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Abstract

In Karachi, the transport and building industries have a major impact on
carbon dioxide (CO2) emissions and greenhouse gas emissions. This study
is innovative in that it examines how air temperature changes over time and
forecasts the maximum and minimum temperatures in Karachi. Specifically,
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it looks at 60 years’ worth of mean monthly maximum and minimum air
temperatures in Karachi, spanning from (1961 to 2020) dataset classes.
The monthly average air temperature in Karachi, both at its minimum and
maximum, remains constant. Using dataset from the Pakistan Metrological
Department (PMD) and, the ARMA (p, q) model technique was used to assess
forecasting and modelling the behavior of the maximum and minimum air
temperatures in Karachi. The least values Akaike information criterion (AIC),
the Bayesian Schwarz information criterion (SIC), and the Hannan Quinn
information criterion (HIC) are used to describe how adequate the model
is. Additionally, the Durbin-Watson (DW) test is used. The average monthly
maximum and minimum air temperature in Karachi are strongly correlated, as
indicated by DW values (<2). The lowest and maximum monthly average air
temperatures in Karachi are predicted using diagnostic checking techniques
such as Root Mean Squared Error (RMSE), Mean Absolute Error (MAE),
Mean Absolute Percentage Error (MAPE), and Theil’s U-Statistics. The
results indicate that there is a strong correlation between the air temperature
and previously measured values, with Theil’s U-Statistics values for each
month lying close to zero. This study is a great resource for observing how
air temperature affects global warming. This study also highlights the the
innovative aspect of utilizing vast datasets, possibly including those from
mobile and multimedia sources, to address a critical environmental issue.
It also emphasizes the predictive modelling aspect of your study, which is
central to understanding and mitigating global warming effects.

Keywords: ARMA (p, q) model, air temperature, root mean square error,
skewness, kurtosis.

1 Introduction

Global warming threatens our environment and human health. It also causes
high temperatures, rising sea levels, droughts, and floods. There are a variety
of features that contribute but the work of transportation and travel during
the construction process contributes to the high GHG in the big city of
Karachi [1]. The United Nations (UN) Office for Disaster Risk Reduction
(UNDRR) between 2000 and 2019, heatwave accounted for 13% of all catas-
trophic deaths (91pc) worldwide. In addition, United Nations (UN) experts
have warned Karachi to prepare for extraordinary temperatures as global
temperatures rise by 1.1◦C and will continue to cause such disasters [2].
Historically, rising temperatures could have a direct impact on agriculture,
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the sea, and the prevalence of extreme weather. In the last few years espe-
cially from 2015 to 2020 the city of Karachi has experienced some very
bad weather. Usually, May to June should be the hottest months before the
onset of heavy rains in Karachi. Rays of solar radiation in the heat of the
Day rise to 40 to 42◦C in parts of Sindh, including Karachi. According to
the German clock, the German think tank in its current global climate risk
report ranked Pakistan 05th in the list of the top 10 countries most affected
by climate change [3] (https://reliefweb.int/report/pakistan/impact-cli
mate-change-karachi-may-be-one-pakistan-s-biggest- threats. 2021).
Karachi may be one of the most affected cities in Pakistan due to climate
change. This large city cannot withstand the effects of global warming. There
are several factors that contribute to global warming and CO2 emissions.
However, construction work accounts for about 39% of all carbon emissions
in the world (https://www.worldgbc.org/news-media/WorldGBC-embod
ied-carbon-report-published (2021). with the building performance of the
building as a necessary accounting strength of about 28%. While 11% CO2 is
emitted from the construction process, the logistics / production process, the
life process and the demolition process.

In the middle of the airflow process it emits high temperatures and par-
ticles that increase global warming. Similarly, land transport does the same,
releasing gases such as hydrocarbon, carbon dioxide, sulfur oxides, nitrogen,
and black carbon etc. into the environment causing higher temperatures.
CO2 is the only emissions from the construction and manufacturing industry
with a total percentage of petrol consumption in Pakistan at 23.84 per cent
from 2014 which was significantly higher than 43 years. Concrete, on the
other hand, is the most common building material in Pakistan, known as the
largest CO2 emitters that produce hazardous waste to the environment during
processes related to its production, construction, acece maintenance and
demolition [4] (https://dunyanews.tv/en/Pakistan/595585-Hottest-day-histo
ry-Karachi-breaks-74-yr-old-record-44-degree. 2021). Factors contributing
to Karachi climate change can vary so it is difficult to measure them until
all of them have been raised. A few decades ago, Karachi experienced the
unexpected and minimal impact of air temperature as presented in Table 1.

