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Supplementary Figures:

North-India
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Fig. S1. Schematic representation of the study area: box outlining Delhi-NCR and the star indicating the location of Delhi.
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Fig. S2. PM; s mass concentrations in CTRL and observations with standard deviations under clear-sky during (a) Event-I,

and (b) Event-II.
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Fig. S3. PM, s mass concentrations in CTRL without fire emissions and observations with standard deviations under clear-
40 sky during Event-1.
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Fig. S4. Diurnal cycle of simulated meteorological parameters in CTRL and EXP5 along with observations, and changes in
EXP5 with respect to CTRL for Event-II under clear-sky: (a) and (b) for T2, (c¢) and (d) for RH2, (e) and (f) for WS10, and
(g) and (h) for PBLH.



45

50

55

60

125
100/
751
50/
25

0
=25
=50
=75

Difference (Wm2)

150
125
1001
751
50/
251
0,
=251
=50/
—15" 0

Difference (Wm2)

Fig. S5. Diurnal cycle of changes in SWDOWN (monthly averaged) for EXP1, EXP2, EXP3, EXP4, and EXP5 with respect
to CTRL in d02 simulations under clear-sky over Delhi: (a) October 2023, (b) November 2023, (c) December 2023, and (d)

January 2024.
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65 Supplementary Tables:

Table S1. Model configuration and physics schemes used in the study.

Physics

Schemes

Microphysics

WSM6

Longwave radiation

RRTMG longwave

Shortwave radiation

RRTMG shortwave

Boundary-layer physics

MYNN2.5

Convective parameterization

Grell-Freitas Ensemble

Land-surface interaction

Unified Noah Land-Surface model

Surface layer

Eta Similarity

70  Table S2. Statistical parameters used to evaluate the model performance.

Performance Metric

Formula

Description

Mean Bias (MB)

MB = mean(Xu — Xo)

Indicates the average systematic difference
between model (Xm) and observed (Xo) values.
Positive (negative) values represent
overestimation (underestimation). MB = 0
indicates a perfect model.

Root Mean Square
Error (RMSE)

RMSE = Vmean[(Xo — Xum)?]

Represents the overall magnitude of model error,
giving more weight to larger errors. Lower RMSE
values indicate better model performance; RMSE
= 0 denotes a perfect model.

Normalized Mean

NMSE = mean[(Xo — Xwm)?] /

A normalized measure of total error accounting

mean(Xy + Xo))

Square Error (NMSE) for both variance and magnitude. Smaller NMSE
(mean(Xo) x mean(Xw )) . .
values indicate improved model performance;
NMSE = 0 represents a perfect model.
Fractional Bias (FB) | FB = 2 x (mean(Xm — Xwm) /| A dimensionless bias metric normalized by the

mean of model and observed values. FB ranges
from —2 to +2, with FB = 0 indicating no bias.
Positive (negative) values indicate overprediction
(underprediction).




Note:

Xo and Xw represent observed and model values, respectively; o, and om denote their standard deviations and mean indicates

temporal averaging.

Table S3. Hourly means SWDOWN differences (Model — Observations) for RRTMG, Goddard, and CAM radiation

schemes for sunlit hours. Positive values indicate model overestimation, while negative values indicate underestimation.
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Hour RRTMG Goddard CAM
(dST) (Wm) (Wm?) (Wm?)
7 19.07 30.87 30.81
8 74.49 134.80 136.80
9 81.99 157.57 160.05
10 73.85 153.68 156.60
11 58.37 144.94 146.82
12 26.32 115.70 118.07
13 0.02 85.66 88.71
14 14.34 95.73 98.84
15 -19.65 53.79 58.30
16 -35.17 15.25 17.30
17 -3.22 -3.19 -3.12
Table S4. Statistical evaluation of meteorological parameters under clear-sky for Event-1.
S. Met. MB RMSE NMSE FB
No. variables
CTRL EXP5 CTRL EXP5 CTRL | EXP5 | CTRL | EXP5
1. T2 -0.49 -0.41 1.43 1.59 0.003 0.004 -0.021 -0.017
O
2. RH2 -29.68 -27.42 30.56 28.43 0.286 0.236 -0.503 -0.456
(“o)
3. WS10 (ms™) 0.20 0.01 0.83 0.75 0.283 0.262 0.115 -0.01




Table SS. Statistical evaluation of meteorological parameters under clear-sky for Event-II.

