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ABSTRACT 
 

Fidelity and the projected future predictions or potential changes in the climatic conditions have already 

described by various climatic models using the finite difference methods based on various schemes and 

approximations. In general, the past-present scenario alongside the future predictions are shown in this 

paper. Generally, the theoretical models are based on the governing laws and its implementation. Further the 

numerical representations are made and solve for the exact solutions. Followed by plugging the initial and the 

boundary conditions in the models. Theoretical calculations are done initially to simplify the model, therefore 

there is a margin for error in terms of accuracy and stability. While solving it numerically, higher order of 

accuracy can be achieved. This paper revolves around broadcasting the various scenarios of global warming 

and how numerical models can help in understanding the climatic conditions. These present scenarios further 

could be useful for the future predictions. The uncertainties could exist because of the lack of data, which 

would eventually give rise to the loop holes. In this case the approximations comes into the picture. For 

example as an uncertainty indicated by (Wentz, 2007) that climate models indicate that there will be a total 

increase in amount of water in the atmosphere at a rate of 7% per Kelvin. But in comparison it was just 1 – 

3%. There are always few ways to increase the accuracy but at times few natural phenomenon cannot be 

captured and displayed through climate modelling. 
 

Now a days, role of green-house gases is significant in the exponential growth of global warming. These 

gases impact the hydrological cycle of the planet by affecting the lower troposphere. According to (Meehl, 

2005), it is expected that due to thermal expansion there will be 320% seal level rise in the 21 century. This 

way, the future predictions on climate change helps to take the preventive measures. The preventive 

measures such as models can display various responsible factors for the exponential growth of green-house 

gases. Numerical models use the extrapolation techniques as well for the potential future predictions. 

 

1. Introduction 
 

The current focused questions are like is ‘How much rain will global warming bring?’, ‘How much 

more global warming and sea level rise?’ etc. and the most general, ‘what climate models tell us about 

global warming?’ and ‘how actually climate models work to showcase the climatic conditions’. The paper 

displays how actually the climate models work. 
 

Initially the analysis can be commenced theoretically by the simplifying the model either by 
considering the 1D or 2D Navier-stokes advection diffusion equation, which may be in the form of: 
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where, U and D are the advection and diffusion terms and f(x,t).  
Now, to use the above equation (1) there is a need to discritize  

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.1. Meshing for finite difference in space and time 
 

Fig.1. Displaying the finite difference approximations of the derivatives. Through this analysis one can 

find the change of the function (f) in time and space. The comparison further can be made with the 

theoretical value of eq. (1) and numerical solution. For accurate results, there should not be significant 

difference between the values. Accuracy is the back bone of the numerical solutions. If the solution is less 

accurate, this could be one of the reasons where the predicted total increase in the amount of water due 

to global warming was not accurate (Wentz, 2007). 
 

The time steps at which the simulations are running also creates a difference. If a simulation runs at 

smaller time steps, that give rise to the better results. At the same time, the step size cannot be increased 

indefinitely. Also model must be at the higher resolution, for better and accurate results. 
 

After setting up model initially like this, one can eventually find an answer for the above questions 

such as ‘how much precipitation does global warming bring?’, ‘how much the sea level rises?’ etc. One 

can easily try to find these answers by relating the conservational laws as well. However, none of the 

models could certainly say that it has 100% accuracy. Moreover, in addition to the conservational laws 

such as conservation of mass, momentum and energy. In addition to that, for an atmospheric model 

input parameters like relative humidity, eddy viscosity, seasonal cloud fraction, cloud top altitudes etc. 

(Essex, 1991). 

 

2. Past-Present situation 
 

This section will describe how the modelling would help to portrait the climatic conditions of a 
particular location within a certain set of domain.  

 

.....(2) 

 

After solving for Further, solving for  and  by using the Taylor series and eventually making 

use of the forward difference (using forward in time and centred in space scheme) for the different 

derivatives. The discretization of eq. (2) are as follows: 
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...(3) 
 

The above equation is the explicit discretization, which further extrapolate for the final solution in the 

domain. Similarly, using this technique one can model the climatic conditions in the past and analyze 

them as well. The mathematics that work behind the curtains will be this way. 
 

For example analyzing the climatic conditions of Northern hemisphere in the past few decades or 

vice-versa. The physical input parameters are required but at the same time there may be uncertainties, 

those are associated with them. Sometimes few seasonal changes are unpredictable such as relative 

humidity, which is a function of temperature. The ad hoc machinery that measured that temperature 

might get replaced. The replaced machinery might be have some different calibration, in this case the 

actual value of relative humidity might vary within the time duration. Hence the amount of water rise 

increases at the sea level more than what was predicted. Likewise the other parameters, they can also 

affect the solution. This all give rise to some uncertain errors. Therefore, we always try to reach close to 

the precise solution. But one way of reducing other numerical errors would be in this form: 
 

First derivative: Error:  
 
 
 

 

..........(4)  
Second derivative:  

 
 
 

 

.........(5)  
The above equations 4 and 5 here as the accuracy increases with the decrease in step size.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2. Interannual changes in anomalies of growing seasons (Piao, 2006) in Northern hemisphere. 
 