On March 11, 2020, the World Health Organization (WHO) announced
that the COVID-19 pandemic, which survived the Chain, spread to Europe,
the United States, and other parts of Asia [6]. Outcome of Covid 19: The
good COVID 19 has caused great damage to all developed and developing
countries causing serious health problems and shutting down many industries
due to tight operating procedures (SOPs). China has experienced a sharp
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Table 1 Recorded maximum and minimum air temperature Karachi [5]
Record Max Min

SN Month Year Break Temperature ◦C Year Temperature ◦C
January 1965 32.80 1934 00.00

February 2016 36.50 1950 03.30
March 2010 42.20 1979 07.00
April 1947 \2021 72 years 44.40 1967 12.20
May 1938 47.80 1989 17.70
June 1979 47.00 1997 22.30
July 1958 42.00 1984 20.00

August 1964 41.70 1994 18.00
September 1951 42.80 1949 10.00

October 1994 43.30 1938 06.10
November 2011 38.50 1986 01.30
December 1938 35.50 1934 00.00

decline in economic activity and CO2 emissions due to key adherence espe-
cially in Wuhan and Nanjing [7, 8]. On the other hand, the epidemic has
dramatic effects on the environment. As the virus spreads around the world
many countries have shut down their passengers to limit air and land travel.
Daily activity in the country, province or city center has shown a significant
reduction in CO2 [9]. Only in Pakistan’s air transport system causes 40% CO2

emissions [10].
During the epidemic the construction and construction activities have

been halted but the question is how much of these activities are causing global
warming in the capital city of Karachi. Large, transport offices were closed
during the closure as most of the staff worked at home. Energy consumption
would not be as high as the energy required for cooling and the light structure
was not high during closing. Thus, 60 years means total air temperature
and a minimum of a month in Karachi from 1961 to 2020 data is used to
predict temperature over time. Low and low temperature data were observed
for the predicted city temperature. The effect of heat during the epidemic
was compared using Pakistan Metrological data where the activity of the
transport and construction sector was limited during the closure compared
to other years. Low and high temperature data are observed, compared, and
analyzed by urban temperatures.

Pakistan’s agricultural economy is reliant on the Indus River’s irri-
gation system, which is fed by the water coming from the great
Himalayas-Karakoram Glacier Mountains. Because of hilly terrain areas, the
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climatic variations have an intense effect on the river flow, especially during
the winter and monsoon months [20]. The Time series forecasting of meteo-
rological variables such as daily temperature has recently drawn considerable
attention from researchers to address the limitations of traditional forecasting
models. The accurate forecasting of maximum temperature plays a vital role
in human life as well as many sectors such as agriculture and industry. The
increase in temperature will deteriorate the highland urban heat, especially
in summer, and have a significant influence on people’s health. We applied
meta-learning principles to optimize the deep learning network structure for
hyper-parameter optimization [21].

2 Experimental Detail

The Hannan Quinn information system (HIC), the Bayesian Schwarz infor-
mation (SIC), and the Akaike data (AIC) data are used to determine which
ARMA (p, q) forms are the best inserted. Diagnostic test tests include Root
Mean Squared (RMSE) error, Mean Absolute Error (MAE), Mean Abso-
lute Percentage (MAPE) error, and Theil’s U-Statistics will determine the
prediction test for each of the Karachi models above as well as the lowest
air temperature each month. Evaluations with high likelihood indicate that
the ARMA model (p, q) is under investigation. The ARMA (p, q) model
and related graphs are analyzed and calculated using the statistical EViews
version 9.0 programme.

2.1 Statistical Analysis Equations

There is a brief statistical analysis in this section.

Diagnostic Test

The Bayesian Schwarz information criterion (SIC), the Hannan Quinn
information criterion (HIC), and the Akaike information criterion (AIC)
assessed the selection of the best models. The best model is also validated
by the Durbin-Watson test. Based on Theil’s Statistics, Mean Absolute
Error (MAE), Root Mean Square Error (RMSE), Mean Absolute Percent-
age (MAPE) error, and Mean Absolute Error (MAE), assumptions about
Karachi’s highest temperature and lowest temperature models are validated.
The following lists these terms in order of highest point.
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The Akaike information criterion (AIC) test was accessible by Hirotogu
Akaike in 1973 [11]. It is the interruption of the utmost probability attitude
the range standard is mortaring the minimum quantity worth of AIC.

