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Abstract. While strong coupling of water and ecosystem is well known for centuries, the concept of ecohydrology has just been 
coined about three decades ago. Ecohydrology expands the hydrology research point of view to include ecological parameter to its 
modeling, to solve ecosystem problems. This review was done to identify the trend of water related research during the past 
decade, with the intention to find gaps between hydrology and ecology research toward integrative ecosystem modeling. The data 
from highly cited articles in three high impact factor publications in water resources category show that only about 10% of the 
total research articles included ecosystem as the quantitative parameter. Three scientific gaps resulting this low ecosystem 
discussion in hydrology research were then identified, including issue gap, in which water are treated as an individual empirical 
or state variable; model gap, where only water parameters are considered in the water related model; and data gap, related to 
data availability to assess problem in ecosystem scale. Therefore, three recommendations were proposed, including to view water 
as a natural capital to include ecosystem parameters in the model, to use integrated water-ecosystem model and to develop data 
upscaling-downscaling techniques coupled with the uncertainty analysis. 
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Abstrak. Keterkaitan antara air dan ekosistem sudah dikenal sejak lama, akan tetapi konsep ekohidrologi baru saja 
diperkenalkan sejak tiga dekade yang lalu. Konsep ini memperluas tema penelitian di bidang hidrologi dengan mengintegrasikan 
parameter ekologi ke dalam proses pemodelannya. Artikel ini ditulis untuk mengidentifikasi tren penelitian di bidang hidrologi 
selama satu dekade terakhir (2004-2015), dengan tujuan utama untuk mencari kesenjangan antara penelitian hidrologi dan 
ekologi ke arah pemodelan ekosistem yang terintegrasi. Data dari artikel-artikel bersitasi tinggi di tiga jurnal publikasi 
internasional di bidang sumber daya air menunjukkan bahwa hanya 10% dari total artikel yang direview mengintegrasikan 
parameter ekologi secara kuantitatif. Rendahnya persentase integrasi ekologi dalam penelitian di bidang sumber daya air 
disebabkan oleh tiga kesenjangan ilmiah, meliputi: (1) kesenjangan isu, dimana isu sumber daya air diperlakukan sebagai variabel 
empiris utama; (2) kesenjangan model, dimana air merupakan satu-satunya parameter yang dipertimbangkan dalam pemodelan; 
dan (3) kesenjangan data, yang terfokus pada permasalahan ketersediaan data ekologi untuk analisis. Tiga rekomendasi terkait 
dengan kesenjangan ilmiah ini meliputi: (1) memperkuat konsep ekohidrologi dengan memandang air adalah bagian tidak 
terpisahkan dari ekosistem bumi yang saling terkait, (2) mendorong integrasi parameter ekologi ke dalam pemodelan hidrologi, 
dan (3) pengembangan teknik peningkatan skala (resolusi) data yang terintegrasi dengan analisis ketidaktentuan. 

Kata Kunci:  Hidrologi / Ekologi /  Ekohidrologi /  Ekosistem /  Pemodelan Lingkungan 

 

INTRODUCTION 

he concept of integrated modeling to solve 
global environmental challenges is recently 
emerging. This concept suggests the use of 

integrative ecosystem model particularly to deal with 
seven global environmental issues, including climate 
change, soil security, water security, food security, 
energy security, biodiversity protection, and ecosystem 
services (McBratney et al. 2014). Water as the main 
driver in ecosystem processes is therefore being 
discussed.  

For centuries scientists have been and being in 
research of water cycle to unfold its processes in 
regulating ecosystem and environment evolution. Two 
third of the earth surface is covered by ocean, while it 
presents not only providing habitat for the sea biota, 
ocean also regulates the earth climate which make it 
possible to be inhabited by other species including 
human. Ocean water is able to buffer temperature, 
while the differences from terrestrial counterpart, 
regulate the wind pattern which eventually distributes 
evaporated water as rain (Archer et al. 2010). The 
condense atmospheric water then fall and precipitate on  
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the terrestrial carrying dissolved atmospheric gases such 
as oxygen, carbon dioxide, and nitrogen, changing its 
chemical composition, and have the ability to react 
with the earth surface to develop soils (Brady 1984). In 
the soil, the water-driven redox reactions provide 
nutrient as a byproduct, which together with available 
water, CO2 gases, and the energy from the sun, enable 
plants photosynthesis to provide food for human and 
animals. While not all terrestrial water are used by 
trees, the excess precipitation are either evaporated back 
to the atmosphere, absorbed by soil to be stored as 
groundwater through subsurface flow, or generate 
runoff which eventually return to the ocean following 
the river path (Chow et al. 1988).  

