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Abstract

This paper reviews the hydrological modelling research trends as published in the recent years. Three-round literature review
technique was used to study journal papers published that are related to the hydrological modelling. The published papers
were searched by using Web of Sciences engine. The first and second round were to examine the published papers as a
general perspective in a wide range of hydrological modelling through title and keywords whereas the third round was to
establish 139 papers as target publications through abstract and main texts. 139 target papers were analyzed in terms of (1)
journals that produced two or more target papers, (2) research origin, (3) authors, (4) research center and (5) most cited
papers. The score matric was used to rank these items. The results of analysis produced (1) é journals target papers, (2) United
states got the highest score with 27.71 score for research origin, (3) Keith Beven got the highest score 8.03 for an active
researcher, (4) Lancaster University got the highest score 9.93 for research center and (5) Keith Beven and Andrew Binley had
the most cited papers.

Keywords: Hydrological modelling, flood modelling, rainfall-runoff modelling, ISI journals, research trends

Abstrak

Kajian ini untuk mengkaiji frend penyelidikan pemodelan hidrologi seperti yang diterbitkan pada tahun-tahun kebelakangan
ini. Teknik peninjauan kesusteraan tiga bulat digunakan untuk mengkaii kertas jurnal yang diterbitkan yang berkaitan dengan
pemodelan hidrologi. Kertas yang diterbitkan telah dicari dengan menggunakan enjin Web Sains. Pusingan pertama dan
kedua adalah untuk mengkaiji kertas-kertas yang diterbitkan sebagai perspektif umum dalam pemodelan hidrologi yang luas
melalui tajuk dan kata kunci manakala pusingan ketiga adalah untuk menetapkan 139 kertas sebagai penerbitan sasaran
melalui teks-teks abstrak dan utama. 139 kertas kerja dianalisis dari segi (1) jurnal yang menghasilkan dua atau lebih kertas
sasaran, (2) sumber penyelidikan, (3) pengarang, (4) pusat penyelidikan dan (5) kertas paling banyak dikutip. Skor matrik
digunakan untuk menilai item-item ini. Hasil analisis yang dihasilkan (1) 6 jurnal kertas sasaran, (2) Negara Amerika mendapat
skor tertinggi dengan skor 27.71 untuk penyelidikan asal, (3) Keith Beven mendapat skor tertinggi 8.03 untuk penyelidik akfif, (4)
Lancaster University mendapat skor tertinggi 9.93 unfuk pusat penyelidikan dan (5) Keith Beven dan Andrew Binley
mempunyai kertas paling banyak.

Kata kunci: Pemodelan hidrologi, pemodelan banjir, pemodelan hujan-air larian, jurnal ISI, frend penyelidikan
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1.0 INTRODUCTION

The water related challenges are huge and will
increase in the future. In response to these
challenges, hydrological modelling has been
developed to analyse, understand and explore
solutions for sustainable water management, to the
decision makers and operational water managers. In
order to test new hypotheses and to obtain a better
understanding regarding hydrological processes, the
most needed fool is hydrological modeling [1]. To
understand hydrologic processes, a large amount of
detailed quantitative measurements is required at
different spatial and temporal scales. The strength of
hydrological models is that they can provide output
at high temporal and spatial resolufions, and for
hydrological processes that are difficult to observe
on the large scale that they are generally applied
on. Hydrological models therefore enable us to gain
insight into hydrologic processes using a limited
number of measurements [2].

The hydrological modelling can generally be
classified info empirical, conceptual and physically
based models [3]. The empirical model is the data
based or black box model that involves the
mathematical equations and derives value from
available time series. The conceptual model is
parametric or grey box model based on modelling of
reservoirs and include semi empirical equations with
a physical basis. The physically based model is
mechanistic or white box model based on spatial
distribution and evaluation of parameters describing
physical characteristics [3].

Some researchers define the empirical model as
soft computing techniques [4] with given examples of
the model are Artificial Neural Networks (ANN) (e.g.
[5]). Genetic Algorithms (GA) (e.g. [6]), Fuzzy Logic
(FL) (e.g. [7]) and unit hydrograph. HBV model (e.g.
[8]) and TOPMODEL (e.g. [?]) are example of
conceptual model. Physical based models have
recently increasing in the market of software with
examples such as MIKESHE (e.g. [10]), SWAT (e.gQ.
[11]), InfoWorks and TREX (e.g. [12]). Blomqvist et al.,
(2013) outline the steps in model application which
include problem identification, data availability,
choice of model, determination of parameter value,
validation and problem solving [13].

