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4 Chapter 4
4.1 Results and Discussions

4.1.1 Statistical Distribution Analysis (Objective 1)

Normality test was carried out on time series data with KS statistic, Shapiro-wilk test
and Jerque-bera test. The normality test results (Table 4-1 to Table 4-3) showed that
the nature of the PM, 5 dataset is not normal across the different agricultural climate

zones of India.

Table 4-1: Jerque bera test

SI. | Station Name Statistics p - value
1| Gaya 26352.07 0
2 | Howrah 23894.81 0
3 | Aurangabad 34571.29 0
4 | Shillong 9087.63 0
5 | Thiruvananthapuram | 30495.83 0
6 | Talcher 20338.43 0
7 | Delhi 21342.89 0
8 | Lucknow 55558.44 0
9 | Amritsar 42599.20 0

10 | Siliguri 22019.28 0

11 | Ahmedabad 36304.95 0

12 | Vijaywada 16395.21 0

13 | Hyderabad 953.17 0

14 | Varanasi 30553.29 0

15 | Kanpur 30440.94 0

16 | Patna 9077.11 0

17 | Guwahati 9501.70 0

18 | Agra 52506.72 0

19 | Nagpur 26394.50 0

20 | Jodhpur 32282.83 0

21 | Chennai 110593.70 0

22 | Mumbai 8069.81 0

23 | Solapur 29087.92 0

24 | Bengaluru 202634.40 0

25 | Jamshedpur 2535.89 0

26 | Mandideep 43518.65 0
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Table 4-2: KS statistics
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Table 4-3: Shapiro wilk test

SI. | Station Name Statistics | p -value
1| Gaya 0.834 0
2 | Howrah 0.803 0
3 | Aurangabad 0.878 0
4 | Shillong 0.764 0
5 | Thiruvananthapuram 0.810 0
6 | Talcher 0.806 0
7 | Ito 0.843 0
8 | Lucknow 0.810 0
9 | Amritsar 0.816 0

10 | Siliguri 0.807 0

11 | Ahmedabad 0.837 0

12 | Vijaywada 0.914 0

13 | Hyderabad 0.953 0

14 | Varanasi 0.840 0

15 | Kanpur 0.810 0

16 | Patna 0.856 0

17 | Guwahati 0.805 0

18 | Agra 0.794 0

19 | Nagpur 0.859 0

20 | Jodhpur 0.872 0

21 | Chennai 0.813 0

22 | Mumbai 0.865 0

23 | Solapur 0.890 0

24 | Bengaluru 0.803 0

25 | Jamshedpur 0.940 0

26 | Mandideep 0.821 0

Data analysis based on seasonality revealed that PM,s concentrations range from

195.5 pg/m® during the winter to 113.8 pg/m® during the monsoon. Many authors

reported similar results earlier [134]. During the monsoon season, the lowest mean

concentration was observed in the WCPG region and the highest mean concentration

in the WD. The MGP has the highest average concentration during the winter, while

the EH area has the lowest. Notably, the highest average concentration is found in the

MGP region during the pre-monsoon season, and the highest average concentration is

found in the TGP region during the post-monsoon season.
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Northwestern India has higher PM2.5 concentrations, particularly during the monsoon
and post-monsoon seasons, according to the seasonal plots (Figure 4-1). The Indo-
Gangetic plain region had the highest concentration during the winter and pre-

monsoon season.
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Figure 4-1: Seasonal Plots
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To find out what kind of distribution is predominated in the PM2.5 data of different
agricultural climate zones, we conducted a thorough statistical distribution analysis.
Understanding the statistical distribution in data is crucial for effective forecasting.
Seven common distributions were applied to each dataset to determine the best fit
model for air pollution studies. These distributions include- Gamma, Beta, Log
Normal, Weibull, Logistic, Normal, and Laplace. The minimum sum of square error
criteria was used to find the best-fit distribution (Figure 4-2 (A-2)).
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At 24 out of 26 sites, the gamma and beta distributions were predominant (Table 4-4).

At 14 locations, the concentration of PM, sfollows a gamma distribution, at 10 places

a beta distribution, and at the rest of the two locations a lognormal distribution. It is

important to note that the Gamma distribution is the best fit distribution for the sites at
EPH, TGP and UGP. LGP, ECPH, and GPH all solely follow the beta distribution. A
log normal distribution was only observed at Patna in the MGP and Shillong in the

EH area. Mixed distribution fitting results were found in the remaining regions.
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Table 4-4: Best fit Statistical distribution parameters values

Agro Climatic Site Best fit Location Scale Scale/
Zone Distribution | parameter | Parameter | Location
Guwahati gamma 1.00E+01 | 5.55E+01 | 5.55E+00
Eastern Himalayan Shillong lognorm 9.18E+00 1.05E+01 | 1.14E+00
Region Siliguri gamma 1.00E+01 | 4.79E+01 | 4.79E+00
Lower Gangetic 1.00E+01 | 5.34E+03 | 5.34E+02
Plain Region Howrah beta
Gaya gamma 9.88E+00 | 7.62E+01 | 7.71E+00
Middle Gangetic | Patna lognorm 4.89E+00 | 8.32E+01 | 1.70E+01
Plain Region Varanasi beta 9.93E+00 | 2.85E+13 | 2.87E+12
Agra gamma 9.94E+00 | 6.55E+01 | 6.59E+00
Upper Gangetic Kanpur gamma 9.97E+00 8.55E+01 | 8.57E+00
Plain Region Lucknow gamma 1.00E+01 | 7.81E+01 | 7.81E+00
Trans-Ganga Plain Amritsar gamma 9.95E+00 2.84E+01 | 2.85E+00
Region Delhi gamma 9.96E+00 | 7.18E+01 | 7.21E+00
Eastern Plateau and | Jamshedpur | gamma 3.94E+00 | 2.20E+01 | 5.58E+00
Hills Talcher gamma 1.00E+01 | 5.01E+01 | 5.01E+00
Central Plateau and | Mandideep beta 9.95E+00 | 5.30E+03 | 5.33E+02
Hills Nagpur gamma 1.00E+01 | 2.88E+01 | 2.88E+00
Aurangabad | beta 9.67E+00 | 4.45E+02 | 4.60E+01
Western Plateau | Mumbai gamma 1.00E+01 | 2.43E+01 | 2.43E+00
and Hills Solapur beta 1.00E+01 | 4.53E+08 | 4.54E+07
Southern Plateau | Bengaluru gamma 9.92E+00 | 2.19E+01 | 2.20E+00
and Hills Hyderabad beta 9.78E+00 | 1.91E+02 | 1.95E+01
Eastern Coastal Chennai beta 1.00E+01 2.63E+03 | 2.63E+02
Plain and Ghats | Vijayawada | beta 9.82E+00 | 1.73E+02 | 1.76E+01
Western Coastal Thiruvananth 100E+01 | 2.03E+01 | 2.03E+00
Plain and Ghats apuram gamma
Gujrat Plain and Q.67E+00 | 6.43E+13 | 6.64E+12
Hills Ahmedabad | beta
Western Dry 8.50E+00 | 162E+12 | 1.88E+11
Region Jodhpur beta
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An inter station correlation of PM, 5 concentrations were done and results are
described in Figure 4-3.

