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Research Objectives and Annual Goals

MEssagE frOM 
ChiEf sCiENTisT

图片来自网络

Big Earth Data refers to the data in the field of Earth sciences with spatial 
attributes, especially massive ground observation data acquired from satellites 

and airborne sensors. These data sources mainly include large-scale scientific 
experimental devices, detection equipment, sensors, socioeconomic observations, 
and computer simulations. It has strong spatio-temporal connections and physical 
linkage, with controllable data generation methods and sources.

The Big Earth Data Science Engineering Project (CASEarth) was officially launched 
in January 2018 as a Strategic Priority Research Program (Category A) of the 
Chinese Academy of Sciences (CAS). It aims at integrating data and technologies 
from relevant institutes at home and abroad, building a cloud-based international 
Big Earth Data platform to provide long-term, high quality, and stable data and 
information services for decision-makers and researchers with cloud platform and 
high-performance computing. The Big Earth Data system consists of biosphere, 
hydrosphere, cryosphere and atmosphere subsystems, as well as regional 
subsystems such as the Belt and Road region and China.

In 2018, CASEarth made early achievements that facilitated scientific discovery, 
decision-making, and data sharing and integration based on Big Earth Data 
platform. This annual Big Earth Data Report focuses on the milestones in platform 
development, data sharing, decision support and scientific discovery in the year. 
The report consists of “Big Earth Data Technical Report,” “Data Sharing Report” 
and “Big Earth Data in Support of the Sustainable Development Goals.” The 
General Report includes CASEarth annual highlights and 8 projects, focusing 
mainly on major output and international influences. Three special reports discuss 
the key technology and systematic modules of CASEarth, data sharing technology, 
regulations and standards at the level of CASEarth and even the CAS, and methods 
and case studies in Big Earth Data supporting the 2030 Sustainable Development 
Goals.
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▲

introduction to CasEarth

The challenges of global climate change and sustainable development require precise, 
scientific, and timely decision-making systems, with comprehensive and innovative 

technological support in the field of resource management, environmental science, biology and 
ecology. Big Data is becoming the new driver of scientific discovery, technological innovation 
and discipline development. Big Earth Data is big data in the field of Earth sciences with spatial 
attributes, and Earth observation is an important source of Big Earth Data. CASEarth encourages 
interdisciplinary research, which will give full play to integrated data and bring innovative scientific 
methodologies and research perspectives. 

CASEarth aims at removing bottlenecks concerning data access and sharing, and developing 
a multidisciplinary Big Earth Data Service Platform, forming a CASEarth Platform driven by 
big data with global coverage, providing panoramic display and dynamic understanding of 
the underlying development process along the Belt and Road region, and enabling accurate 
assessment and decision support towards the realization of The Beautiful China Initiative. 
CASEarth will also explore new big data-driven, multidisciplinary, globally collaborative paradigm 
of scientific discovery, and showcase as well as spur breakthroughs in Earth system sciences, 
life sciences, and associated disciplines, constructing an international Big Data Science Center 
with global influence, comprehensively improving the major achievements in supporting national 
technological innovation, scientific discovery, macro-decision-making and public dissemination.
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Guided by its mission, CASEarth has set up 9 projects including CASEarth 
Satellites, Big Data and Cloud Service Platform, Biodiversity and Ecological 
Security, 3-D Digital Ocean, Interconnected Three poles Environment, Digital Earth 
Science Platform, and CASEarth Administration. In accordance with four major 
themes of technological innovation, scientific discovery, macro decision-making 
and knowledge dissemination, CASEarth aims to integrate data on resource 
and environment, ecology and biology, social statistics, aviation, from satellites, 
navigation and ground surveys, using big data technology to establish Big Earth 
Data and Cloud Service Platform, Digital Earth Science Platform, Digital Belt and 
Road Decision Support System, Evaluation System for “Beautiful China”, and 
BioONE Biodiversity and Ecological Safety Information Sharing Platform.

CASEarth has gathered over 1200 scientists in the fields of biology, ecology and 
environmental science, as well as computer engineering, network engineering, 
cloud technology and remote sensing, including 9 Academicians of CAS.

Fig.1 Framework of CASEarth
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▲

research Objectives and Overall Design

research Objectives

The overall objective of CASEarth is to establish an International Science Center for Big Earth 
Data to facilitate technological innovation, scientific discovery, and high-level decision support.

Building the state-of-the-art Big Earth Data infrastructure. To remove the bottlenecks of data 
access and sharing, CASEarth will develop a multidisciplinary Big Earth Data and cloud service 
platform, which will operate as a part of national major S&T data infrastructure to support national 
macro-level decisions and to promote major scientific discoveries.

Forming an innovative Big Earth Data platform to drive the development of relevant disciplines. 
CASEarth explores the new big data-driven, multidisciplinary, globally collaborative paradigm 
of scientific discovery, illustrating and spurring breakthroughs in Earth system sciences, life 
sciences, and associated disciplines.

Constructing a decision support system. The system will provide panoramic display for understanding 
the sustainable development process along the Belt and Road, enable accurate assessment and 
decision support for Beautiful China Project, and contribute to the establishment of Digital China. 

Fig.2 CASEarth Conceptual Structure and Components
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CasEarth Overall Design

CASEarth consists of the following nine research components: CASEarth Satellite, 
Big Data and Cloud Service Platform, Biodiversity and Ecological Security, 3-D 
Digital Ocean, Interconnected Three poles Environment, Digital Earth Science 
Platform, and CASEarth Administration.

The CASEarth Satellite will provide reliable onboard satellite data tailored for the 
project; The Big Data Cloud Service Platform will build an innovative platform that 
integrates data storage, computing and analysis that connects different components 
in the field of Earth Science; Digital Belt and Road project will form “Big Earth Data 
Sharing Platform” to provide decision-making support for Belt and Road Initiative; 
The Panoramic Beautiful China will carry out research on the background and 
distribution of resources and environment, clean air and environmental health, 
as well as the ecological protection, realizing the big data-driven evaluation and 
support for Panoramic Beautiful China; Biodiversity and Ecological Security Platform 
fully integrates the biological and ecological information resources in CAS, and 
provides scientific support; The 3-D Digital Ocean will produce multidisciplinary 
marine scientific data products which will be real-time updated and open to the 
public. It aims to make breakthroughs for the advances of marine science and 
technologies, and to enhance people’s understanding of the ocean and the Earth 
system; The Interconnected Three-Pole Environment focuses on Three-Pole 
ecology, water, climate change, Arctic waterways and cryosphere etc., providing 
decision support for national polar governance and Arctic development; The Digital 
Earth Science Platform, once completed, will serve as a comprehensive Big Earth 
Data management, analysis, and outreach platform for CASEarth and its decision 
support, while CASEarth Administration provides the top-level, planning, overview, 
guidance monitoring and management responsibilities of the entire project.