The above fig.2. (Piao, 2006) is an example of extrapolation of the parameters to within the span of 20 

years. The main focus of this paper is on the greenhouse gases, which are responsible for the global warming 

in the Northern hemisphere. (Piao, 2006) has used the ORCHIDEE model at various resolutions for better 

analysis. He did 4 simulations; first, only considering effects of increase of CO2, second only when the 

temperature changes, third variability in the precipitation, and fourth where he considered the effects of 

atmospheric CO2 and climate variability. The graph shows that with time until 2000, the amount of CO2 is 

increasing in the northern hemisphere. Another example comes under this category if by (Vinnikov, 1999), 

which shows a decrease in the Northern hemisphere sea ice during the past 46 years. 
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Fig.3. Observed and modelled variations in the simulation results (Vinnikov, 1999). 
 

In perspective to this paper, here the focus will only be on the GFDL model used above for the 

numerical analysis. There are observed circles from year 1901-98 and another signifies by the triangle 

from 1978 to 98. Ice is melting continuously from 1900, which is due to increase in the amount of 

greenhouse gases in the atmosphere. But yet again by GDFL model (Vinnikov, 1999) tried to simulate 

and get the accurate solution. The polynomial fir is somewhat overlapping with the observed data and 

even after year 2000, there was an attempt to extrapolate the data to predict the future until 2040. The 

way the polynomial fit is extending further, it looks like there would be less uncertainties with the 

upcoming actual observed data. Although, while working with this model there was a specific resolution 

used by them. There is a probability that by increasing resolution could give rise to much better results. 

Henceforth, the preventive measures can be taken into considerations by various organizations to 

protect the environment in a much better way. 

 

3. Perturbation and Future predictions 

 

3.1. Perturbation and parameterizations: 
 

Just before predicting the future scenarios, there is often a question if the solution is stable. The ad 

hoc data, which the models are using as input and trying to reach the accuracy is potential perturbed 

climatic conditions. The difference in the solutions depend on the degree of ad hoc invariance in the 

input parameters. It is difficult to get 100% correct solution. Therefore, the solution should fall under a 

certain range, which describes the stability. 
 

Von Neumann method is one of the methods describing the stability of the advection-diffusion equation. 

Model gets stable with decrease in the step size. Climatic models can opt any of the approximations such as 

upwind, centered or downwind based on the requirement and the level of stability and accuracy needed. 

Partial differential equations play a vital role in analyzing the flow behaviour as well. It becomes really 

important to understand the climatic phenomenon as well. For example, the wave, diffusion and laplace 

quasi-linear PDEs signify the hyperbolic, parabolic and elliptic behaviour of the flow. 

Wave equation  
 
 
 

....(6) 
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Laplace equation  
 
 
 

.....(7)  
Diffusion equation  

 
 
 

...(8) 

 

3.2 Future scenarios: 
 

Based on the recent data, building the model and validating is what makes the model worth. If the 

solution is stable, solution has the higher order accuracy. After the model is validated, it is ready to 

calibrate and further set for the future predictions as well.  
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.4. Variation of snow water equivalent (SWE) to time intervals (Shi, 2015) 
 

The above figure 4. explains the snow water equivalent in the northern hemisphere during the 

various time scales. (Shi, 2015) The simulation was done from 1986 to 2005 by taking 20 different 

climate models alongside GlobSnow software. The grey shaded area shows the stability of the solution. 

There is a wide range of limit, where the Models and the software are showing similar results. From 

September until February, both models and the software show quite same result, but then there is a 

slight difference in the results. This may have arrived due to different extrapolation techniques or due to 

the difference in step sizes. In numerical models, step size can be determined by the user but in case of 

models, it may not be the case. 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.5. Mean changes in SWE to show the contribution of changes in precipitation (P ), the fraction of solid 

precipitation (F ), the fraction of accumulated snowfall that remains on the ground (G), and nonlinear 

terms (NL) during the period of 2016–2035 (a), 2046–2065 (b), and 2080–2099 (Shi, 2015) 

Another example to showcase the future predictions of snow water evaluation. Fig.5. (a) and (b) shows the 

contribution of changes in precipitation, the fraction of solid precipitation, the fraction of accumulated 
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snowfall that remains on the ground, and nonlinear terms at various timespan. This 

could also be done through extrapolation and hence to predict the future contributions 

of precipitation, snowfall etc. However, they didn’t talk about the stability in this case. 

They mention that in future the trend looks like the magnitude of reductions in SWE 

(Shi, 2015). 

 

Conclusion 
 

In the nutshell, paper describes how numerical models help in understanding the 
climate and also predicting the future.  
ÈInitiating from setting up the simplified model based on physical laws and 
governing equations.  
ÈNumerically representing the situation.  
ÈSetting up the physical processes, parametrizing and approximations for the 
stability.  
ÈDetermining and setting up the initial and boundary condition. 

 
Along with global warming, effects of greenhouse gases and further different analysis 

is a wide range of the assignment. Working with the climate models with different time 

and space regimes. The global surface parameters also sometimes show ad hoc 

invariance. The only certainty is the process of how the climate change is happening. A 

numerical model has a wider range of applications, global warming is considered as an 

example to explain how the numerical climate models work. The input parameters 

might be uncertain sometimes, therefore the validation of the model is necessary and 

further determining the stability, which is significant. The future predictions on global 

warming are more reliable on approximations, stability and accuracy. 
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