AIC = −2Log(likelihood) + 2X (1)

Where X is that the perfect limit numbers. The probabilities are that a
ration of the suitable model. Minimum values exhibition the finest trim.

The Bayesian Schwarz information criterion (SIC) test is rummage-sale
to select the leading suitable technique among finite models. The suitable
model trusts on the least amount value of Bayesian Schwarz information cri-
terion (SIC). Schwarz criterion (SIC) was presented by Gideon E. Schwarz.
It is carefully linked to the AIC.

SIC = −2ln(Likelihood) + (X + Xln(N)) (2)

Where X is that the parameter numbers of model. N shows the observa-
tions quantity.

The HIC is that the criterion for model selection. This test is an alternate
to AIC and SIC.

HQC = −2Log(Likelihood) + 2(X + Xln(N)) (3)

Where X is that the model parameter numbers. N exhibits the number of
observations.

The DW statistics might be a test for measuring the linear association
between the adjacent residual from a regression model. The hypothesis of
Durbin- Watson statistics is τ = 0 is that the specification.

Vt = τVt−1 + ∈t (4)

There is no serial overlap in Durbin-Watson (DW) Satisfaction 2 data. A
combination is indicated if the Durbin-Watson (DW) value is less than 2, and
the distance between 2 and 4 indicates a negative combination. Series has
strong correlation when values approach 0.

The mean absolute error is stated as a mathematically formed.

MAE =
1

n

n∑
t=1

|ρt| (5)

Where is that number of views. The Mean Absolute Error (MAE) error
is fully applicable to the deviation of the predicted values from the actual
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ones. It is also called the mean deviation between Mean Absolute (MAD). It
denotes the magnitude of the total error created by the prediction. MAE does
not eliminate the effect of positive and negative errors. MAE does not define
error indicators. It should be as small as possible to predict permanently.
MAE depends on the conversion of information and thus the size of the scale.
The worst weather error does not exist with MAE [12].

The Mean Absolute Percentage Error (MAPE) is defined as

MAPE =
1

n

n∑
t=1

∣∣∣∣ ρtXt

∣∣∣∣× 100 (6)

Mean Absolute Percentage (MAPE) error provides the total daily error
value. It is independent of the scale of the scale. MAPE does not track
error correction. Serious deviations are not punished by MAPE. At this rate,
distinctly signed errors do not irritate MAPE [1, 13, 14]. This means that due
to the benefits of freedom and comment on the share error rate (MAPE), one
of the most widely used measures of predictive accuracy. While independent
of measurement but it is full of data conversion [15].

The root mean squared error (RMSE) is defined as

RMSE =

√√√√ 1

n

n∑
t=1

ρ2t (7)

RMSE calculates the average square deviation of the predicted values.
Signed optional errors are not equal. RMSE provides an overview of the error
that occurred during the forecast. By using precision measures, small and
progressive errors, such as 0.1 RMSE and 1% MAPE, can often be detected.
In RMSE, a full forecasting error is sickened by each major error. For exam-
ple, the biggest mistake is much longer than the small mistakes. It does not
indicate general error correction. RMSE is underperformed with information
modification and rate conversion. RMSE can be a reliable measure of the
general forecast error (Akaike 1987).

Theil’s U-Statistics is defined as

U =

√
1
n

∑n
t=1 ∈2

t√
1
n

∑n
t=1 ft

2
√

1
n

∑n
t=1 Yt

2
0 ≤ U ≤ 1 (8)

Where ft represent the forecasted value and Yt shows that the actual
value. U is the normalized measure of the total forecast error. U is equal
to 0 exhibits the perfect fit.
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Normality Tests

Typical tests are performed to test whether the target data is usually dis-
tributed or not. These tests are supported by a two-step numerical analysis,
condition appearance and additional kurtosis. Info sets are usually distributed
when those steps are close to zero. The adoption of the Jurque-Bera test
also focuses on inclination and kurtosis. Therefore, the standardized test
consists of looking at the skewness and kurtosis on which Jurque-Bera tests
rely.

Skewness determines the degree of asymmetry of information.

Skewness =

∑n
i=1 (Yi − Y )

3

(n− 1)R3
(9)

When Y means the mean and R that the difference and n that the value of
the values (Christian and Jean-Michel 2004). Doubts of standard distribution.
If the information is transmitted normally, then the folly suggests that the
following data are equal. If the information is usually distributed when the
distribution is consistent (the amount of skewness can be zero). Distribution
is well removed, if it is greater than zero and badly shaken if it is zero.

