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M Check for updates

In their letter, Resco de Dios et al. discuss fire regimes in China
using a dataset of annual area burned from a satellite product, i.e.,
the Moderate Resolution Imaging Spectroradiometer (MODIS)
Collection 6 (C6) MCD 64 Al. They suggest that: (1) the fraction of
burned area in China’s subtropics is low, (2) no dipole pattern
exists between the burned area in western and eastern subtropical
China, (3) the El Nino-Southern Oscillation (ENSO) has only weak
effects on area burned in subtropical China, and (4) the fire sup-
pression policy has little effect on fire activity in subtropical
China. Their analysis of satellite-derived annual area burned raises
some interesting issues that deserve further discussion.

The satellite data overestimate wildfire activity in

northern China

The different wildfire data used in Fang et al. (2021) and Resco de
Dios et al. may be the primary reason for the discrepancies
between the two studies. We developed the Wildfire Atlas of China
(WFAC), arobust ground-truthed fire occurrence dataset, in which
fire occurrences were detected by multiple satellites (including
MODIS) and carefully validated through surface observations by
local forestry departments’. Even though MODIS-derived fire
products, such as active fires and area burned, have much
improved in recent years?, biases still remain in these products
because of surface topography, fast vegetation growth rates, and
clouds?. In addition to these biases, crop data gaps due to clouds
occur in these fire products® and this is especially the case in
cloudy subtropical China. As a result, fire patterns in south-
western China have been found to be inconsistent between MODIS
fire products and ground observations’. To address these biases,
we calculated fire occurrences from MODIS fire points* and fur-
ther distinguished between wildfire and crop fire in the fire
occurrence dataset. We find a high fraction of crop fires in the
MODIS fire data in northern China, particularly in the North and
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Northeast China Plains (Fig. 1). These northern Plains are mostly
covered by agricultural land rather than forests and routine
agricultural crop straw burning accounts for most of the MODIS
observed fires in these agricultural areas™°. Therefore, most fires
in northern China detected in the MODIS-derived area burned
dataset used by Resco de Dios et al. are crop fires, leading to an
overestimation of wildfire activity outside of subtropical China. In
addition to this, Resco de Dios et al. calculated the area burned
over only the area south of 35 °N in eastern China, whichis only a
fraction of subtropical China. Their suggestion that subtropical
fires only account for a low fraction of fires in China is therefore
geographically biased.

Spatial patterns of fire occurrences in China

Based on their analysis of the annual area burned, Resco de Dios
et al. argue the lack of a dipole pattern in fire activity between
western and eastern subtropical China suggested in our study. We
detected this pattern based on the co-varying patterns between
the coupled fields of fires in WFAC and sea surface temperature’.
To support our previous findings, we have now implemented
empirical orthogonal function (EOF) analyses on the WFAC field
only (Fig. 2). The first and second EOFs represent a monopole and
adipole pattern in subtropical China, accounting for 54 and 19% of
the total variance, respectively. Our additional analysis thus
confirms the relevance of the dipole pattern of fire occurrences
over subtropical China.

Strong modulation of ENSO on large-scale wildfire
activity in China

Resco de Dios et al. claim that the modulation of ENSO on fire in
China is weak. They base their claim on the insignificant correla-
tions they find between gridded area and ENSO indices on indi-
vidual grid points in China. Unlike their analysis of individual grid
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Fig. 1| Fire occurrence comparisons between fire datasets. The fire occurrence  occurrences from MODIS and the WFAC. The fire occurrences were aggregated
numbers are from the Wildfire Atlas of China (WFAC) and the Moderate Reso-  via combining the spatiotemporal adjacent fire points from MODIS Terra and

lution Imaging Spectroradiometer (MODIS) data, including MOD14A1 provided  Aqua from 2005 to 2018 into one fire event. Crop fire was picked out based on
by Terra and MYD14A1 provided by Aqua*. a Total fire occurrences from the land cover data of China in 2018". The The 2 x 2 degree fire data is a sum of
MODIS, b crop fire occurrences from MODIS, c the ratio between total fire the fire occurrences.