While the strong coupling between hydrology 
and environmental ecology has been known for 
centuries, the concept of ecology-hydrology integration, 
also known as ecohydrology, has just been coined in the 
last decades of the 20th century (Eggelsmann 1987). 
Ecohydrology formerly was known for ecologist who 
study wetland, in which it only considered plant and 
water relationship. It was defined as interdisciplinary 
science which study ecology in hydrology point of 
view, by taking interrelationship between hydrology 
and ecology (Grootjans et al. 1996). Later on, it was 
also argued that the interconnection between ecology 
and hydrology had to be applied in two ways, in which 
ecohydrology does not only studying plants effect to 
hydrological processes, such as through-fall, infiltration, 
and sedimentation; it also focuses on the influence of 
water quality and regime to the vegetation pattern 
(Wassen 2000). Furthermore, the climate and soil 
dynamics also included in this integrative ecosystem 
study (I. Rodriguez-Iturbe 2000), and the human factor 
was then also integrated in the definition, particularly to 
achieve water sustainability in catchment scale 
(Zalewski 2000). 

The objective of this article, therefore, is to 
review the hydrological research findings during the 
past decade to uncover the trend of water related 
research toward integrative ecosystem modeling. 
Furthermore, this review is also intended to find gaps 
between hydrology and ecology research toward 
integrative ecosystem modeling. A literature review 
methodology will be described in the next chapter, 
followed by the result and discussion about what the 
trending issues in hydrology, the problem scales, the 
used model paradigms for the problem-solving analysis, 
and whether ecological aspects were directly included 
or not in each of the reviewed research. 

LITERATURE SOURCES AND THE 
OVERARCHING QUESTIONS 

The literature review was conducted following 
another similar methodology (Grunwald 2009), with 
slight modification to fit the topic of this article. 
Literature search was done in the publication database 
website,Web of Science (http://apps.webofknowledge. 
com/). First, publications under Water Resources 
category were selected based on the journal impact 
factor (JIF), by using Journal Citation Report (JCR) 
year 2013. Three publications were then selected 
including Water Resources Research (JIF 3.709), 
Hydrology and Earth System Sciences (JIF 3.642), and 
Advances in Water Resources (JIF 2.780). For each of 
these publications, non-review articles which are 
categorized as Highly Cited Paper during the past 
decade (2004-2015) were then selected and reviewed.  

Total 56 papers were under reviewed to answer 6 
main questions, including (1) what is the main 
hydrology topic, (2) what is the water component being 
discussed, (3) what is the issue being resolved, (4) what 
is the scale of the problem, (5) which modeling 
paradigms are used for the problem-solving analysis, 
and (6) what ecological factors are included in the 
discussion. Along with these six main questions, other 
parameters including the location of the research, the 
dataset being used, the used hydrologic models, and the 
major research finding were also investigated to support 
the discussion. Four categories were used to answer the 
first question, including water quantity, quality, 
uncertainty analysis, and model development, while 
second question defined which components of water 
cycle were discussed related to its category. 
Furthermore, the specific water related issues, including 
the problem scales, and the proposed solution were 
described in question three to five. Finally, the last 
question was used to investigate whether ecological 
factors were directly or indirectly, quantitatively or 
qualitatively discussed in each of the reviewed article. 

HYDROLOGY RESEARCH MAINSTREAMS 
(2004-2015) 

The list of reviewed literatures, categorized based 
on the topics and water cycle components, are 
presented in Table 1. This data shows that more than 
55% of the reviewed articles are under water quantity 
category, while other 20%, 16%, and 9% respectively 
discuss water quality, uncertainty analysis, and model 
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development. Moreover, almost 75% of articles within 
water quantity category discuss surface and soil water, 
but soil water itself becomes major topic within all of 
each category under reviewed. The relationship 
between research topics, water cycle components, and 
the water related research trending issues are shown in 
Figure 1. 