The Kurtosis measures the peakness degree of the dataset. Kurtosis has
been measured as

Kurtosis =

∑n
i=1 (Yi − Y )

4

(n− 1)R4
(10)

where n is the number of items in the statistical data, R is the variance, and Y
is the mean. If an expected distribution’s kurtosis is up to three, it is referred
to be mesokurtic. If the value is greater than 3, however, it is leptokurtic. If
the worth is less than three, it is also platykurtic.

The information must be normal for the JBS to be identified, with
sufficient zero skewness and up to zero excess kurtosis. Here’s how the
Jurque-Bera test is defined.

Jurque-Bera test =
n(Skewness)2

6
+

n(Kurtosis − 3)2

24
(11)

Jurque-Bera test statistics are rated as a double distribution of Chi by two
degrees of freedom. The null hypothesis (Ho) can be a traditional distribution
with zero skewness and excessive kurtosis (similar to kurtosis is 3). Another
hypothesis (HA) of the data provided is not uncommon for distribution.
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ARMA Model

Autoregressive process AR (p) in a stochastic process can be expressed as
a weighted sum of its prior value and white noise. The following is the
generalised Autoregressive process AR (p) of lag p.

Yt = α1Yt−1 + α2Yt−2 + · · ·+ αpYt−p + ∈t (12)

Here ∈t white sound with mean E (∈t) = 0, variance Var (∈t) = σ2 and
Cov (∈t −s, ∈t) = 0, if s ̸= 0. For every t, suppose that τ t independent
with Y t-1, Y t-2,. . . τ t not compatible with each Y s s < t. Reversal of AR
(p) models of previous data set values. While the MA model (q) is related
to error words as descriptive variants [17, 22]. The standard procedure for
mediating MA (q) of lag q follows.

Yt =∈t +β1 ∈t−1 +β2 ∈t−2 + · · ·+ βq ∈t−q (13)

The process Yt is defined by the ARMA Process.

Yt = α1Yt−1+α2Yt−2+· · ·+αpYt−p+ ∈t +β1 ∈t−1 +β2 ∈t−2 + · · ·+βq ∈t−q

(14)
An uncorrelated process with mean zero is represented by ∈t. According

to the ARMA (p, q) process prediction, the decay will be exponentially and
sinusoidally negative.

Unit Root Test

The random walk model is expressed as

Zt = ρZt−1 + ut − 1 ≤ ρ ≤ 1 (15)

When Zt is the value of a time series and ut represents the error of white
noise while ρ is the corresponding value. Equation (15) is used to reverse Zt
to the reverse value Zt-1 ratio of the root test unit. If the expected value ρ is
equal to 1 series following the unit root test and the non-existent hypothesis
is rejected [18]. Changing the equation by taking out Zt-1 on both sides

Zt − Zt−1 = ρZt−1 − Zt−1 + ut

Zt − Zt−1 = Zt−1(ρ− 1) + ut

∆Zt = ϕZt−1 + ut (16)



1298 Asma Zaffar et al.

Where ∆ and ϕ represent the operation of the first difference. The null
hypothesis (ϕ = 0) for time series (non-stationary condition) follows the unit
root test [22].

Augmented Dickey Fuller (ADF) tests are used to solve autocorrelation
problems. This test is performed incrementally by three figures, depen-
dent variable (∆ Zt) additional values remaining and Yt represents random
movement with

∆Zt = γ1 + γ2t + ϕZt−1 + ut (17)

Where γ2t and γ1 represents the intercept and trend respectively.
The following equation

∆Zt = ϕZt−1 + ut (18)

shows neither intercept nor trend.
And the equation

∆Zt = γ1 + ϕZt−1 + ut (19)

Shows the intercept (γ1) only [18, 23].
For the null hypothesis H0: If the variables have a unit root (non-

stationary data) then H0 is rejected when p-value is less than 5% or the critical
value of the absolute value of Augmented Dickey Fuller (ADF) test is greater
the values at 1% and 5% significance level.

