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a b s t r a c t 

Geographic information science (GIScience) and remote sensing have long provided essential data and method- 

ological support for natural resource challenges and environmental problems research. With increasing advances 

in information technology, natural resource and environmental science research faces the dual challenges of data 

and computational intensiveness. Therefore, the role of remote sensing and GIScience in the fields of natural 

resources and environmental science in this new information era is a key concern of researchers. This study 

clarifies the definition and frameworks of these two disciplines and discusses their role in natural resource and 

environmental research. GIScience is the discipline that studies the abstract and formal expressions of the basic 

concepts and laws of geography, and its research framework mainly consists of geo-modeling, geo-analysis, and 

geo-computation. Remote sensing is a comprehensive technology that deals with the mechanisms of human ef- 

fects on the natural ecological environment system by observing the earth surface system. Its main areas include 

sensors and platforms, information processing and interpretation, and natural resource and environmental appli- 

cations. GIScience and remote sensing provide data and methodological support for resource and environmental 

science research. They play essential roles in promoting the development of resource and environmental science 

and other related technologies. This paper provides forecasts of ten future directions for GIScience and eight 

future directions for remote sensing, which aim to solve issues related to natural resources and the environment. 
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. Introduction 

Remote sensing and geographic information science (GIScience)

ave long been employed to study natural resources and the environ-

ent, providing essential data and methodological support. Recently,

nformation and communication technology development has led to

 surge of big data and artificial intelligence, which have advanced

he research applications of remote sensing and GIScience. With the

mergence of big data and geo-computing, geo-referenced data from

obile devices and social media is abundant making up for previous

ata limitations and providing new research perspectives and frame-

orks ( Zheng et al., 2014 ; Liu et al., 2015 ). Furthermore, progressive

mprovement in computer systems’ storage and computing capacities

as substantially changed remote sensing and GIScience. New research

nto panoramic location-based mapping ( Zhou et al., 2011 ), ubiquitous

apping ( Guo and Ying, 2017 ), and pan-spatial information systems

 Zhou, 2015 ) have been proposed. New data models such as 3D/4D grid

ystems ( Holho ş and Ro ş ca, 2018 ; Sirdeshmukh et al., 2019 ; Ulmer and

amavati, 2020 ) have been created, and new information science meth-

ds and techniques have been widely adopted. In the field of remote

ensing, new imaging modes and technologies, integrated multi-source

ata, and new intelligent image processing methods have been intro-

uced. In addition, image information processing and interpretation are

eveloping in a more intelligent, dynamic, and quantitative direction

 Li, 2003 ; Tong et al., 2018 ). Thus, new sources of big data as well as

raditional geospatial and remote sensing data will increasingly support

he study of natural and socioeconomic phenomena. 

The world’s population faces challenges from global climate change

nd mismanagement of natural resources. To overcome these problems,

atural resource and environmental science research should provide the

bility to understand, simulate and predict these changes. The use of

ulti-source data and continuous innovations in natural resource and

nvironmental research is an irresistible trend. As a core aspect of "dig-

tal China" and "digital earth", remote sensing and GIScience should be

mployed to help solve the resource and environmental problems faced

y China and the world by introducing new methods and techniques

o improve management and decision making in natural resources, the

nvironment, natural hazard, public security and transport. This paper

larifies the definitions and frameworks of GIScience and remote sensing

nd highlights their role in natural resource and environmental science

esearch. We then forecast future directions for GIScience and remote

ensing, aimed at solving natural resource and environmental problems.

. Definitions and frameworks of GIScience and remote sensing 

.1. GIScience 

In the context of information systems, GIScience studies the abstract

nd formal expressions of basic geographic concepts and laws to sup-

ort resource and environmental science research ( Goodchild, 1992a ).

or this purpose, it is necessary to focus on: 1) modelling resources and

nvironmental elements with different temporal and spatial distribu-

ions (geo-modeling) and 2) analyzing and simulating geographic space

geo-analysis). The former solves data structure problems, including spa-

iotemporal data models and structures ( Goodchild, 1992b; Goodchild

t al., 2007 ), geographic information visualization ( Andrienko et al.,

003 ; Koua et al., 2006 ), spatial cognition ( Mark et al., 1999 ), and

nowledge graphs ( Janowicz et al., 2012 ). The latter solves method-

logical problems, including resources and environmental assessment

 Sherrouse et al., 2011 ), resources and environmental big data analysis

 Yao et al., 2017 ), and intelligent spatiotemporal models ( Parker et al.,

003 ; Li and Liu, 2008 ). In addition, it is necessary to study 3) geo-

omputing techniques (geo-computation) to implement and apply the

orresponding models and methods under the support of comput-

ng technology, including spatiotemporal big data organization and

anagement ( Pijanowski et al., 2014 ), geographic computing systems
208 
 Clarke, 2003 ), environmental simulation ( Batty et al., 1999 ), and deci-

ion support ( Malczewski, 2006 ) as shown in Fig. 1 . 