The left chart on  Figure 1 shows that more than 
46% of the reviewed articles address soil water as the 
main subject, followed by 32% about surface water, and 
11% for each about groundwater and atmospheric 
water. For the water related issues (right chart), three 
groups based on the number of articles are identified. 
Ordered   from  the  highest  trend,  the  trending  topics  

Table 1. List of the reviewed literatures based on water topic and water cycle component category 

Tabel 1. Daftar literatur berdasarkan topik air dan kategori komponen siklus air 

Category Total Articles 

Model development 5  
Soil water 5 (Benson et al. 2013; Revil 2013; Liang et al. 2009; Neuman et al. 2009; Revil 2012) 

Uncertainty analysis 9  
Surface water 6 (Schoups et al. 2010; Neuman et al. 2012; Blasone et al. 2008; Pappenberger et al. 2006; 

Bastola et al. 2011; Renard et al. 2010) 
Soil water 3 (Dorigo et al. 2010; Vrugt et al. 2008; Zhou et al. 2011) 

Water quality 10  
Soil water 7 (Lutz et al. 2013; Chalbaud et al. 2009; Blunt et al. 2013; Akbarabadi et al. 2013; L. Li, 

Peters et al. 2006; Pini et al. 2012; Pau et al. 2010) 
Groundwater 3 (Robinson et al. 2007; Navarre-Sitchler et al. 2013; Siirila et al. 2012) 

Water quantity 32  

Atmospheric water 6 (Andreadis et al. 2006; Christensen et al. 2007; Essery et al. 2013; Rittger et al. 2013; 
Maurer et al. 2008; Marks et al. 2013) 

Surface water 12 (Di Baldassarre et al. 2009; Ghosh et al. 2008; Yadav et al. 2007; Brocca et al. 2010; M. P. 
Clark et al. 2008; Villarini et al. 2009; Labat et al. 2004; Moradkhani et al. 2005; Kirchner 
2009; Ward et al. 2014; Y. P. Li et al. 2006; Lazure et al. 2008) 

Soil water 11 (Brocca et al. 2010; Chang et al. 2006; Donohue et al. 2006; Knudby and Carrera 2005; Liu 
et al. 2011; Lü et al. 2011; Mekonnen et al. 2011; Nagarajan et al. 2011; Van Dijk et al. 
2013; Xu et al. 2008; Hrachowitz et al. 2013) 

Groundwater 3 (Voss et al. 2013; Chen et al. 2006; Kollet et al. 2006) 

Grand total 56  

 

     

 

  
Figure 1 The number of articles for each hydrology research topics related to water cycle component being 

discussed (left), and the trending issues in water research (right) 

Gambar 1. Jumlah artikel untuk setiap topik penelitian hidrologi terkait dengan komponen siklus air (kiri), dan isu 
terkini pada penelitian hidrologi (kanan) 
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include dissolved carbon and streamflow; model 
uncertainty, subsurface flow and modeling; and data 
uncertainty and soil moisture. Furthermore, the trend of 
the problem scales and model paradigms being 
discussed related to the water cycle component are 
presented in Figure 2.  

The left chart of Figure 2 shows that 43% of 
reviewed articles discuss water related problems in the 
landscape scale, while other problem scales being 
discussed include watershed, regional, global, and 
laboratory scale, with percentages of 27%, 16%, 9%, 
and 5% respectively. In term of modeling paradigms, 
process based model is the favorite followed by factorial  

 

model, with almost 59% and more than 14% of the use 
in the reviewed articles, respectively.  

 Figure 3 shows the number of articles which 
directly include ecosystem as the modeling parameters, 
whether qualitative or quantitative, and the related 
ecosystem parameters being discussed. It can be seen 
from Figure 3 that more than 80% of articles under 
review do not include ecosystem in their discussions, 
while only about 10% of the ecosystem discussion are 
quantitative, which directly include ecosystem 
parameters into the modeling. Furthermore, right side 
chart of  Figure 3 also shows that the relationship 
between soil water and plants is the mostly discussed 
research topic. 