The successful application of a hydrological
modelling depends on how well the model is
calibrated. The difficulties in the application of such
methods are interdependence between model
parameters, discontinuities or points on the response
surface, local optima on the response surface and
the scaling of parameters [14]. The limitation in this
modelling is in terms of understanding and predicting
hydrologic change through the spatial
characteristics. The data limitations may be the key
cause of this [15].

The publications especially related to academics
will be the sources for the researcher in their research
works. The publication of this modeling arficle in

academic journals had started from the year 1986
[16] to the recent distributed physically-meaningful
models [17-19]. [20] had reviewed the scale issues in
hydrological modeling in while the recent review is
regarding the parameters involved in the certain
model [3].

Nowadays, hydrological modeling works have
faken over the most important tasks in problem
solving in hydrology [21] which subsequently leads to
the increase in the publication of this topic year by
year. The contents in the research and the software
used have also been upgrading in line with the
fechnology development. In this study, the authors
had reviewed most of the academic journal
publications fo analyze the research trends and
identify the patterns of hydrological modeling
publications. The retrieval from academic journals is
regarded as the most effective approach for the
research community, especially for new researchers
in particular, to gain in-depth insight into the research
frends. In this regard, a systematic review of
hydrological modelling success factors had been
undertaken with the following derived objectives: 1)
To ascertain the annual publication trends of
hydrological modelling from 1980 to 2010; 2) To
identify authors' origin/country and the active
contributors in exploring the hydrological modelling
from 1980 to 2010; and 3) To identify countries with
most  published papers on the hydrological
modelling.

2.0 METHODOLOGY

Searching on an academic journal particularly on
the specific topic is necessary in order to have a
comprehensive review and analysis on previous
research studies [22]. Therefore, this study had
adopted a combination of comprehensive methods
used by [23], [24] and [25]. The three round literature
reviews were conducted to document the research
study of hydrology modelling. A flowchart of the
three round literature reviews was illustrated in Figure
1. Therefore, this research method was developed to
ensure no papers with high relevancy are left out.

In Stage 1, the search engine “Scopus” was used
as the main source to obtain paper. This search
engine was chosen because it covers most of the
research journals [24]. To ensure that no paper will be
missed, additional search engine, i.e. Web of Science
and Google Scholar were also used to extract the
papers that relate to the “titles, abstract/keywords”.
These additional search engines were used as it is
believed that they have better search engine in term
of coverage and accuracy, as compared to other
search engines. These search engines are also
popular among hydrological modeler. Since the
main subject matter for this study is modelling, two
different spellings had been considered, i.e.
modelling and modeling to cover papers written
both in US English and British English. The subject areas
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to be searched were hydrology modelling/modeling,
hydrological  modelling/modeling,  rainfall-runoff
modelling/modeling, runoff modelling/modeling,
discharges modelling/modeling, flood
modelling/modeling, extireme discharge
modelling/modeling. These terms are classified info
hydrological modelling. The complete search code is
listed as follows:

TITLE-ABS-KEY (“hydrology modelling/modeling” OR
“hydrological modelling/modeling” OR *“rainfall-

runoff modelling/modeling” OR “runoff
modelling/modeling” OR “discharges
modelling/modeling” OR “flood

modelling/modeling” OR  ‘“exfreme  discharge
modelling/modeling”)

The search is strictly limited to hydrological
modelling. However, there are high possibility that
some unwanted papers appeared. To narrow down
the search finding, all search results were only
analyzed for the paper published in top-ranked
journals. This process was done in stage 2, which
main purpose is to tfestify the level of attention in
hydrological modelling.

In stage 3, the scope was narrowed down by
visual examination of abstracts and main texts. Any
unrelated papers were excluded and papers
addressing  hydrology modelling issues were
extracted as selected papers to obtain the
information which are contents, research origin,
research centre, active researcher, most cited
papers and research pattern. The calculation of
score uses a quanfitative method by [26] to
differentiate the contribution of each author in a co-
authored paper. The score calculation was chosen
because of its simplicity to represent the actual
conftribution every author. Typically, the first author
contributes more than the second author and the
second more than the third and so on. Each
publication was given one point, no matter how
many authors there were. If more than one author
participated in producing the paper, the one point
was divided into corresponding parts for each author
[25]. The score calculation formula is shown as
follows.

