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Abstract: Data Impact Score (DIS) is an index of a quantitative method of data performance for
the data-driven sciences. It is based on a data citation paper published in a journal and the re-
spective journal’s impact factor. DIS can be identified for data product (DISp) and data authors
(DISa). The DISp models are consisted of models for data product (dataset) in a given year’s per-
formance and multiple years or lifetime performance. The DISy models are consisted of models for
each authors’ share for one data product DISp, in a given year’s sum of more than one data
products share DISay, and multiple years or lifetime performance DISamysum. Examples were given
in this paper to explain how DIS works for evaluating the datasets performance (DISp) published in
Global Change Research Data Publishing & Repository (GCdataPR) and the authors’ impact (DISa)
for the data-driven sciences.
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1. Introduction

Data sharing principles were made by the International Council of Sciences, Committee of
Data for Science and Technology, World Data System, Group of Earth Observations and the
National Scientific Data Management Law of P. R. China, etc., which suggested open data
as the default data sharing principle® . It was emphasized that the data intellectual property
should be protected, the data security and ethical should be guaranteed and the data quality
should be controlled. Under which, more and more data were openly available and
re-used® . Following the open data and data re-use, a new issue comes, that is, how to
evaluate the data performance. Besides the quantitative statistics of dataset visitors, number
of data files, and data size download™, etc., the data re-use performance should be calculat-
ed, although few cases did so. The new challenging issues come: how to measure these data
performance, how to credit the data authors’ contributions, and how to evaluate the data
centers’ or data repositories’ performances.
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Based on the experiences from the Global Change Research Data Publishing & Reposito-
ry (GCdataPR), the definition, methodology and practices of the Data Impact Score (DIS)
was descripted.

2 Data Impact Score (DIS)—A Quantitative Method of Data Performance

2.1 Definition

Data Impact Score (DIS) is a quantitative method of data performance for the data-driven
sciences; it is based on a data citation paper published in a journal and the respective jour-
nal’s impact factor. DIS could be used for quantifying the dataset (or data product) used, as
well as re-used performance and for crediting the data author’s impact to the data-driven
sciences.

2.2 Principles

(2) Principle of Data Re-use and Citation

The critical principle of data impact is its performance in data use and re-use. Similar to
article (actually, it is journal performance), since Garfield founded the Institute for Scientific
Information (1S1)!®! and Science Citation Index (SCI)®*™, the journal performance was
evaluated by journal impact factors through SCI, EI (Engineering Index)*), ISTP (Index to
Scientific & Technical Proceedings)™, ISR (Index to Scientific Reviews)™! and more.
Although there were differences among them, the article citation model was used for all of
them. Furthermore, the Information and Documentation—Guidelines for Bibliographic Ref-
erences and Citations to Information Resources (1SO 690)™**! has been adopted, which helps
the National Standard of China™ ™ | and they are also based on the documentation citation.

How to cite the dataset used or re-used? Liu, C. et al. classified the data products into five
groups™, which are as follows: (1) data published and openly available by a publisher; (2)
data archived in WDS (World Data System)™! and openly available; (3) data archived in a
National Data Center and openly available!®?®; (4) data products are online by individual
person or a research group without data peer review; (5) data products were internal use only.
The first three groups of data products should be cited in the references when they were
re-sued, and the last two groups of data products should be noticed as the footnotes when
they were re-used.
(2) Principle of Differences among the Data Cited Journals

Because of the differences of journal performance, especially in quantitative performance
(Impact Factor, IF), it should be considered in data impact score.

3 DIS Model for Data Product Performance (DISp)

Two different concepts are identified in this paper, one is DIS for data products performance
(DISp) and one is DIS for creating data authors’ contribution (DISa).
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3.1 DIS Model for a Data Product in a Given Year’s Performance (DISpy)

n
DIS,, =>'C; - IF, (1)
i=1
where DISpy is the Data Impact Score (DIS) for a dataset in a year of y; y is the year for cal-
culating the DIS; C; is the number of data product was cited in i journal; IF; is the impact
factor of i journal in the year of y when the paper was published and the data product was
cited in the paper; n is the number of papers where the data product was cited.