Correlation between different Stations

- 1.0

Amritsar

-0.8
Bengaluru

Delhi -

- 0.6

Guwahati
Hyderabad

Jodhpur

Lucknow -
Mumbai
Patna
Siliguri
Talcher

Varanasi

Agra
Ahmedabad
Amritsar
Aurangabad
Bengaluru
Chennai
Delhi
Gaya
Guwahati
Howrah
Hyderabad
Jharkhand
Jodhpur
Kanpur
Lucknow
Mandideep
Mumbai
Nagpur
Patna
Shillong
Siliguri
Solapur
Talcher
Thiruvananthapuram
Varanasi
Vijaywada -

Figure 4-3: Inter Station Correlation

4.1.2 Seasonal Autoregressive Integrated Moving Average with Exogenous
Factors (SARIMAX)

We employed the statistical technique known as Seasonal Autoregressive Integrated

Moving Average with Exogenous Factors (SARIMAX) as a baseline for comparing
the results. SARIMAX was performed in selected cities covering all four directions of
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India. Delhi the national capital of India is one of the highly polluted cities of the

world. SARIMAX result (Table 4-5) for Delhi is presented below.

Table 4-5: SARIMAX Model

SARIMAX Results

Dep. Variable:

Model:
Date:
Time:
Sample:

Covariance Type:

SARIMAX(3, ©, 1)

y No. Observations:

Tue, 10 Oct 2023 AIC

Log Likelihood

ma.L1l

52608
-254688.616
509387.232
509431.585
509401.092

[0.025 0.975]
2.068 2.072
-1.287 -1.281
0.212 0.216
-0.972 -0.968
936.775 940.581

Ljung-Box (L1) (Q):
Prob(Q):
Heteroskedasticity (H):
Prob(H) (two-sided):

20:29:29  BIC
@  HQIC
- 52608
opg
err Z
001 1751.207
002 -823.438
001  223.460
001  -931.464
971  966.710
2.14
0.14
0.66
0.00

Jarque-Bera (JB):
Prob(JB):

Skew:

Kurtosis:

36306755.56
0.00

Table 4-6 gives the result of multi-step error for the SARIMAX model. Figure 4-4
and Figure 4-5 shows the Autocorrelation plots of the SARIMAX model. Figure 4-6

is the decomposition plot of the time series data.

Table 4-6: SARIMAX Result

ERROR | 1-Hr 2-Hr 3-Hr 4-Hr 5-Hr 6-Hr 7-Hr 8-Hr Cumulative
RMSE | 29.66 | 48.18 |55.14 |62.44 |7137 |77.02 |81.78 | 87.88 | 66.69

MAE 16.06 | 27.04 | 32.48 |36.67 |42.56 | 48.64 |52.48 |56.04 |39

MAPE | 16.37 | 27.05 |31.94 |35.23 |4257 |53.36 |61.32 |60.36 |41.02

Page 72 of 137



Chapter 4

Autocorrelation
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Figure 4-6: Data decomposition

4.1.3 Comparative study of encoder-decoder based deep learning models
(Objective 3):

Several Seq2Seq forecasting models based on encoder-decoder architecture have been
tested. A total of seven deep learning models were used for the prediction of 8 hour
ahead forecasting using previous sequence data of different combinations. Previous
sequence of 8 hour, 16 hour, 24 hour, 48 hour and 72 hour were used to forecast
future 8 hour values. All models have used the same Guwahati city dataset. The
models were namely: stacked LSTM, CNN-LSTM, ConvLSTM-LSTM, stacked
BLSTM, ConvLSTM-BLSTM, BLSTM-ConvLSTM, and BConvLSTM-BLSTM.As
can be seen from the model architectures, the encoder and decoder parts of each
model used the same number of layers. Moreover, it should be noted that all models
have used the same hyperparameter configuration. Better results have been found in
all models using prior 24- and 72-hour data. Details of the results were presented in
Table 4-7 to Table 4-13.
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Table 4-7 BConvLSTM-BLSTM

Model Name: BConvLSTM-BLSTM

Input
Sequence 1by8 2by8 30y8 6by8 oby8
Hour RMSH MAE| MAPE | RMsH MAE | MAPE| RMsE| MAE| MAPE| RMsE| MAE| MAPE |  RMSE MAE MAPE
1 16.67| 9.7 21.76 17.28( 9.84 20.83 15.93 9.24 20.39 16.71 9.7 20.76 18.1 10.49 24.17
2 2484| 1416 | 3167 | 2707 1482 | 3022 | 2207 | 13 | 2926 | 2351 | 1300 | 2864 | 2415 13.86 3181
3 29.95| 17.26 39.72 33.14| 18.08 38.28 26.73 15.23 | 34.57 27.06 15.26 35.44 27.5 15.9 36.67
4 32.88| 19.49 46.21 36.42| 20.01 43.81 28.99 16.69 | 38.22 29.33 16.78 39.78 29.24 17.09 39.42
5 a487| 2103 | 5101 | 3776) 2103 | 4671 | 307 | 1779 | 4113 | 3126 | 17.07 | 4275 | 3044 17.93 41.06
6 36.3 22.33 55.67 37.79( 21.34 48.31 31.65 18.45 | 43.48 32.86 18.89 45.62 31.12 18.44 42.51
7 37.20| 2329 | 6008 | 3686 2114 | 4092 | 3211 | 189 | 4525 | 3338 | 1930 | 4775 | ;a7 18.89 4408
8 37.82| 23.76 62.43 34.97| 20.48 50.77 32.57 19.32 | 47.44 33.43 19.63 50.25 32.22 19.37 45.61
Cumulative | 3207| 1888 | 4607 | 3334| 1834 | 4111 | 2823 | 1608 | 3747 | 2897 | 1634 | 3887 | 2842 165 3816
Table 4-8 BConvLSTM-LSTM
Model Name: BConvLSTM-LSTM
Input
Sequence 1by8 2by8 3by8 6by8 9by8
Hour RMSE | MAE | mAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE MAPE
1 1633 | 966 | 2397 | 2026 | 1279 | 3394 | 1605 | 931 | 2192 | 1738 | 1038 | 2306 | 1975 12.48 39.24
2 24.86 14.51 35.59 26.17 16.17 40.9 22.82 13.09 31.25 23.34 13.52 29.73 23.95 14.69 43.01
3 2023 | 178 | 4541 | 3047 | 1856 | 4466 | 2681 | 1544 | 3643 | 2672 | 1555 | 3436 | 2675 162 4534
4 33.94 20.32 52.9 32.47 19.87 48.37 28.96 16.83 40.75 28.91 16.82 37.82 28.9 17.34 47.66
5 3672 | 2216 | 5823 | 3374 | 2108 | 5641 | 3049 | 1785 | 4433 | 304 | 1769 | 4035 | 3027 18.19 4993
6 38.69 23.72 62.91 34.08 21.1 54.39 31.35 18.55 46.93 31.47 18.41 42.5 31.02 18.82 52.13
7 40.15 24.85 66.5 34.01 21.17 55.19 31.72 18.96 48.55 31.89 18.73 43.98 31.63 19.43 54.07
8 4086 | 2534 | 6894 | 3365 | 2092 | 5422 | 3249 | 1947 | 5027 | 3179 | 1883 | 4485 319 19.68 54.94
Cumulative | 3369 | 198 | 5181 | 3095 | 1896 | 4851 | 2808 | 1619 | 4005 | 2815 | 1624 | 3708 | 2831 174 4829
Table 4-9 Stacked BLSTM
Model Name: Stacked BLSTM
Input
Sequence 1by8 2by8 3by8 6by8 9by8
Hour RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE
1 1693 | 983 | 2687 | 2058 | 1178 | 2663 | 17.63 | 1149 | 3803 | 195 | 1219 | 3676 1846 | 1097 28
2 2527 | 1476 | 3712 | 2887 | 1641 | 3769 | 2507 | 1508 | 4678 | 2406 | 15 | 4429 2356 | 1386 35.76
3 3113 | 1811 | 4574 | 3425 | 1946 | 4613 | 2074 | 1763 | 525 | 2738 | 1698 | 5022 2625 | 1561 4088
4 34.88 20.7 52.77 37.64 21.37 51.84 31.56 18.9 56.25 29.62 18.31 55.48 27.81 16.77 44.27
5 3730 | 2262 | 5854 | 3882 | 2214 | 5421 | 3007 | 1958 | 5825 | 3097 | 1909 | 5895 2883 | 1749 4619
6 392 | 2423 | 6423 | 3838 | 2212 | 5454 | 3043 | 2014 | 594 | 3168 | 196 | 612 2035 | 1797 4752
7 403 | 2526 | 6791 | 371 | 2158 | 5308 | 3203 | 205 | 5925 | 3216 | 19.89 | 6216 2961 | 1825 4818
8 409 | 259 | 7095 | 3552 | 2093 | 5355 | 3315 | 2044 | 5593 | 3259 | 2029 | 639 2089 | 1852 49.76
Cumulative | 3417 | 2018 | 5302 | 344 | 1947 | 4721 | 2078 | 18 | 533 | 2882 | 1767 | 5412 2697 | 1618 257
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Table 4-10 CNN-LSTM