3 Results and Discussion

This study focused to estimate modelling and forecasting the Karachi future
maximum and minimum air temperatures with Box-Jenkins ARMA (p, q)
models. In this regard, mean monthly Karachi maximum and minimum
air temperatures ranging from 1961 to 2020 dataset are analysed. Each
cycle consists of each monthly average (1961–2020) data are used. Table 2
demonstrates the descriptive statistics of mean monthly Karachi maximum
air temperatures ranging from 1961 to 2020 which is consists of each month
(1961–2020). Median, Mean, standard deviation, kurtosis, skewness and
Jurque-Bera test have been calculated of each cycle. January has mean ±
standard deviation with 26.158 ± 1.0980. February has 28.190 ± 1.46098.
March has 32.0767 ± 1.42963. April has 34.63833 ± 1.200295. May has
35.45833 ± 0.906528. June has 35.2400 ± 0.842927. July has 33.38000
± 0.791437. August has 32.0633 ± 0.776556. September has 32.94467 ±
1.097074. October has 35.07667 ± 1.148524. November has 32.2667 ±
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Table 2 Descriptive statistics for Karachi maximum average monthly air temperatures
(1961–2020)
S.N Months Mean Median Std. D Skewness Kurtosis Jur-Bera

1 January (1961–2020) 26.158 26.15 1.0980 −0.2963 3.3833 1.2454
2 February (1961–2020) 28.190 28.400 1.46098 −0.14951 2.508887 0.826514
3 March (1961–2020) 32.0767 31.7000 1.42963 0.55635 2.87566 3.133914
4 April (1961–2020) 34.63833 34.80000 1.200295 −0.464940 2.614918 2.532411
5 May (1961–2020) 35.45833 35.50000 0.906528 0.471162 4.305775 6.482564
6 June (1961–2020) 35.24000 35.20000 0.842957 0.356270 3.181870 1.351978
7 July (1961–2020) 33.3800 33.50000 0.791437 −0.575589 3.162964 3.379425
8 August (1961–2020) 32.0633 32.05000 0.776556 −0.014867 2.232942 1.473155
9 September (1961–2020) 32.94467 32.89000 1.097074 0.717705 3.494313 5.761874
10 October (1961–2020) 35.07667 35.10000 1.148524 −0.372990 2.535301 1.931081
11 November (1961–2020) 32.2667 32.50000 0.955567 −0.397746 2.213957 3.126680
12 December (1961–2020) 27.93500 28.10000 1.210662 −0.113984 3.123287 0.167924

0.95559. December has 27.93500 ± 1.210662. Most of the months show
negative skewness which represent that the risk of left tail events and
unpredictable. March, May, June, and September indicate positive skewness.
Whereas different months shows maximum air temperature have different
kurtosis behaviour. Some months shows platykurtic which represents that
flat tail (peakness) and remaining months evaluate leptokurtic (heavy tail).
In Jurque-Bera test, maximum air temperature of each month (1961–2020)
represent that rejected the null hypothesis (normally distributed by any mean
and variance).

Table 3 depict that the descriptive statistics of mean monthly Karachi
minimum air temperatures ranging from 1961 to 2020 which is consists
of each month (1961–2020). January has 11.2 ± 1.5821. February has
13.7350 ± 1.828014. March has 18.4867 ± 1.295686. April has 22.9967
± 1.365801. May has 26.4367 ± 0.990115. June has 28.2300 ± 0.616249.
July has 27.60500 ± 0.629077. August has 26.30833 ± 1.106727. Septem-
ber has 25.58333 ± 0.821360. October has 21.98000±1.833104. November
has 16.84667±1.898391. December has 12.43500±1.497209. Most of the
months show positive skewness (right tail). Different months have differ-
ent kurtosis behaviour. Some months shows leptokurtic (heavy tail) which
represents the strong correlation among pervious values, and rest of months
evaluate platykurtic which represents that flat tail (peakness). In Jurque-Bera
test, minimum air temperature of each month (1961–2020) represents that the
null hypothesis (normally distributed by any mean and variance) is rejected.

An instrument for analysing and computing the underlying structures
or obtaining future value predictions in time series is the ARMA model
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Table 3 Descriptive statistics for Karachi minimum average monthly air temperatures
(1961–2020)
S.N Months Mean Median Std. D Skewness Kurtosis Jur-Bera

1 January (1961–2020) 11.200 11.2000 1.5821 0.010721 2.430687 0.811443
2 February (1961–2020) 13.7350 13.8000 1.828014 0.153141 3.377305 0.590420
3 March (1961–2020) 18.4867 49.5500 1.295686 0.103063 2.903723 0.129393
4 April (1961–2020) 22.9967 22.9500 1.365801 −0.402918 3.243466 1.771616
5 May (1961–2020) 26.4367 26.40000 0.990115 −0.309804 2.428584 1.776079
6 June (1961–2020) 28.2300 28.20000 0.616249 0.108956 3.630071 1.111188
7 July (1961–2020) 27.60500 27.60000 0.629077 −0.570490 3.905819 5.305862
8 August (1961–2020) 26.30833 26.45000 1.106727 −3.223907 18.80637 728.5388
9 September (1961–2020) 25.58333 25.55000 0.821360 −0.054398 2.702505 0.250850
10 October (1961–2020) 21.98000 22.2000 1.833104 −0.253617 2.902498 0.680750
11 November (1961–2020) 16.84667 16.80000 1.898391 0.358797 3.502721 1.919176
12 December (1961–2020) 12.43500 12.60000 1.497209 0.048388 2.782486 0.141695