.1.1. Geo-modeling 

The main objects of geo-modelling include natural and human ele-

ents ( Goodchild, 1992b ). A geographic element has the attributes of

patial location, time, and scale. A geographic element may present dif-

erent states at different scales, and its representation depends on how

t is perceived ( Mark 1993 ). The spatiotemporal conditions (static) or

ehaviors (dynamic) of geographic elements are geographic phenom-

na. The regular arrangements of geographic elements in space form

eographic patterns ( Peuquet, 2001 ; Yuan, 2001 ). Geographic processes

re the observations of geographic elements, patterns, and systems in the

ime dimension. A core characteristic of geographic processes is spatial

nd temporal variability. 

.1.2. Geo-analysis 

Geo-analysis is the quantitative study of geospatial phenomena,

hich processes spatial data into different forms such as spatial

easurement, spatial statistics ( Anselin and Getis, 1992 ), clustering

 Fotheringham and Zhan, 2010 ; Pei et al., 2012 ), network analysis

 Xu et al., 2015 ), and spatiotemporal intelligence ( Chapi et al., 2017 ;

ao, 2020 ), and extracts potential information and knowledge to sup-

ort spatial decision-making. Geo-analysis involves the modelling, anal-

sis, simulation, prediction, and optimization of spatial locations, dis-

ributions, forms, distances, and relationships. Combined with artificial

ntelligence, GIScience is no longer merely a tool for spatial simulation.

IScience is expected to break through existing research frameworks by

ncovering additional laws in natural resources and the environment

y: researching spatiotemporal methods; integrating resources and en-

ironmental domain knowledge with artificial intelligence methods; and

stablishing universal connections of geographic elements, patterns and

rocesses. The basic research areas of geo-analysis include: 

(1) Environmental and resource assessments of water, soil, atmo-

sphere and biology through spatial models and analysis to re-

veal the distribution patterns, interactions, and dynamic evolu-

tion. This process should consider different spatial effects, extend

classical data mining and analysis methods, and find a compro-

mise between the global universality and local particularity of

geographical phenomena. 

(2) Geo-analysis establishes spatial analysis model frameworks based

on multi-source geographic big data and reveals the coupling re-

lationship and dynamic changes between natural resources and

multiple environmental elements with the aid of machine learn-

ing, time series analysis, tensor analysis, and other methods. 

(3) Geo-analysis explores intelligent spatiotemporal models that in-

tegrate the laws of natural resources and the environment by

combining black and white boxes, constructing a spatiotemporal

intelligent analysis method system for understanding geographic

phenomena and modelling geographic processes, and perform-

ing geographical tasks such as spatiotemporal pattern extraction,

anomaly detection, and unknown variable inference and scenario

prediction. This enables overall perception, comprehensive un-

derstanding, and intelligent prediction in natural resources and

the environment. 

.1.3. Geo-computation 

Geo-computation is a research field that uses computer methods to

rocess geographic information and analyze geographic phenomena, in-

olving high-performance computing for geographic information pro-

essing and management ( Chen et al., 2018 ), geographic data mining

 Mennis and Guo, 2009 ), geographic process modelling ( Brown et al.,

005 ), and software engineering and computing systems that support

rocessing and analysis. Geo-computing integrates theories and methods
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Fig. 1. Definition and framework of GIScience. 
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n computer science, GIScience, mathematics and statistics and predom-

nantly involves methodologies in GIScience. In the era of big data, natu-

al resource and environmental science research have been afforded new

pportunities by the abundance of data on earth observations and hu-

an mobility, thus entering the "fourth paradigm" era for data-intensive

cientific discovery ( Hey et al., 2009 ; Pei et al., 2020 ). As the core sup-

ort for GIScience, geo-computing needs to efficiently manage, analyze

nd explore large scale spatiotemporal information in this new data en-

ironment. In the context of big data, determining and developing effec-

ive high-performance computing techniques to form a systematic geo-

raphic computing solution is key to overcoming the challenges of data

ntensiveness and computational intensiveness. There are three main

eo-computational research areas: 

(1) Organization and management of spatiotemporal data. Geo-

computing develops new types of distributed spatial database

techniques aimed at difficulties in storing and processing large

scale spatiotemporal data. By fusing advanced techniques such

as NoSQL ( Cattell, 2010 ) and NewSQL ( Pavlo and Aslett, 2016 ),

geo-computing can build big data management models based on

new types of distributed computing frameworks to achieve high-

efficiency management and access. 