occurrences from MODIS and WFAC, and d the ratio between non-crop fire

points, our analyses were based on the covariance of dataon these truthed WFAC fire occurrence dataset. The MODIS cannot suffi-
grid points. Combining all grid points, our correlation analysis ciently distinguish the wildfire from the frequent crop fires and
increases the degree of freedom, raises the likelihood of a sig- thus vastly misinterrupt the crop fires as wildfire, especially over
nificance test, and therefore is reliable and robust. Fire in indivi- the northern plains where forests are rare. Here, we show that the
dual grid points can be noisy on a local scale, while climate playsa EOF analyses of the WFAC can also reveal the dipole fire pattern
more critical role in modulating large-scale fires. between southwestern and southeastern China. We highlight that
Many previous studies revealed the dominant impacts of ENSO in  the dipole fire pattern and ENSO modulation are on large scales.
different regions of China” 5. Resco de Dios et al. stated that the ENSO  The fire control policy not only suppresses existing fires but also
could only influence the ignitions and thus has little effect on fire prevents human-ignited fire occurrences, and thus plays an
activity. In fact, fuel availability and flammability are also key factorsin  effective role in reducing five activities in China.
fire occurrence, particularly for large-scale fires’. This is evidenced by
the strong correlations between fire occurrence and interannual cli- Data availability
mate variability. The Moderate Resolution Imaging Spectroradiometer (MODIS) fire
China’s fire policy not only suppresses existing fires but also  datasets (MOD14A1 and MYD14A1 products) are public available at the
prevents human-ignited fire occurrences. As revealed in previous National Aeronautics and Space Administration (NASA; https://modis.
studies, the fire suppression policy since 1987 decreased not only  gsfc.nasa.gov/data/dataprod/modi4.php). The Wildfire Atlas of China
burnt areas but also fire occurrences'. (WFAC) is available from the supplementary materials of a paper
The study by Resco de Dios et al. was based on MODIS- published in Nature Communications (https://www.nature.com/
derived annual area burned, which differs from our ground- articles/s41467-021-21988-6#Sec10).
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Fig. 2 | Spatial patterns of the fire occurrences in China. The a first and b second
empirical orthogonal basis functions (EOF1 and EOF2) represent the spatial dis-
tribution of wildfire occurrence from the Wildfire Atlas of China (WFAC). These
basis functions account for 54 and 19% of total variance.

Code availability
The processing codes used in this study are available from the corre-
sponding authors upon request.

References

1. Fang, K. et al. ENSO modulates wildfire activity in China. Nat.
Commun. 12, 1764 (2021).

2. Wooster, M. J. et al. Satellite remote sensing of active fires: History
and current status, applications and future requirements. Remote
Sens. Environ. 267, 112694 (2021).

3. Ying, L., Shen, Z., Yang, M. & Piao, S. Wildfire detection probability
of MODIS fire products under the constraint of environmental fac-
tors: A study based on confirmed ground wildfire records. Remote
Sens. 11, 3031 (2019).

4. Giglio, L., Schroeder, W. & Justice, C. O. The collection 6 MODIS
active fire detection algorithm and fire products. Remote Sens.
Environ. 178, 31-41 (2016).

5. Zhang, L., Liu, Y. &Hao, L. Contributions of open crop straw burning
emissions to PM2 . 5 concentrations in China. Environ. Res. Lett. 11,
014014 (2016).

6. He, G., Liu, T. & Zhou, M. Straw burning, PM2. 5, and death: Evi-
dence from China. J. Dev. Econ. 145, 102468 (2020).

7. Yao, Q. et al. Pacific-Atlantic Ocean influence on wildfires in
northeast China (1774 to 2010). Geophys. Res. Lett. 44,

1025-1033 (2017).

8. Du, J., Wang, K. & Cui, B. Attribution of the extreme drought-related
risk of wildfires in spring 2019 over Southwest China. Bull. Am.
Meteorol. Soc. 102, 83-90 (2021).

9. Bowman, D. et al. Vegetation fires in the Anthropocene. Nat. Rev.
Earth Environ. 1, 500-515 (2020).

10. Wang, M. & Shu, L. Responses and Variations of Forest Fires in China
Under Changing Climate (Science Press, 2015).

1. Yang, J. & Huang, X. The 30 m annual land cover dataset and its
dynamics in China from 1990 to 2019. Earth Syst. Sci. Data 13,
3907-3925 (2021).

Acknowledgements

This study was funded by the Strategic Priority Research Program of the
Chinese Academy of Sciences (XDB26020000), the National Science
Foundation of China (41971022, 41888101, and 42130507), the Swedish
Formas (2017-01408) and the fellowship for Youth Talent Support Pro-
gram of Fujian Province.

Author contributions

Q.Y. and K.F. designed and drafted the manuscript. Q.Y., K.F., T.O., F.Z.,
M.H., B.Z., and H.X. conducted the analyses. K.F., V.T., Q.Y., T.O., J.L.,
and M.H. commented and revised the manuscript. Q.Y. and K.F. con-
tributed equally to the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to
Keyan Fang.

Peer review information Nature Communications thanks Jian Yang and
the other, anonymous, reviewer(s) for their contribution to the peer
review of this work.

Reprints and permission information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jur-
isdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2022

Nature Communications | (2022)13:4317


http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Reply to: Fire activity as measured by burned area reveals weak effects of ENSO in China
	The satellite data overestimate wildfire activity in northern China
	Spatial patterns of fire occurrences in China
	Strong modulation of ENSO on large-scale wildfire activity in China
	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




