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A high-resolution map of reactive 
nitrogen inputs to China
Sitong Wang1, Xiuming Zhang   2, Chen Wang1, Xiuying Zhang3, Stefan Reis   4,5, 
Jianming Xu1,6 & Baojing Gu   1,6 ✉

To feed an increasingly affluent population, reactive nitrogen (Nr) inputs to China’s lands and waters 
have substantially increased over the past century. Today, China’s Nr emissions account for over 
one third of global total emissions, leading to serious environmental pollution and health damages. 
Quantifying the spatial variability of Nr inputs is crucial for the identification of intervention points to 
mitigate Nr pollution, which, however, is not well known. Here, we present a database describing Nr 
inputs to China for the year 2017 with a 1 km × 1 km resolution, considering land use and Nr sources, 
compiled by using the CHANS model. Results show that the North China Plain, the Sichuan Basin 
and the Middle-Lower Yangtze River Plain are hotspots of Nr inputs, where per hectare Nr input is an 
order of magnitude higher than that in other regions. Cropland and surface water bodies receive much 
higher Nr inputs than other land use types. This unique database will provide basic data for research on 
environmental health and global change modelling.

Background & Summary
China produced the world’s largest amount of reactive nitrogen (Nr) through Haber–Bosch nitrogen (N) fixation 
(HBNF), around 40 Tg Nr in 20171. A substantial input of Nr from agricultural and other activities has resulted in 
a range of adverse effects on human health and environmental quality, including the loss of biodiversity, soil acid-
ification, and eutrophication2. Although early successes in mitigating Nr pollution have been observed in recent 
years with the introduction of strict pollution control measures, Nr pollution still presents an area of widespread 
concern in China3. To better understand the pathways for Nr losses and identify mitigation options, it is crucial to 
assess the current status and characteristics of N inputs to China’s lands and water bodies. Previous studies on Nr 
inputs to China typically have a spatial resolution down to province or county level. However, this is not sufficient 
to use for a detailed estimation on health or environmental effects derived from Nr uses4,5. Meanwhile, more and 
more studies utilize complex process-based simulation models requiring high resolution gridded data, but so far 
lack high-resolution maps of Nr input6.

Crop production has markedly increased over the past 40 years in China, due to the substantial increase in 
the use of synthetic N fertilizers7. In 2017, the total N fertilizers applied to Chinese croplands amounted to 29 Tg 
N (173 kg/ha for rice, 213 kg/ha for wheat and 183 kg/ha for maize), accounting for some 30% of global total fer-
tilizer use on only 9% of global cropland, while producing far lower crop yields compared to the global average8. 
Meanwhile, China raises around 40% of global livestock, and manure N has become an important source of N 
inputs to lands and water bodies. These features lead to a much higher Nr loading in China compared to other 
global regions. However, due to the lack of a comprehensive, high resolution dataset on livestock distribution, 
spatially allocating these Nr inputs on different land areas and catchments is a grand challenge. Furthermore, live-
stock distribution also changes annually with market and policy regulations, such as the relocating pigs program9, 
adding complications to the compilation of robust spatial datasets. Other than agricultural sources of Nr inputs, 
nitrogen oxide (NOx) emissions from fossil fuel combustion also contribute to Nr deposition to land and water. 
For instance, the Nr deposition can contribute to over 30% of total Nr input to the Lake Tai in East China10, and 
NOx has a large share in the Nr deposition.
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Previous studies have quantified the spatial distribution of some of these Nr fluxes, such as emissions from fer-
tilizer use11, or atmospheric Nr deposition, separately. However, there are few studies which integrate all relevant 
N inputs with high spatial resolution to allow for an identification of the key drivers of adverse effects on human 
environmental health. To fill this knowledge gap and at the same time update the quantification of N fluxes to the 
most recent year, 2017, we calculated the overall N budget for China first using the Coupled Human And Natural 
System (CHANS) model (https://person.zju.edu.cn/en/bjgu#930811). CHANS includes 14 different subsystems 
covering all the natural and anthropogenic sources of Nr input, recycling and losses. Then, we extract all the N 
input fluxes to land and water bodies, estimate their spatial distribution with a spatial resolution of 1 km × 1 km 
using spatial indicators such as land use or population distribution. This results in a unique database which will 
help users to explore spatial patterns of Nr inputs in China, to assess N input on sensitive ecosystems within safe 
boundary and support the development of mitigation strategies for Nr pollution in China.

