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There is an increasing international trend towards using powerful geospatial technologies such as geo-
graphic information systems (GIS) and remote sensing (RS — Earth observation data) (GIS&RS) in
various applications. The Erasmus+ SUFOGIS project proposes a “knowledge-competence-skills
based” innovative approach that is being developed in close collaboration between Russian, Chinese
and EU partners. This paper focuses on a comparative analysis of the findings of two separate national
surveys conducted by SUFOGIS partners in Russia and China, on the uptake and use of GIS&RS in
the fields of forestry and ecology. From the analysis of the questionnaires and considering the type
of institution from which the respondents come from, two main categories were identified: academic
institutions (universities, colleges and research institutes) and companies (governmental and private).
The results of the survey clearly demonstrate widespread use of GIS&RS in both non-EU countries
and relatively high rate of expertise of the respondents. However, it was also found that there is still
significant room for improvement in the use of GIS&RS in both countries. Examples are exploration
of their integration into even more forestry and ecology applications as well as training of staff on ad-
vanced and specialized topics.
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Introduction

As early as the 1980s, the global community began to recognize that forests play a global role in bio-
sphere stability, biodiversity conservation, erosion control, the protection of endangered indigenous
and traditional cultures, and the provision of unique ecosystem services (The State..., 2018). Forests
have also been identified as unique carbon sinks that play a very important long-term and lasting role
in reducing the effects of climate change (Carbon..., 2005). Since then, the recognition of the im-
portance of forests for sustainable development has been steadily increasing in most countries of the
world, including the Russian Federation (Russia) and the People’s Republic of China (China).

Forests in Russia cover about 815 million ha, which accounts for more than 20 % of the world
forest area. In fact, it should be noted that in recent years the area covered by forests has increased by
20 million ha due to the reforestation of abandoned agricultural lands (http://www.fao.org/country-
profiles/index/en/?iso3=RUS). In China, huge areas are also covered by forests. China’s 208 million
ha of forest rank fifth in the world and account for 5.5 % of the world’s forest cover (http://www.fao.
org/countryprofiles/index/en/?iso3=CHN). It should be noted that in the past 40 years, forest cover
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in China has increased from 12.00 to 22.96 %, the forest stock volume has increased by 8.5 billion m3.
Having the largest and fastest growing forest plantations, China is becoming the country with the larg-
est growth in forest resources worldwide.

Proper management of forest resources is only possible when it is based on accurate and reliable
information. There is an increasing international trend towards the use of powerful and flexible geo-
spatial technologies such as geographic information systems (GIS) and remote sensing (RS) data (sat-
ellite imagery) (GIS&RS) in various applications (Chen, 2002; Van Trung, Tam, 2018). For example,
the aforementioned tools have proven to be particularly important for monitoring and assessing the
extent, structure, value and health of forests (Gong et al., 2017; Hamdi et al., 2019). GIS&RS data
are commonly used for successful Land Use/Cover Change (LUCC) classification (Czerwinski et al.,
2014; Jia et al., 2014), for estimating forest biomass at multiple scales with large spatial and temporal
coverage (Chen et al., 2016; Galidaki et al., 2017), as well as monitoring land-cover changes in urban
areas (Carlan et al., 2020; Gong et al., 2011).

Meanwhile, GIS&RS and their potential applications in forestry and ecology are not yet fully ex-
ploited in Russia and China, comparing to the EU countries. There are several reasons, common for
the two countries, that explain this situation including: the on-going reforms in the forestry complex/
ecology sector (counting education), the current gap in knowledge transfer between higher education
institutions (HEIs) and enterprises, and the fact that sustainable management of the huge and remote
forest areas of Russia and China are inherently difficult.

Going through the recent history of the two partner countries it is easy to recognise some com-
mon characteristics. Starting from the late 1980s, the specific countries went through deep political
and economic reforms. As a result, sustainability is one of the most important issues in their current
national and international agenda. Their focus on sustainable forestry and ecology is clearly reflected
in several state documents such as the “The Russian Federation forest sector outlook study to 2030”
(The Russian..., 2012), and the “National Strategies for Sustainable Development” as they are pub-
lished by the governments of the two countries.