(2) Geo-computing methods for multi-modal big data. A high-

performance computing system that integrates multi-source spa-

tiotemporal data and micro and macro models is required. Un-

der the support of the new spatiotemporal big data expression

frameworks and storage models, this can be realized by integrat-

ing advanced computing methods such as cloud computing with

high-concurrency spatiotemporal information processing, high-

performance spatial analysis and visualization. Moreover, geo-

computing supports offline fusion and online assimilation for

multi-source spatiotemporal big data and provides strong sup-

port for multi-source big data simulation and knowledge-based

decision-making. 

(3) Applications supported by geo-computing. This research area

aims to develop geographical applications with the support of

quantitative scientific tools, e.g., spatiotemporal pattern discov-

ery and decision support in natural resources, ecological protec-

tion, public health, and disaster prevention and mitigation based

on big data calculation and analysis. 

.2. Remote sensing science and technology 

Remote sensing science, which involves observation of the earth’s

urface, examines the macro and micro mechanisms of human behavior

n the natural environment related to economic and social development.

o meet these aims, it is necessary to focus on research into sensor and
209 
latform techniques as well as information processing and interpretation

echniques, which are related to the imaging of natural resource and en-

ironmental elements. The former deals with data acquisition and sys-

em organization of resource and environmental information, whereas

he latter solves methodological problems related to the interpretation

f resource and environmental information. On this basis, the realiza-

ion and applications of resource and environmental projects supported

y spatial information are further studied as shown in Fig. 2 . 

.2.1. Theory and technology related to sensors and platforms for resource 

nd environmental data acquisition 

Remote sensing is a technology that measures electromagnetic radi-

tion on the earth’s surface through sensors located far from the target.

t then transmits, processes, interprets, and analyzes the acquired in-

ormation in order to monitor the earth’s environment system. In the

ra of the digital earth, all-weather, full-time and full-coverage observa-

ion provided by remote sensing is the main method of data acquisition

or environmental science research. As a method of spatial data acqui-

ition, remote sensing integrates the theories and methods from geo-

nformation science, aerospace, aviation, physics, computer science, and

omputational mathematics. It uses methods of remote sensing imaging,

.e., obtaining the geometric and physical attributes of surface elements

ccording to the characteristics of electromagnetic waves, which are re-

ected or radiated by surface elements then recorded by sensors. The

asic remote sensing research areas are described below. 

(1) The development of new sensors. From the perspective of space-

borne sensors, new advances involve the high-resolution, low

light level (i.e., nighttime light) satellite and the microsatel-

lite constellation technology ( Eisenberg, 2013 ), design of space-

based real-time imaging observation systems ( Xiao et al., 2018 ),

development of space radiometric reference satellite sensor and

geosynchronous earth orbit passive/active sensors. From the per-

spective of aerial-borne sensors, this research area focuses on

high precision light-and-small aerial mapping, uncrewed aerial

vehicles (UAV) and high-efficiency navigation space synthetic

aperture radar (SAR) remote sensing, etc. SAR sensor develop-

ment is focused on miniaturization, multi-function and multi-

mode, e.g., including multi-look polarimetric ( Yang et al., 2021 ),

interferometric ( Romeiser, 2013 ), wide-area surveillance. 

(2) The mechanism of remote sensors. This area involves the analysis

of spectroscopic principles ( Ryan and Walker, 2015 ; Chen et al.,

2021 ), atmospheric dispersion ( Zhang et al., 2012 ), and the op-

tical splitter design of sensors ( Shi et al., 2021 ) based on the

principles of active and passive remote sensing imaging. This re-

search area also involves the analysis of sensor imaging geometry

to compensate for geometric distortion and to stabilize images
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Fig. 2. Definition and framework of remote 

sensing. 
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and the quality information products. 
based on the orbital altitude, attitude and time synchronization

of satellites and the internal orientation of sensors ( Norris and

Walker, 2020 ). Finally, this research area deals with the relation-

ship between payloads and imaging modes, satellite platforms,

and ground parameters to improve imaging quality ( Ren et al.,

2011 ; Zhang et al., 2021b ). 

(3) Geometric remote sensing. This research area involves project-

ing images to a certain object space coordinate system and re-

covering the geometric position of corresponding objects ac-

cording to the sensor’s external orientation ( Toutin, 2004 ). It

involves techniques of space-time datum, data communication

and transmission, on-orbit geometric calibration, geometric cor-

rection of single-scene images, geometric matching of multi-

images, digital elevation/terrain models and orthophoto gen-

eration ( Wiesel, 1985 ; Fraser, 1997 ; Hartmann et al., 2016 ;

Zhang et al., 2019 ; Abdollahi and Pradhan, 2021 ). 

