European Economic Letters
ISSN 2323-5233

Vol 13, Issue 3 (2023)
http://eelet.org.uk

Areal Interpolation Approach for Covid -19 Cases in India: A Case of
Geospatial Modelling

Goutham Vanam®, Sudarshan Kandle?, Muralikrishnalyyanki®, “Prisilla Jayanthi*
!Department of Civil Engineering, Geethanjali College of Engineering and Technology, Hyderabad, India.
vanamgoutham@gmail.com
Department of Geography, Osmania University, Hyderabad, India. kandle.sudarshan@gmail.com
*India Academic Programs Director, UC Berkeley, India. iyyanki@gmail.com
*Department of Computer Science, Ecole Centrale School of Engineering, Mahindra University, Hyderabad, India.
prisillaj28@gmail.com

Abstract

Covid-19 ever since its attack on human has left no trace of breaking the chain in this World. India started its first
Covid- 19 case in March first week and the positive cases has raised to a count of 380532. In this study, Areal
Interpolation approach is performed to analysis the distribution of the confirmed cases. For this analysis, the dataset
has been obtained from the Ministry of Health and Family Welfare Government of India. The aim of the paper is to
analyze the spatial distribution and prediction using the cases as on March 15, April 12, May 12, and June 19, 2020.
The results of the models obtained for the confirmed cases on March 15 (Model: 19.786 Spherical(30.018)); April
12 (Model: 118170 Spherical(30.018)), May 12 (Model : 1.475e7 Spherical(30.018)) and June 19, 2020 (Model:
2.4625e8 Spherical(30.018)). The highlight of this study is the state district wise spatial distribution in four states
and their respective daywise increase of confirm cases graphs.
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Introduction

Areal interpolation is the method for making estimates from a source set of polygons to an overlapping but
dissimilar set of target polygons (Prener, 2020). Spatial data are usually combined into spatial units. Spatial unit
convergence is known as areal interpolationthat addresses to the problem where differences in spatial units are found
(Murakami &Tsutsumi, 2011). There exist various types of spatial units for aggregation;these differences in
aggregation units makethe system difficult in handling data. Therefore, moving spatial data from one zonal structure
to another is beneficialin solving such problem. Such a process is called areal interpolation.

Zhang & Qiu (2011) in a case study of population data introduced a point-based intelligent approach to the
interpolation problem by using zero-dimensional points as ancillary data that are associated locationally with the
variable of interest. The study of interpolating the population data at a suburbanized area proposed areal
interpolation (Ar. Ip.) solutions based on the evaluationof its results with accuracy and efficiency.Comber&
Zeng(2019) in their study discusses about the four Ar. Ip approaches using the Newhaven census tracts(source
zones) and the 500-m polygon grid (target zones). The four interpolations are dasymetric, streetweighted, statistical
and point-based that is demonstrated. The spatial and statistical distributions of the house estimates using data from
the propertywebsite is also demonstrated with the large number of target zones with a house estimate of 0.
Murakami &Tsutsumi (2011) in a case study on the Ar. Ipon the population demonstrated in improving
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thepredictive accuracy. The study suggests that the consideration of spatial autocorrelation is imperative foraccurate
areal interpolation.

Discussion and Results

Spatial analysis is the approach of examining locations, attributes and relationships of features in spatial data to gain
better understanding. For instance while looking at a map at the features and relationships with the Covid-19,
rainfall or wildfire, one can draw certain conclusion based on the spatial data available. Spatial interpolation is the
assumptions carried out using the spatially distributed objects are spatially correlated; i.e items that are close
together tend to have similar characteristics. Spatial interpolation is of two categories namely point and areal
interpolation. Figure 1 shows the types of spatial interpolation methods.

Spatial
Interpolation

Point Interpolation Areal Interpolation
: I_I_I
| |
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Fig 1. Various types of Spatial Interpolation

This study is carried out using areal interpolation on confirmed cases of Covid-19 dataset to analysis the distribution
of spatial data geographically. Ar. Ipis a kriging-based interpolation method designed to work with data collected in
polygons. Data comes in three forms. First, Gaussian data averaged over polygons. Secondly, binomial counts
indicating the number of successes and trials per polygon. Thirdly, poisson data counting the number of events in a
polygon over a specified time. In this study, the dataset was obtained from https://www.mohfw.gov.in/was analysis
is carried out on ArcGIS. The figure 2 shows the interpolated prediction map for the first, fourth, eighth and twelfth
week of the Covid-19 confirm cases in India.
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Areal Interpolation for Confirmed Cases (March 15, 2020)
Vs Confirmed Cases (June 15, 2020)
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Fig2. Areal Interpolation of confirm cases a. March 15, b. April 12, c. May 12, d. June 19, 2020.

The summary of empirical covariancesof Spherical model and K-Bessel model of the different week cases are
shown in the table 1 for the lag size (2.50149) and number of lags (12).

