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Abstract: Using environmental isotopes to study the variations in air temperature is a relatively new method in Vietnam. This is a new and reliable method. Using environmental isotopes to study the temperature variations in the past and predict the future changes is a matter of being interested and applied. This paper used the results of isotope analysis (T, D, 18O, 13C and 14C) to study the change in temperature of the air environment in the past and then projected to 2050. From contents of isotopes, based on the correlation with temperature, water age we could calculate air temperature conditions in the past and predict future changes. Results from the study showed that about 500 years ago until present, air temperature on earth continously rises and amplitude ranges from 0.05 to 0.06 ° C/year. By 2030 the average temperature of the air environment will be 23.75 ° C, by 2040 would be 24.10 ° C and by 2050 ° C is 25.20.

1. Rationale 

Research on temperature changes in the past as a basis for forecasting future changes is a new scientific issues in Vietnam. Using environmental isotopes can give explanation to the problems happened in the past and the problems will arise in the future. Applying isotopes methods in research and repeating ancient temperature conditions is a modern method. This method in Vietnam is relatively new and not popular. The general rule is that rain water, river water, groundwater always contain certain isotopes. The isotopes exist and their variations follow certain rules. Based on the existing rules and their variations through the irrelational relationship between them with time we can determine the ambient air temperature in the past (ancient temperature) or predict the temperature change in the certain time in the future.

By studying the isotopic contents in the water environment at the present time, through the algorithm shown their relationship with time, we can determine the air temperature conditions in the past or forecast future changes. In this paper, the author used environmental isotopes including tritium (3H or T), deuterium (2H or D) oxygen-18 (18O), carbon-13 (13C) and carbon-14 (14C) to study the characteristics of water resources and predict the temperature changes by 2050. 

2. Research methods 

To accomplish this goal we have conducted the traditional combining with modern research methodology. The traditional method is to investigate the fieldwork, take laboratory samples, inheriting the previous studies of many authors. Modern method is to measure and interprete the results of isotopic measurements, establish the correlation functions and predict temperature changes in the future. 

According Yursever (1976), the relationship between average annual values ‌‌of δ18O in rainfall (δ 18O) TB and average annual values ‌‌of temperature (TTB) is shown in the following equation:

                                                  ((18O )TB = (0,34 0/00) TTB  - 12 0/00                                     (2.1)


From the value (D and (8O we can calculate the air temperature when creating rain. The apparent change of value (D and (18O appeared in transition of climate between ice ages and warm periods. Groundwater formation in the Pleistocene period has value (D and (18O markedly reduced. 

3. Results and Discussion 

By studying the relationship of isotopes (D and 18O) together, the relationship between rain water, surface water, ground water through smmarising analysis results in isotopes for a long time we can define and forecast the temperature change in the future.

3.1. Isotopic composition in rain water
Rain water contains isotopes with certain contents. Based on the concentration of water samples and the relations calculated according to the equation we establish the meteorological conditions of the area. Specifically waterline on meteorological charts (GMWL), rain water samples taken in 2010 and 2011 scattered on the road GMWL, with the balance deuterium d = +10 (Figure 1). 

On Craig Graph, the isotopic compositions 18O and (D in rainwater [1,2,11,12] are identical with world rain water line; the samples skewed toward the origin (rich in heavier isotopes) were taken from the rain in the dry season, with  (18O values ‌‌from -2.0 to -4.0% o SMOW (Standard Mean Ocean water) and (D from <-10 to> -20% oSMOW. This phenomenon can be caused by evaporation of rain water immediately after falling down during the dry season climatic conditions [11].
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Figure 1: stable isotope composition in rain water samples on Craig Graph

 (Source: Institute of Nuclear Science & Planning)

3.2. Stable isotope composition of water in the Red River

Results from analyzing isotopes in the Red River showed that water samples in the Hanoi area tends to shift to the right of the path GMW (Figure 2). This occurs due to: 

- The effects of evaporation enriched isotopes. As water on the surface of the Red River evaporates much, isotopes were enriched. On the graph positions of samples analyzed skewed to the right side of the path under GMW. 