The advantages of CAS, the openness and long term maintenance of the system 
and the arrangement of the nine projects require major outputs in three aspects: 
technological innovation, scientific discovery and decision support.
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Technology innovation

Based on CASEarth Satellite, Big Data Cloud Service Platform and Digital 
Earth Science Platform, CASEarth will construct Big Earth Data micro-
nano observing satellites, a state-of-the-art Big Earth Data Service System, 
a Resource System with massive Big Earth Data and the Digital Earth 
Science Platform. The state-of-the-art Big Earth Data Service Platform will 
be constructed with 1P computing capacity, 100 PB storage, 100 billion-level 
metadata, EB-level data service capacity and 3-5 computing engines and 
mining & analysis engines; the Resource System with massive Big Earth 
Data will be equipped with interconnected data that is dynamically updated 
and over 10PB data resources with integrated management and automatic 
distribution on demand; the Digital Earth Science Platform with continued 
impact will be realized through the development of key technologies such as 
rapid cross-domain support, data-driven service, relationship visual analysis 
and comprehensive service organization.
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Fig.3 Technology Innovation
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In order to support big data-driven scientific discovery and decision-making, CASEarth will build 
a set of customized analysis tools for the development of five projects – Digital Belt and Road, 
Panoramic Beautiful China, Biodiversity and Ecological Security, Interconnected Three Poles 
Environment, and 3-D Digital Ocean. This will be realized through the design and deployment of 
a global Big Earth Data Resource Library and cloud service platform, bringing together a large 
number of multi-source scientific data accumulated in the fields of biology, ecology, resources, 
environment, etc. of CAS, as well as the integrated Big Earth Data, and making full use of big 
data technology and new methods of analysis & mining. Digital Earth Platform and Decision 
Support System – the comprehensive display platform for CASEarth and its decision support 
will introduce relevant information from big data and cloud service platform, access application 
model from related projects and manage them, and realize information integration, cross analysis 
and display in a unified environment, so as to resolve frontier scientific problems related to three-
polar water circulation and future water safety, three-polar climate change and its influence on 
China, ecosystem functions and service dynamics, bio-diversity and its pattern succession, the 
spread of major infectious animal borne diseases and pathogen evolution mechanisms, ocean 
circulation anomaly and sea temperature variation. With the support of multi-disciplinary data and 
methods, major output such as changes in the earth’s three poles ecological environment and its 
mechanisms, biodiversity hotspots, and protection measures for endangered species have been 
formed, achieving the goal of constructing the international Big Earth Data Science Center as a 
Major national science and technology infrastructure.

Scientific Discovery
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Fig.4 Scientific Discovery
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Decision support

CASEarth will provide decision support through a four steps process of research and analysis.  
The first step includes research on marine disaster early warning, resource and environmental 
carrying capacity, ecosystem health assessment and maritime rights and interests based on the 3-D 
Digital Ocean project; research on biodiversity protection, benefit sharing of genetic resources, bio-
safety, ecological safety, bio-industrial upgrading based on the Biodiversity project; major projects 
and research on the influence of resource, polar region governance and three poles environmental 
change. These will provide resource, environment, ecology and biology information products to 
support the decision making of BRI, Panoramic Beautiful China and other major initiatives. On the 
second level, in order to achieve the United Nations Sustainable Development Goals (SDGs), the 
goal of constructing the Community with a Shared Future for Mankind along the Belt and Road, 
and the sustainable development goal of the Panoramic Beautiful China, CASEarth will conduct 
dynamic monitoring and research on resource, grain yield estimation index, food and clothing, 
smog control, dynamic change of ecological environment, as well as resource and environmental 
carry capacity. The third level would be problem-finding, situation analysis, coping strategies and 
performance evaluation. On the fourth level, the data and products generated by research in 
previous steps will facilitate decision making by providing information and methodological support 
for international organizations, national ministries and local governments.

 3-D Digital Ocean
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Resource and environmental carrying 
capacity and ecosystem health; marine 
rights and interests protection

Biodiversity and Ecological 
Security

Biodiversity protection; Benefit sharing of 
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Fig.5 Macro-Decision Support
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accomplishments of CasEarth in 2018

CASEarth Research: we have formulated a technical framework, set Big Earth Data sharing 
policies and CASEarth Data Standard; Developed a data evaluation system and realized data 
integration; Designed the framework of CASEarth DataBank, formulated the Data Standard, and 
developed the data engine.

Data Sharing: Formulated a policy system and specific plan for CASEarth data integration, 
management and sharing, including the CASEarth Data Sharing Regulation; Developed a 
detailed data management and integration plan, forming a 2018-2022 data sharing task list, 
and identifying the target volume of 17PB in 2022; Initiated the preparation of Data Sharing 
Report and the trial of publishing high-quality data sets; Completed data collection before the 
launch of CASEarth, including about 850TB data from 9 projects (81 sb-projects); Formulated 
data standards and specifications, developed the data sharing service system, conducted data 
assessment and shared high-quality data to the public in batches.

CASEarth Satellite: Designed sensors of thermal infrared imager and hyperspectral imager, 
compiled general plan for the CASEarth Satellite, implementing plans operation and monitoring 
system construction plan, the calibration system plan, and data production plan, which were all 
approved by the technical committee. 

Fig. 6 DESP Explorer - CS Version
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Cloud Service Platform and Digital Earth Science Platform: Constructed basic platform with 
computing power of 7PF and storage capability of 10PB; Developed Grid Data Engine Prototype 
System, Data Search and Service, Data Publishing Cloud Service System, and Big Earth Data 
Mining & Analysis System V1.0; Established the layered framework of Digital Earth Platform, 
completed the secondary development engine of Digital Earth Platform; Developed the unified 
authentication subsystem, and the public service subsystem for the network information service 
system, as well as the prototype system for Big Earth Data resource services, realizing the unified 
organization and quick launch of data and products.

Fig. 7 DESP Explorer - BS Version

Scientific Discovery and Decision Support: Completed detailed design of Digital Belt and Road 
Decision Support Information System and the construction of its visualization subsystem; 
Developed source tracking module for complex chemical reactions of gaseous pollutants; 
Completed the regional sustainable development evaluation technology that fits the situation 
in China, and constructed the index system for the integrated evaluation of Beautiful China; 
Developed a framework for BioONE data integration and launched the first version of the BioONE 
platform; Established the evaluation index system for different types of offshore ecosystems 
and an atmospheric-wave assimilation system in the Indian Ocean, formulating global ocean 
and climate model; Constructed the prototype system for the three poles (Qinghai Tibet Plateau, 
Antarctic and Arctic) big data sharing platform, and approved the application scheme of the new 
generation earth system model with its own intellectual property rights in the three poles region.
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▲

highlight i: PB-Level CasEarth Prototype system

introduction

CASEarth Prototype System serves as a core platform – its construction concerns the 
international strategic position of China and CAS in the field of Big Earth Data. This year, 

we have developed the first PB-level CASEarth Prototype System in China that integrates data 
storage, management, and mining. This system realizes the integration of multi-source Big Earth 
Data, large-scale real-time on-demand computing, and visual analysis, forming a Big Earth Data 
Solution for spatial-temporal data analysis. The Prototype System is a key step in achieving 
the ultimate goal of establishing the international Big Earth Data Science Center, and the main 
components of the system are as follow:

Established a CASEarth testbed. Built a data management system with 2PB distributed 
storage and 4PB object-based storage, gathering 5PF CPU computing resources, 10PF GPU 
computing resources and 53PB storage resources from CAS; Deployed over 800TB of multi-
source Earth sciences data and over 60 data products / data sets; Established a multi-source 
and multi-dimensional big data management structure, realizing the 100 million-level Earth grid 
segmentation and the retrieval of PB-level metadata in seconds; Integrated the visualization 
environment for the presentation of digital earth.

Developed a set of software for analyzing and processing Big Earth Data. Independently 
designed and developed the four core systems – Big Earth Data Storage Management System, 
Grid Data Engine, MPP Database Engine, and Big Data Analysis and Mining System; Established 
the Cloud based Big Earth Data analysis engine, and the big data mining analysis model and 
algorithm library; Constructed the CASEarth Databank Prototype System. 

