as the Southern Oscillation) in order to distinguish from the atmospheric oscillation in Northern Atlantic Ocean.

 El Nino and La Nina phenomenon have impacts on the global weather and climate in the different and various levels. However; the main impacts, which represent the distinctive characteristics of each phenomenon, could be indentified for the specific regions.

El Nino and La Nina phenomenon represents the anomalies in the ocean – atmosphere system with the frequent or periodical interval between years. In the context of Climate change, ENSO phenomenon also has the anomalies in the intensity. The researches of ENSO phenomenon aim in understanding the physical mechanism, characteristics, rules of the process and the consequences caused by its impacts; therefore, we can give the early warning for the occurrence of ENSO, the possible impacts on the weather, climate and socio-economic status so as to recommend the effective measures to prevent, reduce and mitigate the damage caused by ENSO.

I. General overview of the physical mechanism of ENSO

Southern Oscillation and Walker Circulation

Southern Oscillation is the large-scale and interannual fluctuation of atmospheric pressure in Eastern and Western of the equatorial tropical pacific. Gilbert I. Walker found this phenomenon in the end of 1920s; 40 years after, Jacob Bjerknes (1966) confirmed the large-scale oscillation of the monsoon circulation in the North and South hemisphere of Pacific Ocean, which was related to the Southern Oscillation. When the monsoon circulation was strong, the relatively-cold water from the equatorial upwelling in the Southern America coast was formed by the pressure of the Easterly wind on the ocean surface and expanded westwards to the central of the Pacific Ocean. The difference of atmospheric pressure between the East (High) and West (Low) and the temperature between the East (Low) and West (High) leaded to the reverse movement in the low air layer (Easterly wind) and the high air layer (Westerly wind); the sinking air movement appeared in the East, the rising air movement appeared in the West; the circulation was created. Bjerknes called the circulation “Walker Circulation”. The stronger difference in temperature and atmospheric pressure between the East and West of Pacific Ocean, The more powerful the Walker Circulation was and vice versa, the lower difference in temperature and atmospheric pressure, the weaker the Walker Circulation was.

Normally, the ocean temperature decreases gradually in accordance with the depth. Therefore; from the ocean surface to the depth of hundreds of meter, the ocean temperature in Western Pacific is higher than the Eastern Pacific. Then a transitory layer of water (Usually called as “Thermocline”) between the hotter layer of upper water and the colder layer of below water with the declination from Eastern to Western Pacific. The depth of Thermocline in the West coast is around 200 meter and decreased gradually to the East coast to only tens of meter. When the Walker Circulation becomes stronger, the activity of upwelling intensifies and the declination of Thermocline becomes steeper; in contrast, when the Walker Circulation gets weaker, the activity of upwelling is restrained and the declination of Thermocline is decreased.

The ocean – atmosphere interaction

The ocean – atmosphere interaction is the exchange process of heat, moisture, motive power and energy between the ocean surface water and the upper air layer, which occurs mainly through the circulation and the atmospheric whirls. Above the Eastern equatorial Pacific (The warm pool), where the Easterly wind and the Westerly wind in the lower layer converses, the deep circulation in the West branch of Walker Circulation occurs frequently. Cloudy, High amount of rainfall and the Outgoing Long wave Radiation (OLR) from the ocean surface usually do not exceed 240w/m2. Therefore, the Quantity of Shortwave Radiation (Qsw) is usually smaller than the Quantity of Evaporation (Qe). 

In contrast, in the Eastern Equatorial Pacific, Walker Circulation usually has the sinking air in the Eastern branch; the activity of circulation is restrained, the amount of cloud and rainfall is little. The OLR from the ocean surface regularly reaches the maximal values (>280w/m2). The Shortwave Solar Radiation achieves the maximal values and bigger value than the Qe.

When Walker Circulation operates lower than usual (The weak Easterly wind in the lower layer; meanwhile, the Westerly wind in the Eastern Equatorial Pacific becomes stronger), the deep convection in Western Pacific is moved easterly to the central Pacific. Which intensify the whirls in the atmosphere of this region, the amount of cloud and rainfall increase; the OLR reduces the transmission of heat and moisture from the ocean into the atmosphere reduces; the OLR increases, the transmission of heat and moisture from the ocean into the atmosphere increases.