(4) Physical remote sensing. This research area examines the rela-

tionship between the electromagnetic spectrum and information

obtained by the sensors based on the imaging mechanism of sen-

sors ( Dellwig, 1986 ). It involves analysis of radiation transfer

mechanism models by exploring the relationship between ground

radiation signals and earth surface parameters; and atmospheric

radiation transfer models by analyzing the influence of the atmo-

sphere on the surface radiation signals received by remote sensors

( Tang et al., 2013 ; Tripathy et al., 2015 ; Kwok and Ng, 2021 ). 

.2.2. Natural resource and environmental information processing and 

nterpretation 

Multi-spectral and multi-period remote sensing images acquired at

ifferent locations and altitudes and progressively enhanced remote

ensing information can provide comprehensive, systematic, instanta-

eous or synchronous information of continuous regions that support

patial decision-making in environmental science. The research scope

ncludes remote sensing platforms and platform integration technolo-

ies, remote sensors, remote sensing information processing, quantita-

ive remote sensing and remote sensing information engineering. Infor-

ation processing and interpretation involves the following research

reas. 

(1) Regarding the requirements of resource and environmental in-

formation interpretation, this field analyzes the imaging modes,

physical characteristics, geometric characteristics and timeliness

of various remote sensors. It combines artificial intelligence in

the core techniques of intelligent image information extraction to

solve problems such as on-orbit data processing, pattern recog-

nition, automatic interpretation, and computer vision to reveal

surface element distribution trends and spatiotemporal patterns.
210 
(2) This field combines models of electromagnetic radiation trans-

mission, dynamic models of resource and environmental changes,

statistical models and machine learning algorithms to construct

quantitative spatiotemporal evolution models of the earth’s sur-

face parameters (physical, chemical and biological) and reveal

relationships and processes. 

(3) Under the integrated services of comprehensive observation pro-

vided by multi-purpose satellites, satellite constellations and

multi constellation collaboration, this field involves intelligent

complementation and fusion of information with fine and mas-

sive multi-platform, multi-layer, multi-sensor, multi-temporal,

multispectral, multi-angle and multi-resolution remote sensing

data to discover complicated geographic patterns. To make full

use of the effectiveness of multi-source satellite systems and meet

the needs of diverse applications in natural resources and the en-

vironment, this field must solve problems such as spatial data

mining and intelligent service engine. 

.2.3. Applications in the fields of natural resources and the environment 

Through the information transmission mechanism governing the

nteraction of electromagnetic waves with the five major spheres of

he earth (hydrosphere, pedosphere, lithosphere, atmosphere, and bio-

phere), remote sensing provides services for natural resource and en-

ironmental applications and global change at three levels: general in-

estigations, detailed investigations and dynamic monitoring. Research

opics include but are not limited to atmospheric remote sensing, marine

emote sensing, forestry remote sensing, agricultural remote sensing,

nvironmental remote sensing, surveying and mapping remote sensing,

rban remote sensing and national information monitoring. Research

ncludes the following areas. 

(1) Basic research on remote sensing applications, remote sensing

product production and validation methods, especially the tech-

nology of real-time dynamic monitoring data processing for

space-based remote sensing. This research focuses on automated,

near real-time data validation methods for multiple elements

at multiple spatiotemporal scales using multi-platform observa-

tions, such as uncrewed aerial vehicles (UAVs) and small sensors.

(2) Examine the integration, planning, connection and coordination

between various industries and departments and the joint ap-

plication of dynamic monitoring data from multi-source remote

sensing and ground station networks. Distributed remote sens-

ing software and hardware facilities, data, information, and tech-

nologies should be integrated to jointly solve important and com-

mon global technical problems in dynamic remote sensing mon-

itoring to improve the level of dynamic earth surface monitoring



T. Pei, J. Xu, Y. Liu et al. Geography and Sustainability 2 (2021) 207–215 

3

e

3

e

 

p  

i

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3

s

 

s  

e  

c  

R  

y  

t  

e

 

d  

a  

a  

d  

o  

c  

s

 

a  

e  

i  

t  

e

 

r  

a  

t  

f  

c  

g  

a  

m  

t  

m  

a  

v  

d

 

b  

r  

c  

t  

fi  

t  

t  

r  

t  

L

 

a  

t  

c  

g  

o

4

4

 

e  

c  

t  

S  

i  

h  

n  

v  

s  

t

 

t  

n  

t  

n  

t  

e

 

o  

w  

e  

i  

p  

m  

t  

level of natural resource and environmental research. 
. Role of GIScience and remote sensing in natural resource and 

nvironmental science 

.1. Supporting the research and applications of natural resource and 

nvironmental science 

Remote sensing and GIScience provide data and methodological sup-

ort for resource and environmental science research with the help of

nformation technology from the following aspects. 