Methods
Database structure.  The Coupled Human And Natural Systems Nitrogen Cycling Model Spatial 
Distribution (CHANS-SD) 1.0 database consists of three files (Fig. 1). The ‘data file’ provides N inputs of 6 land 
use types, including cropland, forest, grassland, water, built-up area and unused land. The ‘readme file’ explains 
the abbreviations used in the ‘data file’ and ‘source file’, and provides the units of all variables (Fig. 1). The ‘source 
file’ includes the full references and input data used in the database (Fig. 1).

Data compilation.  We applied the CHANS model to calculate N inputs by land use type. The CHANS model 
calculates all nitrogen (N) fluxes that can be identified, together with the linkages among subsystems, within a 
country, state (province), city or watershed, with a mass balance principle. The system is divided into 14 subsys-
tems: cropland, grassland, forest, livestock, aquaculture, industry, human, pet, urban green land, wastewater treat-
ment, garbage treatment, atmosphere, surface water, and groundwater. N cycling starts from the entry of reactive 
N (Nr) that activated from N2 into the system or from Nr direct input to the system from outside, and terminates 
when Nr is transformed to N2 or lost to outside the system.

N input to cropland subsystem is the largest component of N input to China, including N fertilizer, atmos-
pheric N deposition, N from irrigation, N from livestock manure, N from human excretion, cropland biological 

Fig. 1  A general view of N inputs to 6 land-use types in China and the framework of The Coupled Human And 
Natural Systems Nitrogen Cycling Model Spatial Distribution (CHANS-SD) 1.0 database. N input to cropland 
comprises of N fertilizer, N deposition, irrigation, livestock manure, human excretion, cropland BNF (Biological 
N Fixation), and straw recycle; N input to forest comprises of N fertilizer, N deposition and forest BNF; N input 
to grassland comprises of N fertilizer, N deposition and grassland BNF; N input to water comprises of cropland 
runoff, livestock runoff, forest runoff, human wastewater discharged, industrial wastewater, WTP (Water 
Treatment Plant) effluent and N deposition; N input to built-up area and unused land is N deposition. The data 
of Taiwan is absent. The data consists of three files: the ‘data file’ (CHANS-SD 1.0 Data File) is the main file, 
includes N inputs in all 6 land-use types. The ‘readme file’ (CHANS-SD 1.0 Read Me) explains the abbreviations 
and units, and the ‘source file’ includes the full references used in the database. Base map is applied without 
endorsement from GADM data (https://gadm.org/).
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Fig. 2  N input to China and proportion of its six components. (a) A spatial distribution map of N input to 
China, N input in east of China is much higher than that in west of China; North Plain, Sichuan Basin and 
the North East Plain currently receive the highest N loads (The data of Taiwan is absent). (b) Proportion of N 
input to cropland, forest, grassland, built-up area, unused land and water, respectively; proportion of N input 
to cropland is highest among all land-use types. Base map is applied without endorsement from GADM data 
(https://gadm.org/).

Land-use type Item N input (Tg)

Cropland

N fertilizer 28.9

N deposition 5.9

irrigation 0.7

livestock manure 5.3

human excretion 1.6

cropland BNF 4.6

straw recycle 2.4

Forest

N fertilizer 2.4

N deposition 5.5

forest BNF 4.1

Grassland

N fertilizer 0.6

grassland BNF 3.0

N deposition 3.5

irrigation for artificial grassland 0.0

livestock manure 3.7

Water

cropland runoff 2.4

livestock runoff 1.0

forest runoff 1.3

human wastewater discharged 1.9

industrial wastewater 2.3

WTP effluent 1.2

N deposition 0.6

Built-up area N deposition 1.0

Unused land N deposition 1.6

Table 1.  A summary of N inputs to six land-use types in 2017 in China. Note, cropland and surface water 
receive much higher Nr inputs than other land use types, and approximately half of the national inputs are from 
agricultural activities.
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N fixation (BNF) and straw recycle. N input to forest subsystem, including forest BNF and N deposition, is the 
second largest component of N input to China given the large area of forest. N input into surface water subsystem, 
including Nr runoff from cropland, livestock and forest, human wastewater discharged, industrial waste water, 
WTP (Water Treatment Plant) effluent and N deposition, is the third largest component of N input in China 
(Fig. 2). The details of the CHANS model including all the code and parameters of N cycling, and the protocols 
for the calculation of all related N fluxes can be found from https://person.zju.edu.cn/en/bjgu#930811.