The operational mechanism of ENSO

Under the pressure of Easterly wind in the lower layer, the ocean surface in the Equatorial Pacific declines eastwards (The Sea level in Western Pacific coast is around 30 – 70 cm higher than the Eastern coast). When Walker Circulation declines or divides into 2 parts, the pressure of Easterly wind on the ocean surface reduces. This results in the declination of the upwelling and the Easterly flow and creates an oceanic equatorial flow (Kelvin wave) transmitting eastwards. The heat from the warm pool is transferred to the central and eastern Pacific leading to the abnormal warming of the ocean surface. As a result, the difference in temperature of the ocean water between the Eastern and Western area reduces; meanwhile, the temperature of the ocean in the East increases, the vertical air circulation in the water increases remarkably the disturbance of the ocean water.


It takes 50 days on average to disperse the Kelvin wave to Eastern Pacific and reflects. This reflection causes an oceanic wave (Rossby wave) which moves westwards with the average period of 6 months. Therefore, the warm surface water is moved westwards. The mutual reflection between Kelvin wave and Rossby wave in two banks of Pacific Ocean determines the duration and the instability of the phases in one process of El Nino. Therefore, it is noticeable that Kelvin wave reduces the difference in the temperature between Eastern and Western Pacific (The negative effect); in contrast, Rossby produces the positive effect. In fact, the long-term sustainability for the abnormal warming of the ocean surface water in the central and Eastern equatorial Pacific (One process of El Nino) proved the thermal effect of the stratosphere caused by Kelvin wave is greater than the effect of upwelling caused by Rossby in this ocean area. In the Eastern Equatorial Pacific, the change (Reduction) in the temperature of the ocean surface water during the process of El Nino is not greater than in the central and Eastern Equatorial Pacific, which proved that the thermal effects caused by Kelvin wave and Rossby wave are remarkably eliminated.

When the Walker Circulation is stronger than usual, the pressure of Easterly wind on the ocean surface increases resulting in the reverse process with El Nino process (La Nina process) due to the stronger activity of upwelling and the increase of the Easterly cold current which caused the cold anomalies in the Central and Eastern Pacific.

The main unstable factors have impacts on the Walker Circulation in the Pacific Ocean resulting in the commencement of one ENSO process

1/ The fluctuation of the high pressure of  the subtropical Pacific in terms of intensity, scope and center of the high pressure, which have the direct effect on the monsoon circulation of two hemispheres.

2/  The rapid increase of Westerly wind in Eastern equatorial Pacific is related to the operation of the high pressure in Southern Indian Ocean and in the Oceania.

3/ The Madden – Julian Oscillation (MJO) has the circulation of 30 – 60 days in Eastern Indian Ocean and Western Equatorial Pacific.

4/ The abnormal activity of the tropical cyclones in the ocean area which is far away from the equator and the central Pacific Ocean, is related to the operation of the westerly wind in the average latitude.

II. The process of ENSO during the period of 1951 – 2005

2.1 The indicators of identification for the processes of ENSO

In this research, it is understood that:

One process of El Nino is the continuous period which lasts over 6 months and has the 5-month running mean sea surface temperature deviation (SSTA) in the NINO.3 index (50N – 50S, 150W – 900W) larger or equal to 0,50C.

One process of La Nina is the continuous period which lasts over 6 months and has the 5-month running mean sea surface temperature deviation (SSTA) in the NINO.3 index smaller or equal to 0,50C. 

