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Abstract
Background/Objectives: To analyze and investigate the relationships for the
inflation rate, interest rate, literacy rate and unemployment rate of Pakistan
with a high level of accuracy. Methods/Statistical analysis: Method of
nonlinear least squares have been adopted to fit the nonlinear regression
models to estimate the present and future trends for the inflation rate, interest
rate, literacy rate and unemployment rate of Pakistan based on the data from
the year 2000 to 2019. Various nonlinear regression models were tested by
changing their degree and number of coefficients. For each trial, the goodness
of fit was set at a 95% confidence level. The best regression models were
selected on basis of goodness of fit, the correlation with the present data
and the logical trend of future forecasts. Findings: The proposed nonlinear
regression models are quite different from the conventional linear and non-
linear polynomial regression models. The fitted and forecasting graphs show
very realistic results that can be used by policymakers with good accuracy.
Novelty/Applications: Since the periodic abrupt changes in the quantitative
response variables like inflation rate, interest rate, literacy rate and the
unemployment rate of Pakistan have been smoothly incorporated; therefore,
the government or other socio-economic practitioners may use the results
for future planning and management of the resources depending upon these
factors.
Keywords: Inflation rate; literacy rate; interest rate; unemployment rate;
nonlinear regression; forecasting

1 Introduction
The economist and policymakers are often keen to know the trends and correlations of
the inflation rate, interest rate, literacy rate and unemployment rate that may help them
to analyze the economic growth of a country. Inflation refers to a situation where the
supply of money exceeds its demand or prices of commodities increase steadily. Often,
inflation puts adverse consequences on the purchasing power of the people,
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macroeconomic instabilities and overvalued exchange rates which have a negative effect on exports (1). The level of inflation
plays a significant role when making price-setting judgments or when negotiating for wages. The variation in the availability of
goods and services used as inputs in the production affects the final price of goods and services in the economy, consequently
changing the rate of inflation (2). The measure of inflation is often derived from a rise in a broad price index expressing the
overall price level for goods and services in the economy. Some most common examples of broad price indices comprise the
Consumer Price Index (CPI), the Personal Consumption Expenditures Price Index (PCEPI) and the GDP (Gross Domestic
Product) deflator. Typically, the CPI values are computed by using the Laspeyres formula (3,4). Interest is the payment from
a borrower to lender of payment above the repayment of the amount borrowed or it may be the payment against the saving
certificates of banks.The interest rate is considered to be an important financial factor that affects the decisions of policymakers,
professional investors and consumers; it also helps to understand the financial progress and changes in economic policy (5,6). In
most situations, the interest rate is influenced by the forces of demand and supply, inflation, and government policies. Generally,
literacy is the ability to read, write and use language, numbers, symbols, and other useful information (7). The literacy rate is
normally determined by using the data consisting of the number of people of the age group 15–24 years who are literate and
the total population in the same age group. Among the different parts of the world, the countries having higher literacy rates
exhibited lower poverty ratios (8). Unemployment refers to a socio-economic situation where the individuals are willing to work
but are unable to get a job. Unemployment is a worldwide problem and usually, the countries with high unemployment rates
suffer from various social, political, and economical instabilities that lead to poverty, health diseases and high crime rates (9).
The above mentioned four economic factors are normally calculated by the following individual Equations:

Ir =

(
c2 − c1

c1

)
×100 (1)

in = ir + pe + rp + lp (2)

Lr =
NL

PL
×100 (3)

Ur =
up

Tl
×100 (4)

where Ir is the annual interest rate, c1 and c2 are the CPI in two consecutive years respectively; in is the nominal interest rate, ir
is the risk-free return to capital, pe is the expected inflation rate, rp is a risk premium and lp is a liquidity; Lris the literacy rate,
NL is the number of literate people in the age group in the year and PL is the total population of the same age group in the year;
Ur is the unemployment rate, up is the number of unemployed people and Tl is the total labor force.

In literature, a variety of techniques have been proposed for the forecasting of these economic factors that range from the
simple linear models to more sophisticated nonlinear or time series models. Such models have often been used to either study
the time-dependent behavior of each of the individual factors or the mutual dependence of one or many variables on another
set of variables.

Pakistan is the 6th largest population in the world having about 65 million labors that makes it the 10th largest labor force.
Due to the rapid increase in population and fewer job opportunities the government needs to properly forecast economic factors
like inflation, interest, literacy and unemployment to construct future policies. In order to analyze the impact of such factors on
the socio-economic growth of Pakistan many studies including (10–18) have demonstrated the quantitative models. For instance,
a recent study (19) investigated the asymmetric relationship between the unemployment rate and poverty in Pakistan using
annual data from 1984 to 2016 by employing a nonlinear Autoregressive Distributed Lag (ARDL) co-integration approach.
Their results suggested that the linear models on poverty in relation to unemployment may mislead the inference, therefore
the academicians and policymakers must consider nonlinear regression models for better policy making. Thus, in most cases,
the multiple linear regression models or the time series regression models have been worked out having their own merits and
demerits. The nonlinear regression models may best fit the fluctuations in the data series. Therefore, this study is aimed to
propose the nonlinear regression models based on methods of the nonlinear least squares.
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2 Materials and Methods
In order to construct the statistically and logically feasible nonlinear models for the time-dependent inflation rate, interest rate
(in Pakistan, it is specifically termed as Karachi interbank offered rate, commonly known as Kibor rate) literacy rate and the
unemployment rate the relevant secondary data from 2001 to 2019 was collected from the different sources like Pakistan Bureau
of Statistics, International Labor Organization and World Bank (20–22).