The National Bureau of Statistics of China1 provides data of cropland N fertilizer use, planting area, live-
stock and population in the statistical yearbook of each province. Taiwan, Hong Kong, and Macao were not 
included owing to data limitations. Gridded datasets of land use and GDP is derived from the Resource and 
Environment Data Cloud Platform12, and data on China’s hydro-basin distribution is collected from the FAO 
website GeoNetwork13.

In the cropland subsystem, livestock manure input to cropland (MANUREan, kg/yr) was calculated based on 
animal population (POPan, head), excretion factor (EXCREan, kg N/head/yr) and rate of livestock manure applied 
to cropland (REan, %) according to Eq. (1) (Fig. 3a),

= × ×MANURE POP EXCRE RE (1)an an an an

Amounts of chemical N fertilizer consumption at county scale were obtained from the statistical yearbook of 
counties (Fig. 3b). Human manure to cropland (MANUREhu, kg /yr) was calculated by urban population (POPur, 
person), rural population (POPru, person), excretion factor (EXCREhu, kg N/person/yr), rate of urban excretion 
return to cropland (REur, %) and rate of rural excretion return to cropland (REru, %) according to Eq. (2) (Fig. 3c).

N input to cropland (kg/ha)
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Fig. 3  Important components of N inputs to cropland. (a), N input from livestock manure to cropland, high 
values (>100 kg/ha) concentrate in the North Plain; (b), N input from N fertilizer to cropland, compared to 
other items, high values (>100 kg/ha) are widely distributed across China; (c), N input from human excretion to 
cropland; (d), N input from cropland BNF (biological N fixation) to cropland. The data of Taiwan is absent. Base 
map is applied without endorsement from GADM data (https://gadm.org/).

https://doi.org/10.1038/s41597-020-00718-5
https://person.zju.edu.cn/en/bjgu#930811
https://gadm.org/


5Scientific Data |           (2020) 7:379  | https://doi.org/10.1038/s41597-020-00718-5

www.nature.com/scientificdatawww.nature.com/scientificdata/

= × + × ×MANURE POP RE POP RE EXCRE( ) (2)hu ur ur ru ru hu

Cropland BNF (CBNF, kg/yr) was calculated by planting area (area, ha) and N fixation rate (rfix, kg N/ha/yr) 
according to Eq. (3) (Fig. 3d),

= ×CBNF area r (3)fix

Straw recycling and N input from irrigation are calculated by using nationally uniform values (Table 1).
N input to the grassland subsystem include N fertilizer, manure recycle, N deposition, grassland BNF and 

irrigation for artificial grassland. N input in forest subsystem include N fertilizer to artificial forests, N deposition 
and forest BNF.

In the surface water system, N inputs to each watershed include runoff from cropland, livestock, and for-
est areas, human wastewater discharge, industrial wastewater, WTP effluent and atmospheric N deposition. 
Cropland runoff was calculated by spatial distribution of cropland input (Fig. 4a). Livestock runoff using the 
spatial distribution of livestock manure (Fig. 4b). Finally, forest runoff was calculated by applying the spatial 
distribution of forest areas. Human wastewater discharge was calculated based on the spatial distribution of the 
human population (including urban and rural populations) (Fig. 4c). Industrial wastewater was calculated by 
using the spatial distribution of GDP since industrial output is highly correlated with GDP on regional scale 
(Fig. 4d). Similarly, the distribution of WTP and its effluent Nr are highly correlated with urban population on 
regional scale, therefore, WTP effluent was calculated by spatial distribution of urban population.

N input to water (kg/ha)

0    10   20   50  100  200 500 1,000

(a) (b)

(c) (d)

cropland
 runoff

livestock 
runoff

human
wastewater

industrial
wastewater

Fig. 4  Important components of N inputs to water. (a) N input from cropland runoff to water, shows similar 
distribution with N input to cropland; (b) N input from livestock runoff to water, shows similar distribution 
with N input from livestock manure to cropland; (c) N input from human wastewater to water, shows similar 
distribution with population; (d) N input from industrial wastewater to water, shows similar distribution with 
GDP. The data of Taiwan is absent. Base map is applied without endorsement from GADM data (https://gadm.
org/).
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For N deposition, the satellite observations on NO2 columns were derived from GOME-2. GOME-2 overpass 
times provided global coverage of NO2 with a variable ground spatial resolution of 80 km × 40 km (every day). We 
used the monthly TEMIS NO2 product at a spatial resolution of 0.25° latitude × 0.25° longitude downloaded from the 
website of Tropospheric Emission Monitoring Internet Service14. The satellite observations on NH3 columns were 
derived from IASI onboard the meteorological platforms MetOp-A and MetOp-B15 with an elliptical footprint of 
12 × 12 km up to 20 × 39 km depending on the satellite-viewing angle. The daily NH3 columns were downloaded 
from IASI Portal16. We processed the daily data into the monthly NH3 columns averaged by daily observations at a 
horizontal resolution of 0.25° latitude × 0.25° longitude using the arithmetic mean method17,18. N deposition of every 
subsystem was obtained from the national N deposition spatial distribution map by ‘spatial join’ tool of ArcGIS 10.6.