Table 1.Summary of Spherical and K-Bessel modelfor the Covid-19 cases

SphericalModel K-Bessel Average
Week Date Location Model Location Mean standard error
First March 15 19.786 30.018 58.428 8.2585 0.9660 4.1667
Fourth April 12 118170 30.018 228690 8.3104 76.1065 259.7061
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Eighth

May 12

1.475e7

30.018

2.9168e7

8.7924

738.0731

2830.35

Twelfth

June 19

2.4625e8

30.018

6.3155e8

8.1047

4930.488

13864.6677

Anisotropy is the correlation between two points which depends on their orientation and their distance. When
anisotropy is true, it allows fitting the model in different semivariograms or covariances for different directions. The

figures 3 and 4 are obtained when anisotropy is true.
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Fig 3. Spherical Model of Confirmed Cases a. March 15, b. April 12, c. May 12, d. June 19, 2020.
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The models of Spherical and K-Bessel are better fit at the respective location given in the table 1.At this location one
can find the model is best with covariance curve that appears better and most of empirical covariances fall within the

confidential interval.
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Fig 4. K-Bessel Model of Confirmed Cases a. March 15, b. April 12, c. May 12, d. June 19, 2020.
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Fig 5. Normal QQ Plot for confirm cases a. March 15, b. April 12, ¢c. May 12, d. June 19, 2020.
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Fig 6. Predicted Plots for confirm cases a. March 15, b. April 12, c. May 12, d. June 19, 2020.

Density Density (102}
1927 2448
1735 2203 |
1542 1050
135 1714
1.157 147
0964 1226
0772 0981
0579 0737
0387 0492
0194 t 248 |
0001 LR | Ei:

-0.471 0082 0635 1.188

1.741

2394 2847 34
Measured. Predicted (10 ')

026 0002 0264 0526 0788 105 1.312 1574
Measured, Predicted (10%)

— Measured = Predicted — Measured — Predicted

?:;’:”ma} Density (107*)
3014

1775 .

1578 2a12

1381 2am

1184 183

0986 1.508

0789 1207

0.592 0.906

0395 0605

0198 0.304

o.00m 0.002

40188 0.173 0534 0895

= Measured

Fig 7. Measured —Predicted Plot for confirm casesa. March 15, b. April 12, c. May 12, d. June 19, 2020.
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Fig 9. Standardized Errors plot for confirm cases a. March 15, b. April 12, c. May 12, d. June 19, 2020.

1193

Eror (107) Emor (10%)
3386 1275
2708 102
2031 + t : : 1 | 0765
1354 051 [t
0677 4 0.255
0 [
0677 0258
1354 051
-2031 -0.765
-2.708 -1.02
3336 1275
0 0486 0971 1457 1943 2428 2014 34 0 0225 045 0675 0899 1124 1349 1574
Measured (10"} Measured (10%)
* Value == Regression Line * Value = Regression Line
Error (10%) Enor (10%)
2109 1097
1688 0877
1.266 0658
0.244 T 0439 [
. . .
0422 f°—1 0219
.
¥
) o
0422 T . 0218
-0.844 0439
-1.266 -0.658
-1.688 0877
2109 1097

0 0334 0669 1003 1337 1671 2006 234
Measured (10*)
* Value == Regression Line

] 0172 0344 0516 0689 0861 1.033 1205
Measured (10%)
* Value == Regression Line

Fig 8. Errors plot for confirm cases a. March 15, b. April 12, ¢. May 12, d. June 19, 2020.
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From figure 5, Normal QQ plot shows that the model is perfect with Root-Mean-Square Standardized (RMSS)
nearer to 1. RMSS for the confirmed cases of March 15 (2.51), April 12 (1.82), May 12 (2.11) and June 19 (2.37) is
obtained. Also Mean Standardized for March 15 (0.09), April 12 (0.15), May 12 (0.12) and June 19 (0.17) and the
values lies in between 0.1 to 1. Figure 6 shows the prediction plot for the cases and the following equation is
obtained for respective models of the corresponding week.

1.y=00101* X+ 154  -ceoee- eq (1)
2.y=0.1638 * x + 73.49--------- eq (2)
3.y =0.0099 * X + 1324.91---------- eq (3)
4.y =0.0095 * X + 433936 ---------- eq (4)

Figure 7 represents the measured-predicted plot for each week respectively and similarly, figure 8 shows the error
plot for each predicted plot of the model. Figure 9 shows the standardized error plots for the confirm cases and
average standardized error values are mentioned in the table 1.

Temporal Analysis of Covid-19

The day wise increase in the confirmed cases is obtained using same dataset with STATA software shown in figure
10. India’s total confirmed case are 9,36,181 as on July 15, 2020. In few states like Sikkim (209), Meghalaya (318),
Mizoram (238) Nagaland (896), and Chandigarh (600) show minimum number of confirmed cases. States such as
Kerala (8930) showed inclination in cases in the month of March but later the cases were found to be declined
gradually.