-LISI:I—I
Score = &5

L, 15
Where n means the number of authors that
confributed to the paper and i is the order of each
specific writer. A detailed score distribution for
authors is presented in Table 1, which was produced
using formula above.

Table 1 Score matrix for more than 1 author

Order of author

No. of author 1 2 3 2 5

1

0.60 0.40

0.47 0.32 0.21

0.42 0.28 0.18 0.12

0.38 0.26 0.17 0.11 0.08

AN WOWN —

Search engine:
Scopus, Web of Science &
Google Scholar

Title/Abs/Key

Papers
Stage 1 *ﬁ Annual published number |

Refined scope
Papers

%| Annual published number

Stage 2

Visual selection from a
Hidrological Modelling
persective

Papers

Stage 3 —)‘ Annual published number ‘

¥

’

‘Origi.us | ‘ Centres ‘ | Authors ‘

Figure 1 The research flowchart

3.0 RESULTS AND DISCUSSION

3.1 Holistic View of Hydrology Modelling Papers
Published

The search result derived from stage 1 until stage 3
produced 8 journals with 5 different publishers. These
journals are name based on their rank, as shown in
Table 2, (based on number of paper published)
Journal of Hydrology (JH), Journal of Advanced in
Water Resources (AWR), Hydrological Sciences (HS),
Hydrology and Earth System Sciences (HESS),
Hydrological Processes (HP), Water Resources
Research (HRR), Water Research (WR) and Water
Resources Management (WRM). There are 139
related papers in total which had been published by
these journals. JH was found to publish the highest
number of papers, followed by AWR, which are 28
papers. Two journals, i.e. WR and WRM, were found
published less than 10 numbers of papers. Among
these 8 journals, Elsevier Publisher was found to
publish highest number of papers, i.e. 83 papers.
Three (3) journals published under Elsevier are JH,
AWR and WR. Wiley Publisher published in total of 24
numbers of papers in their two (2) different journals,
i.e. HP and WRR, with 12 number of papers each
journal. The remaining of the journals is published by
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Taylor & Francis (HSJ), EGU (HESS) and Springer Table 3 Research origin of published Hydrological Modelling

(WRM). papers
3.2 Active Authors, Research Centers and Origins, Number Number
and Regional Concerns Origin of Number of of Score
research researches papers
The origin of the author, author, research/institution centres
center and most paper cited were ranked based on United States {US) 49 103 46 27.71
the score matric as shown in Table 1. The score will be United  Kingdom 14 34 o4
assigned for each author and finally will accumulate (UK) - 1570
based on the category to be evaluated. For Australia 28 47 22 14.30
instance, Table 3 shows the research score of each China 26 36 13 9.2
author based on origin country. The United States has Canada 15 35 12 8.65
the highest score with 27.71 while Tanzania has the France 14 27 8 7.93
lowest score with 0.40 in post hydrology modelling Netherlands 10 20 10 6.85
publications. These values were assigned by ltaly U 16 7 3.92
accumulating origin all authors contributed for each india 6 7 4 3.60
country. For instance, one paper with title of “Effects Denmark 8 15 4 3.49
of spatial variability and scale with implications Norway 14 1 o 3.31
to hydrologic modeling” was chosen [27]. This paper Germany ? 19 6 2.77
was written by four (4) authors, i.e. Wood, Sivapalan, Spain 1 13 S 2.71
Beven and Band (1988) and each author will have a ran 3 ) 3 2.60
score of 0.42, 0.28, 0.18 and 0.12, respectively (refer South Africa 4 4 4 2.40
to Table 1). A score of 0.82 (from Wood - 0.42, Turkey 3 6 2 2.00
Sorooshian — 0.28 and Band - 0.12) is awarded fo New Zealand 3 > 3 1.72
. . . Sweden 3 5 4 1.64
United S’ro_’res and the score of Q.]S, i.e. cqn’rrlbu’req Equador 5 3 > 160
by Beven, is owgrded to United Kingdom. This analysis reland 5 5 5 1.50
was also applied to calculate the score of each South Korean 5 8 2 1.42
author and research centres. From Table 3, three Switzerland 5 8 3 1.10
countries, i.e. the United States, the United Kingdom Poland 2 2 2 0.68
and Australia, had published the highest number of Thailand 2 2 2 0.68
hydrological modelling papers with scores of 27.71, Tanzania 2 2 2 0.40