(1) With multi-source spatiotemporal big data, such as remote sens-

ing data, survey sampling data, and station observation data, re-

mote sensing and GIScience can be used to study techniques of

data collection, management and distribution, and to solve data

quality problems related to data acquisition and management. 

(2) Remote sensing and GIS can be used to discover laws, answer

questions and optimal decision making by innovating techniques

and methods of pattern recognition, process simulation and spa-

tiotemporal prediction. 

(3) Considering the high information demands of China, these meth-

ods can build analysis and simulation systems by develop-

ing hardware and software tools, thereby systemizing scientific

achievements in resource and environmental science. 

(4) Information technology is a crucial driver for promoting the de-

velopment of remote sensing and GIScience. By actively intro-

ducing advanced technologies in information technology, such

as sensor networks, artificial intelligence, and cloud computing,

remote sensing and GIScience can connect resource and environ-

mental science research with other disciplines. 

(5) Remote sensing is an interdisciplinary research domain emerg-

ing from the interconnection of surveying and mapping science,

space science, electronic science, earth science, and computer sci-

ence. It is an important means of obtaining resource and environ-

mental parameters using non-contact sensors. 

(6) GIScience investigates the primary theoretical representations

and basic methodological framework of resource and environ-

mental science research, focusing on the discipline’s core con-

cepts and general tools. Thus, GIScience can achieve more gen-

eral abstractions of the research objects, which helps maintain the

integrity and prevent the "hollowing out" tendency in resource

and environmental science. 

.2. Promoting the development of natural resources and environmental 

cience, and related technologies 

Remote sensing science has advanced the development of several

ubject areas and industries including urbanization, information and sci-

nce, population and health, manufacturing, transportation, public se-

urity, national defense, resource supervision, meteorology and oceans.

emote sensing has provided benefits technological changes to crop

ield estimation, soil surveys, land use change, disaster monitoring, wa-

er resource surveys, water conservation engineering surveys and agro-

cological environment monitoring. 

Remote sensing has dramatically increased the amount of primary

ata and created a solid technological foundation in natural resources

nd the environment. Over the last several decades Chinese government

gencies and university departments related to surveying and mapping,

isaster prevention and mitigation, water conservation, land use, geol-

gy, meteorology, agriculture, forestry and marine research have been

onducting remote sensing research and have accumulated long time

eries and multi-modal earth observation data. 

Remote sensing involves various scientific and technical fields such

s aerospace, optoelectronics, physics, earth science, information sci-

nce, artificial intelligence and cloud computing. Thus, it has boosted

nnovation and interconnectivity of sensors, electronic information, ar-
211 
ificial intelligence, geography, computing science and other domains,

nabling the emergence of new disciplines. 

GIScience is aimed at meeting the practical needs of regional forestry

esources management agencies, mineral exploitation, environmental

ssessment and natural disaster warning. It has played an impor-

ant role in establishing high-quality indicators and technical systems

or dynamic resource and environmental monitoring. It has also ac-

elerated the development of other related disciplines and technolo-

ies. First, GIScience has promoted the efficient collection and man-

gement of resource and environmental data. Spatiotemporal data

odels and spatiotemporal indices, as well as the GIScience abili-

ies of integrative spatiotemporal/transaction data storage and cross-

odal computation, have aided the collection efficiency and man-

gement quality of multi-source and heterogeneous data, and pro-

ided tools and methods for in-depth analysis and application of these

ata. 

Second, GIScience has spurred spatiotemporal data analysis capa-

ilities and applications in natural resource and environmental science

esearch. The research questions in natural resources and geographi-

al environment are usually correlated in time and space. Therefore,

o adapt to the regional, dynamic and refined development of these

elds, an accurate understanding of geospatial data is required. In-

elligent analysis of spatiotemporal big data is an important geospa-

ial data application that provides technical support for spatiotempo-

al data storage, retrieval and visualization, and collaborative computa-

ion, and precise information extraction and visualization ( Guo, 2018 ;

i, 2019 ). 

Third, GIScience has strengthened the interconnectivity of resource

nd environmental disciplines and related technologies. In recent years,

he combination of GIScience and remote sensing with big data, cloud

omputing and artificial intelligence have experienced substantial pro-

ression, contributing to improving theoretical and application devel-

pment in resource and environmental disciplines. 

. Future developments of GIScience and remote sensing 

.1. General trends of GIScience 

The theoretical foundation of GIScience research should be strength-

ned in the following ways. First, the understanding and expression of

ore geospatial concepts, such as scale, spatial dependence, and dis-

ance, should be enhanced through research in theoretical geography.

econd, the formal modelling of geospatial patterns can be developed by

ntroducing relevant mathematical methods, e.g., the mechanisms be-

ind phenomena such as self-organization, nonlinearity, scale-free phe-

omena and emergence in the complex giant system of geography re-

ealed through the methods of complexity science. Third, the study of

patial cognition provides the cognitive science foundation for geospa-

ial artificial intelligence. 