Data Records
The data are available in a single dataset19, which consists of three files: the ‘data file’ (CHANS-SD 1.0 Data File) 
is the main file, includes N inputs in all 6 land-use types. The ‘readme file’ (CHANS-SD 1.0 Read Me) explains 
the abbreviations and units, and the ‘source file’ includes the full references used in the database (Fig. 1). The 
CHANS-SD 1.0 database is the most comprehensive and up-to-date measurement-based dataset of Nr inputs over 
different land-use types (e.g., cropland, forest, grassland, built-up area and unused land) in China.

Technical Validation
All data included in the CHANS-SD 1.0 database are derived from published statistical yearbook data of 293 
prefecture-level cities, including 2,311 counties, and presents the best available dataset for China in 2017. 
Thorough quality assurance and control (QA/QC) has been conducted with each data record having been 
checked for possible errors and the extreme values were excluded. The data of N input to cropland system (e.g. 
N fertilizer) is less uncertain than the data of N input to water system, since N input to cropland is calculated 
directly from governmental statistical data while N input to water is calculated from data of other subsystems 
(e.g., cropland, livestock, forest, human, wastewater and industry). The stability of CHANS model has been vali-
dated by international peers and we have published many papers using the data and methods of this model6,20–22, 
and the data of CHANS model show similar spatial distribution with other studies23,24. Overall, CHANS-SD 1.0 
database provides high-quality open-access information on N input to China’s land and water.

Code availability
No custom computer code was used to generate the data described in the manuscript. A CHANS Excel Calculator 
describes the data we used is available in figshare data record (https://doi.org/10.6084/m9.figshare.12637391.v5).

Received: 20 July 2020; Accepted: 7 October 2020;
Published: xx xx xxxx

References
	 1.	 National Bureau of Statistics of the People’s Republic of China. Statistical Yearbooks of prefecture-level cities in 2017 [in Chinese]. 

(China Statistics Press, 2018).
	 2.	 Strokal, M. et al. Alarming nutrient pollution of Chinese rivers as a result of agricultural transitions. Environ. Res. Lett. 11, 24014 

(2016).
	 3.	 Yu, C. et al. Managing nitrogen to restore water quality in China. Nature 567, 516–520 (2019).
	 4.	 Ti, C., Pan, J., Xia, Y. & Yan, X. A nitrogen budget of mainland China with spatial and temporal variation. Biogeochemistry 108, 

381–394 (2012).
	 5.	 Han, Y. et al. Net anthropogenic nitrogen inputs (NANI) index application in Mainland China. Geoderma 213, 87–94 (2014).
	 6.	 Zhang, C. et al. Rebuilding the linkage between livestock and cropland to mitigate agricultural pollution in China. Resour. Conserv. 

Recycl. 144, 65–73 (2019).
	 7.	 Zhu, Z. L. & Chen, D. L. Nitrogen fertilizer use in China–Contributions to food production, impacts on the environment and best 

management strategies. Nutr. Cycl. Agroecosys. 63, 117–127 (2002).
	 8.	 Food and Agriculture Organization of the United Nations. http://www.fao.org/faostat.
	 9.	 Bai, Z. et al. China’s pig relocation in balance. Nat. sustain. 2, 888 (2019).
	10.	 Ti, C. et al. Dry deposition of N has a major impact on surface water quality in the Taihu Lake region in southeast China. Atmos. 

