7  atmosoheric Scioncoc - foo
) Bridging the SC@@S in Atmosp eric Scienes Local to Global

Climate Change & Atmospneric chemistry Research Group

Performance of VAR Model over Pakistan

The VAR model is developed to forecast the concentrations of CO and O; over Pakistan from year
2013 to 2025. The monthly mean levels from year 2005 to 2012 are used as input to forecast for the
year 2013 to 2025. The predicted (forecasts by VAR model) concentrations are compared with
observed (actual/satellite observations) concentrations from year 2013 to 2017 to validate the
forecasting ability of the employed model. Spatially, the model is tested over various spatial scales:
the whole country, provinces and the selected cities. Furthermore, to test the interdependency of CO
and O, the precursors (NO, and HCHO) are also taken as endogenous variables at each study scale
to forecast the concentrations of CO and O;.
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Performance of VAR Model over Provinces and Cities )

Better performance of VAR model over Punjab is observed as compared to other provinces irrespective of spatio-temporal scale. This cou
concentrations of other endogenous variables (NO, and HCHO) employed by model over Punjab. As O, and its precursors (NO, and HCHO) are taken as
endogenous variables in the VAR model to forecast CO whereas, O, precursors (NO, and HCHO) and CO are taken as endogenous variables in the VAR model
to forecast O;. According to WHO report (2016), the cities of Peshawar and Lahore are among the most polluted cities in the world, are selected to test the
performance of VAR model. Peshawar and Lahore being the most polluted cities with greater anthropogenic activities showed relatively better results for CO
forecasts with an error of 2.54% and 3.03% respectively (Figure 6 and 7; Table 3). However, model showed poor performance over the city of Gilgit.

Table 2

d be related to high

Figure 2 Figure 4 Figure 6 Punjab Sindh Balochistan KPK
(a) CO Pll]'l]ﬁb — Forecast Actual (a) CO Sindh — Forecast Actual _{a} co Lahﬂre —__ Forecast Actual
' | CO (ppbv)
Actual 168.87 126.47 110.75 101.00
Forecast 171.19 136.83 123.40 115.43
_ | - o s | Difference -2.33 -10.36 -12.66 -14.43
) 03 ois 200 s () 03 a01s 0 s (b) O3 20 2029 202 %Percentageerror  1.38 8.19 11.43 14.28
5{}-
ol 03 (DU)
o Actual 39.02 38.85 35.98 32.52
2} Forecast 36.90 36.40 33.53 30.34
2015 200 0 018 200 T 2ms 2015 2020 2025 Difference 2.12 2.45 2.44 2.18
Flgure 3 Flgure 5 Flgure 7 %Percentage error 5.42 6.31 6.79 6.70
(a) CO Balochistan — Forecast Actual (a) CO KPK — Forecast Actual (a) CO Peshawar — Forecast Actual
ol | : Table 3 Peshawar Lahore Quetta Panjgur Chitral
L i 2001
150 > : CO (ppbv)
3 125F 150
125W ool Actual 134.45 194.91 103.24 108.57 46.17
L 100}
oo » : Forecast 137.86 200.82 114.64 120.23 89.90
L l 50
o S W . . - - - - 1 _ - - Difference 3.41 5.91 -11.40 -11.66 43.74
(b)Y 03 2015 2020 2025 (b) O3 2015 2020 2025 (b) O3 2015 2020 2025
) o0 %Percentage error 2.54 3.03 11.04 10.74 94.74
O3 (DU)
Actual 35.48 39.87 34.28 36.11 27.63
— — — — — — — — — Forecast 33.68 37.69 32.01 33.63 25.37
2015 2020 2025 2015 2020 2025 2015 2020 2025
Figure 2: The actual (observed) and Figure 4: The actual (observed) and forecasted Figure 6 and 7: The Piference 1.80 2.18 2.2 249 2.26
%Percentage error 5.07 5.46 6.61 6.88 8.17

forecasted (predicted) concentrations of (a)

CO and (b) O, over Punjab
Figure 3: The actual (observed) and

forecasted (predicted) concentrations of
(a)CO and (b) O; over Balochistan

(predicted) concentrations of (a) CO and (b) actual (observed) and
O, over Sindh forecasted (predicted)

Figure 5: The actual (observed) and forecasted concentrations of (a)

(predicted) concentrations of (a) CO and (b) CO and (b) O; over
O, over KPK Lahore and Peshawar

Table 2: The actual and forecasted yearly concentrations
of CO and O, over Provinces (2013-2017)

Table 3: The actual and forecasted yearly concentrations
of CO and O, over Cities (2013-2017)

Conclusions and Recommendations
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Table 4 Statistical estimation to determine the
accuracy of VAR model using MAPE