GIScience would not have developed without support from informa-

ion science. Thus, GIScience should seize the opportunities brought by

ew technologies such as big data, artificial intelligence, the Internet of

hings (IoT), blockchain, and high-performance computing to develop

ew methods and overcome problems of expression, analysis, simula-

ion and prediction in the complex systems of natural resources and the

nvironment. 

Most research in the natural resources and the environment focuses

n the issue of the "data-method-platform". GIScience needs to contend

ith issues in the sustainable development of natural resources and the

nvironment. By increasing investment in data, methods and platforms

n these fields, research can be conducted on cross-domain collaborative

rocessing, spatiotemporal evolution modelling and intelligent decision

aking for integrated global observation big data. This will promote

he application of geographic information technologies and improve the
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.2. General trends of remote sensing 

Remote sensing is an important data source for natural resources and

nvironmental science research, which provides accurate and timely in-

ut parameters. The techniques of earth observation, intelligent infor-

ation processing and multi-source data fusion are developing rapidly

nd injecting new vitality and power into natural resource and environ-

ental research. This section focuses on "quantitative remote sensing"

nd "information remote sensing", addressing the strategic development

f remote sensing in geographic parameter inversion and information

usion. 

.2.1. Remote sensing parameter inversion 

Along with continuous improvements in remote sensing’s earth ob-

ervation capacity and ground-based observation networks, geographic

arameter inversion is expected to enhance quantification, precision and

larity. The quantitative extraction of geographic parameters from re-

ote sensing data based on the space-air-ground integrated earth obser-

ation networks is an important strategic direction. Specifically, abun-

ant and increasingly domestic space-based observation data are now

vailable. The implementation of high-resolution earth observation pro-

rams and rapid development of the civil aerospace industry have en-

bled China’s on-orbit high-resolution satellites to achieve observations

ver the full spectrum with high-resolution constellations and space-

ased sensing networks composed of high spatial resolution, hyperspec-

ral, infrared, and radar sensors. In aerial remote sensing, the popularity

nd commercialization of UAV sensing and the full spectrum coverage

ave further enhanced the capacity for earth observations. At the same

ime, ground-based observations have been improved. Ground obser-

ation networks for vegetation, soil, water quality, atmosphere, carbon

nd other elements, combined with aerospace and aerial remote sensing,

ill guarantee quantified, real-time and accurate remote sensing. 

.2.2. Remote sensing information processing 

Remote sensing earth observations are an important data source. The

apidly developing space-air-ground integrated earth observation net-

ork will continuously gather massive, multidimensional, and hetero-

eneous remote sensing data. The distinctive characteristics of big data

nclude not only large volumes but also multi-source and heterogeneous

eatures. However, any single dimension of these data only represent

 certain aspect of geographic space and probably includes errors (in-

trument errors, statistical errors and crowdsourcing errors). Therefore,

hese multi-source heterogeneous data should be subjected to data fu-

ion, assimilation and integration before they are sued to support geog-

aphy and as the basis for strategies such as global mapping, the Belt and

oad Initiative and sustainable development. Furthermore, to achieve

omprehensive remote sensing observations and data integration, it is

ecessary to establish an integrated space-air-ground observation net-

ork and IoT transmission system that supports a big data platform

or integrating, analyzing, sharing and serving multi-source observation

ata for the earth. 

.3. Specific development directions of GIScience and remote sensing in 

atural resource and environmental science 

.3.1. Geographical information science 

We estimate that GIScience developments over the next 15 years will

ollow ten directions, which can be summarized into three categories:

heoretical methods, a new generation of GIS and an integrated data and

omputing environment. 

.3.1.1. Theoretical methods of GIScience. 

(1) Geographic information modelling of natural resources and the
environment. e

212 
The fundamental research aims of GIScience, which has yet to be

ompleted, involves establishing effective expression models, quantita-

ive evaluation models and scale transformation models of geographic

nformation based on an understanding of the generation, transmission,

nd transformation mechanisms of information related to the natural

nd social elements and processes of water, soil, air and biology. 

2) Digital twin representation and interaction of geographic systems. 

Current visualizations only take layers for single elements or pro-

esses as display units and lack the capacity to display complex spa-

iotemporal evolution processes. Performing real-time and effective re-

roduction and interaction of the complex spatiotemporal evolution pro-

esses of the environment in the form of a digital twin will overcome the

imitations of current visualizations and help users achieve an accurate

nderstanding and exploratory analysis of geographic systems. 

(3) Intelligent geographic system simulation and analysis. 

