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Improvement of PM2.5 pollution across eastern China

2013 2018

Zhai et al., 2019



 The decrease of PM2.5 in 
Northeast China is slower than 
other regions such as North China

 PM2.5 pollution in Northeast China 
is a winter problem

PM2.5 pollution in Northeast China



Extreme haze in 2018-2019 winter

Measurements at Harbin

Heavy pollution days

Xie et al., 2024



Extreme haze in 2018-2019 winter

550 μg m-3



Low correlation with NO2 and 

SO2

Simultaneous increase in OC & CO

277 μg m-3 240 μg m-3 355 μg m-3

Biomass burning as main cause of heavy haze episodes

Simultaneous increase in 
K+ and LG

Low correlation with temperature 

and RH

OC, BC, K+, LG from Cheng et al., 2021
PM2.5, SO2, NO2, CO from CNEMC



Methods

2018/12/11~2019/3/9

Straw Burning

• Large amount of straw residue
• Changes in policies

Agricultural fires as main cause of heavy haze episodes



MethodsGEOS-Chem model underestimates during the episodes

Model: GEOS-Chem version 12.8.2
Horizontal resolution: 0.5° × 0.625°
Vertical layers: 47 vertical levels
Anthropogenic emissions: MEIC
Fire emissions: GFED4s

SAVA: Savanna, grassland, and shrubland fires
BORF: Boreal forest fires                          
TEMF: Temperate forest fires                       
DEFO: Tropical deforestation & degradation        
PEAT:  Peat fires
AGRI: Agricultural waste burning



MethodsGEOS-Chem model underestimation in Northeast China

Harbin Beijing
Underestimation of PM2.5 in Northeast Good agreement in North China



The Emission Inventory Underestimates Agricultural Fire Activities

 Uniform scaling of agricultural fire emissions based on OC observations in Harbin

 Same scaling factor for all species from agricultural fires (including OC, CO, and BC)

Agricultural fire emissions are very low in GFED4s during the period

≈23倍

Regional underestimation of agricultural fire activity



Increased agricultural fire emissions in simulations 

 Better agreement in Harbin after increasing fire emissions

• Observed average PM2.5: 72.78 μg m-3

• Simulated average (adjusted): 67.95 μg m-3

• Simulated average (original): 51.84 μg m-3



The underestimation of agricultural fire activity is regional and systematic

Increased agricultural fire emissions in simulations 

 Better agreement across most cities in Heilongjiang



Increased agricultural fire emissions in simulations 

 Better agreement for CO simulations

The underestimation is 
due to agricultural fire 
activity rather than OA 
emission factors



The Emission Inventory Assumes an Excessive Combustion Efficiency

 GFED4s overestimate the emission ratio of BC/OC

BC/OC 

Observation-adjusted 0.18

GFED4s 0.33



Implication for PM2.5 Control

• Strictly prohibiting burning can reduce PM2.5 levels by 21% - 54%

• Especially a 29% reduction in Harbin, a 46% reduction in Shuangyashan). 

• Based on the Integrated Exposure-Response (IER) model, strict prohibition of burning can reduce 

premature deaths due to PM2.5 exposure by 13.9%.



https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.estlett.3c009
40&ref=pdf



From December 9, 2018, to March 11, 2019, emissions from straw 

burning were the main cause of severe particulate pollution in 

Heilongjiang Province. 

The Global Fire Emissions Database (GFED4s) underestimates 

agricultural fire emissions and overestimates the BC/OC emission ratio 

in Northeast China.

Banning straw burning can effectively improve air quality in Heilongjiang 

Province and reduce premature deaths caused by particulate exposure. 

Summary
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