The method of nonlinear least squares is applied to fit the data (23–25). A variety of non-linear regression models such as
polynomial, rational, exponential, power, Fourier, Gaussian, the sum of sines or cosines and other custom equations were
worked out. The goodness and statistical significance of each of the nonlinear regression relations were analyzed for obtaining
the best forecasting model. The parameters were tuned repeatedly not only to fit the data but also to construct the possible
fluctuations based on past data. From the extensive regression analysis; for the interest rate Irthe sum of sines model with five
terms was found to be the best fit. Similarly, for interest rate Kr (Kibor), literacy rate Lr , and the unemployment rate Ur the
Fourier model with two general terms, the sum of sines model with two general terms and a mix of Gaussian model with two
general terms and other custom expressions were found to be the best fit respectively.The individual fitted nonlinear regression
models of interest rate, literacy rate and unemployment rate are given by the Equations (5-8) respectively as follows,

Ir(t) = a1 sin(b1(t)+ c1)+a2 sin(b2(t)+ c2)+a3 sin(b3(t)+ c3)
+a4 sin(b4(t)+ c4)+a5 sin(b5(t)+ c5)+a6 sin(b6(t)+ c6)

(5)

Kr = a0 +a1 cos(tw)+b1 sin(tw)+a2 cos(2tw)+b2 sin(2tw) (6)

Lr(t) = a1 sin(b1t + c1)+a2 sin(b2t + c2) (7)

Ur(t) = a0 +a1e−((t−b)/c1)
2
+a2e−((t−b2)/c2)

2
+aebt + cetd +a1 cos(tw)+b1 sin(tw)+a1 sin(b1t + c1)+atb + c (8)

where t ≥ 1 The list of all the coefficients used in Eq. (5) representing inflation rate and their 95% confidence intervals is given
in Table 1 and the corresponding goodness metrics such as sum of squares of error (SSE), root mean square error (RMSE),
coefficient of determination (R2) and the adjusted R2 are given in Table 2. From the Table 2 it can be seen that the inflation
rate predicted by Eq. (5) has very little error with respect to the observed data and is highly correlated with 99.75 value of the
coefficient of determination. In the same way, the associated coefficients and the goodness of fit are involved in Kr,Lr andUr
are given in Tables 3, 4, 5, 6, 7 and 8 respectively.

Table 1. List of estimated coefficients for the inflation rate, Ir with 95% confidence intervals.
Estimated Coefficients of the model 95% confidence bounds
a1 = 12.67
b1 = 0.004903
c1 = 2.347
a2 = 4.79
b2 = 0.4514
c2 = 3.478
a3 = 1.424
b3 = 1.368
c3 = 0.8559
a4 = 1.193
b4 = 2.793
c4 = -4.787
a5 = 2.067
b5 = 2.165
c5 = 2.013
a6 = 1.506
b6 = 1.561
c6 = 1.172

(-1.771e+05, 1.771e+05)
(-127.4, 127.4)
(-1.42e+04, 1.421e+04)
(-129.1, 138.7)
(-4.274, 5.176)
(-41.8, 48.76)
(-13, 15.85)
(-2.09, 4.826)
(-24.03, 25.75)
(-3.393, 5.78)
(2.068, 3.518)
(-12.09, 2.511)
(-3.025, 7.159)
(1.149, 3.18)
(-7.628, 11.65)
(-11.4, 14.42)
(-1.638, 4.761)
(-22.7, 25.05)
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Table 2. Goodness of fit for inflation rate, Ir .
SSE RMSE R-square Adjusted R-square
0.7312 0.8551 0.9975 0.9548

Table 3. List of estimated coefficients for the interest rate, Kr with 96% confidence intervals.
Estimated Coefficients of the model 95% confidence bounds
a0 = 9.916
a1 = -1.284
b1 = 1.152
a2 = 2.059
b2 = -1.171
w = 0.2601;

(9.019, 10.81)
(-4.913, 2.345)
(0.3231, 1.98)
(0.8312, 3.286)
(-6.003, 3.661)
(0.1774, 0.3428)

Table 4. Goodness of fit for inflation rate, Kr .
SSE RMSE R-square Adjusted R-square
10.71 0.9078 0.902 0.8643

Table 5. List of estimated coefficients for the literacy rate, Lr with 96% confidence intervals.
Estimated Coefficients of the model 95% confidence bounds
a1 = 192
b1 = 0.03826
c1 = -0.1683
a2 = 85.24
b2 = 0.07992
c2 = 2.144