technique. Based on the Durbin-Watson statistical test, the suitable models for
the maximum and minimum air temperatures in Karachi are chosen. Positive
correlation between series is described by the Durbin-Watson (DW) approach
to zero.

Value 2 indicates that there is no association between the series. There
is a negative correlation if the DW ranges from 2 to 4. The ARMA process
is estimated via least squares estimation. Models that display a closer fit to
the time series dataset are represented by a big value of the coefficient of
determination (R2) range scale suggested value (from 0 to 1).

Table 4 depicts the appropriate model for each months of Karachi max-
imum air temperatures (1961–2020). Least square estimation is used to
estimate ARMA (p, q) model. The models’ adequacy is assessed using the
Maximum Log Likelihood, SIC, AIC, and HQC tests. Less than 2 for the
AIC, SIC, HQC, and DW values is the criterion for selecting the best model.
April, August, and December follow the best-fitting model, which is ARMA
(3, 3), according to the Durbin-Watson (DW) test, AIC, SIC, and HQC.

January shows most appropriate model is ARMA (8, 8). February indicate
ARMA (5, 5) is best fitted model. March explore ARMA (5, 8) is appropriate
model. May shows most appropriate model is ARMA (4, 4). June explore
ARMA (2, 1) is best fitted model. July has ARMA (1, 4) is appropriate
model. September indicate ARMA (9, 7) is best fitted model. October explore
ARMA (1, 1) is appropriate model and November shows most appropriate
model is ARMA (2, 2).

Table 5 describe that the appropriate model for each months of Karachi
minimum air temperatures (1961–2020). Most of the months indicate that the
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Table 6 Forecast evolution for Karachi maximum average monthly air temperatures (1961–
2020)

Months Cycles ARMA (p, q) RMSE MAE MAPE Theil’s U-Statistics

Jan 1 ARMA (8, 8) 0.95995 0.749935 2.849781 0.018317

Feb 2 ARMA (3, 1) 1.415891 1.169637 4.182772 0.025097

Mar 3 ARMA (5, 8) 1.429994 1.190426 3.688714 0.022271

Apr 4 ARMA (3, 3) 1.170910 0.931425 2.705899 0.016881

May 5 ARMA (4, 4) 0.906172 0.707484 1.990004 0.012772

June 6 ARMA (2, 1) 0.810055 0.649168 1.837062 0.011490

July 7 ARMA (1, 5) 0.790753 0.613130 1.849194 0.011843

Aug 8 ARMA (3, 3) 0.787744 0.651390 2.033833 0.012279

Sep 9 ARMA (9, 7) 1.098765 0.813010 2.427218 0.016658

Oct 10 ARMA (1, 1) 1.129824 0.910085 2.607623 0.016096

Nov 11 ARMA (2, 2) 0.903958 0.768850 2.374901 0.014040

Dec 12 ARMA (3, 3) 1.188373 0.945916 3.387101 0.021281

Table 7 Forecast evolution for Karachi minimum average monthly air temperatures (1961–
2020)

Months Cycles ARMA (p, q) RMSE MAE MAPE Theil’s U-Statistics

Jan 1 ARMA (3, 3) 1.551177 1.291205 11.80153 0.068907

Feb 2 ARMA (2, 2) 1.819293 1.389515 10.49024 0.065791

Mar 3 ARMA (1, 1) 1.26921 0.992359 5.431667 0.034235

Apr 4 ARMA (2, 3) 1.334917 1.065271 4.798778 0.029021

May 5 ARMA (2, 2) 0.958591 0.790791 2.992003 0.018156

June 6 ARMA (2, 2) 0.591310 0.432525 1.524124 0.010490

July 7 ARMA (1, 1) 0.626952 0.477938 1.741525 0.011350

Aug 8 ARMA (1, 1) 1.105409 0.685987 2.735701 0.021002

Sep 9 ARMA (1, 1) 0.833460 0.682373 2.679016 0.016266

Oct 10 ARMA (9, 6) 1.800607 1.437522 6.519923 0.027820

Nov 11 ARMA (1, 1) 1.839092 1.479105 8.807034 0.054524

Dec 12 ARMA (2, 2) 1.422629 1.130309 9.069072 0.053590

most appropriate model is ARMA (1, 1). Remaining months explore the best
fitted model is ARAM (2, 2).