All India Daywise Increase in Confirmed Cases from March 11 to July 15. 2020
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Fig 10.Daywise increase in confirmed cases in India

The data for the graph (figure 11) is obtained from www.mohfw.gov.in from April 12, 2020 to July 15, 2020 where
Maharashtra is still on the peak with 267665 confirmed cases, total samples tested (641,441), test per million
(5,251), positive rate was found to be 16.3%. Andhra Pradesh has 33019 confirmed cases, with total samples tested
(11,53,849), tests per million (21,364), average growth rate (6.0%). In Telangana, the average growth rate is 8%
with 37745 positive cases, and tests per million (3,782) whereas in Kerala had average growth rate has 5% with
8930 cases, and tests per million were (9,124). Kerala curve is flat when compared to TS and AP. TS curve finds
rapid increase due to unlockdown(2.0).
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Maharashtra State Daywise Increase in Confirmed Cases (April 12 to July 15, 2020)  Andhra Pradesh State Daywise Increase in Confirmed Cases (April 12 to July 15. 2020)
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Fig 11. Daywise increase in confirmed cases in four states- Maharashtra, AP, TS and Kerala
Distribution of Covid-19 in Districts

In this study,four different states were considered for analyzingthecumulative cases as on July 10, 2020 (figure 12)
with the peak, average and medium cases. The district data was obtained from https://www.covid19india.org/.
Maharashtra has thirty four districts which were affected by Covid-19 virus with the highest number in the Mumbai
(5205) followed by Thane (1536). Similarly, the highest cases were found in Kurnool district (2939) followed by
Anantapur (2850) in Andhra Pradesh, Hyderabad (24,710) followed by Ranga Reddy district (2112). Finally in
Kerala, Malappuram district (897) and Palakkad (776) were highest compared to other districts in Kerala.
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Fig 12. District wise distribution of confirmed cases in four states- Maharashtra, AP, TS and Kerala

Conclusion

Areal Interpolation is used widely and found to be efficient with Root-Mean-Square Standardized and with Mean
Standardized. The best model seems to be April 12 dataset as the RMSS is very close to 1 compared to others. K-
Bessel model helps to fit the model covariance curve appropriate and better. The models of the datasets with
Spherical (19.786) and K-Bessel (58.428)for March 15; Spherical (118170) and K-Bessel (228690)for April 12;
Spherical (1.475e7) and K-Bessel (2.9168e7)for May 12 and Spherical (2.4625e8) and K-Bessel (6.3155e8) for June
19 were obtained.The results are found to be accurate based on RMSS and K-Bessel location value. Hence, areal
interpolation helps in distributing the spatial data across the geographical map. The state district wise spatial data
distribution was carried out on ARCGIS.

REFERENCES

1. Comber, A., & Zeng, W. (2019). Spatial interpolation using areal features: A review of methods and
opportunities using new forms of data with coded illustrations. Wiley. DOI: 10.1111/gec3.12465

2. Dhabliya, D. (2021d). Examine Several Time Stamping Systems and Analyse their Advantages and
Disadvantages. International Journal of Engineering Research, 1(2), 01-05.

3. Dhabliya, D., & Others. (2021). An Integrated Optimization Model for Plant Diseases Prediction with
Machine Learning Model. Machine Learning Applications in Engineering Education and Management,
1(2), 21-26.

4. Rabanal, N., & Dhabliya, D. (2022). Designing Architecture of Embedded System Design using HDL
Method. Acta Energetica, (02), 52-58.

5. Lam, N. S. N. (1983). Spatial Interpolation Methods: A Review. The American Cartographer. 10 (2), 129-
149.

6. Murakami, D., & Tsutsumi, M. (2011). A New Areal Interpolation Method Based on Spatial Statistics.

1196

International Conference: Spatial Thinking and Geographic Information Sciences. Procedia Social and
Behavioral Sciences 21. 230-239.



European Economic Letters
ISSN 2323-5233

Vol 13, Issue 3 (2023)
http://eelet.org.uk

7.
8.

10.

1197

Prener, C. (2020). Areal Interpolation in R-Cran. https://cran.r-project.org.

Zhang, C., & Qiu, F. (2011).A Point-Based Intelligent Approach to Areal Interpolation. The Professional
Geographer DOI: 10.1080/00330124.2010.547792
https://desktop.arcgis.com/en/arcmap/latest/extensions/geostatistical-analyst/using-areal-interpolation-to-
predict-to-new-polygons.htm
https://desktop.arcgis.com/en/arcmap/latest/extensions/geostatistical-analyst/accounting-for-directional-
influences.htm#GUID-D614A482-B7AA-4393-9BB5-EE34C8093A34


https://cran.r-project.org/
https://desktop.arcgis.com/en/arcmap/latest/extensions/geostatistical-analyst/using-areal-interpolation-to-predict-to-new-polygons.htm
https://desktop.arcgis.com/en/arcmap/latest/extensions/geostatistical-analyst/using-areal-interpolation-to-predict-to-new-polygons.htm
https://desktop.arcgis.com/en/arcmap/latest/extensions/geostatistical-analyst/accounting-for-directional-influences.htm#GUID-D614A482-B7AA-4393-9BB5-EE34C8093A34
https://desktop.arcgis.com/en/arcmap/latest/extensions/geostatistical-analyst/accounting-for-directional-influences.htm#GUID-D614A482-B7AA-4393-9BB5-EE34C8093A34