S. Met. variables MB RMSE NMSE FB
No.
CTRL EXP5 CTRL EXP5 CTRL EXP5 CTRL EXP5
1. SWDOWN 4.58 0.86 22.45 21.61 0.043 0.042 0.042 0.008
(Wm?)
2. T2 4.40 4.37 4.74 4.72 0.135 0.134 0.337 0.334
€O
3. RH2 -29.55 -28.70 31.79 31.29 0.184 0.176 -0.391 -0.378
(%)
4. WS10 (ms™) 0.07 0.05 1.28 1.29 0.236 0.239 0.023 0.019
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Table S6. Mean values of SWDOWN (Wm™) during sunlit hours under clear-sky and percentage change in Event-I and

Event-I1.
S. Sensitivity SWDOWN SWDOWN
No. Experiments (Exp) Event-I Event-11
(Wm?) (Wm™?)
1. Control run (CTRL) 348.18 384.11
503.17 463.04
2. EXP1 (No-Feedback)
A=154.99 A =78.93
0=4451% 0=20.54%
349.58 383.38
3. EXP2 (DUST)
A=+14 A=-0.73
0=041% 6=-0.19 %
325.72 374.77
4. EXP3 (BC)
A=-22.46 A=-9.34
0=-645% 60=-243%
336.83 378.42
5. EXP4 (0OC)
A=-11.35 A=-5.69
0=-3206% 6=-148%
320.66 370.72
6. EXPS (All-Species)
A=-27.52 =-13.39
0=-7.90% 6=-348%

here, A = (Exp—CTRL)
6=Ax100 %
CTRL
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Table S7. Mean values of SWDOWN (Wm?) from domain d01 during sunlit hours under clear-sky and percentage change

in each month.

S. Sensitivity SWDOWN SWDOWN SWDOWN SWDOWN
No. Experiments (Exp) October November December January
(Wm?) (Wm?) (Wm?) (Wm?)
1. Control run (CTRL) 455.93 374.38 366.12 358.52
523.66 467.87 432.09 433.05
2. EXP1 (No-Feedback)
A=67.73 A=9349 A=6597 A=74.53
0=1485% 0=2497% 0=18.02% 0=20.79 %
454.59 373.75 364.87 357.62
3. EXP2 (DUST)
A=-1.39 A=-0.63 A=-125 A=-0.90
0=-0.29% 0=-0.16% 0=-0.34% 0=-025%
448.40 361.86 357.34 349.45
4. EXP3 (BC)
A=-753 A=-12.52 A=-8.78 A=-9.07
0=-1.65% 0=-334% 0=-2.40% 0=-253%
447.67 362.87 356.76 350.54
5. EXP4 (OC)
A=-8.26 A=-11.51 A =-9.36 A=-798
0=-1.81% 0=-3.07% 0=-2.55% 0=-222%
440.19 354.42 350.63 342.82
6. EXPS5 (All-Species)
A=-15.74 A=-19.96 A=-1549 A=-15.70
0=-3.45% 60=-533% 6=-423% 0=-4.38%
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Table S8. Mean values of SWDOWN (Wm™) from domain d02 during sunlit hours under clear-sky and percentage change

in each month.

S. Sensitivity Experiments SWDOWN SWDOWN SWDOWN SWDOWN
No. (Exp) October November December January
(Wm’?) (Wm?) (Wm?) (Wm?)
1. Control run (CTRL) 458.21 372.39 364.27 352.41
EXP1 (No-Feedback) 525.22 464.16 431.31 425.58
2.
A=67.01 A=91.77 A =67.04 A=173.17
0=14.62% 0=24.64 % 0=18.40% 0=20.76 %
458.18 371.51 362.59 350.46
3. EXP2 (DUST)
A=-0.03 A=-0.88 A=-1.68 A=-1.95
0=-0.01% 0=-0.24% 0=-0.46 % 0=-0.55%
451.89 358.19 354.42 342.74
4. EXP3 (BC)
A=-6.32 A=-14.20 A =-9.85 A=-9.67
0=-1.38% 0=-381% 0=-2.70% 0=-2.74%
451.52 360.26 356.91 343.18
5. EXP4 (OC)
A =-6.69 A=-12.13 A=-7.36 A=-9.23
0=-146% 0=-3206% 0=-2.02% 0=-2.62%
441.95 351.96 350.18 336.84
6. EXPS (All-Species)
A=-16.26 A=-20.43 A=-14.09 A=-15.57
=-3.55% =-549 % =-3.87% =-4.42 %

10




Table S9. Statistical evaluation of SWDOWN (Wm™) in December 2023 and January 2024 under clear-sky (non-foggy)
conditions.

S. Month MB RMSE NMSE FB
No. (Wm?) (Wm?)

CTRL EXPS CTRL EXPS CTRL | EXP5 | CTRL EXPS

1. December 10.53 3.96 37.54 34.01 0.06 0.05 0.07 0.02

2. January 23.63 15.26 44.94 39.35 0.08 0.06 0.15 0.10
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