Model Name: CNN-LSTM

Input
Squence 1by8 2by8 3by8 6by8 9by8
Hour RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE MAE | MAPE
1 1467 | 923 | 2243 | 1704 | 1122 | 3553 | 1529 | 1135 | 5044 | 1672 | 109 | 3551 171 | 1118 33.26
2 19.7 | 1218 | 2058 | 2093 | 1389 | 4515 | 1833 | 1378 | 57.87 | 1965 | 1278 | 404 19 | 1231 3471
3 2314 | 1508 | 39.06 | 2545 | 17.3 | 5696 | 20.68 | 1545 | 6118 | 224 | 1508 | 4833 2083 | 1385 39.87
4 27.71 | 1749 | 4568 | 2836 | 19.06 | 59.09 | 2332 | 1679 | 61.98 | 26.22 | 16.84 | 5068 239 | 1537 41.08
5 3126 | 1959 | 5229 | 3116 21 | 6401 | 2747 | 1826 | 6344 | 3061 | 1872 | 5388 2696 | 16,69 4314
6 3135 | 2032 | 5419 | 3164 | 2177 | 6371 | 2848 | 1948 | 626 | 3365 | 21.06 | 54.08 2862 | 1813 44.27
7 3189 | 2092 | 5679 | 3129 | 2116 | 645 | 3082 | 2053 | 6415 | 3543 | 21.74 | 54.88 3122 | 1962 46.95
8 3214 | 2013 | 5839 | 3167 | 205 | 6511 | 3215 | 2039 | 6363 | 352 | 2111 | 53.9 3013 | 1849 46.94
Cumulative | 27.19 | 1687 | 448 | 2769 | 1824 | 5676 | 25.18 17 | 6062 | 2832 | 1728 | 4896 25.22 15.7 41.28
Table 4-11 ConvLSTM-BLSTM
Model Name: ConvLSTM-BLSTM
Input
Sequence 1by8 2by8 3by8 6by8 9by8
Hour RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE
1 176 | 1015 | 2678 169 | 1037 | 3154 | 1619 952 | 2252 | 1686 | 1023 | 2859 | 2111 | 1305 | 4167
2 2543 | 14.69 32 | 2398 | 1425 | 4007 | 2313 133 301 | 2305 137 | 3744 | 2586 | 1504 | 3844
3 3018 | 1762 | 4358 | 2842 | 1695 | 4761 | 27.65 | 1563 | 3525 | 269 | 1648 | 46.02 | 2829 | 1664 | 4125
4 33.75 20 | 4974 | 3122 | 1888 | 5304 | 3035 | 1745 | 3975 | 2052 | 17.93 | 5388 | 2929 | 1753 | 4376
5 334 | 218 | 5426 | 3347 | 2055 | 5769 | 31.34 | 17.97 | 4244 | 3075 | 1889 | 5685 | 2083 | 1811 | 4547
6 3831 | 2332 585 | 3518 | 2153 | 6061 | 3172 | 1847 | 4423 | 3139 | 1029 | 5593 | 3037 | 1857 | 4667
7 3078 | 244 | 6202 | 3507 | 2141 | 5971 | 3177 187 | 4524 | 3116 | 1926 | 5439 | 3114 | 1947 479
8 4053 | 2501 | 6512 331 | 2016 | 5502 322 | 1905 | 4682 | 3133 194 | 5506 | 3225 | 1961 | 4848
Cumulative | 3358 | 1063 | 4952 | 3026 | 1801 | 50.66 | 2854 | 1622 | 3829 | 2805 | 1686 | 4852 | 2871 | 1721 | 4421
Table 4-12 ConvLSTM-LSTM
Model Name: ConvLSTM-LSTM
Input
Sequence 1by8 2by8 3by8 6by8 9by8
Hour RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE | RMSE | MAE | MAPE
1 1615 | 1125 461 | 16.64 10.2 308 | 3065 | 2263 | 8221 | 17.06 | 1064 | 3195 | 17.96 | 1079 | 2482
2 2401 | 1562 | 5249 | 2568 | 1518 | 4099 | 3162 | 2026 | 5145 | 221 | 1355 | 3824 | 2284 | 1352 | 3039
3 2021 | 1868 | 5827 | 3133 | 1851 | 4804 | 3208 | 2015 | 4405 | 2499 | 1533 | 4337 | 2557 | 1516 | 34.39
4 3258 | 2071 | 6207 | 3507 206 | 5274 | 3206 | 2038 | 4657 | 2674 | 1658 | 4757 | 27.05 | 1612 | 37.46
5 3457 | 2196 | 6431 | 3696 | 2185 | 5546 | 3271 20 | 4836 | 2827 | 1741 | 5027 | 2823 | 1694 | 39.86
6 3578 | 2293 | 6661 | 3724 | 2214 | 5654 | 3346 | 2074 | 50.27 | 2896 | 17.99 52 | 2026 | 1758 | 4168
7 3665 | 2358 | 6871 | 3641 | 2161 | 5616 | 3495 | 2169 | 5263 | 29.61 184 | 5281 | 3008 | 1812 | 4327
8 37.56 242 | 7094 | 3478 | 2081 | 5496 | 3691 | 2279 | 6102 | 306 | 1884 | 5305 | 3058 | 1849 | 444
Cumulative | 3150 | 1087 | 6119 | 3247 | 1886 | 49.46 | 3307 212 | 5457 | 26.39 161 | 4616 | 2675 | 1584 | 37.03
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Table 4-13 Stacked LSTM