3.2 DIS model for a data product for multiple year’s performance (DISpy)

DISpmy :izn:ci F, @)

y=1i=1

Where DISpny is the Data Impact Score summary since the data product was published; my
is the total number of years from when the data product was published to the calculating
year (1 means the data published year); C; is the number of data product was cited in i
journal; IF; is the impact factor of i journal in the year of y when the paper published and
the data product was cited at the paper; n is the number of papers where the data product
was cited.

3.3 Flowchart of DIS for a Data Product
The flowchart of the DIS calculation for a Data product

data product is shown in Figure 1.
IF of journal where
the paper published

3.4 Data Used for the DIS Calculation

The data products which will be assessed \

could be from the databases of DCI (Data ‘Dataproduct S/S in a year ‘
Citation Index)??, WDS (World Data Sys- J

tem), National Data Center or any data repos- Data product §/S in

L total (si blished
itories. Datasets (data products) assessed here otal (since published)

were published in GCdataPR from June 2014 Figure 1  Flowchart of DIS for a data product
to May 2018. The data citation statistics can

be searchable through Web of Science™! and

Google Scholar® (in English), and CNKI (China Knowledge Resources Integrated Data-
base)®! and CSCD (Chinese Science Citation Database) (in Chinese)??®). The Journal Impact
Factors could be searchable through Letpub®®®, Scijournal®®”, CNKI, and CSCD.

3.5 Example of DIS for Data Product Performance

An example of DIS application is demonstrated in taking the “1 km grid population dataset of
China” (DOI: 10.3974/geodb.2014.01.06.V/1)% 21,
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Table 1 Statistics of the data citation information about the “1 km grid population dataset of China”

(Web of Science, Letpub, Scijourna in English Journals, June 2014-May 2018)

Journal of pub-

Journal

Cited

No. Author(s) Title of paper where data was cited lished paper I Year content
Xie, Y., Wang, Daily estimation of ground-level PM2.5 con-  Environmental
1 Y.X., Zhang, K., centrations over Beijing using 3 km resolution ~ Science & 5.393 2015 dataset
et al.® MODIS AOD Technology
G 3 7. b, SoIELn of, e e ST s ot
2 L L, Zhan Y, pesticides and poybro Total Environ-  4.900 2016 dataset
et al 131 phenyl ethers in agricultural soils from the ment
’ Yangtze River Delta of China
Tong, Y. D., Bu, Impacts of sanitation improvement Science of the data
3 X. G, Chen, C., on reduction of nitrogen discharges entering  Total 4610 2017 aper
etal.®? the environment from human excreta in China ~ Environment pap
Yin, Y. Y., Tang, V\;e:;&;rlasza;:jt)i/tsunder various scio-economic Hydrology and .
4 Q. H, Liu x Pahway o Earth System 4256 2017
1331 potential effects on food production in the . paper
C.etal. . . Sciences
Yellow River basin
o v o, DTS S S st
5 Zhao, Y., Mao, y_ . . pp_ Chemistry and 5.509 2017 dataset
341 through air quality modeling for Jiangsu .
P, etal. . . Physics
Province, China
Zhoy, Y, Xing, X. A comprehensive biomass burning emission  Atmospheric
6 F., Lang, J. L., inventory with high spatial and temporal Chemistry and 5509 2017 dataset
etal.®! resolution in China Physics
Li,S.C, Mapping human influence intensity in the Ecosvstem Ser-
7 Zhang, Y., Tibetan Plateau for conservation of ecological C0sYy 4395 2018 dataset
136] . A vices
Wang, Z. F. service functions
Zhang, N., Resilience analysis of countries under disas- . .
8 Huang, H.F" ters based on multisource data Risk Analysis 2898 2018  dataset
Hao, Y. F. Xie, Optlrnal_ redistribution o_f an urban air _quall_ty Atmospheric
9 38] monitoring network using atmospheric dis- . 3.708 2018 dataset
S.D. . . . Environment
persion model and genetic algorithm
o .
Lo L L X o iy and oxveme Myaralogion dat
10 H. M., Wang, avar’ablity and extreme hydrolog Climate Change ~ 3.537 2017
[39] events in Yiluo and Beijiang River catchments paper
Y., etal. - -
in China
Fu, T. G, Han, Pedodiversity and its controlling factors in data
11  L.P, Gao, H.et mountain regions—a case study of Taihang Geoderma 3.740 2018 peper
al.¥ Mountain, China
. Palaeogeogra-
L, S P Fire dynamics under monsoonal climate in hy, Palaeocli-
12 Hughes, A. C. Y une Pny. 2.375 2017 dataset
Su. T et al 0 Yunnan, SW China: past, present and future matology, Pal-
o ' aeoecology
Li, S. C. Comparison of Socioeconomic Factors be-
Zhang, Y. L. tween Surrounding and Non-Surrounding -
13 Wang, Z. F. et Areas of the Qinghai-Tibet Railway before Sustainability 1789 2016  dataset
all and after Its Construction
Total 52.619