Whereas the forecasting evolution of each month maximum Karachi air
temperature is analysis in the view of diagnostic checking by Root Mean
Square Error (RMSE), Mean Absolute Error (MAE), Mean Absolute Per-
centage Error (MAPE) and U tests in Table 6. MAE is least among MAE,
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Table 8 Karachi maximum average monthly air temperatures (1961–2020) Augmented
Dickey Fuller (ADF) test (stationary)

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −6.459141 0.0000
Test Critical vales 1% level −3.546099

5% level −2.911730
10% level −2.593551

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −7.694832 0.0000
Test Critical vales 1% level −3.546099

5% level −2.911730
10% level −2.593551

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −7.300308 0.0000
Test Critical vales 1% level −3.546099

5% level −2.911730
10% level −2.593551

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −7.387534 0.0000
Test Critical vales 1% level −3.546099

5% level −2.911730
10% level −2.593551

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −8.014637 0.0000
Test Critical vales 1% level −3.546099

5% level −2.911730
10% level −2.593551

(Continued)
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Table 8 Continued
Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −2.378506 0.0000
Test Critical vales 1% level −3.548208

5% level −2.912631
10% level −2.594027

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −5.638010 0.0000
Test Critical vales 1% level −3.546099

5% level −2.911730
10% level −2.593551

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −6.839803 0.0000
Test Critical vales 1% level −3.546099

5% level −2.911730
10% level −2.593551

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −5.898242 0.0000
Test Critical vales 1% level −3.546099

5% level −2.911730
10% level −2.593551

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −5.834399 0.0000
Test Critical vales 1% level −3.598208

5% level −2.912631
10% level −2.594027

(Continued)
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Table 8 Continued
Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −4.469369 0.0000
Test Critical vales 1% level −3.546099

5% level −2.911730
10% level −2.593551

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −5.027488 0.0001
Test Critical vales 1% level −3.546099

5% level −2.911730
10% level −2.593551

RMSE, and MAPE of all the months. According to RMSE shows that August
has least value with 0.787744. MAE shows July has least value with 0.613130
and MAPE represent that June has least value (1.837062). Theil’s U-Statistics
is also applied evolution of forecasting of each month Karachi maximum
air temperature. According to Theil’s U-Statistics is equal to 0 exhibits the
perfect fit. Each month has Theil’s U-Statistics value near to zero which is
shows that month air temperature is correlated to previous one. Theil’s U-
Statistics explain that October has ARMA (1, 1) is best fitted model with
0.016096 value.

Table 7 also shows the forecasted evolution of Karachi minimum air
temperature of each month analysis and ARMA (p, q) equation in the view
of diagnostic checking. MAE is least among MAE, RMSE, and MAPE of
all the months. The smallest values of MAE, RMSE, MAPE and Theil’s
U-Statistics exist for the June, which is 0.432525, 0.591310, 1.524124 and
0.010490 respectively.

Tables 8 and 9 shows that maximum and minimum mean monthly Karachi
air temperature stationary nature and unit root test rejected. The reason to
reject H0 is p-value is less than 5% or the critical value of the absolute value
of Augmented Dickey Fuller (ADF) test is greater than that at 1% and 5%
significance level. Figures 1–6 shows actual vales of maximum and minimum
Karachi air temperature.

Figures 1–6 describe that the Actual values Graph of ARMA (p, q) Model
of Karachi Maximum and Minimum Air Temperature Cycle (1961–2020).
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Table 9 Karachi minimum average monthly air temperatures (1961–2020) Augmented
Dickey Fuller (ADF) test (stationary)

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −13.82118 0.0000
Test Critical vales 1% level −3.548208

5% level −2.912631
10% level −2.594027

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −13.94044 0.0000
Test Critical vales 1% level −3.548208

5% level −2.912631
10% level −2.594027

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −6.254207 0.0000
Test Critical vales 1% level −3.560019

5% level −2.917650
10% level −2.596689

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −9.31552 0.0000
Test Critical vales 1% level −3.550396

5% level −2.913549
10% level −2.594521

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −8.862812 0.0000
Test Critical vales 1% level −3.550396

5% level −2.913549
10% level −2.594521

(Continued)
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Table 9 Continued
Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −7.087532 0.0000
Test Critical vales 1% level −3.555023

