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Environmental flow mechanism and management for

river-lake-marsh systems

XinanYin  Peng Hu Jianguo Zhou

Abstract

Sustaining environmental flows (e-flows) is a basic requirement for river, lake and marsh management. Rivers, lakes

and marshes have close hydrological and ecological connections in a river basin, and form river-lake-marsh systems.

Any measure that is designed to address problems related to only one of these water bodies in isolation of the others

may lead to unexpected, undesired and sub-optimal consequences for one or all of the water bodies. Papers were

selected for this special issue ‘Environ-mental Flow Mechanism and Management for River-Lake-Marsh Systems’ to

illus-trate recent advances in revealing new mechanisms connecting hydrological and environmental/ecological

processes, developing new methods for e-flow calculation, and establishing new measures for e-flow management.
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1 | INTRODUCTION

A majority of river, lake and marsh ecosystems around the world have
been degraded under the increasing influences of human activities
and climate change. Researchers and managers are confronting the
challenges to balance the needs of human beings and freshwater eco-
systems. Sustaining environmental flows (e-flows, the volume of
water that should remain in a freshwater ecosystem and its variation
over time to sustain specified ecosystem conditions) is a basic require-
ment for freshwater ecosystem protection and restoration. Lots of e-
flow research has been performed for rivers, lakes and marshes.

For rivers, the hydrological methods (purely based on hydrological
data) were first established for e-flow calculation (Chen et al., 2016;
Jain, 2012; Tharme, 2003; Yang & Zhang, 2003). The hydrological
methods are the simplest and commonly used methods for e-flow calcu-
lation. The Tennant method (Tennant, 1976), 7Q10 method (Boner &
Furland, 1982) and the flow duration curve method (Cigizoglu &
Bayazit, 2000) are representative hydrological methods. However, these

hydrological methods do not consider the interaction between aquatic

species and environmental factors, and thus cannot clearly reflect the
requirements of aquatic species and ecological functions. Recently, the
e-flow research mainly seeks to incorporate the detailed requirements of
aquatic species protection and ecological function maintenance. For
example, Boavida et al. (2018) chose water depth, flow velocity and sub-
strate as fish habitat indicators and determined the weighted usable area
for barbel spawner. Abebe et al. (2021) linked the ecological conditions
(fish, macro-invertebrate, riparian vegetation and physicochemical) with
hydrological components to assess the holistic e-flows of the Gumara
River in Ethiopia. Akter and Tanim (2018) presented an approach com-
prising of hydrological, hydrodynamic and habitat simulation to deter-
mine e-flow of ungauged semidiurnal tidal river.

For lakes, the e-flow calculation methods are established from
the hydrological or ecological perspectives (Gleick, 1998; Liu &
Yang, 2002). Based on the hydrological perspectives, Guo et al. (2021)
combined water balance method and linear regression method and
calculate the e-flow delivery volume to maintain current water surface
area of Qingtu Lake. In the absence of specific river-bio data, Yasi and

Ashori (2017) used multiple hydrological methods to calculate the
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e-flows of rivers around the Urmia Lake, and took the results as the
e-flow requirement of the lake. Gan et al. (2015) presented an ecolog-
ical water level index system based on the annual guarantee certainty
method, and recommended the timing and duration of the low and
high water level, and water level rise rate and so forth. Differently,
methods from an ecological perspective take into account more infor-
mation about life stages of aquatic organism and its mutual effect on
environmental indicators. Chen et al. (2019) studied the influence of
water depth on waterfowl feeding in wintering period, and suggested
the optimal water level for wintering waterfowls in the Poyang Lake.
Haghighi et al. (2018) considered both the farmers' water use behav-
iour and the natural flow regime, and designed an optimized monthly
e-flow release strategy for reservoirs, which could effectively restore
the lake to an acceptable ecological level. He et al. (2020) adopted the
grey correlation method to analyse the relationship between the
water level and ecological indicators (reed yield, fishery yield, phyto-
plankton species, benthic animal species, waterfowl species), calcu-
lated the annual degrees of certainty for the e-flow, and pointed out
the months from August to March needed water delivery.