(-1.429e+04, 1.467e+04)
(-1.882, 1.958)
(-12.44, 12.1)
(-5982, 6152)
(-2.09, 2.25)
(-11.36, 15.64)

Table 6. Goodness of fit for literacy rate, Lr .
SSE RMSE R-square Adjusted R-square
2.127 0.7404 0.9842 0.9781

Table 7. List of estimated coefficients for the unemployment rate, Ur with 96% confidence intervals.
Estimated Coefficients of the model 95% confidence bounds
a = 3.876
a0 = -5.894
a1 = -1.466
a2 = -1.308
b = -0.6875
b1 = 0.7476
b2 = -103.5
c = 5.525
c1 = 0.4822
c2 = 80.25
d = 0.00156
w = 0.8774

(-364.5, 372.2)
(-1.253e+08,1.253e+08)
(-5.417, 2.484)
(-7.862e+06, 7.862e+06)
(-49.69, 48.32)
(0.3483, 1.147)
(-3.358e+08, 3.358e+08)
(-6.227e+07, 6.227e+07)
(-4.638, 5.602)
(-2.018e+08, 2.018e+08)
(-1.509e+04, 1.509e+04)
(0.6223, 1.132)

Table 8. Goodness of fit for literacy rate, Lr .
SSE RMSE R-square Adjusted R-square
1.92 0.5295 0.9159 0.7837
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3 Results and Discussion
The inflation rate, interest rate (Kibor), literacy rate and unemployment rates of Pakistan from the fiscal year 2001 to 2019 have
been modeled and compared with the observed values of each variable. Using the modeled equations the forecasting rates for
the next ten years from 2020 to 2029 has been smoothly determined. Figure 1 shows the observed (measured) inflation rate of
Pakistan and the fitted inflation rate from the 1st fiscal year to the 19th fiscal year of 21st century.The fitted values are very close to
the observed values also show the smoothness with respect to time.The next ten years forecasting results exhibit a smooth trend
that fluctuates approximately between inflation rates 6 to 15. Thus, on the basis of the last 19 years data and the fitted model
(Eq.5) the inflation rate in Pakistan is expected to reach a height of about 15% in 2023 than expected to decrease smoothly by
2029 with some rise and fall. Figure 2 compares the measured interest rate and fitted model (Eq. 6), it also illustrates the ten
years forecasting of the interest rate. The proposed model estimates that the interest rate in Pakistan is expected to increase
between 2023 and 2024 that may remain in the range of about 4% in the next 10 years. Similarly, the literacy rate fitted by Eq.
7 is compared with the observed data and is demonstrated by Figure 3. The next ten years forecast reveals that the literacy rate
of Pakistan is expected to increase smoothly about from 59% to 73%. The geometric behavior of the fitted model for literacy
rate appears very analogous to the observed data. Finally, last but the most important economic factor viz. the unemployment
rate of Pakistan is estimated by Eq. 8 and is displayed in Figure 4. The estimated model (Eq. 8) shows a very good agreement
with the existing data and the ten years forecasting of the unemployment rate trends also preserves the fluctuations as can be
seen in the past data. The forecast curve exposes that the unemployment rate in Pakistan is expected to be higher between the
years 2023 and 2024. In the next ten years, the range of unemployment is expected to be about 4.5. The overall analysis of the
modeling and forecasting of the four economic factors such as inflation rate, interest rate, literacy and unemployment rate is
concluded in the next section.

Fig 1. Estimation and ten years forecasting (from 2020 to 2029) of Inflation rate of Pakistan
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Fig 2. Estimation and ten years forecasting (from 2020 to 2029) of Interest rate ofPakistan

Fig 3. Estimation and ten years forecasting (from 2020 to 2029) of Literacy rate of Pakistan
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Fig 4. Estimation and ten years forecasting (from 2020 to 2029) of unemployment rate of Pakistan

4 Conclusion
Method of non-linear least squares was employed to fit the best regression models for the inflation rate, interest rate (Kibor),
literacy rate and unemployment rate of Pakistan. Various types of nonlinear algebraic and transcendental functionswereworked
out. After extensive regression analysis, it was found that the sum of sines model with five general terms, the Fourier model
with two general terms, the sum of sines model with two general terms and a mix of the Gaussian model and other custom
expressions are the finest types of models for the inflation rate, interest rate, literacy rate and the unemployment rate of Pakistan
respectively. The next ten years forecasting trends have shown that the inflation rate, interest rate, and unemployment rate are
expected to be higher in the years 2023 and 2024, while the literacy rate is expected to be optimistic in the next ten fiscal years.
As the high inflation rate, interest rate and unemployment rate put a negative impact on the economy of any nation, therefore,
the government should take necessary actions to reduce the expected and unwanted variations in these socio-economic factors.
The future work will focus on the modeling of the interrelationships among inflation rate, interest rate (Kibor), literacy rate and
the unemployment rate of the Pakistan for first few decades of 21st century.
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