Model Name: Stacked LSTM

Input
Sequence 1by8 2by8 3by8 6by8 9by8
Hour RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE RMSE MAE MAPE
1 16.06 9.41 23.18 16.1 9.13 20.5 15.41 9.7 29.24 16.45 9.97 22.24 18.05 10.6 25.37
2 24.65 14.36 34.48 26.24 14.51 33.96 23 14.22 43.96 22.41 13.15 29.01 23.27 13.42 30.59
3 30.54 17.95 43.9 33.36 18.32 43.2 27.59 16.44 47.87 25.56 15.18 36.38 26.38 15.36 34.99
4 34.56 20.5 50.88 37.77 20.87 50.12 30.08 17.77 50.37 27.96 16.65 41.09 28.42 16.73 38.61
5 37.08 22.13 55.23 40.11 22.21 53.75 31.73 18.73 51.81 29.57 17.65 44.14 29.6 17.71 41.6
6 38.65 23.51 58.89 41.39 22.91 56.26 32.48 19.31 52.73 30.61 18.29 46.45 30.24 18.3 44.04
7 39.52 24.41 61.63 40.58 22.95 57.25 32.43 19.41 53.2 30.96 18.65 48.36 30.81 18.81 46.11
8 40.26 24.99 63.83 39.58 22.53 57.39 32.7 19.6 53.92 31.11 18.85 49.88 31.45 19.21 47.5
Cumulative 33.62 19.66 49 35.39 19.18 46.55 28.76 16.9 47.89 27.26 16.05 39.7 27.61 16.27 38.6
In comparison to other models, BConvLSTM-LSTM and BConvLSTM-BLSTM
combination model performs better (Figure 4-7).
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Figure 4-7 Model Comparison
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4.1.4 Proposed Model and performance evaluation (Objective 2):

Statistical error functions RMSE, MAE, and MAPE were utilized to evaluate the
model performance. Other error functions FAC2 and VG are also applied for further
evaluation of the model performance. When mean differences are greater between
data sets, scale dependent error functions such as RMSE and MAE are not the best
choice to use for comparison. MAPE is a unit less function that is scale-independent
and ideal for model comparison. In MAPE data with significant variances can
influence the extreme values. Detail result of the model is presented in Table 4-14.
The RMSE performances of the model varies from the lowest performance of 7.09 in
Shillong, in the EH region, to the highest performance of 53.81 in Patna, in the MGP
in 8 hour consecutive forecast. Likewise, Shillong and Patna yielded a minimum of
5.41 and a maximum of 34.09 in terms of MAE, respectively. In case of MAPE,
Hyderabad recorded the lowest value of 18.6 percent and Chennai recorded the
highest value of 52.7 percent. Nine cities had less than 10 ug/m3 of RMSE value in
first step prediction, while, Howrah in LGP, Shillong in EH, and Nagpur and
Mandideep in CPH had value between 10 and 15 pg/m3. As for MAE, the values of
less than 10 pug/m3 are found in 15 of the 26 cities, and the total of 24 cities has MAE
values that are less than or equal to 15 pg/m3. Patna and Talcher are the only two
places with MAE values higher than 15 g/m3., Patna in MGP has MAE of 20.52
pg/m3 and Talcher in the EPH has an MAE value of 20.29 pg/m3. Similar to this, 20
sites have more than 35% MAPE values, and 11 sites have values lower than 30%
MAPE values. All other sites have MAPE values under 40%, with the exception of
Chennai in the ECPH and Jodhpur in the WD zone. Overall, it was found that the
western, southern, and central regions had relatively better model performance than
the northern and eastern regions for predicting concentrations up to 8 hours in
advance. The results of PM,5 concentrations for one hour advance and eight hours
average demonstrate the robustness of the suggested model framework's prediction
ability. Since the majority of reports on regulatory air quality occurred within this
temporal range, it is crucial to evaluate the performance of prior 1-hour and 8-hour
average prediction. RMSE, MAE, and MAPE values for 1-hour ahead prediction were
found to be lowest at 5.81 (at Shillong), 3.92 (at Aurangabad), and 10.8 (at Howrah),
respectively. At Patna and Talcher, the maximum RMSE was 41.384 and 29.04,

respectively, for 1-hour and 8-hour average periods. For the 1-hour ahead and 8-hour
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average forecasting horizons, 18 sites and 13 sites, respectively, recorded less than 20
RMSE values overall. Once more, the 1-hour and 8-hour average MAE values were
found to be at their lowest and maximum in Shillong and Patna, respectively. MAE
values of three sites - Delhi, Talcher, and Patna found to be greater than 20 pug/m3,

suggesting that the results were more consistent throughout India.

Model results were further analyzed in terms of various agroclimatic zones (Table 4-
15, Figure 4-12). Regarding one-hour ahead prediction across agroclimatic zones,
SPH (7.6) had the best model performance in terms of RMSE, followed by CPH (8.4)
and WPH (9.4). Three zones have RMSE values between 20 and 30 and another three
have between 30 and 40 pug/ma3,respectively, and seven zones have RMSE values less
than 20 pg/m3. A comparable error trend was seen for MAE, with the maximum
value (16.3) at MGP and the lowest value (5.4) at SPH. Following 8 hours of advance
prediction, the same pattern was found at SPH as minimum RMSE and MAE values
of 11.1 and 8.0, respectively, and at MGP maximum RMSE (40.4) and MAE (25.8)
were found. The results for MAPE values, however, showed a slight variation, with
the minimum error value for 1-hour ahead prediction being observed at LGP (10.8%)
and cumulative 8-consecutive-hour ahead prediction at EH (21.3 %).