The dataset was originally published by the GCdataPR in June 2014. The GCdataPR is one
of the WDS (World Data System) regular members, China GEO (Group of Earth Observa-
tions), Data Publishing Center, GEOSS (Global Earth Observation System of Systems) data
provider and broker. It can be searchable by DCI (Data Citation Index) of Clavate Analytics.
Based on the information from the Web of Science, Letpub, Scijourna, CNKI (in Chinese)
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and CSCD (in Chinese), the information about the data citation and the journal impact factor
are listed in the Table 1 (in English journals) and Table 2 (in Chinese journals).

The Statistics of the DIS for “1 km grid population dataset of China” performance in one
year (2017) and multiple years (from June 2014 to May 2018) both in English and Chinese
Journals are shown in Table 3. From which, the “1 km grid population dataset of China”
(published in June 2014) had a DIS of 19.973 in English journals and 4.174 in China jour-
nals in 2017, the total DIS was 24.147 in 2017. In summary, the “1 km grid population da-
taset of China” had a DIS of 52.619 in English journals and 10.632,1 in Chinese journals
from June 2014-May 2018, the total DIS was 63.132,1 in the 5 years. The highest DIS rec-
ord in a year was 2017 in English (19.973), the third year after the data was published, and
2016 in Chinese (6.469), two years after the data was published.

Table 2  Statistics of the data citation information about the “1 km grid population dataset of China”
(CNKI and CSCD in Chinese Journals, June 2014-May 2018)

No. Author(s) Title of paper where data was cited ;zl;:?:r:e%f rtJ:\Zer .Jou.:ll;nal Year Ccilltueent
1 Wang, H., Wu, Q. Z., Preliminary numerical simulation of air  Acta Scientiae 1.217,5 2016 Dataset
Zhou, R. J., etal.®®  pollution in Hefei with GIS data Circumstantiae
2 Guo, S. S., Gong, J., Study on grid refinement for population  Journal of Seismo- 0.417,1 2016 Dataset
Yin, J. F[4 distribution based on DMSP/OLS logical Research
3 Tian, X. R., Dai, X., Forest fire risk assessment for China Chinese Journal of 1.679,5 2016 Dataset
Wang, M. Y., et al.*! under different climate scenarios Applied Ecology
4 Yan, Q., Kong, S. F, Emission inventory of water soluble ions China Environ- 1.613,2 2017 Dataset
Liu, H. B., etal.”! in fine particles from residential coal mental Science
burning in China and implication for
emission reduction
5 Nian, W, Chen, Y. Relationship between provision and Journal of Ecology 0.730,9 2017 Dataset
M., Gao, J. X, et reception of ecological service of carbon and Rural Envi-
al.l¥! fixation and oxygen release in Bei- ronment

jing-Tianjin-Hebei region
6 Jiang, D., Wang, Q., Research on the geo-environment in the Science & Tech- 0.313,5 2018 Data

Ding, F. Y.[*% era of big data nology Review paper
7 Zeng, J. J., Shen, C. Application of the LUR model in the Environmental 1.679,5 2018 Data
Z., Zhou, S. L., et prediction of spatial distributions of soil Science paper
al.l heavy metals.
8 Hu, Z. Z., Zhao, Z. Simulation and projection of the spatial  Journal of 0.561,9 2018 Dataset

L., Zhang, G. X.  pattern of the population in Beijing under Geo-information
the background of non-capital function  Science

extraction
9 Huang, Y. H.,Jiang, 1KM Grid GDP Dataset of China Acta Geographica 2.300,0 2014 Dataset
D., Fu, J. Y. Sinica
Total 10.513,1