SUFOGIS is an Erasmus+ Capacity Building project involving universities and organizations
from the European Union, Russia and China and whose central idea reflects the above considerations
(GIS and Remote Sensing for Sustainable Forestry and Ecology, https://sufogis.volgatech.net/). Its
main rationale is to create a support structure for GIS&RS innovations and their application in forest-
ry and ecology that not only connects knowledge in an interdisciplinary way, but also brings together
three critical scopes: practical forest/ecology and business (enterprises), policymaking (Local minis-
tries) and science (Institutes, HEIs). SUFOGIS proposes a “knowledge-competence-skills based” in-
novative approach that will be developed in close collaboration between all partners.

During the preparation phase of the project, Russian and Chinese HEIs consortium in coop-
eration with associated partners carried out a survey on the use of GIS&RS techniques and compli-
ance of graduate student competences to the required standards of such specialists in EU countries.
The importance of the carried out SUFOGIS survey was in unbiased approach to decision-making
by the project partners for the promotion GIS&RS technologies and retraining of the target groups in
Russia and China. The main research tool used in this study was a questionnaire designed to collect
and analyze information on the target groups’ GIS&RS experience in different parts of both countries.

The main aim of this paper is to explicitly present and discuss the results of the online question-
naire. Subsequently, these results are gathered to give a concluding review of the state of the use of
GIS&RS and to outline the target group’s requirements for future developments in the forestry and
ecology sectors of the SUFOGIS partner countries.

Materials and methods

An analysis was designed to measure the needs of the academia and industrial stakeholders in the
GIS&RS technologies in Russia and China. The needs assessment includes internal environment such
as required and needed competences of staffs and students, existing courses, projects, and infrastruc-
ture while specific environment includes labour market, staff development, and internet infrastruc-
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ture. To evaluate the needs of SUFOGIS project, main stakeholders (target groups) in both countries
in the field of forestry and ecology were identified based on relevance to technology or possibility to
apply in their future work. Ultimately, stakeholders have been identified as two main categories: aca-
demia (universities, colleges and institutes) and enterprises (governmental and private).

The main research tool used in this study was a questionnaire designed to collect and analyze in-
formation about the target groups GIS&RS experience in different parts of Russia and China. In or-
der to study the existing experience and prospects of using GIS&RS in science and practice, the
SUFOGTIS partners have carried out the survey for stakeholders employed or enrolled in forestry and
environment sectors. Academic staff from selected universities, colleges and professional staff from
enterprises were requested to answer the questionnaires, which would give new insights into the proj-
ect development and extensions. Respondent organizations were selected based on relevance in using
of GIS&RS technologies or possibility to apply them in their future work. The SUFOGIS national
questionnaire surveys, in total consisting of 24 questions, thematically were divided into five parts:

1. Understanding demographic characteristics and affiliation of the survey participants (6 ques-

tions).

2. ldentification of the field of forestry the respondent works in and their use of GIS and/or RS

in sustainable forest management (5 questions).

3. Identification of the most used GIS&RS software products in the field of forestry and environ-

ment (4 questions).

4. Drawbacks in the use of GIS&RS in the forestry / environmental studies (3 questions).

5. Analysis of the target audience readiness to participate in the training in GIS&RS applications

in sustainable forestry and ecology (6 questions).

The first two parts of the questionnaire mainly contribute to a better understanding of the target
groups (gender, age, education level, etc.) and their professional affiliation. The third and fourth parts
are specifically designed to identify how respondents in Russia and China used GIS&RS in their daily
work activities. These include levels of expertise, software, data type and scale typically used. There
are also 3 questions to find out any technical and/or data constraints that, in the opinion of the re-
spondents are hindering the potential use of GIS&RS within their organisation or company. The fifth
part of the questions places the overall answers in context to gauge the interest of survey participants
in training programs offered by the project consortium partners (time, guidance, field and method of
training). The SUFOGIS questionnaire presented in this paper is a combination of closed single an-
swer questions; closed, multiple answer questions; semi-open questions and open questions. Such or-
ganisation of questions allows the respondents to go into more detail and add their own answer.