1.2 The processes of El Nino and La Nina in the period of 1951 - 2005

Table 1: The periods of hot ENSO (El Nino)

	Order
	Period of El Nino
	The starting month
	The closing month
	Duration
	Maximal SSTA (0C) and the occurring month

	1
	1951/1952
	6/1951
	1/1952
	8
	
	10/1951

	2
	1953
	3/1953
	11/1953
	9
	1.1
	9/1953

	3
	1957/1958
	4/1957
	5/1958
	14
	1.8
	12/1957

	4
	1963/1964
	6/1963
	2/1964
	9
	1.2
	12/0963

	5
	1965/1966
	5/1965
	2/1966
	10
	1.8
	12/1965

	6
	1968/69/70
	9/1968
	2/1970
	18
	1.4
	12/1969

	7
	1972/1973
	4/1972
	3/1973
	12
	2.6
	12/1972

	8
	1976/1977
	6/1976
	2/1977
	9
	1.2
	9,10/1976

	9
	1979
	7/1979
	12/1979
	6
	1.2
	9/1979

	10
	1982/1983
	4/1982
	9/1983
	18
	3.6
	1/1983

	11
	1986/87/88
	9/1986
	1/1988
	17
	2.0
	9/1987

	12
	1991/1992
	4/1991
	6/1992
	15
	1.7
	1/1992

	13
	1993
	2/1993
	8/1993
	7
	1.5
	5/1993

	14
	1997/1998
	4/1997
	6/1998
	15
	3.9
	12/1997

	15
	2002/2003
	7/2002
	1/2003
	7
	1.4
	11,12/2002


             Note: The underlined periods are the strong El Nino

Table 2: The periods of cold ENSO (La Nina)

	Order
	Period of La Nina
	The starting month
	The closing month
	Duration
	Maximal SSTA (0C) and the occurring month

	1
	1949/1950
	End of 1949
	4/1950
	-
	-1.7
	2/1950

	2
	1954/55/56
	5/1954
	2/1956
	22
	-2.0
	11/1955

	3
	1964/1965
	4/1964
	1/1965
	10
	-1.2
	12/1964

	4
	1967/1968
	9/1967
	4/1968
	8
	-1.3
	2/1968

	5
	1970/1971
	6/1970
	12/1971
	19
	-1.5
	12/1970

	6
	1973/1974
	6/1973
	3/1974
	10
	-1.4
	1/1974

	7
	1975/1976
	4/1975
	3/1976
	12
	-1.5
	12/1975, 1/1976

	8
	1984/1985
	10/1984
	12/1985
	15
	-1.2
	12/1984

	9
	1988/1989
	4/1988
	3/1989
	12
	-1.7
	11, 12/1988

	10
	1998/99/00
	10/1998
	3/2000
	18
	-1.6
	1/2000


                 Note: The underlined periods are the strong La Nina

1.3 The comments on the characteristic of distribution and operation of the ENSO process

1/ In 55 years (1951 – 2005), there were:

· 15 periods of El Nino; of which:

· The longest period (1968 – 1970 and 1982 – 1983): 18 months.

· The shortest period (1979): 6 months.

· The average time per period: 12 months.

· 10 periods of La Nina; of which:

· The longest period (1954 – 1956): 22 months.

· The shortest period (1967 – 1968): 8 months.

· The average time per period: 13 months.

· 6 times of 2 consecutive El Nino, but only one time of 2 consecutive La Nina.

2/ There were 8 strong El Nino (Average SSTA per month ≥ 1,50C)

        There were 6 strong La Nina (Maximal SSTA in a month ≥ 1,50C)     

    3/ Most periods of ENSO started in the spring season (March – May), especially for April, and ended in the winter season or spring season (December – April).

· There was no strong El Nino starting from middle of winter season or summer season.

· There was no strong La Nina starting from the middle of winter season. 

    4/ The strongest stage (Maximum) of each period of ENSO was in the middle of winter season (December – January).

     5/ Each period of ENSO represents clearly 7 stages, each stage lasts 2 – 3 months.

1. The stage before commencement.

2. The stage of commencement.

3. The stage of development.

4. The stage of Transition.

5. The stage of maximum.

6. The stage of decrease.

7. The stage of disintegration.

II. The impact of ENSO on some factors and phenomena of Hydrometeorology.

3.1 The impact of ENSO on the activity of cyclones and tropical depressions

In 45 years (1956 – 2000), 311 cyclones and tropical depressions (Hereinafter called as the tropical cyclones) have direct impacts on Viet Nam; there have been 6.9 cyclones per year and 0.58 cyclones per month.