15.70 and 14.30, respectively. These counfries can
produce large number of publications because of

Table 4 shows the researchers involved in two or

the international collaboration between them, as
shown by Wood et al. (1988) for their paper entitled
“Effects of spatial variability and scale with
implications to hydrologic modeling” [27]. One of the
reasons why US can have highest score is because
this country has 49 different research centers with 103
researchers and had produced 46 papers. The total
percentage number of papers contributed by these
countries is 44% (92 in 208). The high contribution of
the three countries to hydrological modelling can be
due to:1) international collaboration in producing
papers, 2) the hydrological modelling study is
dominant by these three countries and 3) high
number of research centers and researchers.

more target papers. The top ten (10) highest score by
author are from the United State, the United Kingdom
and Australia. Total percentage contribution by these
authors (excluding from Norway and South Africa) is
48.8% (61 in 125). The stafistic in Table 4 support
findings in Table 3, as discussed before. Beven, Singh
and Sivapalan had produced 11 papers respectively
but different in score. Beven recorded the highest
score with 8.03 point is a researcher from Lancaster
University, United Kingdom. He has the highest score
because he authored 11 papers. It should be noted
that most of the fime, he wrote these papers as a
single author or less than 3 authors. Singh recorded
the second highest score with 5.28 point is from
Lousiana University from United States while Sivapalan
recorded the third highest score with 4.27 point is