 

  
Figure 3. The percentages of articles directly discuss ecosystem (left) and the ecosystem parameters directly 

included in the reviewed articles (right) 

Gambar 3. Persentase artikel yang secara langsung membahas tentang ekosistem (kiri) dan parameter ekosistem yang 
dibahas (kanan) 

 
 

  
Figure 2.  The trend of problem scales (left) and model paradigms (right) related to water cycle components 

being discussed in hydrology research 

Gambar 2. Tren skala permasalahan (kiri) dan paradigm pemodelan (kanan) terkait dengan komponen siklus air pada 
penelitian hidrologi 
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CURRENT STATUS OF THE ECOLOGY 
AND HYDROLOGY RESEARCH 

INTEGRATION 

Atmospheric Water 

In the past decades, no more than 11% of 
hydrology research discuss atmospheric water. 
Furthermore, process based modeling was used in 66% 
of the reviewed articles to model atmospheric water, 
while other modeling paradigms being used include 
Geographic Information System (GIS) modeling and 
statistics. Moreover, all the articles related to 
atmospheric water discussed issues about the quantity 
of the rain/snow precipitation, but there are no articles 
which directly address ecological factors as the model 
parameters.  

In term of scales, 50, 33, and 17% of methods 
which were used to model atmospheric water were 
applied in regional, watershed, and landscape scale, 
respectively. These articles mostly used coarse data, 
such as low-resolution satellite imageries, to assess the 
change of water responses. For example, sequential 
MODIS data were used to characterize snow to 
understand the earth energy processes using 
geostatistical method (Rittger et al. 2013) and to 
minimize bias on snow forecasting based on process 
based modeling in the regional scale (Andreadis et al. 
2006), while future prediction of precipitation and 
temperature from general circulation model were used 
as input for process based watershed modeling to 
forecast runoff responses due to climate change 
(Christensen et al. 2007). 

Surface Water 

About 32% of the total reviewed articles 
discussed surface water, with 67% and 33% of it dealing 
with water quantity and uncertainty analysis, 
respectively. The discussed surface water issues include 
44% of about the streamflow and runoff processes, 33% 
of about model and data uncertainty analysis, 11% of 
about flood, and 6% for each of about the relationship 
between surface water, soil water and water 
distribution. Moreover, about 67% of the surface water 
related research were done in watershed scale.  

Regarding to the modeling paradigms, more than 
72% of the articles used process based modeling during 
the problem-solving analysis, while other modeling 
paradigms include factorial model and traditional 
statistics, with the percentages of 22 and 6% 
respectively. Furthermore, while only about 7% of the 

used process based model directly included ecosystem 
parameter, 75% of the applied factorial model included 
ecosystem factors within its discussion, although 67% 
of it are qualitative. These factors include human and 
plants and its relationship to water. For example, the 
crop water need and domestic water demand were 
included in the interval-parameter multi-stage stochastic 
linear programming (IMSLP) model to develop 
regional water allocation decision support system (Y. P. 
Li et al. 2006), while the qualitative relationship 
between water, human, and plants factors were 
included to assess flood in the global scale (Ward et al. 
2014) and another quantitative ecosystem modeling in 
watershed scale (Villarini et al. 2009). 

Soil Water 

Soil water was the most discussed water cycle 

component in hydrology research during the past 
decade, with more than 46% of the total reviewed 

articles took water in the soil into account. Soil water 
was also discussed in all problem scales, with almost 

70% of it were done in landscape scale. Furthermore, 
soil water was also always included in every hydrology 
research topic, with most of it discussed soil water 

quantity, followed by soil water quality, model 
development, and uncertainty analysis. The issues 

included in these topics were dominated by subsurface 
flow modeling, followed by water quality related to 

dissolved carbon, soil water distribution, soil water-
plants modeling, and the uncertainty of soil water data 
and models. Other minor issues include waste water, 

drought, and water driven geochemical reaction.  
In term of modeling paradigms, soil water always 

had model representative on all of the identified 
method. While it was dominated by process based 
modeling, other method being used to model soil water 
include mathematical physics, factorial model, 
integrated model, traditional statistics, and GIS model. 
Furthermore, although soil water becomes the 
dominant category in the reviewed hydrology research 
articles during the past decades, only about 11% of the 
research directly included plants as an ecological factor 
in its modeling parameter; but was quantitatively 
defined. Moreover, the soil water related ecosystem 
model being used in these articles were dominated by 
process based model, which was applied in both global 
and landscape scale, and another integrated modeling 
was used to assess soil water in regional scale. For 
example, process based model was used to quantify 
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green, blue, and grey water global distribution of 126 
agricultural crops products using crop coefficient, 
transpiration reduction factor, reference evapotrans-
piration, and total available water capacity data as the 
model input (Mekonnen et al. 2011), while another 
article discussed the assimilation of vegetation 
dynamics to downscale Budyko’s hydrological model 
into the landscape scale (Donohue et al. 2006). Another 
example in the regional ecosystem modeling includes 
the integration of the result of process based and 
factorial model to discuss the impact of natural and 
anthropogenic driven drought to the ecosystem in the 
southern Australia (Van Dijk et al. 2013). 