To bring the broad professional community of foresters, ecologists and environmentalists to the
questionnaire, two online surveys were created. For Russian respondents the Survey Google and for
Chinese respondents the QuestionStar online tools were used. By sending 1000 e-mails in both coun-
tries, the SUFOGIS consortium partners invited a wide range of possible respondents from universi-
ties, SMEs, ministries, NGOs, private companies, government agencies, forestry organizations and
companies, research organizations and institutions all over the territories of both countries. The invi-
tations to potential respondents briefly described the SUFOGIS project and survey rationale, approxi-
mate time to answer the questions, the incentive, and the importance of the activity. The SUFOGIS
questionnaires were available for approximately 2 months between December 2018 and January 2019.
Follow up e-mails and telephone calls by the consortium members increased the overall surveys re-
sponse rate in both countries up to 20 %.

Results

The second stage of the SUFOGIS survey methodology followed the analysis of the completed
questionnaires. Despite the rather large number of survey questions, 349 completed questionnaires
in China were collected. Geographically the project survey answers came from Fujian, Beijing,
Jiangsu, Zhejiang, Henan, Shandong, Yunnan, Hubei and Shanxi provinces. In the Russian survey,
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the geographical distribution of the 470 respondents were mainly located in 28 big cities (fig. 1).
However, 2 respondents were from other neighbouring countries, Belorussia (Minsk) and Kazakhstan
(Almaty). In total, the final assessment was 819 respondents from the focus groups in China and
Russia.
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Fig. 1. Distribution of SUFOGIS survey responses through the Russian cities

Processing of the questionnaires showed almost the same gender balance of the survey partici-
pants with overrepresentation of male respondents (62.7 % in Russia and 62.2 % in China). Age was
considered one of the main determinants that affects opinions and reactions of the respondents,
therefore questionnaire survey was conducted among participants of different age groups (fig. 2a,
see p. 13). A larger number of survey participants were young people under the age of 30 (37.5 %
in Russia and 45.5 % in China) and citizens aged 31 to 40 (25.8 % in Russia and 32.1 % in China).
It can be assumed that such figures of respondent age distributions are positive for the continuity and
turnover of the personnel. However, the survey among practitioners in Russia showed that the number
of young specialists in forestry enterprises is less than specialists from the group aged 51—60 (24 %),
which indicates a low turnover of staff in forestry enterprises.

Of the 470 respondents in Russia, 95 participants (20 %) are students (fig. 2c), while the distribu-
tion by gender among them is fairly uniform. Among Chinese respondents, there are mainly students
(43.2 %) and university teachers (31 %). Regarding the educational background in Russia (fig. 2d), the
largest group (39.0 %) comprises people who have obtained a Specialist* degree, and the second larg-
est group is those who have a Master degree (21.1 %). Among Chinese respondents, Master (34.3 %)
and PhD (50.2 %) backgrounds prevail. Most of the respondents (65 %) work in academic organisa-
tions all over Russia (58 % in universities and 7 % in research organisations). Furthermore, 28 % of
Russians work in governmental organisations (2.2 % in China), 5 % in private companies, and 3 % in

* A five-year higher-education diploma that was the only first higher-education diploma in the
former Soviet Union.
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NGO (fig. 2b). In contrast, Chinese respondents are mainly from universities (76.9 %) and research
institutions (16 %).
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Fig. 2. Description of the survey respondents in terms of:
a — age; b — affiliation; ¢ — position; d — educational background
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Fig. 3. Description of the survey respondents in terms of occupation (field of activity)

Most of the respondents in Russia (63.3 %) identify their field of activity as related to forestry,
while in China only 6.0 % work in this field (fig. 3). On the other hand, most of the people in China
(65.9 %) and only 10.8 % in Russia are directly involved in the field of GIS&RS. Such results can be
explained by the fact that the SUFOGIS consortium members in Russia (universities) are mainly
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engaged in the field of forestry, while in China they mostly focus on environmental studies. Therefore,
the network of respondents consisted from the corresponding organizations from the partner coun-
tries, which led to such distribution in the survey results. In addition, these figures show a higher de-
gree of GIS&RS use among the main stakeholders in China than in Russia.