Table 3: The monthly and yearly average frequency of the tropical cyclones which have direct impact on Viet Nam (1956 – 2000) 

	Month
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	Year

	Frequency
	0
	0
	0,1
	0,1
	0,1
	0,7
	0,7
	1,2
	1,4
	1,3
	1,0
	0,3
	6,9


Within the same period, there was the total of 150 months of El Nino with 63 tropical cyclones; each month had 0.42 cyclones on average, which was lower around 28% than the average of many years. Meanwhile, each month within the period of La Nina had 0.80 cyclones on average (86 cyclones/107 months), which was higher around 38% than the average of many years. 

In the season of cyclones (From June to December), the average numbers of many years were 6.64 cyclones, each month in the season of cyclones had 0.95 cyclones. In the condition of El Nino, the whole season of cyclones had 4.83 cyclones on average; each month had 0.69 cyclones, which is lower around 27% than the average of many years. In contrast; in the condition of La Nina, the whole season of cyclones had 9.17 cyclones on average; each month had 1.31 cyclones, which was higher around 38% than the average of many years. Besides; in the condition of El Nino, the tropical cyclones usually concentrated on the middle of the season of cyclones (July, August and September). In the condition of La Nina, the tropical cyclones usually focused on the second half of the season of cyclones (September, October and November).

2.2 The impact of ENSO on the frequency of the front cold

In the years of El Nino and La Nina, the number of the front cold had impact on Viet Nam was lower than usual. The ratio between the total positive and negative standard deviation for the frequency of the cold front, which had impact on Viet Nam, only accounting for 70%. The activity of the cold front in Viet Nam ended earlier than usual.

Table 4: The standard deviation for the frequency of the cold front which had impact on Ha Noi within the months of El Nino and La Nina

	Sign of Standard Deviation
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	Total

	El Nino
	Positive
	7
	4
	1
	2
	5
	7
	2
	1
	7
	9
	9
	6
	60

	
	Negative
	4
	7
	7
	10
	8
	6
	11
	12
	7
	4
	4
	7
	87

	La Nina
	Positive
	0
	2
	2
	3
	5
	3
	0
	4
	4
	7
	4
	8
	42

	
	Negative
	4
	6
	6
	5
	2
	6
	8
	4
	5
	4
	7
	3
	60


2.2 The impact of ENSO on the temperature

Most of the regions in Viet Nam, the average temperature in the condition of El Nino is higher than usual the winter season has the noticeable difference than the summer season; the southern areas are under remarkable impact than the northern areas. In contrast; in the condition of La Nina, the average temperature of each month is lower than usual, the northern areas are under remarkable impact than the southern areas.

Table 5: The ratio between the positive and negative standard deviation of the average temperature between the months in the conditions of El Nino and La Nina

	Station
	Lang Son
	Son La
	Ha Noi
	Vinh
	Da Nang
	Pleiku
	Can Tho
	Tan Son Nhat
	Average

	El Nino
	1.4
	1.5
	1.2
	1.2
	1.8
	1.3
	1.6
	2.0
	1.5

	La Nina
	0.7
	0.5
	0.7
	0.7
	0.6
	0.6
	0.6
	0.7
	0.6


Besides; El Nino phenomenon, especially for the strong periods of El Nino (1982 – 1983, 1997 – 1998), created many records of the absolute highest temperature in many areas. In contrast, La Nina made the records of the absolute lowest temperature. 

