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Abstract. Global warming is a natural phenomenon that has been hotly discussed in recent years. 
The reason for this is that since the industrial revolution, human activities have become more 
frequent and the development of carbon resources has become more intense, leading to an increase 
in the concentration of greenhouse gases in the air every year [4]. In this paper, we preprocess the 
given data and then find the missing data ourselves to determine whether the temperature increase 
in March 2022 leads to a greater temperature increase than in the past decade. Then, we build a 
time series prediction model and an exponential smoothing model to describe the past and predict 
the future temperatures. With the help of these two models, we give specific temperatures for both 

models in 2050 and 2100 and predict the time when the global temperature reaches 20°C. Finally, 

the prediction accuracy of the two models is evaluated and compared. 
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1. Introduction 

Global warming must be one of the most concerning issues in the international community today. 

The temperature trend is gradually increasing. This has led to the dissolution and melting of many 

primitive glaciers or frozen soils. As the recent news: "Scientists find ancient viruses still partially 

active in thawing permafrost" shows that in addition to the impact of global warming on the 

environment and biodiversity, it also has a relatively direct impact on humans. After all, following 

the outbreak of the New Crown pneumonia epidemic in recent years, we believe that no one wants to 

go through similar or worse times [1]. 

Based on the data tables given, we need to first supplement and pre-process the data. Pre-

processing usually includes a list of groups, conversion of data types, etc. After that, we need to make 

a relatively rigorous judgment: whether the rise in global temperature in March 2022 has led to a 

greater rise than in the past decade. Then two models need to be built to predict the global temperature 

trend after 2022 and give the approximate year when the global temperature reaches 20°C. We will 

then analyze the fit of the two models we have built. 

2. Analytical Observability 

2.1. Observability analysis 

First of all, we can make a visual analysis of all the data obtained to roughly grasp the trend of 

global temperature changes. 
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Fig. 1 Observability trend chart of actual temperature 

 

Fig. 2 Enlarge the last visual trend chart  

The above is the result diagram of visual analysis. The first one is from ten years ago to October 

2022. The latter one is a trend chart obtained by terminal enlargement of the previous one. (X=111, 

Y=10.58) is the coordinates of March 2022.  

From these two figures, we can intuitively see that there is no significant upward trend after 

March 2022. 

2.2. Difference analysis 

In order to verify the conclusions of the observability analysis, we still need to make specific 

calculations. Here we divide all data in the first ten years of March 2022 and all data after March 

2022 into two groups, and use independent sample T test to judge the difference between the two 

groups of data [5]. 

                           (1) 

                                                (2) 

                           (3) 

                        (4) 
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Independent sample t-test is used to analyze the difference between two groups of direct 

quantitative data, which is a method of difference test. It has many applicable conditions. It has many 

applicable conditions. The most important is that the observed variables in each group are normal (or 

nearly normal) distribution & the variance of the two groups of observed variables is equal. Therefore, 

we need to do a normality test for the two groups of data here. 

 

Fig. 3 Results of normality test 

From the above images, we can know that these two groups of data are approximately normal 

distribution.Then we use independent sample t test to get the following images: 

 

 

Fig. 4 Independent t-test results 

Till now we can conclude that there is no significant difference between the two groups of data. 

The results are the same as those obtained from our previous visual analysis. 
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3. Time series forecasting models 

3.1. Global Temperature Level Projections 

To describe the past, we can directly use all the data in the past to make a distribution map. This 

step can also be called visual analysis. For subsequent prediction, we use ARIMA method and 

exponential smoothing method here. ARIMA model is a linear model proposed by Box and Jenkins 

for time series analysis and prediction. In time series analysis, three parameters need to be set, namely 

autoregressive order (p), differential order (d) and moving average order (q) [2]. The general form of 

ARIMA (p, d, q) is as follows: 

                         (5) 

                                  (6) 

                                    (7) 

Exponential smoothing method is a time series forecasting method which is based on the actual 

number and forecast number of an indicator in the current period and introduces a simplified 

weighting factor, namely smoothing coefficient, to obtain the average. That is to say, a special 

weighted average method is used to give greater weight to the historical data close to the prediction 

period, and the weight decreases from near to far according to the exponential law [3]. 