Table 3  Statistics of the DIS from June 2014-May 2017 for the “1 km grid population dataset of China”

DISp2017 Most cited year Cyear after pub.) DISpmy
DISp-engiish 19.973 2017 (3) 52.619
DISp-chinese 4174 2016 (2) 10.513,1

DISp-total 24.147 63.132,1
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4 DIS for Data Author(s) (DISa)

4.1 Data Authors (Co-authors) Share DIS for a Data Product

Based on the DIS for a data product, the DIS for individual authors (co-authors) could be
calculated. The principle of DIS for individual author(s) (DIS4;) is all of the authors of one
data product will share the data product’s DIS.

The method of the share is that the first author’s share is 50% of the DIS, the second
co-author’s share is 50% of the rest, and third co-author’s share is 50% of the rest after the
second co-author, etc. The last two co-authors will have the same share (Table 4)

Table 4  Authors’ share of DIS from a data product (DIS,;)

Number of
Author(s) ~ DISw  DISy  DiSu DISas DiSs DISagy DISx
(Co-authors)
1 1
2 1/2 1/2
3 12 14 14
4 12 1/4 8 18
5 12 1/4 18 1/16 1/16
i 12 14 18 1/16 1/32 @™ ey

4.2 Data Author’s DIS,; for a Year

If more than one data products were published and cited by one data author in a year and
then he/she has more than one data products DISp, the total DIS, for the data author in a
year will be the DISaysym.

n
DISAysum = Z DISAyi 3
i=1

where DISaysum is the sum of data author’s DIS from more than on data products for a year; y
is the year for calculating author’s DIS; DISy; is the author’s DIS from the data product i in
the year of y; n is the number of data products where the author’s DIS were calculated.

4.3 Data Author’s DIS for Multiple Years

For calculating the data author’s DIS for more than one year, the total DIS for the data au-
thor in multiple years is given by sum of author’s DIS during the year period.

m n
DIS pysum = 2, 2 DIS 5 (4)

y=1i=1
where DISpmysum IS the sum of data author’s DIS, from more than on data products for multi-
ple years; y=1 means the year when the data published; n is the number of data products
where the author’s DIS were calculated; my is the years for calculating author’s DIS;

4.4 Example of the Data Author’s DIS

Example: Dr. Fu, J. Y. is the first author of the “1 km grid population dataset of China” and
the third co-author of the “1 km grid GDP dataset of China”®4 both were published in
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2014. Her DIS in 2017 is 16.597,75 (12.072 for the first published dataset and 4.525,75 for
the second published dataset), Total DIS (from June 2014 to May 2018) is 34.787,75 (26.145
for the first published dataset and 8.648,75 for the second published dataset) (Table 5).

Table 5 Statistics of Fu, J.Y.’s DIS, both for 2017 and for multiple years from June 2014 to May 2018

Data
pro- Author  Author’s Data product DISku,.y. Data product
ducts  DA@PrOdUCt e DiSo share  DISo in 2017 in 2017 DlSompun P Ymysum
No.
1 1 km grid popula- 1 1/2 24.144 12.072 52.290 26.145
tion dataset of
China
2 1 km grid GDP 3 1/4 18.103 4.525,75 34,571 8.642,75
dataset of China
Sum 42.247 16.597,75 86.861 34.787,75

5 Discussion and Conclusion

The DIS method presented herein has been used for the data product performance assess-
ment for GCdataPR. Based on the DIS result, the GCdataPR will publish its DIS ranking for
both 2017 and for the period from June 2014 to May 2018. The highest DIS data author of
China will be announced at the National Conference of Geographical Society of China in
August 2018 in Xi’an city, Shaanxi province, China. Based on this work, further discussion
on the DIS model could continue to be used for the data product performance assessment.

The data product could be cited in the conference proceedings, academic reports, books,
or dissertations to strengthen the DIS model, but currently this information is not included in
the DIS model. Further and more detailed discussions are therefore proposed. Regardless,
data citation forms the backbone of all scientific endeavors and therefore should be empha-
sized in all scientific communities and scientific papers.
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