Fig.8 CASEarth Plaform Testbed
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Created CASEarth Visualization Engine – Digital Earth Foundation Platform. Developed the 
engine for Digital Earth and assembled core functional components of the platform; Developed 
the B/S and C/S version of the Digital Earth Science Platform, which preliminarily possessed the 
ability to display and analyze data in the field of resource management, environment, ecology, 
biology and other fields at both the global and regional level, realizing the Digital Earth Science 
Platform in support of decision making and scientific discovery.

Fig. 9 CASEarth Visualization Engine – Digital Earth Foundation Platform

Outreach and impacts

Developed the prototype of PB-level Big Earth Data system, forming a universal solution for 
spatiotemporal data analysis services. The system will strengthen the integration, sharing, mining, 
analysis, visualization applications and information decision support in the field of resource 
management, environment, ecology, and biology etc., so as to better support scientific discovery, 
public services, and macro decision making. It is expected that with the support of the Big Earth 
Data Platform, important scientific discoveries and breakthroughs will be achieved.
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▲

highlight ii: Big Earth Data-Digital silk road system

Many countries along the Belt and Road are facing challenges in sustainable development 
such as water shortages, frequent disasters, and major ecosystem changes. In the Belt and 

Road region, the speed of data processing and analyzing is much lower than the data acquisition, 
resulting in a bulk of scientific data and information underutilized.

For the better use of Big Earth Data, we have proposed new data management and mining 
models and established a Digital Silk Road System as a regional sub-system of CASEarth.

The system serves the countries along the Belt and Road, providing Big Earth Data sharing and 
cloud-based online analysis features at the regional, sub-regional and national level. It is not only 
a timely and reliable information source for international organizations, governments and the 
public, but a spatial information tank and decision-making tool for the Belt and Road region.

The first generation of the Digital Silk Road System has provided necessary Big Earth Data 
support to CASEarth. It includes the Big Earth Data Analysis and Decision-Making Support 
System 1.0, the Integrated Big Earth Data for the Belt and Road, and the International 
Collaborative Data Integration and Research Network. 

Fig.10 Digital Silk Road System
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i. The Big Earth Data analysis and Decision-Making support system 1.0

Equipped with a PB-level software and hardware environment, the project lead to the 
development of Big Earth Data ETL toolkit under the common big data platform, supporting 
data retrieval and sharing and providing six categories of data visualization. The system can be 
accessed online in Chinese, English and French versions, supporting online data-sharing from 8 
International Centre of Excellence (ICoE) of the Digital Belt and Road program (DBAR).

ii. integrated Big Earth Data Bank for the Belt and road

The project has developed 94 thematic data sets related to the Belt and Road Initiative for natural 
resources, environment, climate, disasters, heritage, etc., 57 types of proprietary intellectual 
property data products, and more than 120 TB of shared data. The research and development of 
data products is based on a number of innovative technologies. 

For example, using cloud computing method of farmland monitoring based on crowd source 
data collection, the overall accuracy of the 10-meter arable land dataset in the Zambezi Basin (5 
countries) is 84.5%, which improved the existing international product accuracy by 10%.

iii. international Collaborative Data integration and research Network

Eight DBAR International Centre of Excellence (ICoE) have been established in Thailand, 
Pakistan, Finland, Italy, Russia, Morocco, Zambia and the United States. Through the network 
of ICoEs collaborative research and data sharing and acquisition, it has provided foundation 
to establish an innovative network for data acquisition and validation, monitoring regional SDG 
indicators and joint development of the Big Earth Data System. 

Fig. 11 The Big Earth Data Analysis and Decision-Making Support System (English Version) 1.0
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Fig.12 Establishment of the ICoE-Bankok

iv. supporting the Belt and road Decision-Making Process 

Based on the Digital Silk Road System, CASEarth provided effective decision-making support 
in the Belt and Road region during the initial year. The CASEarth spatial information mapping 
supported the UN Environment’s Sixth Global Environment Outlook (GEO-6) report (CASEarth 
has been listed as a global partner in the report). The evaluation metrics to measure the increase 
of degraded land is adopted by the SDG assessment system of the United Nations Convention to 
Combat Desertification (UNCCD). The Portuguese agricultural monitoring system is implemented 
in Mozambique, and the monitoring results have been incorporated into its national agricultural 
monitoring report and introduced at the China-African Forum. The results of the ecological and 
environmental impact assessment of 21 industrial parks along the Belt and Road are applied by 
the Ministry of Commerce and the Ministry of Science and Technology of the People’s Republic of 
China. The discovery at the Silk Road archaeological sites in Tunisia supported by CASEarth is 
recognized by the Tunisian government.

The establishment of Digital Silk Road System has greatly promoted the use of Big Earth Data 
for UN SDGs decision-making support, and provided the Belt and Road regional demonstrations. 
The DBAR International Centre of Excellence (ICoE) Network works as a reliable platform for 
international data exchange and sharing, cooperative research, and regional decision-making 
support along the Belt and Road.
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highlight iii: Big Earth Data reveals 
     synergic change of climate-ecosystem of Three Poles

introduction

Focusing on the major scientific objectives of CASEarth: exploring and forming a big 
data-driven multi-disciplinary international paradigm, demonstrating and making major 

breakthroughs for Earth system sciences, life sciences and related disciplines, and cultivating an 
International Big Earth Data Science Center, as well as focusing on the key science issues of Big 
Earth Data- driven scientific discovery such as synergic change amplitude, impact on temporal-
spatial scale, possible threshold range of three poles cryosphere, CASEarth has developed new 
perspectives of scientific discovery paradigms. Through cross-projects multi-source massive 
data analysis and joint research, CASEarth has made new discoveries including the change 
of the three poles ecosystem and its effects on carbon cycle process, three poles multi-sphere 
interaction and the mechanism of Arctic amplification and global environmental change response 
mechanism, laying a solid foundation for the comprehensive simulation of earth system science 
supported by the Big Earth Data Platform.

research Topics

Through Big Earth Data (flux observation, satellite remote sensing images, numerical simulation 
and position experiments) analysis, it is found that a large amount of carbon sink loss in the three 
pole terrestrial ecosystem were driven by global climate change and may need to be re-evaluated: 
in Qinghai-Tibet Plateau, vegetation index was found to be significantly related to the temperature 
sensitivity of ecosystem respiration(Q10) compared with the other factors such as soil and 
climate, and there’s a positive correlation between the vegetation index and the Q10. However, 

in some high latitude areas of the northern 
hemisphere such as those with the tundra 
ecosystem, Q10 increases as the Carbon / 
Nitrogen ratio increases. In addition, within 
the context of the global warming, the 
complex carbon cycle process in the Arctic 
will affect the climate system as feedback, 
and the study on the ecological effect of 
air pollution from the fire emissions reveals 
the growth effect of aerosol scattering on 
vegetation productivity in the Arctic (Yue 
and Unger, 2018, Nature Communication,).
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The Arctic has attracted much attention in recent years, not only because of the “Arctic 
Amplification” Effect in the context of global warming, but also the feedback of the complex 
carbon cycle to climate system in this region. Recently, Xu Yue, a researcher from CAS Institute 
of Atmospheric Physics published an article in Nature Communication, expounding the ecological 
effects of air pollution caused by fire emissions. The study found that fire dust (mainly carbon-
containing aerosols) can be transmitted over long distances, increasing the productivity of 
ecosystems in the Arctic (GPP.) This is because the aerosols may enhance diffuse radiation, and 
thus promote the photosynthetic rates of shaded leaves, referred to as the diffuse fertilization 
effects (DFE). Plants at the Arctic have much larger shaded portions (that is, the leaves cannot 
receive direct solar radiation) because of the smaller solar zenith in high latitudes, so aerosol 
radiative effects have a relatively significant impact on vegetation growth in this region.