Table 6: Some records of the absolute highest temperature (Tx) and the absolute lowest temperature (Tm) in the periods of El Nino and La Nina

	Station
	Lang Son
	Son La
	Ha Noi
	Vinh
	Da Nang
	Pleiku
	Can Tho
	Tan Son Nhat

	El Nino
	TX (month/year)
	37.6 (7/83)
	36.3 (3/98)
	39.4 (6/83)

39.6 (6/98)
	40.0 (5/98)
	40.1 (6/98)
	38.9 (5/98)
	36.0 (4/98)
	39.3 (5/98)

	
	Tm (month/year)
	
	
	5.4 (1/77)

10.6 (11/79)
	
	13.1 (2/77)
	8.6 (2/77)
	16.5 (12/63)
	

	La Nina
	TX (month/year)
	
	39.5 (6/99)
	
	40.0 (5/88)
	
	37.3 (3/99)
	
	39.7 (1/99)

	
	Tm (month/year)
	-1.7 (2/68)

-1.5 (12/75)
	-0.2 (12/75)
	5.0 (2/68)
	5.9 (1/74)

5.1 (12/99)
	9.4 (12/99)

10.2 (1/74)
	6.1 (12/75)
	14.8 (1/63)
	


2.3 The impact of ENSO on the rainfall

The reduction of rainfall in each period of ENSO is defined as the subtraction between the actual rainfall in each period of ENSO and the total of average rainfall of many years within the same period, same point of time. The reduction is represented by % (DR). The research results showed that most periods of El Nino caused reduction of rainfall in most of areas, DR was usually from 25 to 50%; most periods of La Nina cause the rainfall higher than the average of many years in the provinces of the Middle’s coastal areas and the West of Southern Viet Nam, but they caused the reduction of rainfall in Northern Viet Nam, the Central Highland and the East of Southern Viet Nam (Table 6: The reduction of rainfall in the periods of ENSO in some areas).

It is noteworthy that most periods of ENSO caused the reduction of rain; however, some periods of El Nino and La Nina showed the records of the highest rainfall within 24 hours and the consecutive months of rain in some areas. This showed that ENSO increased the fluctuation of rain in Viet Nam.

2.4 The impact of ENSO on the Sea level in the coastal areas and the islands of Viet Nam.

For the Sea level in the coastal areas and islands of Viet Nam, El Nino caused the negative effect (∆h < 0); in contrast, La Nina caused the positive effect (∆h > 0). 
Table 7: The reduction of rain in the condition of ENSO in some areas

	Characteristics
	Vinh
	Da Nang
	Nha Trang
	Phan Thiet
	Plei Ku
	Buon Ma Thuot
	Da Lat
	Note

	The number of El Nino caused the reduction of rain in the whole period over the total 11 surveyed periods
	6/11
	8/11
	9/11
	10/11
	7/11
	10/11
	8/11
	

	The reduction level of rain on average per one period of El Nino (%)
	22,6 (12,4)
	17,6 (12,8)
	24,1 (19,7)
	13,4 (12,2)
	17,4 (11,1)
	21,7 (19,7)
	19,0 (13,8)
	Number in  ( ) is the average of the total 11 surveyed periods of El Nino 

	The number of La Nina caused the reduction in rain in the whole period over the total 8 surveyed periods
	3/8
	3/8
	1/7
	5/8
	5/8
	3/7
	3/7
	

	The reduction level of rain on average over one period of La Nina (%)
	15,0 (5,6)
	19,2 (7,2)
	47,2 (5,9)
	17,0 (10,6)
	18,0 (11,3)
	20,9 (8,9)
	9,7 (5,5)
	Number in     ( ) is the average of the total 8 surveyed periods of La Nina 


2.5 The impact of ENSO on the salinity of Sea water in the coastal areas and islands of Viet Nam.

In general, El Nino increased the salinity; in contrast, La Nina reduced the salinity of Sea water in the coastal areas and islands of Viet Nam.

2.6 The impact of ENSO on the flow of rivers in Viet Nam

· In the years under the impact of El Nino, the annual flow of rivers was lower by over 10% than the average of many years.

· In the years under the impact of La Nina, the annual flow of rivers was usually higher by 80 – 100% than the average of many years; some rivers were reduced by 50 – 60% in several years.