Environ. 190, 1–9 (2018).
	11.	 Houlton, B. Z. et al. A World of Cobenefits: Solving the Global Nitrogen Challenge. Earth’s Future 7, 865–872 (2019).
	12.	 Institute of Geographic Sciences and Natural Resources Research, CAS. Resource and Environment Data Cloud Platform. http://

www.resdc.cn/Default.aspx (2019).
	13.	 FAO GeoNetwork. http://www.fao.org/geonetwork/srv/en/main.home (2019).
	14.	 Tropospheric Emission Monitoring Internet Service. http://www.temis.nl/airpollution/no2.html (2018).
	15.	 Clarisse, L., Clerbaux, C., Dentener, F., Hurtmans, D. & Coheur, P. Global ammonia distribution derived from infrared satellite 

observations. Nat. Geosci. 2, 479–483 (2009).
	16.	 IASI Portal. https://iasi.aeris-data.fr/NH3/ (2018).
	17.	 Whitburn, S. et al. A flexible and robust neural network IASI-NH3 retrieval algorithm. J. Geophys. Res. Atmos. 121, 6581–6599 

(2016).
	18.	 Van Damme, M. et al. Version 2 of the IASI NH3 neural network retrieval algorithm: near-real-time and reanalysed datasets. Atmos. 

Meas. Tech. 10, 4905–4914 (2017).
	19.	 Wang, S. et al. The Coupled Human And Natural Systems Nitrogen Cycling Model Spatial Distribution (CHANS-SD) 1.0 database. 

figshare, https://doi.org/10.6084/m9.figshare.12637391.v5 (2020).
	20.	 Gu, B., Ju, X., Chang, J., Ge, Y. & Vitousek, P. M. Integrated reactive nitrogen budgets and future trends in China. Proc. Natl. Acad. 

Sci. USA 112, 8792–8797 (2015).
	21.	 Gu, B. et al. Toward a Generic Analytical Framework for Sustainable Nitrogen Management: Application for China. Environ. Sci. 

Technol. 53, 1109–1118 (2018).
	22.	 Gu, B., Ju, X., Chang, S. X., Ge, Y. & Chang, J. Nitrogen use efficiencies in Chinese agricultural systems and implications for food 

security and environmental protection. Reg. Environ. Change 17, 1217–1227 (2017).
	23.	 Zhang, X. et al. Ammonia Emissions May Be Substantially Underestimated in China. Environ. Sci. Technol. 51, 12089–12096 (2017).
	24.	 Xu, W., Zhang, L. & Liu, X. A database of atmospheric nitrogen concentration and deposition from the nationwide monitoring 

network in China. Sci. Data 6 (2019).

https://doi.org/10.1038/s41597-020-00718-5
https://doi.org/10.6084/m9.figshare.12637391.v5
http://www.fao.org/faostat
http://www.resdc.cn/Default.aspx
http://www.resdc.cn/Default.aspx
http://www.fao.org/geonetwork/srv/en/main.home
http://www.temis.nl/airpollution/no2.html
https://iasi.aeris-data.fr/NH3/
https://doi.org/10.6084/m9.figshare.12637391.v5


7Scientific Data |           (2020) 7:379  | https://doi.org/10.1038/s41597-020-00718-5

www.nature.com/scientificdatawww.nature.com/scientificdata/

Acknowledgements
This study was supported by the National Key Research and Development Project of China (2018YFC0213300), 
National Natural Science Foundation of China (41822701 and 41773068, 41721001), and the Fundamental 
Research Funds for the Central Universities (2019XZZX004-11). The contribution of Stefan Reis was supported by 
the UK Natural Environment Research Council (NERC) National Capability award NE/R000131/1 (Sustainable 
Use of Natural Resources to Improve Human Health and Support Economic Development, SUNRISE).

Author contributions
Baojing Gu designed the database, Sitong Wang, Xiuming Zhang, Chen Wang and Xiuying Zhang compiled the 
data, Sitong Wang, Stefan Reis and Baojing Gu wrote the paper.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to B.G.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional 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 Cre-
ative 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 per-
mitted 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 Creative Commons Public Domain Dedication waiver http://creativecommons.org/publicdomain/zero/1.0/ 
applies to the metadata files associated with this article.
 
© The Author(s) 2020

https://doi.org/10.1038/s41597-020-00718-5
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

	A high-resolution map of reactive nitrogen inputs to China

	Background & Summary

	Methods

	Database structure. 
	Data compilation. 

	Data Records

	Technical Validation

	Acknowledgements

	Fig. 1 A general view of N inputs to 6 land-use types in China and the framework of The Coupled Human And Natural Systems Nitrogen Cycling Model Spatial Distribution (CHANS-SD) 1.
	Fig. 2 N input to China and proportion of its six components.
	Fig. 3 Important components of N inputs to cropland.
	Fig. 4 Important components of N inputs to water.
	Table 1 A summary of N inputs to six land-use types in 2017 in China.