The study further evaluates the effect of clouds on the DFE of aerosols. Under cloud free 
conditions, GPP of Siberia and northern North America increases by 3-5% due to fire emitted 
aerosols while in the presence of clouds, the effects of these aerosols are greatly reduced. This is 
because cloud particles have similar fertilization effects as aerosols, and can enhance vegetation 
photosynthesis under certain conditions. However, the increase in cloud depth and their amount 
can significantly reduce the total amount of radiation, weakening ecosystem GPP, and balance 
out the effects of aerosols. Therefore, it is necessary to consider the interaction between cloud-
radiation-aerosol and the ecosystem when studying the impact of aerosols on vegetation 
productivity in the three poles region.

Fig.13 The effect of fire aerosol on GPP under clear(left) and all sky(right) conditions
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Based on a high resolution earth climate system model (FGOALS-f) developed by CAS, 
the numerical simulation of the multi-sphere interaction between the Three Poles has been 
conducted, which further confirms that changes in polar processes have “pull and move” effects.

It is well known that in the past 40 years, global temperature has been constantly rising. Studies 
have shown that warming in the Arctic has been much faster than the rest of the world, a 
phenomenon known as the Arctic Amplification (AA).

Enhanced warming in the Arctic with increasing greenhouse gases (GHGs) has attracted wide 
attention. In the past, the positive ice-albedo feedback was considered as the main reason for AA. 
However, recent studies have found that the seasonal storage and release of the absorbed solar 
radiation in Arctic waters may also be an important process in the formation of AA, but its effect 
on AA remains uncertain in the case of increased greenhouse gases. Is sea-ice loss necessary 
for large AA to occur? Can the reduced long-wave cooling or the increased heating still produce 
AA under GHG-induced global warming without significant sea-ice loss? These questions still 
need to be answered.

Based on ERA-Interim reanalysis data and over 38 CMIP5 models, the research group led by Dr. 
Luo Dehai has cooperated with scientists from State University of New York, and conducted an in-
depth research on the historical trends of the season variation of Arctic Amplification, Arctic sea-
ice cover (SIC), radiation and heat fluxes (Luo et al., 2018, Nature Communications).

According to this study, rapid Arctic sea-ice melting is a key factor in AA. Faster sea-ice melting 
leads to stronger AA while water vapor feedback, increased poleward heat transport and other 
physical processes can only indirectly affect AA through sea ice reduction. Specifically, large AA 
occurs only in cold seasons and only over areas with significant sea-ice loss. Seasonal sea-ice 
melting from May to September allows a larger area of water surface to absorb sunlight during the 
warm season, and the energy, stored in the surface of the water, is released to the atmosphere 
through longwave (LW) radiation, latent and sensible heat fluxes during the cold season (October 
to April) when the Arctic Ocean becomes a heat source to the atmosphere, rapidly increasing the 
temperature in the Arctic.

The result shows that AA largely disappears when Arctic sea ice melts away or is held fixed for 
calculating surface fluxes. Therefore, this study found that under greenhouse gas (GHG)-induced 
global warming, strong AA occurs only from October to April over the areas with significant sea-
ice loss in both observations and model simulations.
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Big Earth Data revealed the variability of vegetation autumn phenology in the 
high latitude regions. Using long-term ground phenological records (14,536 
time series since the 1900s) and satellite greenness observations between 
1982 and 2015, we found that rising pre-season maximum daytime (Tday) and 
minimum nighttime (Tnight) temperatures had contrasting effects on the timing 
of autumn leaf senescence date (LSD) in the Northern Hemisphere. If higher 
Tday leads to an earlier or later LSD, an increase in Tnight systematically 
drives LSD to occur oppositely. A new LSD model (DNGDD) considering these 
opposite effects was developed. This model improved autumn phenology 
modelling and predicted an overall earlier autumn LSD by the end of this 
century compared with traditional projections. These results challenge the 
notion of prolonged growth under higher autumn temperatures, suggesting 
instead that leaf senescence in the northern hemisphere will begin earlier than 
currently expected, causing a positive climate feedback.

Fig.14 The Atmospheric Blocking – Sea Ice – East Asia Cooling Correlation
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Fig.15 The effect of diurnal temperature on phenological changes in deciduous vegetation

Outreach and impacts

The above research results are of great scientific significance and have great 
influence at home and abroad. Research results on the change of three poles 
ecosystem and its influence on carbon cycle clarify the spatial pattern of ozone 
and aerosols affecting land productivity, improving the scientific understanding 
of the ecological effect of air pollution. The new way that fire affects carbon 
budget of the ecosystem is revealed, which complements the relevant theories 
and knowledge of global carbon cycle. After the publication of the paper, it was 
widely reported by the media at home and abroad, with the Altmetric of 319 
(attention index), and has become one of the top 4% of papers published on 
Nature Communications.



26   www.CASEarth.com

CASEarth Highlights of the Year

Research on AA and its mechanism analyzed the seasonal differences of 
amplification in the Arctic against the background of continuous increasing of 
greenhouse gas, and interpreted the AA phenomenon which only occurs in the 
cold season and areas where the sea ice is significantly decreasing, meaning 
that sea ice reduction plays a key role in the occurrence of AA. In addition, model 
simulations show that AA will not disappear until the Arctic sea ice melts in the 
23rd century. In the next few decades or even hundreds of years, melting sea ice 
will lead to stronger AA, and then affect the climate in the middle latitude, leading 
to more frequent polar vortices in winter and more extreme weather events in 
China and North America. The above results are of great significance for climate 
change mitigation and response.

The result of the contrasting effect of daytime and nighttime temperatures on 
autumn phenology implied the lack of mechanism of using mean temperature to 
explain the variation in autumn phenology, while the improved model incorporates 
daytime and nighttime temperatures in terrestrial models for better simulation. 
This result deepens the understanding of global climate change and the carbon 
cycle of vegetation ecosystems.
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▲

highlight iV: 
     Decision-making based on Big Earth Data

The interactive and dynamic visualized decision support environment 
that is driven by Big Earth Data can provide comprehensive and 

dynamic understanding of the sustainable development process at 
regional and global levels, firmly supporting global governance and macro 
decision-making.

In 2018, based on the PB-level CASEarth Prototype System, we made 
breakthroughs in data fusion, data assimilation, automatic extraction of 
key objects and the normalization of multi-source satellite data, etc. We 
also carried out big data analysis and research on hotspot issues such 
as air pollution, offshore disasters, oil and gas fields based on important 
research results focusing on haze and marine, providing scientific support 
for decision-making.

Fig.16 Sustainable Development Goals of the United Nations
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Fig.18 (A) Quasi-four-quadrant diagram classifying regular commuters and percentages of groups; 
 (B) Average travel time in the subway system
 (C) Housing expenditure (h) by distance to city center (d) and average travel time in the subway system (t); 
 (D) Variation of job and housing status. (st, sw, jh, and hm denote stayer, switcher, job hopper, and home mover.)

Fig. 17 High-precision and High-resolution 14-day National Air Quality Forecast System
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Based on the research with focuses on haze, we have established the historical, up-to-date, 
and influential grid data of the key elements of the atmospheric environment and driving forces 
that have affected clean air and human settlements in the past 5 years in China. For the first 
time in the world, a grid re-analysis dataset of China was built with 5km*5km resolution from 
2013 to 2017; a global weather and air quality forecasting system with 10km*10km resolution 
was constructed to provide air quality forecast for China 14 days in advance. This system 
provides independent and controllable meteorological forecast products for real-time air quality 
forecasting, and meet the need of enterprise-level emergency air pollution regulation. We solved 
high-resolution grid GIS data displaying problems, and developed an “CASEarth-Atmosphere” 
Platform which shows the past scenaries, current status, and 7-day forecast results of high-
precision weather and air pollution in the world, in China, as well as at cities and city block levels. 
In addition, we also analysed the regional characteristics of national PM2.5 pollution to support 
the collaborative pollution control of Ministry of Ecology and Environmental Protection conducted 
in Fenwei Plain. These analyses were especially helpful for the division of control area and short-
term forecast of regional air pollution. The Atmospheric Platform also quantifies the contributions 
of environmental capacity and emission sources to the reduced pollutant emissions, and provides 
solid support for the scientific assessment of national pollution control.