The Russian and Chinese respondents were asked to specify the software used for processing
the GIS&RS data. The analysis shows that the majority of respondents use ENVI software (51.6 %
in China and 33.9 % in Russia) when working with remote sensing data (fig. 4a). The second most
popular software is Erdas Imagine (19.2 % in China and 9.7 % in Russia). The share of other RS soft-
ware among the respondents is also quite significant (19.9 % in Russia and 7.6 % in China). It should
also be noted that Russian respondents also use national software for processing RS images, such as
Service Vega (9.1 %) and ScanEX (8.1 %).
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Fig. 4. The most used software: a — for processing RS data; b — GIS

Analysis of GIS applications used shows the following results: the most popular is ArcGIS
(80.5 % in China and 57 % in Russia); QGIS is more frequenlty used in Russia (22.9 %) than in
China (2.6 %); 5.7 % of Russian and 3.9 % of Chinese use other software GIS (fig. 4b).
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Fig. 5. Respondents answers regarding: a — satellite data used; b — deficiencies in using RS

According to the survey results, most of the respondents use Landsat satellite data (USGS)
(43.7 % in Russia and 34.3 % in China) and the second position belongs to Sentinel (ESA) (16.5 %
in Russia and 9.7 % in China) (fig. 5a). Chinese respondents (26.1 %) also widely use national satellite
data (HJ-1A, O2C, GF), while Russian respondents (7.7 %) also use satellite data (Resurs, Canopus)
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of Roskosmos (Russian Federal Space Agency). Low altitude digital aerial photography, lidar, com-
mercial satellites (World View, GeoEYE, ALOS, SPOT, etc.) and others are used to a lesser extent.
The extensive use of Landsat and Sentinel satellite data can be explained by its availability and free
access.

28.1 % of respondents in Russia and 24.2 % in China consider the low classification accuracy
and 20.6 %/9.7 % lack of professionals to be a significant drawback of RS in forestry/environmen-
tal monitoring, while 22.4 %/23.2 % regard the issue of accessibility to satellite images to be prob-
lematic (fig. 5b). Lack of appropriate technology (13 %/13.5 %) and complexity of field verification
(10.4 %/21.3 %) also are indicated by the respondents as the drawbacks of insufficient use of GIS&RS
in the field of forestry and ecology in Russia.

One of the survey’s open questions was “What kind of GIS training would you like to have?”
The results were as follows: 28.9 %/25 % (Russia/China) of respondents expressed their willingness
to be trained in the basics of cartography; 26.7 %/22.5 % — in data collection and management: for-
matting, editing, topology, data conversion and GIS; 8.3 %/12.5 % — in map design and visualiza-
tion: symbolization, analysis of attribute information, clipping and segmentation, atlas, web mapping;
21.5 %/20.0 % — in spatial analysis: environmental sensitivity analysis, land suitability analysis, hy-
drological analysis and other three-dimensional analysis: DEM (digital elevation model) data acquisi-
tion, surface visualization, three-dimensional visualization, three-dimensional mapping, terrain anal-
ysis, landscape analysis (fig. 6).
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Fig. 6. Distribution of target groups’ interest in the GIS fields of training

There are 38.8 %/35.2 % (Russia/China) of respondents who are willing to participate in the
RS/GIS professional training concerning the detecting of forest dendrometry characteristics (tree
species, density, age, stock, etc.), followed by 17.6 %/12.8 % interested in monitoring of forest fires
(fig. 7a, see p. 16). Considerable group of respondents (12 %/18.8 %) has great interest in the com-
bination of GIS&RS for studying (research) of vegetation indexes (NDVI, dNBR, SAVI, etc.) and
monitoring of forest cover and management in forest sector (10.4 %/16.4%).