Table 2 Journals that produced two or more target papers

Journal title (Publisher; Impact Factor (IF) - as for Nur:fber from Lancaster University, United Kingdom.
2 .
01) journal Table 4 Researchers involved in two or more papers
Journal of hydrology (Elsevier; IF: 3.483) 48
Advances in water resources (Elsevier; IF: 3.221) 28 o No. of
Hydrological sciences journal (Taylor & Francis; IF: Researchers Affiliation Country papers Score
2.222) 15 K. Beven Lorjcos'fer UK 11 8.03
Hydrology and earth system sciences (EGU; IF: Unl\{e‘rSITy
4.437) 15 V. P. Singh b‘:}‘fv"“g?sﬂo state s 1 528
Hydrological processes (Wiley; IF: 3.014) 12 v Loncosflr
Water resources research (Wiley: IF: 4.397) 12 sivapalan University UK 1 4.27
Water research (Elsevier; IF: 6.942) 7 S. University of USA 10 205
Water resources management (Springer; IF: 2.848) 2 Sorooshian Arizona )
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Researchers Affiliation Country No. of Score Researchers Affiliation Country No. of Score
papers papers
University of National instfitute
H.V. Gupta Arizona USA / 1.58 Lee, H.-J. of environmental Korean 2 0.17
V. K. Gupta Uleer5|fy of USA 5 239 research
Arizona
\({?:;Ung— University of Oslo Norway 4 1.64 ) )
. Table 5 illustrated the research centfer with the
The Ausfralian | fi f th t . t b f
G. Bldschl National Australia 3 1.35 ocaton o € center in couniry, number O
University researchers, number of papers and number of
Eric F.wood E:L?\/Ceilﬁn USA 3 116 scores. In .overoll, the highest cc.)n’rri_buﬁon. of
Y Sooth researchers is from the Lancaster University, United
Tumbo, M Rhodes university e 2 1.00 Kingdom which has a score point of 92.93 by
Newsha K. University of A ) 0.89 producing 15 papers from 5 researchers. The
Ajami California ' University of Arizona, USA and the research center in
Bardossy, A gg@;‘:;/ of  Gemany 2 087 post hydrology modeliing, University of Louisiana, US
Hamid . were the second and third ranked centers/university,
Moradkhani ~ Jniversity °f  Usa 2 0.84 as shown in Table 5. These centfers/university have
California . .
_ scored of 6.64 and 4.40 point, respectively.
Jasper A. University of  Nefherlan 2 0.80 As aresult, it is important to analyze the citation of
Vrugt Amsterdam ds R R R
Csio land _and i target papers to further appraise confributions of a
Zhang, Y., water flagship Australia 2 0.80 specific author on publications. The citation for each
Zhang, H. :Jeﬂiivrfésify of  canada 9 0.77 journal had been obtained from Google Scholar. This
EG?Th s search engine was used due to its wide coverage of
Zhang, X., environmental USA 9 0.70 ciToTion.reporT. for all ﬁelds' and .onolysis using this
sciences division engine is consistent and reliable in nature [24] and
X‘Omoncfil ggilz)ef;i;\/ of ity 9 0.48 continuously updated. They also added that Scopus
. Univgrsny o search engine, which had been used for the
Kuo-LinHsu & uelinia USA 2 0.65 analyses shown in Tables 2, 3 and 4, have limitations
Engeland, K University of Oslo  Norway 2 0.59 in terms of its coverage in the citation report of the
_ University of most confributive papers. Most frequently cited
Brissefte., F. %L:;?r‘z‘;l Canada 2 0.57 paper was listed in Table 6. The top ten (10) most
Huang, G. University o comoda ) 053 cited papers were published by Elsevier (4), WiIeY (4),
H. regina : Taylor & Francis (1) and ASCE (1). The paper entitled
o Istea,hydrosyste “The future of distributed models: model calibration
A\?dreoss'c’” o processesond France 2 0.53 and uncertainty prediction” written by Beven and
o research unit Binley in 1992 has been cited for 3,731 fimes which
Irstea,hydrosyste ranked it fo the first place [28].
Perrin, C. géprocesses and France 2 0.53
research unit Table 5 Research centre with the highest scores
Csiro  land and .
Vaze, J. . Australia 2 0.53
‘L’J“O,fe’ f!fgsmp - Research Count Number of Nur:fber Score
Maier, H. R. niversity OF  Australia 2 0.4 centre Y researches
adelaide papers
Madsen, H., DHI, Horsholm Denmark 2 0.38 Lancaster
Cairo water for a University UK 5 12 9.93
. healthy country . - "
Chiew, F. H. national research Australia 2 0.36 Umversﬂy of USA 12 9 6.64
flagship ArIZ.O‘nO
Xu, C.-Y. University of Oslo  Norway 2 0.35 Louisiana
national research State USA 7 7 4.40
Wang, D., council regina Canada 2 0.34 University
Mahé, G, Hvdrsciences France 2 033 University of .
A monfpellier Western Australia 4 7 417
Willem University of  Netherlan 9 0.29 Australia,
Bouten Amsterdam ds -
- ; | r— National
Zappa, M Swiss ' edero Switzerlan 9 0.27 hvdrolo
e research institute d ) Y ﬁy Canada 3 2 2.00
City University of researc
Larry band New York USA 2 0.24 institute
. Cairo land and " University of .
Li, M. water flagship Australia 2 0.20 Adelaide Australia 7 2 2.00
Dezetter, A. hydr?oe”r_wces France 2 0.19 Rhodes South 3 2 200
montpetier University Africa )
Refsgaard, University of Denmark 9 0.19 Pri i
J.C. copenhagen : nnceton USA 4 6 1.83
S tE Hydrsciences E 9 0.18 University
ervat, £ montpelier rance : UNESCO- Netherlan 6 3 1.82
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https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Vrugt%2C+Jasper+A
http://onlinelibrary.wiley.com/doi/10.1002/hyp.3360060305/full
http://onlinelibrary.wiley.com/doi/10.1002/hyp.3360060305/full

Nur Shazwani Muhammad et al. / Jurnal Teknologi (Sciences & Engineering) 81:4 (2019) 1-11

Research Number of Number Research Number of Number
Country of Score Country of Score
centre researches centre researches
papers papers

IHE Institute ds and Water,
for  water Canberra,
education Australia
Norwegian City
water University of  USA 1 2 0.24
resources Norway 4 3 1.64 New York
and energy
directorate
gmlversny of Italy 6 2 1.60 It is interesting to note that, the research origin,
Uzi\?grni? f active researchers, research cenfre and the most
Tehrins YO ran 4 2 1.60 cited papers are from the United States and United
Nanjing . Kingdom. Keith Beven was found to be the most
university China 8 2 1.58 active researcher in hydrological modelling field until
University of ) fo date. In general, countries such as United States
regina Canada 8 1.55 and United Kingdom have met the expectation as
Texas A & developed countries with top ranked research
Mo USA 2 4 1.48 universities which had spurred the growth in
University, hydrological modelling studies. In addition each
5Hl'h | Denmark 6 2 1.43 country itself had experienced many environmental
orshom and hydrological related disasters including flood
University of . . . .
California USA 4 3 1.29 and hurricanes  which require real effective
Uppsala application in hydrological modelling.