Spatial variability in model performance is evident in the observed forecasting results.
The Heatmap of the result (Figure 4-11) makes this clear. The regions primarily along
the central, south, southeast, and southwest coasts of India exhibit superior model
result for multi-step hourly forecasts. A relatively low model performance was noted
in most of North India, with the exception of Shillong, Agra, Jamshedpur, and
Amritsar. It is important to note that, with the exception of Patna and Talcher, model
performance is best in India for the first step. Although many researchers attempted to
use machine learning with deep learning architecture for a few of India's pollution
hotspots, cross-country study of model efficiency has not yet been thoroughly studied
in India. We then performed a statistical distribution analysis on the results at
different sites with the corresponding observed values. Each location in India revealed

that the best fit distribution matched the original training data exactly.
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Table 4-14: Result of 8 step ahead prediction

Agro Climatic Zone: 1 Eastern Himalayan Region

Station Name: Shillong

1 2 3 4 5 6 7
ERROR | hour | hour |hour |hour |hour |hour |hour | 8hour Cumulative
RMSE |581 |638 |6.87 (714 |732 |748 |7.68 |7.82 7.09
MAE 442 1483 |517 |546 |557 573 |597 |6.14 541
MAPE | 20.97 | 22.96 | 23.69 |24.57 |25.1 |25.75 |26.57 | 27.18 24.6
FAC2 1.05 1.04 1.03 1.03 1.03 1.03 1.03 1.03 1.03
VG 1.07 1.08 1.09 1.09 1.1 1.1 111 111 1.09
Station Name: Guwahati
RMSE |20.7 |28.99 | 32.73 | 34.07 | 34.41 | 35.23 | 35.58 | 36.33 32.62
MAE 1243 | 17.28 | 20.12 | 2149 | 21.9 22.39 | 22.69 | 23.64 20.24
MAPE | 21.34 | 29.08 | 34.79 | 38.83 | 40.89 | 42.38 | 43.6 | 46.5 37.18
FAC2 1.06 1.1 114 | 1.18 1.2 1.21 1.22 1.25 1.17
VG 1.08 1.15 1.2 1.23 1.25 1.27 1.28 1.3 1.22
Station Name: Siliguri
RMSE | 12.21 |17.79 | 22.32 | 25.68 | 28.18 | 29.92 | 30.94 | 31.69 25.68
MAE 8.03 11.68 | 14.78 | 17.11 | 18.87 | 20.07 | 20.77 | 21.37 16.58
MAPE | 1143 |16.4 | 2052 |23.86 |26.42 | 28.25 | 29.75 | 31.43 23.51
FAC2 1 1.02 1.04 1.05 1.06 1.07 1.08 11 1.06
VG 1.02 1.05 1.07 1.09 1.11 1.12 114 | 115 1.09
Agro Climatic Zone: 2 Lower Gangetic Plain Region
Station Name: Howrah
RMSE | 9.57 154 | 20.18 | 23.88 | 26.75 | 29.17 | 31.28 | 32.96 24.84
MAE 6.37 |9.82 12.89 | 15.37 | 17.29 | 18.89 | 20.32 | 21.56 15.31
MAPE | 10.8 15.16 | 19.25 | 22.68 | 25.6 28.15 | 30.6 | 33.01 23.15
FAC2 1.01 1.03 1.05 1.07 1.09 11 1.12 1.13 1.08
VG 1.02 1.04 1.06 1.08 1.1 1.12 114 | 1.16 1.09

Agro Climatic Zone: 3 Middle Gangetic Plain Region

Station Name: Gaya
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RMSE |23.62 | 28.06 | 30.3 |31.29 |31.96 |32.48 |32.99 |34.31 30.79
MAE 15.2 18.65 | 20.53 | 21.42 | 21.93 | 22.28 | 22,55 | 23.21 20.72
MAPE | 27.86 | 34.45 | 384 |40.47 | 4141 | 421 |43.13 |44.94 39.1
FAC2 1.15 121 124 |1.26 1.26 1.27 1.28 13 1.25
VG 1.12 1.16 1.19 121 1.21 1.22 1.23 1.24 1.2
Station Name: Patna

RMSE |41.38 |47.59 | 51.88 | 54.37 | 56.17 | 57.89 | 58.86 | 59.77 53.81
MAE 20.52 | 27.58 | 32.36 | 35.37 | 37.26 | 38.92 | 39.92 | 40.81 34.09
MAPE | 14.57 | 20.56 | 25.11 | 28.15 | 30.08 | 31.51 | 32.39 | 33.05 26.93
FAC2 1.04 1.07 1.09 111 1.12 1.13 1.13 1.12 11
VG 1.04 1.07 11 1.13 1.14 1.15 1.16 1.17 1.12
Station Name: Varanasi

RMSE | 25.78 | 30.97 | 34.11 | 36.42 | 38.8 | 39.96 | 41.21 | 42.46 36.6
MAE 13.27 | 18.19 | 21.26 | 23.36 | 25.04 | 26 26.79 | 27.65 22.7
MAPE | 18.97 | 25.54 | 30.47 | 34.37 | 37.51 | 39.66 |41.5 | 439 33.99
FAC2 1.06 1.08 111 1.14 1.17 1.19 1.2 1.23 1.15
VG 1.07 111 1.15 1.18 1.2 1.22 1.23 1.25 1.18
Agro Climatic Zone: 4 Upper Gangetic Plains Region

Station Name: Agra

RMSE | 15.61 | 21.68 | 24.96 | 26.7 | 28 28.62 | 28.95 | 29.02 25.82
MAE 9.19 13.23 | 15.59 | 16.95 | 17.71 | 18.17 | 18.51 | 18.82 16.02
MAPE | 16.47 | 23.15 | 27.67 | 30.79 | 32.69 | 33.88 | 34.72 | 35.58 29.37
FAC2 1.05 1.08 111 1.14 1.16 1.17 1.18 1.19 1.13
VG 1.05 1.09 1.12 1.14 1.15 1.16 1.17 1.17 1.13
Station Name: Kanpur

RMSE | 24.95 | 33.07 | 37.35 | 39.82 | 41.27 | 42.29 | 43.25 | 45.19 38.89
MAE 1416 | 19.92 | 23.36 | 254 | 26.59 | 27.45 | 28.29 | 29.54 24.34
MAPE | 21.02 |28.31 | 33.8 | 37.85 | 40.44 | 42.14 | 43.65 | 45.99 36.65
FAC2 11 1.15 1.19 1.23 1.25 1.26 1.27 1.29 1.22
VG 1.08 1.12 1.16 1.19 1.21 1.22 124 | 125 1.18

Station Name: Lucknow
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RMSE | 18.73 | 25.74 | 29.37 | 32.13 | 34.05 | 35.04 | 35.89 | 36.89 3151
MAE 11.17 | 15.67 | 18.46 | 20.38 | 21.65 | 22.44 | 23.24 | 24.04 19.63
MAPE | 20.38 | 26.5 |3143 |34.7 |37.09 |38.62 |40.29 | 42.96 34
FAC2 1.05 1.08 1.12 114 |1.16 1.18 1.19 1.22 1.14
VG 1.08 1.12 1.15 1.18 1.2 1.21 1.23 1.25 1.18
Agro Climatic Zone: 5 Trans-Ganga Plains Region

Station Name: Amritsar

RMSE | 10.04 | 14.84 | 18.32 | 20.51 | 21.64 | 22.24 | 22.85 | 23.52 19.73
MAE 6.72 10.14 | 12.6 14,18 | 1492 | 15.25 | 1555 | 16.01 13.17
MAPE |16.4 |24.19 | 30.26 | 34.39 | 36.35 | 37.19 | 38.1 |40.31 32.15
FAC2 1.05 1.08 1.12 1.15 1.16 1.16 1.17 12 1.14
VG 1.05 1.09 114 | 117 1.18 1.19 12 1.22 1.15
Station Name: Delhi