Next groups show their interest in GIS&RS applications in ecological issues, which accounts for
51.03 % of respondents in both countries (fig. 7b). Professional training in the field of water resource
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monitoring with the use of GIS&RS software is high in Russia (24.7%), while Chinese respondents
are more willing to be trained in the field of natural disaster (18.4 %) and soils (15.7 %) monitoring.
Land utilization (19.0 %/14.4 %) and pollution monitoring (12.9 %/11.8 %) are of high importance
among the respondents in Russia and China. Desertification issues are of more interest in China
(7.5 %), while nature reserves monitoring is of higher importance in Russia (11.8 %).
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Fig. 8. Distribution of target groups’ feedback on: ¢ — training model; b — reason no to attend

The next portion of the survey questions is about the training models and the reasons of those
people who are not willing to participate in the training (fig. §). Overall, most of respondents show
interest in professional training. Russian participants of the survey choose to have more theory-ori-
ented teaching model (48.1 %), while Chinese participants are interested in project research model
(40.5 %) (fig. 8a). Both groups indicate interest in computer seminars (26.4 %/34.2 %) and practical
work abundant in case analysis (21.8 %/11.7 %).

The survey results show that 51.5 % respondents in Russia and 34.2 % in China think that
they have no time attending workshops (fig. §b). The next reason not to attend the trainings is cost
(29.0 %/17.8 %) and high professional skills of the respondents (8.2 % in Russia and 24.7 % in China).

The analysis also reveals that 226 respondents in Russia consider low funding of research to be
the main reason for weak cooperation between universities and enterprises. According to 219 people,
the reason is the lack of highly qualified specialists working in the most advanced areas and the domi-
nance of foreign satellite data and programs. 208 people believe that teaching is prioritized over re-
search at universities, and 206 respondents blame the lack of innovative entrepreneurship.
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Discussion and conclusions

This paper is part of the SUFOGIS project, which intends to make a significant contribution towards
the use of GIS&RS in sustainable forestry and ecology in Russia and China. The survey question-
naire design and analysis took into account the needs and points of view of the different target groups
(users) in both countries. The respondents were from different backgrounds, held different job posi-
tions and resided in different households, which meant to ensure the representation of the survey and
provided a comprehensive opinion of various population groups on the use of GIS&RS for sustainable
forest management and environmental monitoring. The survey with a high response rate of 819 partic-
ipants draw a detailed picture of GIS&RS practices, used software and remote sensing data, interests
in trainings and many other issues in Russia and China.

A particular challenge of this survey is the comparisons of GIS&RS use between the two coun-
tries, taken into account vast fast area of forest resources and emerging economies. The results reveal
evidence of increased use and awareness of importance of the GIS&RS in both countries as worth
the money powerful tool for data management, research and monitoring in the forest sector and
ecology. The two most commonly used software packages in both countries are ArcGIS and QGIS,
while for the image processing the respondents choose ENVI, Erdas and eCognition software. On the
other hand, other, including local, products for image processing are also popular, especially among
Russian participants of the survey. The answers also reflect the increasing popularity of open source
packages and satellite imagers (Landsat and Sentinel).

Despite continuing reforming of the forest sectors in Russia and China over the past decades,
there have been significant increases in the use of these technologies for wide range of policy related
and practical application tasks beyond basic mapping. These include the use of GIS&RS in applica-
tions such as estimation and analysis of dendrometry parameters of forest stands, vegetation indexes,
monitoring of forest fires, forest cover and reforestation issues. Another group of participants (ecolo-
gists) is eager to be trained in the field of monitoring of water resources, land utilisation, natural disas-
ter, and atmospheric pollution, which could enhance their career prospects.

Although a large share of the SUFOGIS respondents are from academia, survey findings confirm
high demand of all respondents in trainings related to the different aspects of the GIS&RS applica-
tions. This is probably due to the high provision of opportunities of the consortium members to de-
velop and disseminate the unique competences in the field with the right mix of academic preparation
and training (internships). Another remarkable finding of the survey is that more than 20 % of the
respondents in both countries are interested in spatial analysis techniques for GIS&RS applications
in forestry and ecology, although this is the most difficult part of the studies. In a sense, the principal
lack of knowledge in the spatial analysis of Russian and Chinese graduates simply could be because
there is not enough focus on these issues in university curriculums related to GIS&RS.