Fig.19 Monitoring the oil spills based on the Big Earth Data Platform
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Based on systematic collection of geological, hydrologic, chemical and biological data of China 
sea areas, the “CASEarth-Ocean” platform was developed by CASEarth and its technology 
platform, as well as the high-resolution (4km) ocean circulation numerical model of ROMS. This  
achieved fine analysis of oceanographic processes in important offshore ecological disaster 
zones and the dynamic monitoring of oil and gas platforms in the South China Sea, and fulfilled 
the urgent needs of the government for coastal environment assessment and oil / gas field 
monitoring. Based on  analysis of the occurrence mechanism of Enteromorpha prolifera green 
tide in the southern Yellow Sea, we put forward a policy suggestion to construct “three lines of 
defence” to prevent and control the green tide disaster in the Yellow Sea, to protect the marine 
environment for the SCO Summit. for the SCO Summit. Responding to the accident of Sanchi, 
we proposed to evaluate the influence of the oil spill on China coastal waters based on the 
analysis results of the hydrodynamics numerical model, and our suggestions were adopted by 
local government. Based on remote sensing data and automatic offshore platform extraction 
method, a system for dynamic monitoring and evaluating oil and gas resources was developed 
using Gaofen satellite data. The location, number and depth of offshore platforms were assessed. 
Meanwhile, the specific suggestions related to the space delineation of China-Philippines oil and 
gas cooperation area were initiated, aiming at promoting the oil and gas resources development 
in China as well as the international cooperation in the South China Sea.

Global, national and regional vegetation products, including Land Use, Vegetation Leaf Area 
Index, Vegetation Chlorophyll Content, Fraction of Absorbed Photosynthetically Active Radiation 
and other moderate-to-high (2-30 m) and low-to-moderate (500-5000 m) resolution temporal 

Fig.20 Impact of Wheat Disease on the Global Scale
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spatial information products have been produced based on CASEarth resources. We brought 
together and produced cutting-edge research to provide crop pests and diseases monitoring 
and forecasting information, integrating these vegetation products and multi-source dataset 
(Earth Observation-EO, meteorological, entomological and plant pathological, etc.) to support 
decision making in sustainable management of pests and diseases. We provided monitoring and 
early warning models and big data analysis service for main crop pests and diseases at multi-
scales—global, intercontinental, national, provincial and county levels; furthermore, we released 
first scientific report on damaged areas and the extent of main crop pests and diseases in both 
Chinese and English to the public. The research results have been adopted and recognized 
by the government to support dynamic decision making for crop control. The outcomes of the 
project would not only promote efficiency of pests and diseases management and prevention by 
improving the accuracy of monitoring and forecasting, but also help to reduce the use of chemical 
pesticides, and thus contribute to the food security and sustainable development of agriculture at 
home and abroad. Moreover, we have been sharing temporal global and key regional products 
within 2-5000m spatial resolutions to the public through the Digital Earth Scientific Platform, which 
not only significantly enriches the databank for global geoscience research, but also provides 
data support for the continuous development of CASEarth, promoting global and regional 
comprehensive analysis and application for national global strategic decision-making.

In addition, we also improved the global high-resolution ocean model LICOM 3.0 based on 
the analysis of Big Earth Data, successfully simulating the ocean currents crossing the arctic 
point; we conducted sea ice analysis and navigation risk assessment of key straits in the Arctic 
Channel, establishing the Arctic sea ice forecast system, which provides a scientific foundation 
for the launch of the Polar Silk Road. In addition, based on the long-term monitoring data of 6 
field stations from last 20 years and multi-source remote sensing data of the past 40 years, we 
analyzed the changes in regional ecosystems and the effectiveness of the eco-projects in this 
region, identifying existing problems and causes, proposing solutions.
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▲

highlight V: Big Earth Data sharing Platform

Constructing the Big Earth Data System Platform is the core objective of CASEarth. Based on 
the scientific principle of the Earth System, the Big Earth Data System consists of a number 

of sub-systems including the biosphere, hydrosphere, cryosphere, and atmosphere, together with 
regional sub-systems such as the Belt and Road region, and the area of China. The Digital Silk 
Road Regional System is part of the CASEarth. During the first year after its launch, the Digital 
Silk Road Integrated Subsystem of Big Earth Data System was completed. This regional system 
directly serves the countries along the Belt and Road, enabling comprehensive Big Earth Data 
Sharing and online analysis based on the Cloud Service Platform at the global, regional and 
country levels. As an important spatial information database and decision support tool for the 
Belt and Road Initiative, it provides timely and reliable information to international institutions, 
governments and the public.

introduction

i. Package of Policies, regulations and standards  for CasEarth

We have drawn up a package of documents such as “CASEarth Data Sharing Regulation,” 
“CASEArth Data Sharing Proposal,” “Enforcement Regulation of the Data Sharing Prospectus” 
and “Measures for the Implementation of the Delivery of CASEarth Achievements.” CASEarth 
data is divided into different scientific fields. we have formulated, recommended, and organized 
regulations for the standards of metadata and basic data.

Fig.21 Interface of CASEarth Data Sharing Portal
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ii. Launching Big Earth Data sharing Portal 

Big Earth Data Sharing Portal is a scientific platform that integrates massive multi-disciplinary 
datasets from various sources, and aims to assist data-driven scientific discovery and decision-
making support. The platform provides users with global access to systematic, diversified, 
dynamic, continuous and standardized Big Earth Data with Global Unique Identifier (GUID), and 
promotes the formation of a new model of online data sharing system. By the end of 2018, the 
total amount of data shared on this platform was approximately 5PB, including 1.8PB of Earth 
observation data, 2.6PB of biological and ecological data, 0.4PB of atmosphere and ocean data, 
0.2PB of basic geographical information and ground observation data; including 490,000 items 
in the stratigraphic and paleontological databases, 3.6 million items in the Catalogue of Life in 
China, 420,000 items in the Microbes Database of China, and 1 billion pieces of Omics data. 
Users can now retrieve 40% of the data online. With improving infrastructure, more data will be 
released online in the future, and about 3PB of data will be updated each year.

Fig.22 Main interface of CASEarth Data Sharing Portal

On January 15th, 2019, CAS held a press conference in Beijing and officially launched its Big 
Earth Data Sharing Service Platform, one of the most significant achievements of CASEarth. 
This release focused on three systems, two of which are core systems of the global data 
sharing service platform, namely, Data Sharing Service System (http://data.casearth.cn) and the 
CASEarth Databank system. The third is the Digital Belt and Road Big Earth Data system with 
regional coverage.
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Data Sharing Service System, one of the core systems of the Big Earth Data Sharing Service 
Platform, is a portal for publishing and sharing CASEarth data resources. Currently it provides 
5PB of data and a variety of data discovery modes, such as project classification, keyword 
search, tags cloud filtering, and relevant data recommendation. The data can be downloaded 
directly from the internet or it can also be access through Application Programming Interface 
(API). Online data interactive services support online data viewing, preview and search, and 
also provides personalized services for data survey, collection, recommendation, download, and 
evaluation, etc. This is for the first time in China that data references of major national projects 
are published in accordance with Chinese national standard “Information Technology Scientific 
Ddata Reference” (GB/T 35294-2017), which allows orderly association of data and the whole life 
cycle management. Users can use this system to access all metadata gathered and released by 
CASEarth, and share the data according to the sharing permission.