RMSE | 18.73 | 28.27 | 34.62 | 38.89 | 41.94 | 43.95 | 45.36 | 46.86 38.41
MAE 11.8 18.24 | 22.71 | 25.69 | 27.87 | 29.39 | 30.54 | 31.66 24.74
MAPE | 15.37 | 23.07 | 29.3 | 33.71 | 36.69 | 38.66 | 40.21 | 42.33 32.42
FAC2 1.05 1.09 114 | 117 1.19 1.2 121 1.23 1.16
VG 1.04 1.08 1.12 1.15 1.18 1.19 1.21 1.22 1.15
Agro Climatic Zone: 6 Eastern Plateau and Hills

Station Name: Jharkhand

RMSE | 11.68 | 15.76 | 18.09 | 19.46 | 20.16 | 20.59 | 20.82 | 21.3 18.74
MAE 7.69 11.06 | 13.01 | 14.04 | 14.79 | 15.35 | 15.64 | 16.1 13.46
MAPE | 17.01 | 24.19 | 28.35 | 31.18 | 33.36 | 34.86 | 36.04 | 37.99 30.37
FAC2 1.06 1.09 1.12 114 | 116 1.17 1.18 121 1.14
VG 1.06 11 1.12 1.14 1.16 1.17 1.18 1.19 1.14
Station Name: Talcher

RMSE | 29.04 | 38.41 | 41.76 | 42.9 42.58 | 42.2 419 42.58 40.41
MAE 20.29 | 27.47 | 30.35 | 31.16 | 30.85 | 30.91 | 30.84 | 31.36 29.15
MAPE | 25.07 | 36.09 | 40.65 | 41.94 | 42.14 | 42.23 | 41.87 | 42.88 39.11
FAC2 1.08 1.14 1.16 1.16 1.16 1.16 1.15 1.15 1.15
VG 1.1 1.2 124 | 126 |126 |[126 |126 |1.27 1.23
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Agro Climatic Zone: 7 Central Plateau and Hills

Station Name: Mandideep

RMSE | 8.81 11.6 12.86 | 13.57 | 14.09 | 14.39 | 14.63 | 14.9 13.25
MAE 586 |[803 |911 |9.76 |10.19 |10.44 | 10.58 | 10.8 9.35
MAPE | 19.31 | 23.54 | 26.38 |28.52 | 29.91 | 30.8 |31.34 |32.78 27.82
FAC2 1.05 1.08 111 114 | 115 1.16 1.16 1.16 1.13
VG 1.04 1.08 111 1.12 1.13 1.14 114 | 115 111
Station Name: Nagpur

RMSE | 7.9 9.83 11.34 | 12.32 | 12.87 | 13.17 | 13.36 | 13.62 11.95
MAE 576 | 724 |818 |882 |92 938 [9.48 |9.69 8.47
MAPE | 19.31 | 23.54 | 26.38 | 28.52 | 29.91 | 30.8 | 31.34 | 32.78 27.82
FAC2 1.07 1.08 11 1.12 1.13 1.14 1.15 1.16 1.12
VG 1.06 1.08 11 1.12 1.13 1.13 114 | 114 111
Agro Climatic Zone: 8 Western Plateau and Hills

Station Name: Aurangabad

RMSE |593 |[853 |9.76 10.32 | 10.67 | 10.92 | 11.06 | 11.25 9.95
MAE 392 |567 |665 |7.18 |7.53 778 | 7.9 8.09 6.84
MAPE | 11.49 | 16.04 | 19.36 | 21.74 | 23.38 | 24.44 | 25.13 | 26.25 20.98
FAC2 1.04 1.06 1.09 111 1.12 1.13 1.14 1.15 111
VG 1.02 1.04 1.06 1.07 1.08 1.08 1.08 1.09 1.07
Station Name: Mumbai

RMSE | 13.47 |17.69 | 19.77 | 204 | 19.42 | 18.22 | 17.45 | 17.29 18.08
MAE 10.19 | 1359 | 15.25 | 15.85 | 15.35 | 1454 | 13.91 | 13.64 14.04
MAPE |24.6 |33.34 | 3741 |38.77 |37.92 | 358 |34.71 | 35.05 34.7
FAC2 1.07 11 111 1.12 1.12 1.12 1.12 1.13 111
VG 1.09 1.16 1.2 1.22 1.2 1.18 1.16 1.17 1.17
Station Name: Solapur

RMSE | 8.74 1097 | 11.75 | 12.14 | 12.47 | 12.61 | 12.71 | 12.85 11.85
MAE 593 |7.54 |819 |86 885 |898 |9.06 |92 8.29
MAPE | 18.14 | 22.48 | 24.63 | 25.88 | 26.54 | 26.9 27.26 | 28.36 25.02
FAC2 1.05 1.08 1.09 11 1.1 11 11 1.12 1.09
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VG 1.06 1.08 1.09 11 1.11 1.11 111 1.12 11
Agro Climatic Zone: 9 Southern Plateau and Hills

Station Name: Bengaluru

RMSE |[8.97 |11.42 |12.26 |12.42 | 1253 | 1258 | 12.58 | 12.97 12.03
MAE 6.23 |7.97 |86 891 |[9.08 |9.17 |9.19 |[9.27 8.55
MAPE | 20.4 | 26.85 | 29.67 | 31.26 | 32.31 | 32.9 33.27 | 33.75 30.05
FAC2 1.07 111 1.14 |1.16 1.17 1.18 1.19 1.2 1.15
VG 1.07 11 1.12 1.13 1.14 1.14 114 | 115 1.12
Station Name: Hyderabad

RMSE |6.25 |87 9.86 1056 | 11 11.23 | 11.37 | 11.49 10.2
MAE 4.6 643 |731 |789 |825 |846 |861 |8.79 7.54
MAPE | 11.27 | 15.75 | 17.99 | 19.45 | 20.34 | 20.9 21.41 | 22.03 18.64
FAC2 1.02 1.03 1.04 |1.05 1.05 1.06 1.06 1.07 1.05
VG 1.02 1.05 1.06 1.07 1.07 1.07 1.08 1.08 1.06
Agro Climatic Zone: 10 Eastern Coastal Plains and Hills

Station Name: Chennai

RMSE | 23.05 | 27.73 | 29.8 | 30.49 | 30.63 | 30.7 31.1 | 3112 29.44
MAE 1296 | 16.15 | 17.59 | 18.17 | 18.42 | 18.63 | 18.99 | 19.26 17.52
MAPE | 35.74 | 47.36 | 52.64 | 54.49 | 55.48 | 56.36 | 58.52 | 60.94 52.69
FAC2 121 1.3 1.35 1.37 1.38 1.39 141 144 1.36
VG 1.2 1.29 1.33 1.35 1.35 1.36 1.38 14 1.33
Station Name: Vijaywada

RMSE |7.01 |822 |88 9.14 (934 |964 |9.78 |9.88 9.02
MAE 493 [6.05 |6.6 6.84 694 |7.21 742 | 752 6.69
MAPE | 21.07 | 254 | 27.23 | 28.28 | 28.83 | 30.16 | 31.19 | 31.94 28.01
FAC2 1.06 1.08 1.08 1.09 1.1 111 111 1.13 1.09
VG 1.07 11 111 1.12 1.13 1.14 1.14 1.14 112
Agro Climatic Zone: 11Western Coastal Plains and Ghats