· The flow in the flood season also had the similar characteristic: in the years under the impact of El Nino, the flow was lower than the average flow of many years, the ratio (%) between the flow of flood season and the average flow of many years reached by 65 – 95 %; in contrast, in the years under the impact of La Nina, this ratio reached by 101 – 110% and even by 130 – 140% in some regions (The mountainous areas of Northern Viet Nam, the Middle and the Central Highland). However, the fluctuation of this characteristic under the condition of ENSO was very high, even in the years under the impact of El Nino, the flow of the flood season was higher than the average flow of many years; in contrast, in the years under the impact of La Nina, the flow was higher by 101 – 140 % than the average value of many years. The smallest flow of a month also had the similar characteristic.

2.7 The impact of ENSO on the output of the hydroelectricity

The relationship between the average water volume per year with the annual output of four hydroelectric plants including Hoa Binh, Thac Ba, Tri An, Da Nhim was in the direct proposition with the correlation rate of 0.5 – 0.8. Therefore, it is notable that ENSO had the impact on the reduction of the output for the hydroelectricity. Meanwhile, the impact of La Nina facilitated the increase in output of the above-mentioned hydroelectric plants.

2.8 The impact of ENSO on the agriculture

· In the condition of El Nino, the average turnover of the spring harvest reduced comparing with the previous harvest, especially for the Midland in Southern Viet Nam; in contrast, the turnover of the autumn harvest increased, especially for the Mekong River delta.

· In the condition of La Nina, the average turnover of the spring and the autumn harvest also increased than the previous harvests; of which, the spring harvest had the remarkable increase in the Red River delta, the autumn harvest had the remarkable increase in the Mekong river delta.

· In the condition of ENSO, the coverage of coffee plant that could be harvested and the turnover of coffee bean also increased comparing with the previous harvest; in the years under the impact of La Nina, the coverage of coffee plant was higher than in the years under the impact of El Nino, but the turnover of coffee bean in the years under the impact of El Nino was higher in the years under the impact of La Nina.

2.9 The impact of ENSO on people’s lives and health

· In accordance with the statistics from 1977 to 2000, the total number of dead and missing people caused by the natural disaster was 14,962 people; of which 64 % of cases occurred in the years under the impact of ENSO (43% in the years under the impact of El Nino and 21% in the years under the impact of La Nina).

· The prevalence of petechial fever reached 100,000 cases in the period of 1976 – 1998 in relation to El Nino phenomenon with the correlation rate from 0.4 – 0.6. Only within a period of El Nino from 1997 – 1998, the petechial fever occurred in 51 provinces and cities of Viet Nam with the average rate of 306 cases/100,000 people.

III. The capability of forecasting the impact of ENSO on the factors and phenomena of the hydrometeorology.

Based on the analysis of the relationship between the distinctive characteristics of ENSO (The South Oscillation Index), the standard deviation for the temperature of the ocean surface water and the climatic factors as well as the hydrometeorological phenomena, some models of seasonal statistics and forecasts (3 months) were built based on the information of ENSO on the following factors and phenomena of the hydrometeorology:

1. The frequency of the tropical cyclones in the South China Sea and Viet Nam.

2. The average and maximal temperature of the air.

3. The rainfall (The total and the maximal amount).

4. The flow volumes in some locations of Red River catchment area.

5. The drought.

The forecasted results are assessed by the evaluative criteria of forecast such as: the Forecasting index (FI), the Root mean squared error (RMSE), the RV and the Heidke score. The results of the assessment are good.

IV. Some measures to mitigate the harmful impacts and the damage caused by ENSO.

In addition to the measures for construction works in relation with the fields of water resources, the protective forest and the protection of the coastal areas…the other main measures are:

1. To plan and manage comprehensively the watershed areas, the system of reservoirs.

2. To adjust the mechanism of production and crops in some areas to adapt to the impacts of ENSO.        

3. To build and complete the procedures of surveillance, warning and forecast for the impact of ENSO.

4. To strengthen the national and sectoral activities of organization and management of natural disasters for the impact of ENSO as an element of the National Strategy on the Sustainable Development.

5. To continue to disseminate information and improve people’s awareness on ENSO and the preventive measures.
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Figure 1.1: Walker Circulation in the normal condition
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Figure 1.2: Walker Circulation in the condition of El Nino 
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