





































































































Fig 5. (a) Temporal variations of PM2.5s concentrations and components in the ERM experiment (solid grey line and
color-filled bars), PM2.5 concentrations in the NOERM experiment (dashed grey line), and the observed PM2 5
concentration (black line) at the CREAS site in Beijing during December 2 to 10, 2015. (b) The differences in
the simulated PM2.s concentrations and compositions at the CREAS site as a result of the ERMs. Also shown
are the (c) observed and simulated PM2.s compositions in (d) the ERM and (e) the NOERM experiments during
December 6 to 10 at the PKUERS site. Chemical compositions are color-coded. “Others” in the observation
indicate non-resolved chemical component. “Others” in the simulation indicate the sum of anthropogenic dust,

natural dust, and sea salt.
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Fig 6. Daily PM2s and population-weighted PMa2s (PPM25s) variations for (a) Beijing, (b) Tianjin, (c) Hebei, (d)
Henan and (e) Shandong during the emission reduction period. The duration of Stage I, and Stage II are shaded

in orange and red, respectively.
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Fig 7. Simulated contributions of local versus regional emissions to PMa2.s concentrations in (a) Beijing and (b) the

rest of the NCP during the clean period and during the polluted period (Stages I and II). Concentrations and

percent contributions from Beijing (red), from the other municipalities within the NCP (dark grey), and from

outside the NCP (light grey) are shown inset.
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Fig 8. Analytical solutions of the fractional abatements of PMa:s (fi, black curves) in (a) Beijing and (b) the rest of
the NCP as a result of the ERMs implemented, as functions of days since the initiation of ERM enforcement
(x-axis). The color blocks indicate the durations of Stages I (orange) and II (red), respectively. The mean
analytical fractional abatements of PMa.s during Stages I and II are indicated by the horizontal black lines. The

maximum fractional abatements (fuax.i)) of PM2.5 are indicated by the red dashed lines.



Table 1 Percent reductions in sectorial anthropogenic emissions associated with the various alert levels issued by

the cities and provinces in the NCP during December 6 to 10, 2015

Percentage of emission reduction
City/Province  Sector

Yellow alert Orange alert Red alert
Power generation -a ob 0
Industry - -15% -50%
Beijing ) ) o
Residential activities - -10% -30%
Transportation - -30% -42%
Power generation 0 0 -
Industry -20% -30% -
Tianjin ) ) o
Residential activities -10% -10% -
Transportation 0 0 -
Power generation 0 0 -
Industry -15% -30% -
Hebei . ) o
Residential activities -10% -10% -
Transportation -20% -20% -
Power generation - 0 -
Industry - -30% -
Henan ) . o
Residential activities - -10% -
Transportation - -20% -
Power generation 0 - -
Industry -10% - -
Shandong ) y N .
Residential activities -10% - -
Transportation -10% - -

2 <.* indicates that the alert level was not issued.

b <0’ indicates that no emission reductions associated with the sector at the issued alert level.



Table 2 Pollutant emissions from the cities and provinces in the NCP and the associated percent reductions during

Stages I # and 11°
Other
Base emissions / Primary )
EC primary  VOCs SOz NOx NH3 CcO
alert levels ocCe
PMz.s
Base (Mg) 23 62 71 1299 125 699 61 4362
Beijing Stage Ireduction  -13%  -11%  -12%  -15%  -12%  -18%  -4%  -14%
Stage Il reduction  -34% -31% -35% -48%  -34%  -38% 9%  -34%
Base (Mg) 49 82 118 1818 503 1181 96 6349
Tianjin Stage I reduction -11% -11% -13% -18% -17% -14% -1% -12%
Stage II reduction -14% -12% -16% -27% -24% -21% 2% -16%
Base (Mg) 387 686 697 4929 2823 4963 1212 45560
Hebei Stage I reduction -12% -11% -12% -14% -13% -14% -1% -12%
Stage Il reduction  -16% -13% -18% 24%  -22%  -23% 2% -18%
Base (Mg) 330 599 691 5110 1918 3920 2176 32374
Henan
Stages [ and 11
) -17% -13% -19% 24%  -20%  -20% 2% -17%
reduction
Base (Mg) 413 804 1127 8357 42218 6588 1689 45260
Shandong
Stages [ and 11
) -10% -10% -9% -10%  -8% -8% -1% -10%
reduction

aStage I referred to 16:00 UTC of December 6 to 23:00 UTC of December 7, during which the orange alert was in

effect in Beijing

b Stage II referred to 23:00 UTC of December 7 to 04:00 UTC of December 10, during which the red alert was in

effect in Beijing

¢ Input into WRF-Chem as organic carbon



Table 3 Design of the sensitivity experiments used in this study

Experiments Emission scenario

NOERM Chinese anthropogenic emissions taken from the MEIC inventory with no reduction

Same as NOERM, except anthropogenic emissions reduced in Beijing, Tianjin,
ERM (control) Hebei, Henan, and Shandong during December 6 to 10 (Stages I and II) as a result of
the enforcement of the ERMs (Table 2)

ERM_NOBJ Same as ERM except no anthropogenic emissions in Beijing

Same as ERM except no anthropogenic emissions in Tianjin, Hebei, Henan, and
ERM_NOOTH
Shandong

NOERM_NOBIJ Same as NOERM except no anthropogenic emissions in Beijing

Same as NOERM except no anthropogenic emissions in Tianjin, Hebei, Henan, and
NOERM_NOOTH
Shandong.