The ARIMA prediction method needs to determine the normality of the data itself, and here ACF 

and PACF are used as the test basis.The difference also needs to be checked. 

 

Fig. 5 Normality test and difference smoothing test 

Through calculation, we can know that the parameters of ARIMA here are 1, 1 and 0 respectively. 

Therefore, the following images are drawn: 

 

Fig. 6 The figure of ARIMA(1.1.0) 

The second prediction method we adopt is Brown exponential smoothing method in exponential 

smoothing. The use conditions of exponential smoothing method are much simpler than ARIMA 
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prediction method. However, in terms of long-term prediction, the prediction accuracy of exponential 

smoothing is much worse than ARIMA. 

  

Fig. 7 Normality test and difference smoothing test 

Based on the two models above, we can output the specific temperature for each specific year for 

both models. We can output specific temperature data for each specific year for both models. the 

specific temperature data for 2050 for ARIMA, Brown and 2100 and before and after for ARIMA 

and Brown exponential smoothing methods are as follows: 

Table 1. ARIMA (1.1.0) model in 2050 and 2100 

 

 

Table 2. Brown index smoothing model in 2050 and 2100 

 
 

We find that neither of the two models can reach 20°C in 2050 and 2100. When the temperature 

reaches 20°C, the specific corresponding years of the two models are as follows: 

Table 3. ARIMA (1.1.0) model reaching 20°C for specific years 
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Table 4. Specific years in which the Brownian smoothing model reached 20°C 

 

3.2. Model Evaluation 

For the above two models, we compare the past part of the model with the actual past part of the 

database, and analyze the fitting accuracy of the model. The results are as follows: 

Table 5. Fitting accuracy of ARIMA (1.1.0) model 

 

 

Table 6. Fitting Accuracy of Brownian Exponential Smoothing Model 

 
 

By comparing the two, we can know that ARIMA (1.1.0) has a better fitting effect in this database. 

It should also prove that the aforementioned Brownian exponential smoothing model is not suitable 

for long-term high data volume prediction. 
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4. Summary 

In the current situation, the global temperature rise trend is still gradually increasing and the 

situation is becoming more and more pessimistic. Therefore, relevant measures must be taken to slow 

down the economic growth rate. Our team first predicted the general trend of global temperature 

change and then analyzed the factors that will lead to the global temperature increase. In analyzing 

the causes of global temperature change, our team found that the continued production of carbon 

dioxide is the main reason for the continued rise in temperature. Although factors such as population 

and GDP are also associated with global temperature increases, they are not the main cause. Therefore, 

if we take too many relevant measures in these areas, we may not get effective results. Therefore, the 

most effective way to curb global warming is through measures to reduce CO2 emissions. 

In this paper, the time series forecasting method and exponential smoothing method are used in 

predicting the future global temperature level. The time series model can perform a smoothness test 

on the time series, so as to determine whether the time series data are smooth or not. In addition, the 

time series model can also perform seasonal decomposition so as to determine the periodicity of the 

data. In addition, the time series model can also perform a unit root test so as to determine the 

smoothness of the data. The exponential smoothing model can perform a smoothness test on the time 

series data, so as to determine whether the time series data are smooth or not. In addition, the 

exponential smoothing model can also perform seasonal decomposition so as to determine the 

periodicity of the data. In addition, the exponential smoothing model can also perform unit root tests 

and thus determine the smoothness of the data. 

However, the exponential smoothing model assigns less weight to the forward data and more 

weight to the near-term data, so it can only make short-term forecasts. In addition, the prediction 

results of the exponential smoothing model are affected by the exponential smoothing value, so some 

adjustment is required to obtain more accurate prediction results. 
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