CASEarth Databank provides long-term, multi-source ready-to-use Earth observation datasets, 
including: 200,000-scene of long-term land satellite data products (12 products per scene, 2.4 
million products in total) since the establishment of China Remote Sensing Satellite Ground 
Station (RSGS) in 1986; The Dynamic Map of China (with a resolution of 2m) based on the data 
provided by Gaofen-1/2 Satellite, Resources satellite three (ZY-3) and other domestic high-
resolution remote sensing satellites; The Dynamic World Map (with a resolution of 30m) based on 
the data provided by Gaofen Satellites, land satellites and other domestic and foreign satellites; 
as well as ready-to-use sub-meter level product sets. The system has established a global remote 
sensing data grid standard, and an independently developed Databox, which is an efficient data 
engine for Earth observation, providing advanced services such as artificial intelligence, various 
data analysis techniques, information mining services for the general public, industry users 
and scientists. In the future, users can not only use data, computing resources, and technical 
resources from CASEarth DataBank for their applications, but can also upload multi-source data, 
embedding algorithm models, and combine the system resources of CASEarth DataBank to 
complete scientific thematic information mining, knowledge discovery and decision-making.
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The DBAR Big Earth Data System contains 94 regional thematic datasets that cover various 
research themes such as resource management, environment, climate, disaster, and heritage 
etc., 57 categories of independent intellectual property data products, and more than 120 trillion 
bytes of shared data. Currently the system can process terabyte-level” information. It is the first 
international research and development tool set for extracting, transforming and loading large 
datasets about earth. It has the capability to retrieve, share and visualize six categories of data, 
shared by relevant institutes around the world and provide user- interface in multiple languages 
including Chinese, English and French.

Outreach and impacts

i. Enhancing the impact of Earth science Data sharing

On January 15, 2019, a number of mainstream media reported on the launch of the Big Earth 
Data Sharing Service Platform, which attracted the attention of geoscience research institutions 
and experts both at home and abroad. As of May 11, 2019, the system has been visited by 27,270 
independent IPs, with a total of 1,727,227 page-visits, 68,461 total visitors, 52,489 total searches, 
1,467 total download applications, 62,808 total downloads, and a total download data volume of 
5.730.38G.

ii. facilitating Enhanced international Data sharing

After the launch of the Big Earth Data Sharing Service Platform, it has attracted the attention of 
many countries along the Belt and Road, and many of them have shown willingness to share 
data and cooperate with CASEarth, using Big Earth Data to improve data management and 
environmental monitoring.
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1

PSYCHIATRY Pamela Sklar, 
pioneer of mental-health 
genomics, remembered p.32

PUBLIC HEALTH Study 
the risk of yellow 

fever in Asia-Pacific p.31

NEUROSCIENCE Antonio 
Damasio’s argument for 
emotions, appraised p.30

GEOLOGY Long line of triumph 
and failure — the hunt for 
Earth’s magnetic heart p.28

The ancient Silk Road trade routes 
connecting Asia, Europe and Africa 
lay behind the development of many 

great civilizations. Today, solar panels and 
smartphones have replaced silk, and trains 
and aeroplanes have superseded camels. But 
the Silk Road spirit of peace, mutual benefit 
and learning has been revived in an ambi-
tious plan to bridge East and West, launched 
in 2013 by Chinese President Xi Jinping.

The ‘Belt and Road’ initiative promises 
more than US$1 trillion of Chinese invest-
ment in some 60 countries (see ‘Belt and 
Road’). All other nations are welcome to 
join in. The main aim is socio-economic 
development through improving the routes 
for land and sea trade. The initiative will 
also boost science and technology across 
the region, for example through research 
into artificial intelligence, nanotechnology, 

quantum computing and smart cities (see 
go.nature.com/2mvfec6). 

But protecting the environment while 
supporting economic growth will be chal-
lenging. The Belt and Road region is home 
to more than 65% of the world’s population. 
It includes 18 cities that have populations 
of greater than 10 million, such as Beijing, 
Cairo, Moscow, Manila and Istanbul. 

Environments are diverse and fragile. 

Steps to the digital Silk Road
Sharing big data from satellite imagery and other Earth observations across Asia, 

the Middle East and east Africa is key to sustainability, urges Guo Huadong. 

1  F E B R U A R Y  2 0 1 8  |  V O L  5 5 4  |  N A T U R E  |  2 5

COMMENT

Many developing countries, such as Mongolia, have rural economies, so projects that can provide farmers with up-to-date agricultural information are crucial.
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Plant phenology is a sensitive indicator of climate change1–4 
and plays an important role in regulating carbon uptake by 
plants5–7. Previous studies have focused on spring leaf-out by 
daytime temperature and the onset of snow-melt time8,9, but 
the drivers controlling leaf senescence date (LSD) in autumn 
remain largely unknown10–12. Using long-term ground pheno-
logical records (14,536 time series since the 1900s) and satel-
lite greenness observations dating back to the 1980s, we show 
that rising pre-season maximum daytime (Tday) and minimum 
night-time (Tnight) temperatures had contrasting effects on the 
timing of autumn LSD in the Northern Hemisphere (> 20° N). 
If higher Tday leads to an earlier or later LSD, an increase in Tnight 
systematically drives LSD to occur oppositely. Contrasting 
impacts of daytime and night-time warming on drought stress 
may be the underlying mechanism. Our LSD model consider-
ing these opposite effects improved autumn phenology mod-
elling and predicted an overall earlier autumn LSD by the end 
of this century compared with traditional projections. These 
results challenge the notion of prolonged growth under higher 
autumn temperatures, suggesting instead that leaf senes-
cence in the Northern Hemisphere will begin earlier than  
currently expected, causing a positive climate feedback.

Climate change over the past several decades has modified 
the dates of plant flowering, leaf emergence, growth stages and 
senescence, collectively termed phenology13, with substantial 
ecological and environmental consequences4. Both observations 
and model simulations have found that air temperature has a 
positive influence on the onset of plant growth in the Northern 
Hemisphere; for example, higher spring temperature triggers 
earlier leaf-out and flowering dates and hence extends the grow-
ing season8,14,15. In contrast to those extensive research efforts on 
spring phenology, autumn phenology, particularly LSD, is more 
challenging to understand and has not received sufficient atten-
tion16,17, while also serving as an important indicator of changing 
foliar physiological properties. However, autumn phenology may 

be as important as spring in regulating the interannual variability 
of carbon balance7.

LSD has been occurring later in most regions over the past few 
decades18, but providing an explanation for this change is difficult9. 
An increase in global temperature is assumed to be a driver of LSD 
trends19, but studies have indicated that the contribution of tem-
perature to LSD variability is low, especially compared with spring 
phenology20,21. We argue that ignoring the asymmetric effects22 of 
Tday versus Tnight and their differing impacts on LSD contributes to 
the reported overall low contribution of temperature to LSD vari-
ability. To test this, we used measured and gridded pre-season 
(defined as months from June to LSD) Tday and Tnight values in the 
Northern Hemisphere, together with LSD data from three different 
datasets: (1) long-term phenological observations at ground sites 
from 14,536 time series since the 1900s (Supplementary Fig. 1),  
(2) the latest third generation of the normalized difference vegeta-
tion index (NDVI; Global Inventory Modeling and Mapping Studies 
NDVI3g version 1) for 1982–2015 and (3) NDVI and enhanced veg-
etation index (EVI) values from the Moderate-Resolution Imaging 
Spectroradiometer (MODIS) products for 2001–2015.