; . Sweden 1 2 1.20
University
University of

German 3 2 1.19

Stuttgart Y 4.0 CONCLUSION
Delft

. ity of Netherlan 3 9 119
;vahemly o s : Research in hydrological modelling has a wide range
echnoogdy of applications in environmental management
University of X . .
florida USA 3 2 1.18 especially in water resources planning,
Geological monogem.en.‘r, gnd development. However, there
survey  of Denmark 4 2 1.10 are some limitations and challenges due to resource
denmark constraints  and  limited range of available
University of Netherlan 5 4 110 measurement techniques. This study conducted a
Amsterdam _ ds ) three round literature review of published journal
The papers fo investigate the most popular and cited
Australian Australia 1 2 107 work in hydrology modelling field. Using the web of
thongl sciences search engine, the author adopted a
University . . . .
Colorado combination of keyword, title, abstract and main text
State Univ USA 4 4 1.07 to identify 139 target papers to study past frends. As
University of one of the most developed countries in the world,
oslo Norway 4 2 1.03 the United States leads in the research origin of
University of USA 5 5 0.9] publications in hydrology modelling. Keith Beven from
California ) Lancaster University, United Kingdom is ranked as the
Imperial most active researcher in hydrological modelling
College  of publications. The Lancaster University has recorded
?C'ehncel' UK 3 3 0.64 the highest score in research center. Paper by Keith
echnology Beven and Andrew Binley was the most cited with
and o . .
Medicine 3731 citations. In conclusion, the post hydrological
Chinese modelling research trends have provided a holistic
Academy China 2 2 0.60 review for other researchers to find a platform in a
of Sciences new field. The wide range opportunities available in
Sun Yat-sen . post research hydrological modelling in terms of

- . China 2 2 0.47 X
UnﬁverS{‘ry patterns, themes and active researchers allow the
University of Norway 1 2 0.44 becoming researcher to discover new issues and
Oslo develop new technigues and approach in
ER?h fofr hydrological modeliing field. The information in this
H;?dfolgqgeyn Australia 2 2 0.30 paper can also be used to identify the new network
CSIRO Lcm,d between the countries that have a similar research

inferest.
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Table é Most cited papers

Author/published year Paper title No.ct?tfei:;nes
Beven, K., & Binley, A. (1992). [28] The futu_re of d|§fr|pufed Amodels: model calibration and 3731
uncertainty prediction (Wiley).
Beven, K. (1989). [29] Changing ideas |n.hydrology—the case of physically- 1792
based models (Elsevier).
Equifinality, data assimilation, and uncertainty estimation
Beven, K., & Freer, J. (2001). [30] in  mechanistic modelling of complex environmental 1641
systems using the GLUE methodology (Elsevier).
Bldschl, G., & Sivapalan, M. (1995). [20] Scale issues in hydrological modelling: a review (Wiley) 1619
Hsu, K. I., Gupta, H. V., & Sorooshian, S.  Artificial neural network modeling of the rainfall-runoff
- 1378
(1995). [31] process (Wiley).
Beven, K. (1993). [32] Prophecy, reollTy. and gncertolnty in  distributed 1170
hydrological modelling (Elsevier).
Viugh, J. A, Gupta, H. V., Bouten, W., & A Shgfflqd Complex Evolghon Metropolis algorithm fgr
- opftimization and uncertainty assessment of hydrologic 1013
Sorooshian, S. (2003). [33] -
model parameters (Wiley).
Klemes, V. (1986). [16] Operational Tgshng of hydrological simulation models 793
(Taylor & Francis).
Singh, V. P., & Woolhiser, D. A. (2002). [34] Mathematical modeling of watershed hydrology (ASCE). 784
Wood, E. F., Sivapalan, M., Beven, K., & Effects of spatial variability and scale with implications 758
Band, L. (1988). [27] to hydrologic modeling (Elsevier).
Beven, K. (2001). [35] How far can we go in distributed hydrological modelling? 682
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