Formal expression, integration and reasoning of models and knowl-

dge, especially the implicit empirical modelling knowledge which is

rucial for the correct usage of professional models ( Qin et al., 2016 ;

iang et al., 2020 ), are essential for geographic modelling in complex

pplication scenarios and for performing efficient and accurate simula-

ion and analysis of geographic systems. 

.3.1.2. Developing a new generation of GIS. 

(1) GIS architecture and computing service mode. 

Build new GIS architecture based on the characteristics of natural

esource and environmental science applications, and provide advanced

omputing service modes that satisfy various functional requirements

or a new generation of natural resource and environmental information

ystems. 

(2) Aggregation of big data in natural resources and the environment.

Effective aggregation of various traditional geographic data and new

ig data related to resources and the environment is necessary when

mploying "geographic big data" to support all-aspect reproduction and

nalysis of multiple natural and social elements and processes (e.g., wa-

er, soil, air and biology). 

(3) Integration and interoperability of knowledge and models in nat-

ural resources and the environment. 

The integration and interoperability of knowledge and models in var-

ous professional fields related to natural resources and the environment

ake it possible for users to quickly model resources, the environment,

isasters, sustainable development and other issues in a flexible and

asy-to-use manner ( Zhu et al., 2021 ). 

(4) Generation of new resource and environmental information sys-

tems. 

By integrating the research results of theoretical methods and sys-

ems in GIScience, a new generation of natural resource and environ-

ental information systems can emerge. To highlight the different per-

pectives of this new-generation system, different names such as new

eneration GIS, full-space geographic information system or virtual en-

ironment should be considered. 

.3.1.3. Data-and-computing-integrated major application services in re-

ources and the environment. 

(1) Deep-time digital earth. 

Deep-time digital earth focuses on the digital reproduction and in-

eraction of the earth system, especially extensions to deep earth and

xtraterrestrial space in the space dimension and historical geological

eriods in the time dimension. Constructing a deep-time digital earth

latform can provide portal services of geoscience data, models, and

nowledge for research and applications in natural resources and the
nvironment. 
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(2) Virtual experiments coupling natural and human processes. 

Virtual geographic experiments provide support for methodologi-

al and technical systems in resources and the environment (Lin et al.,

013a,b) . Conducting virtual experiments that couple natural and hu-

an processes will promote the understanding of various geographic

lements, processes and interactions in the geographic system, thereby

dvancing knowledge discovery. 

(3) Decision support for natural resources, the environment, disas-

ters, health and sustainable development. 

GIScience should focus on these areas which greatly concern national

conomies and people’s livelihoods. It should also provide real-time

ystem monitoring, modelling and simulation, scenario analysis, early

arning and response plan formulation and other decision support. 

.3.2. Remote sensing 

The development of remote sensing over the next 15 years can be

ummarized into three categories: remote sensing mechanisms and mod-

ls; remote sensing information processing; and quantitative remote

ensing and applications. 

.3.2.4. Exploration of remote sensing mechanisms and models in complex

cenarios. With the development of new materials, theories and tech-

iques, the electromagnetic spectrum of remote sensing imaging con-

inues to expand, and new sensors continue to emerge. It is necessary

o explore new sensor imaging mechanisms and models and develop

he theory and methods of radiation transmission between targets and

ensors. Traditional remote sensing modelling is mature for relatively

omogenous targets and regions. Future research will focus on the 3D

adiation transmission modelling for complex targets and regions (such

s mountains, cities, and clouds), as well as radiation transmission the-

ries, which are suitable for emerging sensors, and on expanding the

xploring domain to deep sea, deep space and deep earth. 

.3.2.5. Intelligent remote sensing information processing. Information re-

ote sensing converts rich and diverse remote sensed data to informa-

ion and knowledge. This discipline involves the interconnection and

ntegration of remote sensing earth observations and information com-

uting. It has developed new innovations in computer vision, artificial

ntelligence, cloud computing and big data to increase the depth of re-

ote sensing data mining and to improve the accuracy of remote sensing

apping and related products. Specific directions are discussed below. 

(1) Intelligent image interpretation that highlights the original char-

acteristics of remote sensing. 

A deep learning neural network is a type of artificial neural net-

ork. It attempts to mimic the human brain through a neural net-

ork with three or more layers. More hidden layers in deep learn-

ng neural networks can help optimize and refine predication accuracy

 IBM Could Education, 2020 ). Deep learning has achieved better accu-

acy than traditional methods in classic problems of image scene inter-

retation, stereo vision matching, image classification and target recog-

ition ( Huang et al., 2020 ; Bai et al., 2021 ; Guan et al., 2021 ; Ma et al.,

021 ; Zhang et al., 2021a ). However, there is still room for future re-

earch in remote sensing related to achieving deep learning based on

he characteristics of remote sensing images, such as the interpretabil-

ty of deep learning models, libraries of large amounts of labeled image

amples. 