Marshes play an irreplaceable role in biodiversity conservation
(Drexler et al., 2008; Li et al., 2009; Li & JianJian, 2011). The e-flow
calculation for marshes involves multidisciplinary knowledge, and the
methods used can be generally divided into statistical analysis and
model simulations. Li, Gong, et al. (2019) classified land cover to calcu-
late the ecological water storage of the marsh in the beginning, middle
and late stage of plant growth. Campbell et al. (2021) surveyed the
floodplain vegetation condition over 1 year to determine the e-flows,
and demonstrated the value of increased flow frequency in recovering
vegetation health. Gong et al. (2021) assessed the area change of reed
marshes and the instantaneous evapotranspiration of the wetland,
and found that the distribution of evapotranspiration within a year
presented single-peak curve and the water replenishment should be
changed according to seasons. Karim et al. (2014) modelled the hydro-
logical connectivity in a tropical marsh, and identified the time when
water depths fell below critical thresholds for fish movement, which is
critical for setting environmentally acceptable flows. Li, Guo, et al.
(2019) established the hydrological dynamic relationship model of lake
storage capacity-elevation-area-salinity to restore the plateau salt
marsh. They found that under the optimum balance condition
between water quantity and salt concentration, simulating the water
transfer mode in precipitation replenishment is an effective means
during breeding season. These previous e-flow studies were per-
formed for rivers, lakes and marshes, respectively, and have effec-
tively promoted the advance of e-flows. However, rivers, lakes and
marshes have close hydrological and ecological connections within
landscapes, and form river-lake-marsh systems. Much research has
revealed the interactions among rivers, lakes and marshes, and proved
the importance of river, lake and marsh protection and restoration
from a system perspective. Yu et al. (2020) monitored the water sur-
face rate of river-lake-marsh systems in China from 1990 to 2010.
The results presented that grassland, arable and forest have strong
correlation with the mutual transformation of river and lake systems.
Al-Quraishi and Kaplan (2021) studied the effect of river flow

variability on Al-Hammar marsh area and indicated that river-marsh
connection was critical for restoration of unique social-ecological sys-
tem. Mayo et al. (2018) established a model for nitrogen transforma-
tion in typical wetlands connecting the lake and river. The results
showed that total nitrogen can be removed by the wetland system
largely through sedimentation, plant uptake and denitrification, which
will benefit the lake ecosystem. Su et al. (2021) analysed the effects
of urbanization on regionals climate in lake-marsh area. The results
suggested that urbanization has formed the ‘Rain Island Effect’ due to
the existence of lake-marsh system, which increases the potential risk
of urban flood control warning.

To advance e-flow research from isolating rivers, lakes and
marshes to connecting them, a special issue ‘Environmental Flow
Mechanism and Management for River-Lake-Marsh Systems’ has
been organized. Papers in this special issue are presented covering
three themes (1) e-flow mechanism; (2) e-flow calculation and (3) e-

flow management.

2 | ENVIRONMENTAL FLOW MECHANISM
The mechanisms connecting hydrological and environmental/
ecological processes are the basis for e-flow calculation and manage-
ment. For a river-lake-marsh system, e-flow research should consider
the maintenance of both its structure and function. The hydrological
connectivity is an important indicator for the structure of a river-lake-
marsh system, while aquatic organism provision is an important func-
tion for a river-lake-marsh system. The main functions of hydrological
connectivity of river-lake-marsh system include five categories:
source function, sink function, lag function, transformation function
and refuge function (Leibowitz et al., 2018; USEPA, 2015). When the
overflow connects one water-body to other water-bodies, the source
function occurs (Lane et al., 2018), and can provide water, organic
matter, heat energy to other water-bodies. River-lake-marsh systems
have huge water capacity and could sink water through deep percola-
tion and evapotranspiration; this feature allows connective wetlands
to sink flood, sediment and pollutants in the upstream water-bodies
and prevent their transport to the downstream water-bodies (Battin
et al., 2008; Weng et al., 2003). The lag function is often reflected in
the hydrological process of reducing flood peak and maintaining base
flows in drought periods (Lane et al., 2018). The mechanism of trans-
formation function is similar to that of sink function; but the sink func-
tion prevents the movement to downstream, while the transformation
function continues the transportation by transforming the energy and
material in the river-lake-marsh system (Fritz et al., 2018). High
degree of connectivity in river-lake-marsh system forms inter-
connected corridors, and can provide refuge for migrant species under
threated (Leibowitz et al., 2008; Wohl et al., 2021). Meanwhile, these
functions show the application potential of hydrological connectivity
for flow maintenance, water quality improvement, endanger species
protection and water resource regulation at the basin scale.

In this special issue, for the research on hydrological connectivity,

Liu, Cui, et al. (2020) evaluated the longitudinal connectivity based on



fluxes of materials (water, sediment and chemicals) in a typical river-
lake-marsh system. The results indicated that landscape patterns
could significantly affect fluxes in the system and should be taken into
account. Liu, Wang, et al. (2020) explored the potential application of
an interferometric synthetic aperture radar (InSAR)-based methodol-
ogy to determine hydrological connectivity and barriers in fragmented
wetlands, and mapped different types of barriers affecting
connectivity.