5% level −2.915522
10% level −2.595565

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −8.008315 0.0000
Test Critical vales 1% level −3.555023

5% level −2.915522
10% level −2.595565

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −8.658552 0.0000
Test Critical vales 1% level −3.550396

5% level −2.913549
10% level −2.594521

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −6.847970 0.0000
Test Critical vales 1% level −3.555023

5% level −2.915522
10% level −2.595565

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −6.847970 0.0000
Test Critical vales 1% level −3.550396

5% level −2.913549
10% level −2.594521

(Continued)
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Table 9 Continued
Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −12.84336 0.0000
Test Critical vales 1% level −3.548208

5% level −2.912631
10% level −2.594027

Null Hypothesis H0: January Karachi Maximum Average Monthly Air
Temperatures (1961–2020) has a unit root

t-statistics prob∗

Augmented Dickey Fuller (ADF) test −9.623561 0.0001
Test Critical vales 1% level −3.550396

5% level −2.913549
10% level −2.594521

Figure 1 Karachi maximum air temperature January–April (1961–2020).
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Figure 2 Karachi maximum air temperature May–August (1961–2020).

Figure 3 Karachi maximum temperature September–December (1961–2020).
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Figure 4 Karachi minimum temperature January–April (1961–2020).

Figure 5 Karachi minimum air temperature May–August (1961–2020).
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Figure 6 Karachi minimum air temperature September–December (1961–2020).

4 Conclusions

An increase in the average global temperature is referred to as global warming
and climate change. This rise in the average worldwide air temperature
is mostly caused by natural and human activity. The Earth’s geology will
be altered in addition to the water and atmosphere due to the increasing
emissions of carbon dioxide from companies, power plants, and cars, which
is the source of the climate change. The air temperature is expected to rise by
2 to 6 degrees Celsius by the year 2100 as a result of carbon dioxide emissions
brought on by our use of fossil fuels. This is a significant increase from the
present average air temperature of 1.7 degrees Celsius, as predicted.

The experiment’s initial goal was to determine how the mean monthly
air temperature in Karachi behaves in terms of both maximum and lowest
temperatures and climate change. The behavior of the maximum and lowest
air temperatures in Karachi is modelled and forecasted using the ARMA
(p, q) model. In this context, the data being examined are Karachi’s mean
monthly maximum and minimum air temperatures, broken down by month,
from 1961 to 2020. Each month’s descriptive studies from 1961 to 2020 are
explained. The least values of the Hannan Quinn (HIC), Bayesian Schwarz
(SIC), and Akaike (AIC) information criteria are used to determine which
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models are most acceptable. The Durbin-Watson Test is also useful for
determining the best model. The best-fitted model of the mean monthly
maximum and minimum air temperature in Karachi is used to determine the
forecast accuracy. The metrics used to compute this include root mean square
error (RMSE), mean absolute error (MAE), mean absolute percentage error
(MAPE), and Theil’s U-Statistics.

With the exception of January, when the best fitted model is ARMA (3,
3), April displays the most fitted model is ARMA (2, 3), and October displays
the most appropriate model is ARMA (9, 6). Minimum air temperature. Most
months follow the most appropriate model is ARMA (1, 1), and some months
show the best adequate model is ARMA (2, 2) process. While the majority
of the months in the maximum air temperature display the ARMA (3, 3)
model as the most suited, the other months express the different ARMA (p,
q) process as the best. When compared to other forecast evaluations such as
RMSE and MAE, MAPE scores are lower. Theil’s U-Statistics also shows the
monthly average and minimum air temperature. There is a high correlation
between the air temperature and the preceding month, as seen by the Theil’s
U-Statistics values of each month approaching zero. Risks associated with
climate change increase when Earth’s global mean air temperature rises, or
as global warming occurs. It is also discovered that during the pandemic,
even with the suspension of building and transportation, the difference in
temperature did not significantly alter, but the quality of the air did. Non-
stationarity data is tested using the unit root method. When the p-value is
less than 5% or the Augmented Dickey Fuller (ADF) test’s crucial value
of absolute value is higher than at the 1% and 5% significance levels, H0
is rejected. The mean monthly maximum and minimum air temperatures in
Karachi were found to be stationary in this study. This study also highlights
the the innovative aspect of utilizing vast datasets, possibly including those
from mobile and multimedia sources, to address a critical environmental
issue. It also emphasizes the predictive modelling aspect of your study, which
is central to understanding and mitigating global warming effects.
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