Although such findings may seem unsurprising for the professional community, they highlight im-
portant issues concerning the present situation with the GIS&RS training programs and how they are
adapted to the practical skills of graduates in view of employment. Hence this survey results may be
useful for a diverse group of stakeholders in Russia and China. The SUFOGIS survey has identified
a number of ways in which current GIS&RS teaching/training could be further strengthened and en-
hanced during the project implementation. There is a clear need for the lessons learnt from applying
GIS&RS tools in a wide range of areas to be more widely disseminated in order to encourage their use
in both countries. The project team is aware of the need to extend the results presented here for the
use on the national level in Russia and China to assess the actual context in which GIS&RS is being
used in forestry and ecology.

The study also suggests further use of the SUFOGIS survey results for analytical (operation-
al) work among the decision making organizations (ministries, state departments) in the respective
fields of studies in both countries. Furthermore, the obtained data provide a valuable starting point
for future research of the GIS&RS uses for the implementation of sustainable forest management and
ecology.
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Bo Bcém Mupe HabI0maeTcss poCT UCIOIb30BaHUS B Pa3IMUHBIX 00JIACTSIX MOIIHBIX T€OPOCTPaH-
CTBEHHBIX TEXHOJIOTMIi, TaKUX KakK reorpaduueckue mHpopMaunoHHble cucteMbl (GIS) n muc-
TaHoHHoe 3oHaupoBaHue 3emuun (RS) GIS&RS. IMpoekt Erasmus+ SUFOGIS, koTopslii Bbi-
TOJTHSIETCS B TECHOM COTPYIHMYECTBe MexXay nmapTHépamu u3 Poccum, Kurag u EC, mpenmosaraet
MHHOBALIMOHHBIA MMOAXOM B 3TOM 001aCTH, OCHOBAHHBIN Ha «3HAHUSIX, KOMIIETEHLIMSIX U HAaBbIKAX».
CTaTbsl NOCBSILEHA CPABHUTEILHOMY aHAJIU3Y PE3Y/IbTaTOB ABYX OTIAC/IbHBIX HALIMOHAIbHBIX UCCIIC-
noBaHui, mpoBeae¢HHbIX MapTHEpamMu SUFOGIS B Poccuu n Kutae, mo BHeaApeHUIO U UCIOIb30Ba-
Huto GIS&RS B obnactu necHoro xossiicTBa M 3Kojioruu. Ha ocHOBe aHanu3a aHKET U C yUYETOM
THIIa OPTaHW3allM, B KOTOPO paboTaeT pPeCIOHACHT, OB BBIICICHBI JBE OCHOBHEBIC KaTETOPUM
JUISL OTIpOca: akKaleMU4YeCcKue YUpexnaeHusl (YHUBEPCUTEThbI, KOJUICIKA M MCCIIEAOBATEIbCKUE WH-
CTUTYTHI) U KOMITAHUM (TOCYIapCTBeHHBIC U YaCTHEIC). Pe3yabTaTel aHaMM3a SIBHO JEMOHCTPUPYIOT
mupokoe ucrnonb3oBanue GIS&RS B crpanax, He BXxomsiiux B EBponeiickuii coi03, 1 OTHOCUTEIBHO
BBICOKMI YPOBEHBb KOMIIETEHTHOCTHU PECIIOHACHTOB. TeM He MeHee TakxKe ObLIO BBISIBICHO, UTO eIl
eCTh OOJIbIIIMEe BO3MOXHOCTHU [IJiI COBepllieHCTBOBaHUA Mcnoiab3oBaHusi GIS&RS B 06eux Bbiliey-
MOMSTHYTBIX cTpaHaX. TaKUMW IpuMepaMu MOTYT CITY:KUTh M3YdeHNE BO3MOXHOCTH WX MHTETpaLluN
B OOJIbIIIEE KOJMYECTBO HAIPaBICHUI IEITCIIHHOCTA B 00JIACTH JIECOBOACTBA M DKOJOTUM, a TaKKe
0o0yJeHMe TIepCcoHaIa o TMIPOIBUHYTHIM U CIIEIIMATM3NPOBAaHHBIM HATIPABIICHUSIM.
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