Besides hydrological connectivity, the relationship between
aquatic organisms and hydrological processes is also an important
mechanism for e-flow assessment. In this special issue, Liu et al.
(2021) conducted laboratory experiments to explore the influence of
hydrological processes on reproductive migration quality, and found
that low flow velocity and water temperature could affect the swim-
ming behaviour and gonad development of Chinese grass carps. Li,
Sun, et al. (2021) studied the connection between water level regimes
and macrophyte communities, and found that water level regimes
influenced diversity through the concentration of total nitrogen and

chemical oxygen demand.

3 | ENVIRONMENTAL FLOW
CALCULATION

E-flow calculation for a river-lake-marsh system should also consider
the maintenance of both the structure and function. Accordingly, the
hydrological connectivity and aquatic organisms are considered in this
special issue. The aquatic organisms could be fishes, plants, waterbirds
and so forth.

In terms of hydrological connectivity, Yang et al. (2021) applied a
new method to evaluate the stereoscopic spatial connectivity of
river-lake-marsh systems, and established a relationship between this
connectivity and the requirements of animal habitat and migration.
This framework is useful for e-flow calculation at the watershed scale.
The vertical connectivity between surface water and groundwater is
also an important factor for e-flow assessment. Guo et al. (2020) pro-
posed a method to analyse the driving factors for groundwater
resource changes in arid irrigated areas, and determined the effects of
three factors (land use, climate and groundwater extraction) on the
interactions between surface water and groundwater.

For aquatic organism protection in river-lake-marsh systems,
three papers are selected. Hu et al. (2021) built a two-dimensional
model to obtain the fitting curves between fish's Weighted Usable
Area (WUA) and water levels, and then identified suitable water levels
in different periods. To control algal bloom in the middle and lower
reaches of Han River, Li, Yin, et al. (2021) established a hydrological
management framework and determined the threshold flow velocities.
The results indicated that differences in river morphology and back-
ground nutrient levels could cause significant differences in the critical
threshold flow velocities for algal bloom outbreaks. Waterbird habitat
provision is also an important aim for e-flow assessment. The reverse
seasonal hydrological patterns in lake-marsh systems will lead to the

degradation of waterbird habitat. Based on the habitat requirements

of waterbirds, the sheltering and forageable areas for waterbirds
under different water-depth and aquatic plant distribution scenarios,
Qin et al. (2021) established a new method for e-flow assessment in

lake-marsh systems with reverse seasonal hydrological patterns.

4 | ENVIRONMENTAL FLOW
MANAGEMENT

The water that can be used for e-flow supply is very limited, especially
under the ever-increasing water resource demands for human sup-
plies and irrigation. Due to the stress of water supply, e-flow require-
ment usually cannot be achieved by hydrological management alone.
It is necessary to consider the balance between human and ecosystem
needs, and propose new e-flow management methods (such as plant
or topography management) in addition to the traditional hydrological
management measures.

The balance between human and ecosystem needs is an impor-
tant task for e-flow management. Xing et al. (2021) pointed out that
previous e-flow studies mainly focused on determining e-flow require-
ments, while much less attention was paid to a more important
problem—how such e-flows could be reached under changed water-
shed hydrological processes. They further proposed to conduct a
basin water balance analysis based on a hydrological process analysis
of the watershed.

Four new e-flow management methods were proposed to miti-
gate the pressure of e-flow provision. Xu et al. (2021) combined e-
flow and macrophyte management in the restoration of a large eutro-
phic lake-marsh system, accounting for interactions between hydro-
logical and nutrient removal processes, and developed an
optimization model to guide upstream water release. Qiu et al. (2021)
proposed to combine hydrological management and artificial planting
for waterbird habitat provision in wetlands. The results indicated that
artificial planting could effectively mitigate the pressure of hydrologi-
cal management. Bi et al. (2020) proposed an optimal lake-marsh pat-
tern determination method, associated with eco-hydrological
management, to relieve the competitions between land use and
water use. They found that the possible optimal patterns could be
obtained, with the area ratio of lake and marsh in a certain range. In
water-deficient rivers, e-flows are usually sustained via interbasin
water transfer projects from water-sufficient rivers, but these pro-
jects incur tremendous costs. Gao et al. (2021) proposed to transfer
hydropower instead of water from water sufficient rivers, and
established a framework to determine the hydropower amount

required for e-flow supply.
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