Pre-season forcing had a better predictive strength on LSD than 
either summer or autumn climate forcing alone (Supplementary  
Fig. 2). Because pre-season Tday and Tnight were highly correlated, we 
used a partial correlation to remove the effects of Tnight and of precip-
itation and radiation (similarly for Tnight) to investigate the response 
of LSD to Tday. Correlations were classified into four types, Tday

+Tnight
+ 

(type A), Tday
−Tnight

− (type B), Tday
+Tnight

− (type C) and Tday
−Tnight

+ (type D),  
where T+ and T− represent the positive and negative partial correla-
tion coefficient, R, respectively, of temperature T with LSD.

Overall, all three datasets suggest that the onset of autumn LSD 
responded oppositely to Tday and Tnight. The proportions of ground 
sites of types A and B were significantly lower than those of types 
C and D (Fig. 1a). More significant R values for both Tday and Tnight 
were found within types C and D, with only two and one records 
out of 2,231 time series having significant R values within types  

Contrasting responses of autumn-leaf senescence 
to daytime and night-time warming
Chaoyang Wu   1,2*, Xiaoyue Wang1,2, Huanjiong Wang   1,2*, Philippe Ciais   3, Josep Peñuelas   4,5, 
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Rachhpal S. Jassal10, Weimin Ju11, Wenping Yuan12, Yongshuo Fu13, Miaogen Shen14, Shihua Li15, 
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Residential locations, the jobs–housing relationship, and com-
muting patterns are key elements to understand urban spatial
structure and how city dwellers live. Their successive interaction is
important for various fields including urban planning, transport,
intraurban migration studies, and social science. However, under-
standing of the long-term trajectories of workplace and home
location, and the resulting commuting patterns, is still limited due
to lack of year-to-year data tracking individual behavior. With a
7-y transit smartcard dataset, this paper traces individual trajecto-
ries of residences and workplaces. Based on in-metro travel times
before and after job and/or home moves, we find that 45 min
is an inflection point where the behavioral preference changes.
Commuters whose travel time exceeds the point prefer to shorten
commutes via moves, while others with shorter commutes tend to
increase travel time for better jobs and/or residences. Moreover,
we capture four mobility groups: home mover, job hopper, job-
and-residence switcher, and stayer. This paper studies how these
groups trade off travel time and housing expenditure with their
job and housing patterns. Stayers with high job and housing sta-
bility tend to be home (apartment unit) owners subject to middle-
to high-income groups. Home movers work at places similar to
stayers, while they may upgrade from tenancy to ownership.
Switchers increase commute time as well as housing expenditure
via job and home moves, as they pay for better residences and
work farther from home. Job hoppers mainly reside in the sub-
urbs, suffer from long commutes, change jobs frequently, and are
likely to be low-income migrants.

commuting pattern | job dynamics | housing dynamics |
mobility group | smartcard data

L inking mobility patterns to socioeconomic characteristics of
city dwellers is important to economists, sociologists, geogra-

phers, and urban planners (1–4). Recent studies have explored
the distribution of poverty and wealth, mobility rhythms of
returners and explorers, human contact networks, demographic
characteristics and neighborhood isolation phenomena from
human mobility patterns by mobile phone call records, GPS
data, transit smartcard data, and geocoded messages from social
media (3, 5–8). In the era of big data, studies have uncovered
individual patterns and scaling laws and pose the prospect of
predicting human mobility (9–11). Of course, one advantage of
big data is volume, but big data rarely include socioeconomic
attributes directly and the availability is usually of a short dura-
tion. In contrast, household surveys (relatively small data in com-
parison) provide more socioeconomic attributes and travel infor-
mation. Investigating human mobility, including travel behavior
and the journey to work, has traditionally relied on household
surveys (12, 13). Still, some limitations exist in the surveys such
as the data resolution of travel trajectories and time use.

Mobility patterns can reflect human movement at various spa-
tial scales so that they can be used to critique and address
increasing social challenges. Recently, many researchers have
investigated patterns of international or intercity migration (14–
16), while fewer have explored intraurban migration or residen-

tial mobility (17). In the field of residential mobility, empirical
studies often harness the life course framework (18), while
theoretical models describe housing choice with the trade-off
between commuting cost and housing expenditures (19). Indeed,
the jobs–housing relationship, job and housing tenures, and
their dynamics affect daily commutes and travel behavior and
vice versa (2, 20, 21). However, few studies have assessed the
job and housing dynamics with a longitudinal analysis at the
individual level.

Transit station choice can be a proxy to capture patterns of
individual mobility in a city (22). With the help of smartcard
data, we probe consecutive trajectories of workplaces and resi-
dences over 7 y in Beijing to understand urban dwellers’ job and
housing dynamics. We identify the most preferred station near
each traveler’s workplace and residence (i.e., the work and home
stations) according to individual commuting regularity (23). As
transit use is a major part of commutes in megacities, regular
public transport commuters present higher temporal regularity
than nonregular commuters (Fig. 1A). From 2011 to 2017, the
annual proportion of regular commuters rose from 23.74% to
31.40%, and their trip records account for over 80% of transit
trips. We observed that 5,001 regular commuters retained their
smartcard for seven consecutive years. The sampling process is
shown in Fig. 1B. After assessing the spatiotemporal regular-
ity of trips, we find 4,248 sample commuters whose workplaces
and residences can be identified successively. The sample size is
more than equivalent to a travel survey. Each sample commuter

Significance

This paper uses transit smartcards from travelers in Beijing
retained over a 7-y period to track boarding and alighting
stations, which are associated with home and work loca-
tion. This allows us to track who moves and who remains at
their homes and workplaces. Therefore, this paper provides a
longitudinal study of job and housing dynamics with group
conceptualization and characterization. This paper identifies
four mobility groups and then infers their socioeconomic pro-
files. How these groups trade off housing expenditure and
travel time budget is examined.
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ARTICLE

Fire air pollution reduces global terrestrial
productivity
Xu Yue 1 & Nadine Unger 2

Fire emissions generate air pollutants ozone (O3) and aerosols that influence the land carbon

cycle. Surface O3 damages vegetation photosynthesis through stomatal uptake, while aero-

sols influence photosynthesis by increasing diffuse radiation. Here we combine several state-

of-the-art models and multiple measurement datasets to assess the net impacts of fire-

induced O3 damage and the aerosol diffuse fertilization effect on gross primary productivity

(GPP) for the 2002–2011 period. With all emissions except fires, O3 decreases global GPP by

4.0 ± 1.9 Pg C yr−1 while aerosols increase GPP by 1.0 ± 0.2 Pg C yr−1 with contrasting spatial

impacts. Inclusion of fire pollution causes a further GPP reduction of 0.86 ± 0.74 Pg C yr−1

during 2002–2011, resulting from a reduction of 0.91 ± 0.44 Pg C yr−1 by O3 and an increase

of 0.05 ± 0.30 Pg C yr−1 by aerosols. The net negative impact of fire pollution poses an

increasing threat to ecosystem productivity in a warming future world.

https://doi.org/10.1038/s41467-018-07921-4 OPEN

1 Climate Change Research Center, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China. 2 College of Engineering,
Mathematics and Physical Sciences, University of Exeter, Exeter EX4 4QE, UK. Correspondence and requests for materials should be addressed to
X.Y. (email: yuexu@mail.iap.ac.cn) or to N.U. (email: N.Unger@exeter.ac.uk)