Station Name: Thiruvananthapuram

RMSE | 12.35 | 15.27 | 15.99 | 16.31 | 16.83 | 16.9 17.05 | 17.55 16.11
MAE 8.6 10.87 | 11.58 | 11.83 | 12.24 | 12.54 | 12.63 | 12.87 11.64
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MAPE |27.21 | 336 |35.27 |3515 |36.8 |37.79 |39.51 |41.22 35.82
FAC2 1.04 1.06 1.06 1.05 1.05 1.06 1.08 111 1.06
VG 1.14 1.19 1.2 121 1.22 1.23 1.25 1.26 121
Agro Climatic Zone: 12 Gujarat Plains and Hills

Station Name: Ahmedabad

RMSE | 10.6 1543 | 18.28 | 19.76 | 20.64 | 21.36 | 21.77 | 22.09 19.1
MAE 7.33 10.53 | 12.5 13.58 | 14.35 | 14.92 | 15.27 | 15.57 13
MAPE | 18.65 | 26.02 | 31.16 | 34.68 | 37.21 | 38.9 | 39.95 | 41.46 335
FAC2 1.08 1.12 1.17 1.2 1.22 1.24 1.25 1.28 1.2
VG 1.05 1.1 1.13 1.16 1.17 1.19 1.19 1.2 1.15
Agro Climatic Zone: 13Western Dry Region

Station Name: Jodhpur

RMSE |[21.6 |2861 |32.08 |33.94 |3568 |369 |37.59 |38.03 33.47
MAE 14.87 | 20.19 | 22.97 | 24.38 | 25,51 | 26.6 | 27.23 | 27.61 23.67
MAPE | 26.05 | 36.42 | 42.81 | 46.36 | 48.49 | 50.21 | 51.54 | 52.39 44.28
FAC2 111 1.19 1.24 1.28 1.29 1.3 131 1.32 1.26
VG 11 1.18 1.23 1.26 1.29 1.3 1.32 1.32 1.25

Line plot of Delhi city result for one step ahead prediction is shown in Figure 4-8:
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A subplot of the above figure is shown on Figure 4-9 for better visualization of the

graph.
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Figure 4-10 represents scatter plot of the Delhi result for one step ahead prediction:
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Heat Map of all the Stations for 8-step ahead prediction in terms of MAE is shown in

Figure 4-11.
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MAE Error across stations
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Figure 4-11: Heat Map of MAE Error
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Table 4-15: Model performance agro-climatic zone wise

Zone | Error 1 hour | 2hour | 3hour | 4 hour | 5 hour | 6 hour | 7 hour | 8 hour | Cum
Metrics
CPH RMSE 8.4 10.7 12.1 12.9 13.5 13.8 14.0 14.3 12.6
MAE 5.8 7.6 8.6 9.3 9.7 9.9 10.0 10.2 8.9
MAPE 18.0 235 26.8 29.1 30.6 31.5 32.0 33.0 28.1
ECPH | RMSE 15.0 18.0 19.3 19.8 20.0 20.2 20.4 20.5 19.2
MAE 8.9 11.1 12.1 12.5 12.7 12.9 13.2 134 12.1
MAPE 28.4 36.4 39.9 41.4 42.2 433 44.9 46.4 40.4
EH RMSE 12.9 17.7 20.6 22.3 23.3 24.2 24.7 25.3 21.8
MAE 8.3 11.3 13.4 14.7 15.4 16.1 16.5 17.1 14.1
MAPE 17.9 22.8 26.3 29.1 30.8 32.1 333 35.0 28.4
EPH RMSE 20.4 27.1 29.9 31.2 314 314 314 31.9 29.6
MAE 14.0 19.3 21.7 22.6 22.8 23.1 23.2 23.7 21.3
MAPE 21.0 30.1 34.5 36.6 37.8 38.5 39.0 404 34.7
GPH RMSE 10.6 15.4 18.3 19.8 20.6 21.4 21.8 22.1 19.1
MAE 7.3 10.5 12.5 13.6 14.4 14.9 15.3 15.6 13.0
MAPE 18.7 26.0 31.2 34.7 37.2 38.9 40.0 41.5 335
LGP RMSE 9.6 15.4 20.2 23.9 26.8 29.2 31.3 33.0 24.8
MAE 6.4 9.8 12.9 15.4 17.3 18.9 20.3 21.6 15.3
MAPE 10.8 15.2 19.3 22.7 25.6 28.2 30.6 33.0 23.2
MGP | RMSE 30.3 35.5 38.8 40.7 42.3 43.4 44 .4 45.5 40.4
MAE 16.3 21.5 24.7 26.7 28.1 29.1 29.8 30.6 25.8
MAPE 20.5 26.9 31.3 34.3 36.3 37.8 39.0 40.6 33.3
SPH RMSE 7.6 10.1 111 11.5 11.8 11.9 12.0 12.2 11.1
MAE 5.4 7.2 8.0 8.4 8.7 8.8 8.9 9.0 8.0
MAPE 15.8 21.3 23.8 25.4 26.3 26.9 27.3 27.9 24.3
TGP RMSE 14.4 21.6 26.5 29.7 31.8 33.1 34.1 35.2 29.1
MAE 9.3 14.2 17.7 19.9 214 22.3 23.0 23.8 19.0
MAPE 15.9 23.6 29.8 34.1 36.5 37.9 39.2 41.3 32.3
UGP RMSE 19.8 26.8 30.6 32.9 34.4 35.3 36.0 37.0 32.1
MAE 11.5 16.3 19.1 20.9 22.0 22.7 233 24.1 20.0
MAPE 19.3 26.0 31.0 34.4 36.7 38.2 39.6 41.5 33.3
WCPG | RMSE 124 15.3 16.0 16.3 16.8 16.9 171 17.6 16.1
MAE 8.6 10.9 11.6 11.8 12.2 12.5 12.6 12.9 11.6
MAPE 27.2 33.6 35.3 35.2 36.8 37.8 39.5 41.2 35.8
WD RMSE 21.6 28.6 321 33.9 35.7 36.9 37.6 38.0 335
MAE 14.9 20.2 23.0 24.4 25.5 26.6 27.2 27.6 23.7
MAPE 26.1 36.4 42.8 46.4 48.5 50.2 51.5 52.4 44.3
WPH RMSE 9.4 12.4 13.8 14.3 14.2 13.9 13.7 13.8 13.3
MAE 6.7 8.9 10.0 10.5 10.6 10.4 10.3 10.3 9.7
MAPE 18.1 24.0 27.1 28.8 29.3 29.0 29.0 29.9 26.9
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Figure 4-12: Model performance Agro climatic zone wise

4.1.5 Model Performance in terms of Data length and SNR values

Since the forecasting results vary widely among India's various agroecosystems, we
have carried out an investigation to find the effect of noise present in the data on
model performance. Moreover correlation analysis was done to find effect of data
length on model performance. Signal to noise ratio (SNR) measures the percentage of
accurate or desired information in each data series compared to inaccurate or
undesired information. SNR values were used for this purpose (Table 4-16). The
following equation was used to determine SNR values [135] for each pre-processed

time series data.