- River water recharged by rainwater from areas with drier climates than actual conditions (upstream outside Vietnam). 

- Red River water mixing with groundwater is derived from rain water formed from water vapor in the air in the past dry climate conditions than the current period. According to Zigeng Yang (1988), Ha Van Tan (1984), Kim Tuyen Vu (2006) [11] and some other authors [5,6,12], it is affected by glaciation period before Pleistocene. 
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Figure 2: Stable isotope composition in water samples in Red River in Ha Noi
3.3 Isotopic composition in groundwater 

When studying isotopic composition of groundwater in Red River Area we conducted 75 types of isotope samples taken in 15 locations (see Figure 4) and found that the concentration of the components changed in a wide range. For example,  18O changed from -9.48 ‰ to -5.5 ‰; Deuterium -65.44 to -35.81 ‰ ± 0:13 0:55 ± ‰, carbon-based-changed from 6.1 ± 14 to 91 ± 9 0.5pmC PMC ... This shows that there is a mixture of water of ancient age and water of young age. The results of analysis of the isotopic composition are shown in Table 4. 
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Figure 3. Isotopic sampling positions 

Table 4. The results of analysis of the isotopic composition in groundwater in North Delta of Vietnam in 2011
	No
	Sampling location
	Deuterium (D) (‰)
	Oxygen- 18

(18O)(‰)
	Triti (T hay3H) (TU)
	Cabon-14, pmC
	Cabon -13  (13C) (‰)

	1
	Phap Van 
	-50.53 ± 0.32
	-7.71 ± 0.17
	0.67 ± 0.61
	46 ± 4
	-13,45 ± 0,2

	2
	Yên Phụ 
	-57.96 ± 0.42
	-8.64 ± 0.09
	0.47 ± 0.71
	67 ± 5
	- 12.58 ± 0.2

	3
	Viettrì –Phu Tho
	-40.93 ± 0.17
	-6.32 ± 0.21
	3.25 ± 0.64
	80 ± 7
	-13.76 ± 0.2

	4
	Mê Linh -Vinhphuc
	-36.94 ± 0.68
	-5.53 ± 0.23
	3.97 ± 0.70
	87 ± 7
	-17.82 ± 0.2

	5
	Hai Duong 1 
	-54.9 ± 0.32
	-8.05 ± 0.14
	2.21 ± 0.75
	84 ± 8
	-15.87 ± 0.2

	6
	Hai Duong 2 
	-65.44 ± 0.13
	-9.48 ± 0.09
	3.53 ± 0.95
	91 ± 9
	-16.82 ± 0.2

	
	
	
	
	
	
	

	7
	Thuan Thanh, Băc ninh 
	-53.99 ± 0.59
	-8.29 ± 0.09
	0.68 ± 0.65
	46 ± 4
	-13.76 ± 0.2

	8
	Thuy Nguyen Haiphong
	-58.51 ± 0.23
	-8.91 ± 0.19
	0.72 ± 0.66
	6.1 ± 0.5
	-17.82 ± 0.2

	9
	Vinh Bảo Haiphong
	-51.12 ± 0.34
	-7.62 ± 0.09
	0.60 ± 0.57
	6.6 ± 0.5
	-18.32 ± 0.2

	10
	Thaibinh 01 
	-37.26 ± 0.46
	-5.75 ± 0.12
	0.02 ± 0.71
	78 ± 7
	-15.71 ± 0.2

	11
	Hanoi 1 
	-35.81 ± 0.55
	-5.9 ± 0.06
	1.01 ± 0.65
	80 ± 9
	-19.36 ± 0.2

	12
	Hanoi 2
	-34.79 ± 0.65
	-5.5 ± 0.09
	0.1 ± 0.56
	78 ± 8
	-18.96 ± 0.2


3.2 Data processing 

From documents of isotope analysis, we analyzed and revised to draw the correlation diagram between components. 