NATURE COMMUNICATIONS | ���������(2018)�9:5413� | https://doi.org/10.1038/s41467-018-07921-4 | www.nature.com/naturecommunications 1

12
34

56
78

9
0
()
:,;



   www.CASEarth.com   41

PART
 04

Important 
Publications

ARTICLE

Emerging negative impact of warming on summer
carbon uptake in northern ecosystems
Tao Wang1,2, Dan Liu2, Shilong Piao 1,2,3, Yilong Wang4, Xiaoyi Wang2, Hui Guo2, Xu Lian3,

John F Burkhart 5, Philippe Ciais 4, Mengtian Huang3, Ivan Janssens6, Yue Li 3, Yongwen Liu 3,

Josep Peñuelas 7,8, Shushi Peng 3, Hui Yang3, Yitong Yao3, Yi Yin4 & Yutong Zhao2

Most studies of the northern hemisphere carbon cycle based on atmospheric CO2 con-

centration have focused on spring and autumn, but the climate change impact on summer

carbon cycle remains unclear. Here we used atmospheric CO2 record from Point Barrow

(Alaska) to show that summer CO2 drawdown between July and August, a proxy of summer

carbon uptake, is significantly negatively correlated with terrestrial temperature north of 50°

N interannually during 1979–2012. However, a refined analysis at the decadal scale reveals

strong differences between the earlier (1979–1995) and later (1996–2012) periods, with the

significant negative correlation only in the later period. This emerging negative temperature

response is due to the disappearance of the positive temperature response of summer

vegetation activities that prevailed in the earlier period. Our finding, together with the

reported weakening temperature control on spring carbon uptake, suggests a diminished

positive effect of warming on high-latitude carbon uptake.

https://doi.org/10.1038/s41467-018-07813-7 OPEN

1 Center for Excellence in Tibetan Earth Science, Chinese Academy of Sciences, Beijing 100085, China. 2 Key Laboratory of Alpine Ecology, Institute of Tibetan
Plateau Research, Chinese Academy of Sciences, Beijing 100085, China. 3 Sino-French Institute for Earth System Science, College of Urban and
Environmental Sciences, Peking University, Beijing 100871, China. 4 Laboratoire des Sciences du Climat et de l’Environnement, LSCE, Gif-sur-Yvette F-91191,
France. 5 Department of Geosciences, University of Oslo, Oslo 0371, Norway. 6Department of Biology, University of Antwerp, Universiteitsplein 1, 2610
Wilrijk, Belgium. 7 CREAF, Cerdanyola del Valles, Barcelona 08193 Catalonia, Spain. 8 CSIC, Global Ecology Unit CREAF-CEAB-CSIC-UAB, Cerdanyola del
Valles, Barcelona 08193 Catalonia, Spain. Correspondence and requests for materials should be addressed to T.W. (email: twang@itpcas.ac.cn)
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2018 marked the beginning of CASEarth. Under the leadership of the governance 

board, all members of CASEarth worked together to innovate and have made a series 
of important achievements in scientific discovery, technological innovation, and decision 
support based on Big Earth Data. The deployment of 9 projects, 41 sub-projects, and 
138 research teams has been completed. There are 7 working groups set under the 
administrative panel, forming a collaborative working mechanism of the administrative 
panel, working groups and the CASEarth Administration Office. In terms of the major 
outputs, 3 Nature / Science articles were published this year, as well as 152 SCI articles, 
including 65 TOP25 articles; 51 patents and 22 software patents were applied. We offered 
national level policy support with 18 consultant reports and provided national/regional policy 
support services for 31 times.

In 2019, CASEarth will work on the overall goal of “constructing an International Big 
Earth Data Science Center,” focusing on breaking the bottleneck of open data sharing 
and achieving the full integration of scattered data, models and services in the fields of 
resources, environment, biology and ecology. Emphasis will be put on the four core tasks 
of “Five sub-systems, One Satellite, One Facility, Six SDGs.” Five sub-systems include the 
Belt and Road regional system, the Beautiful China national system, the global biosphere 
sub-system, the global ocean sub-system and the global cryosphere sub-system. CASEarth 
Satellite will enter into flight model phase from prototype phase. The facility indicates the 
construction of state-of-the-art Big Earth Data Infrastructure. Six SDGs are oriented towards 
the UN Sustainable Development Goals (SDGs-2, 6, 11, 13, 14, 15) and based on the Big 
Earth Data Platform, comprehensively integrating the databases, models and decision-
making methods of CAS in the fields of resources, environment, ecology and biology , 
and building sustainable development evaluation indicators system and decision support 
platform. “Big Earth Data in Support of Sustainable Development Goals” Report will be 
released, exploring a new paradigm driven by big data and the integration of disciplines, so 
as to lead technological innovation, scientific discovery, macro-decision making, and social 
and public knowledge dissemination.
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s/N Time  Event 

1 October 21st, 2016 BAI Chunli, president of CAS, convened a conference on the construction of a geo-
information platform in the field of resource, environment and bio-environment;

2 March 1st, 2017 The first meeting of CASEarth Governance Board: Approved the proposal, 
suggested to complete the feasibility report, and promoted project approval;

3 July 21st, 2017 The feasibility report was approved in the Academic Consultant Meeting of CAS;

4 July 29th, 2017 The feasibility report reviewed and approved by the President of CAS; “Big Earth 
Data Science Engineering Project (CASEArth)” entered into the pre-proposal phase;

5 August 30th, 2017 Reported the construction plan of “Big Earth Data International Science Center;”

6 September 25th, 2017 Implementation Plans of CASEarth and its projects approved by the Academic 
Consultation and Review Meeting;

7 October 10th-11th, 2017 Implementation Plans of sub-projects and research teams reviewed and selected;

8 October 12th, 2017 Implementation Plans of CASEarth and its projects approved by the Bureau of 
Science and Technology; 

9 November 3rd, 2017 CASEarth Implementation Plan approved by CAS Governing Board and the project 
was officially funded.

10 December 20th-30th, 
2017

Implementation Plans of sub-projects and research team reassessed, and 12 of 
them were temporally postponed;

11 January 30th, 2018 “Steps to the Digital Silk Road” published in Nature;

12 February 12th, 2018 CASEarth Launch Conference held in Beijing；
Launched the new Journal of Big Earth Data, 
which is published by Taylor & Francis

13 March, 2018 Assessment and approval of 5-year science plan and budget；

14 June 19th, 2018 Reassessed the proposal of the postponed research teams;

15 June 28th, 2018 Convened the Seminar of CASEarth Technical Panel – over 100 experts from 
nine projects attended the seminar and made comments on technology and 
methodology across the entire project;

16 August 13rd, 2018 The second meeting of CASEarth Governance Board: decided the physical site of 
the prototype system;

17 October 10th, 2018 Approval of CASEarth Satellite Designing Plan and technical parameters;

18 October, 2018 Annual Meetings of CASEarth and its nine projects;

19 November 1st, 2018 The third meeting of CASEarth Governance Board: evaluated the annual progress 
of CASEarth and its projects

20 November 3rd, 2018 CASEarth Signed Strategic Cooperation Agreement with UNEP, in support of its 
global environmental outlook

21 November 30th, 2018 Assessment and approval of CASEarth Prototype System and its development plan;

22 December 5th–7th, 2018 Organized International Science Conference on Digital Belt and Road
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CASEarth Launch Conference

“Steps to the Digital Silk Road”published in Nature;
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CASEarth Signed Strategic Cooperation Agreement with UNEP, in support of its 
global environmental outlook

CASEarth outreach and public communication
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CASEarth Signed Strategic Cooperation Agreement with UNESCO

DBAR- Heritage Research Group in the field