Groundwater 

Together with atmospheric water, the 
groundwater issue was the least topic being discussed in 
the reviewed articles. These issues were mostly 
addressed in landscape scale, followed by regional and 
laboratory scale; with the most used modeling 
paradigm was the process based model. Furthermore, 
GIS method also being used to model groundwater in 
regional scale. Regarding the ecosystem model, only 
about 33% of these articles included ecosystem in their 
discussion, quantitatively. For example, a process based 
model of carbon dioxide leakage into groundwater was 
addressed in the laboratory experiment, to model 
aquifer drinking water quality impacting human health 
(Navarre-Sitchler et al. 2013), while geospatial 
technique was used to monitor water availability to 
asses agricultural water use conflict in regional scale 
(Voss et al. 2013). 

SCIENTIFIC GAPS AND FUTURE 
CONSIDERATIONS IN THE INTEGRATED 

ECOHYDROLOGY RESEARCH 

The reviewed data show that only 10% of total 
number of the reviewed articles quantitatively integrate 
ecosystem parameters into the hydrologic model, and 
the number does not have positive trend in the past 
decade. Although the concept of ecohydrology has been 
around for more than 25 years, scientific gaps toward 
integrating hydrology and ecology research persist. 
Here, the gaps and future considerations toward 
ecohydrology concept based on the reviewed articles 
are presented as follows: 

 

1. In most of the research articles which exclude 
ecological factors, water is treated as an individual 
empirical or state variable, particularly in the articles 
which focus on water quantity. This point of view 
leads hydrologists to model only water without 
considering other ecosystem parameter which might 
be influenced by or influencing water. However, this 
view can be broadened by viewing water as natural 
capital, so that other factors serviced by water then 
might be considered during the modeling processes.  

2. In most of the used modeling paradigm, ecosystem 
parameters are not directly included in the model, 
which create modeling gap towards ecohydrology 
concept. The integrative model that combine 
ecosystem model and hydrology model might solve 
the problem, by using the output of water model as 
the input of ecology model or vice versa, or by 
assimilating water or ecosystem parameter to model 
ecosystem or water, respectively. Therefore, as it has 
been discussed in the previous point, this approach 
needs to treat water together with biotic and abiotic 
parameters related to water as a natural capital, 
which focus on the ecosystem services provided by 
each parameter. 

3. There is certain issue with data availability and 
resolution, which leads to scaling problem and 
increase the modeling uncertainty. Most of the 
hydrology models rely on empirical point 
observation, which use lumping technique to model 
water related processes in certain extent of area. 
This method somehow hides the influence of other 
biotic or abiotic variables which might be included 
during the modeling. The use of distributed 
modeling and GIS techniques have had intention 
during recent studies, but the data availability, 
especially with satellite imageries, becomes the 
limited factor. For example, crop species and soil 
water availability data are needed to model crop 
water interaction using geospatial model. While 
satellite imageries providing crops images are 
available up to less than a meter resolution, the best 
available soil water imagery is in 9 km resolution 
(Entekhabi et al. 2010), which the mission was just 
launched on January 2015. Therefore, to accommo-
date ecosystem modeling, there is certain need to 
develop a downscaling and upscaling technique 
which consider data uncertainty analysis, to match 
the scale of both available data. 
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CONCLUSIONS 

Literature review of highly cited articles from 
three high impact factor publications in water resources 
category during the past decade shows that process 
based modeling used to model water quantity are 
dominant in water related research. However, only 10% 
from the total articles under reviewed, directly included 
ecosystem parameter quantitatively. Based on the 
provided data, three main scientific gaps are then 
identified. First is the issue gap, in which water are 
treated as individual empirical or state variable which 
hide ecosystem parameters. Second is the model gap, in 
which only water is directly included in model 
parameter. Third is the data gap, in which available 
data resolution does not match to the ecosystem 
problem scale. Therefore, future research should treat 
water as natural capital, which then broaden the 
research point of view to integrate ecosystem 
parameters in the water modeling processes. 
Furthermore, there is a need to improve data upscaling 
and downscaling techniques which include data and 
model uncertainty analysis to control the quality of the 
result. 
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