 Based on the tritium content we can determine the age, the quality of rain water replenished, surface water to groundwater, which helped to predict meteorological conditions within the scope of a few tens of years. In areas of aquifers uncovered in Hanoi, average residence time of groundwater flow (TB = (15 ( 5) years and the amount of additional groundwater is calculated according to the following formula: with QBS: additional water , (TB: residence time of water in the aquifer, H-aquifer thickness, n-level vulnerabilities effectively. 

If a water sample contained water categories of various age, relationship between the measured concentrations of tritium at time t,  C(t) with initial concentration Co can be represented according to the following equation [5 ]: 

C(t) = Co ( t -( ) e -(( f( ( ) d(
- The function f (t) shows that, in samples analysed, water of (age accounts for how much percent compared with the entire samples. 

- The function of the Co (t) represents tritium concentrations in groundwater of the year (t-t) 

With ( constant radioactive decay, in which T1/2 is the half-cycle.

and  
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For radioactive isotope 14C: The radioactive isotopes always follow the rules of radioactivity, determined by the equation: C(t) = Co(t -() e-(( f( ( ) d(  From the results of 14C measurements, we carried out calculations in the model of Piston and then form the correlation graphs and give comments.
(18O (o/oo)
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Figure 5. Graphs showing relationship between (18O and 14C age of groundwater in the Red River Delta [3,5,6]

For the stable isotopes 18O and D: ( deviation of the stable isotopes in water samples studied (red) compared with standard samples (ocean water) can be measured in terms of mass spectrometry and expressed in the following formula: 
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Calculation results: Based on the results of environmental isotopes, we determined the correlation between the concentration of 18O and temperature at the time of creating rain. From documents revised of isotopic documents, we can determine the relationship between temperature and time shown in the Graph of Figure 6. Calculation results are shown in Table 5.
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Figure 6. Graph showing the relationship between time with temperatures from 40,000 years ago to 2050 

Table 5. Calculated results of air temperature over time

	Time (age)
	40000
	30000
	20000
	10000
	5000
	1000
	500
	100
	50
	0
	10
	20
	30
	40
	50

	Temprature (oC)
	2
	3,5
	4
	8
	10
	17,5
	21
	22
	23
	23
	23
	23,5
	24
	24,8
	25,2


Compiled from Table 5 and Figure 6 we see: 

+ From 40,000 years ago, the air temperature tends to rise and will always continue to rise from now to 2050, with margins ranging from 0.05°C to 0.06° C/year. 

The result of calculating and forecasting the temperature from now to 2050 when rain created is as follows: 

+ In the year 2020 air temperature when the rain created is: 23.5 ° C 

+ In the year 2030 air temperature when the rain created is 24.0 o C 

+ In the year 2040 air temperature when the rain created is: 24.8 ° C 

+ In the year 2050 air temperature when the rain created is: 25.2 ° C 

Under climate change scenarios of Natural Resources and Environment Ministry in 2012, the data related to the average temperature of the air and the average sea level rise for the years from 2020 to 2050 as follows: 

Table 6. Calculated results of temperature and sea-level rise as a result of our studies and compared with results predicted by the Ministry of Natural Resources

	Year
	Temperature
	

	
	Results of our study
	Results of study by the Ministry of Natural Resources

	2020
	23,5
	23,50

	2030
	23,75
	23,75

	2040
	24,10
	24,06

	2050
	25,20
	25,36


Comments: The findings using isotope method shows consistency with the temperature scenario of the Ministry of Natural Resources and Environment Vietnam under the medium emissions scenario table (B2). 

4. Conclusion: 

1. The method of using isotopes to study and predict the variations of environment temperature is a modern method, has both accuracy and reliability. The result of studying ancient temperature using isotope method showed that 10,000 years ago the air temperature in the Red River Delta was colder than the current temperature. The air temperature ranged from 4 to 9 degrees C 

2. From 500 years ago to the  present, the earth's temperature continued to increase and amplitude ranges from 0.05 to 0.06 °C/year. By 2030 the average average temperature of the earth's environment will be 23.75 oC, by 2040 would be 24.10 oC and by 2050 oC is 25.20. 

3. The result of the study by the aurthors is quite consistent with the result of study by the Ministry of Natural Resources and Environment under the medium emissions scenario table (B2).
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