SNR = p/o

where 1 and o are the mean and standard deviation of the time series data

respectively.
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The data length and model performance error as represented by the trend line (Figure
4-13) and scatter plot (Figure 4-14), reveals no correlation between them, suggesting
that the length of the data has little to no impact on the performance of the model. A
scatter diagram (Figure 4-15) shows a sharply declining trend in MAE versus SNR for
both 1-hour ahead and 8-hour cumulative forecasting. Clearly, for both forecasting
horizons, there is a significant decline in the model error as the noise component
decreases. It is to be noted that error variance dramatically decreases at SNR value
greater than approximately 1.5 and the model's performance greatly increases. One
possible explanation for the variation in results among Indian sites could be the
degree of noise in the data series. Due to high traffic volumes and population
densities, pollution sources differ greatly in northern India, which raises the relative
variance in the data set. Fertilizer waste burning and large-scale farming are well-
known practices in the Indo Gangetic Plain (IGP) area. With the exception of the
monsoon season, when easterlies bring monsoon rains, it should be noted that
westerlies are predominant in this area all year long. The dust load over the area is
highly unpredictable due to dust storms caused by westerlies and agricultural burning.
The uncertainties resulting from weather patterns could be the reason for the model's

poor multistep ahead forecasting performance in this area.

Table 4-16: SNR Values

SI.No. | Agro Climatic Zone Station Name SNR
1. Eastern Himalayan Region Shillong 1.633
Guwabhati 1.178
Siliguri 1.203
2. Lower Gangetic Plain Region Howrah 1.140
3. Middle Gangetic Plain Region Gaya 1217
Patna 1.170
Varanasi 1.229
4. Upper Gangetic Plains Region Agra 1.161
Kanpur 1.134
Lucknow 1.168
5. Trans-Ganga Plains Region Amritsar 1.480
Delhi 1.320
6. Eastern Plateau and Hills Jamshedpur 1.835
Talcher 1.259
7. Central Plateau and Hills Mandideep 1.416
Nagpur 1.493
8. Western Plateau and Hills Aurangabad 1.735
Mumbai 1.539
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Figure 4-13: Data length Vs Error Plot
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¢ Data length = MAE
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Figure 4-14: Correlation between Data length and Error

Page 92 of 137



Chapter 4

30.00

25.00

20.00

15.00

10.00

Model Performance error (MAE)

5.00

0.00
1 1.2 1.4 1.6 1.8 2 2.2

Signal to Noise Ratio (SNR)

@ 1hr_Avg @ 8hr_Avg

Linear (1hr_Avg) Linear (8hr_Avg)

Figure 4-15: SNR Vs Model performance

4.1.6 Index of Agreement

Index of agreement (d) was proposed by [136] as a standardized measure for degree
of model prediction error, and its value ranges from 0 to 1. Higher index values
suggest that the modelled values have better agreement with the observational values.
Due to square differences in the mean square error in the numerator, the index of
agreement is sensitive to extreme values even though it offers some improvement
over the coefficient of determination.
Yt (Obs;—Pred;)?
n_(|Pred;—0bs|+|obs;—0bs|)”

d=1-

<d<1,

Where Obs; is observed value, Pred; is the model predicted value
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I0A values for all the stations have been calculated [137]. Most of the I0A values are

close to 1 which shows better performance of the model. Details of the 10A result are
represented in the Figures (Figure 4-16 ) below

Index of Aureement Vvalue=0.95

Index of Agreement ~ Value=0.838
o Station Name= Varanasi X Model -=-1:1 Slope
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Figure 4-16: loA for 26 Stations

4.1.7 Seasonal Wind effect :

In order to observe the wind circulation throughout Indian subcontinent Quiver plot
was used. A quiver plot is a special point style where the direction of the symbol and
the size of the symbol are derived from attributes. Seasonal analysis of wind
circulation was done for four seasons — Pre-Monsoon (Figure 4-17), Monsoon
(Figure 4-18), Post-Monsoon(Figure 4-19), and Winter(Figure 4-20). A detail of the
seasonal wind circulation is presented in figures below.
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4.1.8 Comparison with Other Studies

Our model exhibits a significant improvement in terms of RMSE error when
compared to multi-output prediction. The best RMSE value of 39 was obtained by
[138] using a multi-output auto encoder model to forecast PM2.5 and PM10
concentrations in Beijing City. The model used multiple inputs, including
meteorological variables along with pollutant concentrations. [139] have used an
ANN model to obtain a correlation coefficient of 0.7301 and an MSE error of 0.0191.
The model used single step prediction and the model’s applicability for multi-step
ahead prediction was not known. Likewise, [140] assessed a basic feed-forward
artificial neural network model with multivariate input parameters for the Kolkata
region in eastern India in order to predict one-step PM2.5 concentrations during the
COVID19 lockdown period. They found that the model's RMSE value was 3.74,
while its MAE value was 11.14. Similar to this, [141] tested eight different models on
various air pollutants in Kolkata, including the BIiLSTM, LSTM-autoencoder,
Conv2DLS TM, and stacked LSTM models. They found that the MAE and RMSE
values were greater than 10 pg/ma3. In the same way, for PM2.5 forecasting in Delhi,
[142] has obtained an MAE value of about 15. Additionally, for the Talcher station in
India, [138] reported RMSE values of 31, 56, and 68 for 3-hour, 5-hour, and 9-hour
ahead prediction using an ANN model. With the help of LSTM and BiLSTM, they
have obtained RMSE values of 26, 41, 80 and 42 and 155 and 168, respectively, as
opposed to RMSE values of 29.04 and 40.41 for prediction horizons of one hour and
eight hours ahead. The proposed model in this study has shown a RMSE range of 7.09
to 53.81 across 26 data stations covering 13 distinct Indian agroclimatic zones. RMSE
values below 30 are found in 18 out of 26 locations in India. The findings demonstrate
the model's robustness and its applicability to various Indian locations without

modification.
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Authors Result Obtained Our Result

[138] Samal et | The best RMSE value 39 RMSE values ranges

al. 2021 from 7.09 to 53.81 . Out
[139] Masood | Correlation coefficient of 0.7301 and an MSE of 26 only two stations
et al. 2020 error of 0.0191. have high value of 40.41
[140] Beraet | RMSE value was 3.74, while its MAE value was and 53.81

al. 2021 11.14.

[141] MAE and RMSE values were greater than 10 MAE values ranges from
|\/||ddya, et ug/m3 5.41t0 34.09

al. 2022

[142] Kumar MAE value of about 15. MAPE values ranges

et al. 2020 from 18.64 to 52.69
[138] Masood | RMSE values of 31, 56, and 68 for 3-hour, 5- Out of 26 only two

et al. 2020 hour, and 9-hour ahead prediction. stations have high

MAPE value of 44.28
and 52.69
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