(2) Remote sensing cloud computing that supports multi-source in-

formation fusion. 

The remote sensing cloud computing model represented by the

oogle Earth Engine (GEE) has received substantial attention in recent

ears and achieved great success. Cloud computing spares local users
213 
rom the complicated pre-processing procedures of image mosaic, cor-

ection and positioning. It also removes the need for local storage re-

uirements by cloud storage, enabling true global remote sensing data

haring. The future development of cloud computing involves the spa-

iotemporal integration of multi-source data, cloud computing functions

nd capacities, cloud computing resource allocating and deep cloud

omputing. 

(3) Multi-modal remote sensing information mining. 

Current aerospace and aerial observations can obtain remote sensing

ata through UAVs, satellites and airplanes. However, new data sources

uch as ground observations, field surveys, social media and social statis-

ics are aiding the interpretation of remote sensing data and reduc-

ng the uncertainty of remote sensing information extraction. However,

ome key issues such as correction of multi-source data, fusion methods

f multi-source heterogeneous information and fault-tolerant big data

nalysis require further research. 

(4) Remote sensing products and services. 

A great deal of remote sensing information and products will be

enerated from intelligent remote sensing interpretation, cloud comput-

ng and big data mining. Thus, quality control and integration of these

roducts are worthy of further study. Future research directions involve

aking these remote sensing products better serve geo-modelling and

eographic analysis, as well as serving national strategies and needs in

hina such as the "Belt and Road Initiative", "Beautiful China", "Global

apping" and "Ecological City". 

.3.2.6. Mechanisms and products of high-resolution and large-scale quan-

itative remote sensing. Quantitative remote sensing retrieves the phys-

cal properties of targets based on radiation transmission between sen-

ors and targets. This discipline has been developed from manual visual

nterpretation and statistical regression to quantitative inversion meth-

ds that combine radiation transmission models, machine learning al-

orithms and multi-source information fusion. Improvement in informa-

ion extraction accuracy, spatial and temporal resolution, spatiotempo-

al integrity and timeliness of quantitative remote sensing will provide

mportant data support for geographic element monitoring. Specific re-

earch directions include: 

(1) Multi-modal quantitative inversion and information fusion. 

This direction involves theories and methods for remote sensing

rom observations to quantitative information. Having undergone long-

erm development in single-sensor inversion and data fusion, the future

evelopment direction of this field is to achieve high-precision, high-

emporal-resolution, and multi-element quantitative information extrac-

ion through a priori geoscience knowledge obtained by mining big data

nd multi-modal information from "time-space-spectrum-angle" aspects

sing advanced machine learning methods. 

(2) Quantitative remote sensing validation. 

"Objective" validation methods are required for quantitative re-

ote sensing information extraction. Traditional validation methods are

ostly based on on-site observations, so they have insufficient repre-

entative spatial samples and types of observation elements. With the

mergence of advanced observation methods such as UAVs and sensor

etworks, future directions of quantitative method validation will be

ased on comprehensive usage of multiple platforms and multi-element

bservation data and focus on the temporal and spatial scale laws of

emote sensing observations and quantitative inversion. 

(3) Quantitative remote sensing services for resource and environ-

mental applications. 

Continuously expanding applications in the resource and environ-

ental domain brings vitality to quantitative remote sensing through
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he use of big data, cloud computing, artificial intelligence and other ad-

anced technologies. The deep coupling of quantitative remote sensing

odels with application models in water, soil, atmosphere, organisms

nd human activities, will enable new intelligent quantitative informa-

ion service models oriented at users’ demands to be achieved. 

. Conclusion 

GIScience studies the abstract and formal expressions of the basic

oncepts and laws of geography. GIScience research areas include geo-

odeling, geo-analysis, and geo-computation. Remote sensing informa-

ion science deals with the mechanisms of human effects on the natu-

al ecological environment system by observing the earth’s surface. The

ain areas include sensors and platforms, information processing and

nterpretation, and natural resource and environmental applications. GI-

cience and remote sensing play important roles in resource and envi-

onmental science research by providing data and methodological sup-

ort, thereby promoting resource and environmental science and other

elated technologies. 

In the new era of knowledge and information advances, the fields

f natural resource and environmental science face the dual challenges

f data intensiveness and computational intensiveness. Thus, Develop-

ents in information science and computer sciences have resulted in

any opportunities for GIScience and remote sensing research. To high-

ight important issues for natural resource and environmental science,

e proposed ten directions for GIScience, grouped into three categories

theoretical methods, a new generation of system and integrated data

nd computing environment), and eight directions for remote sensing,

rouped into three categories (remote sensing mechanisms and models,

emote sensing information processing and quantitative remote sensing

nd applications). 
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