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Abstract: Continuous dams may lead to great variation in greenhouse gas (GHG) emissions from
rivers, which contribute more uncertainty to regional carbon balance. This study is among the first to
determine water–air interface GHGs (CO2, CH4, and N2O) in a river with continuous dams in plateau
city. Combined static-chamber gas and meteorological chromatography were utilized to monitor the
GHGs emission flux at the water–air interface within four continuous dams in the Huoshaogou River
in the Qinghai–Tibet Plateau, China. A variation coefficient (VC) and amplification coefficient (AC)
were designed to detect the influence of continuous dams on GHG emissions. Results indicate that
(1) cascade dams presented an amplifying effect on GHGs emissions from the water-air interface. The
VCs of three types of GHGs are 3.7–6.7 times higher than those of the undammed area. The ACs of
three types of GHGs are 2.7–4.1 times larger than environmental factors; (2) the average GHG emission
fluxes in some dams are higher than that of the first dam, indicating that an amplifying effect may
have been accumulated by some continuous dams; (3) EC, pH, Twater, Tair and TDS are found to be
principle influencing factors of GHG emission and light intensity, Twater, TOC (plant), TN (sediment)
and TOC (sediment) are found to be associated with accumulative changes in GHG emission.

Keywords: amplification effect; cumulative effects; continuous dams; GHGs; river

1. Introduction

It has been reported that there are more than 100 million big and small dams around the world,
which are mainly constructed to control flooding, generate electricity, and are visually appealing to
human beings [1,2]. Concomitantly, they also alter the hydrology and aquatic ecosystems, thereby
having a significant impact on river ecosystems [3,4]. Moreover, with increasing attention to climate
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change, the change in the carbon sink function of rivers and potential greenhouse effects caused by
dams have also become a concern [5,6].

Normally, water–air interfaces of natural rivers release a certain amount of GHGs [7], but due to
the violent flow of rivers, the aquatic environment hampers the production of GHGs, and thus the
emissions are usually small [8]. However, if a river is dammed, the original habitat is subjected to
natural selection, competition, and succession, and the aquatic ecosystem evolves from a “river-type”
heterotrophic system dominated by benthic organisms to a “lake-type” autotrophic system dominated
by plankton [9]. After damming, the flow rate of a water body reduces, thereby making it easy
to accumulate and deposit the organic matter in the water body in the relatively closed and static
water environment. The contents of organic matter, N, P, K, and other nutrients increase, and the
decomposition process becomes more intense [10]. Furthermore, the water turbidity decreases, and
becomes more favorable to the primary productivity of aquatic ecosystems. The nutrient-rich sediment
creates an environment facilitating the growth of aquatic- and micro-organisms, and the metabolic rate
may be accelerated, resulting in an increase in emissions of GHGs such as CO2 and CH4 [11,12].

To date, the characteristics, laws and influencing factors of GHGs emissions of a single dam
in different regions have been well studied [13–17]. However, river GHGs emissions increased by
continuous dams have been inadequately investigated. Continuous damming is quite common across
the globe, especially in China, such as the 16-stage continuous hydropower station in the upstream of
the Yellow River [18]. Unlike a single dam, continuous damming results in the decrease in flux and
flow velocity among different dams, resulting in a further decline in the sediment-carrying capacity
of the river [19]. The changes in the water body of the upper-stage dam may be transferred to the
next dam, which may lead to a cumulative effect targeted by additive, compounding or synergistic
processes [20].

The accumulative effect is triggered by collective impacts from two or more sources (types) of
the disturbance. It is likely to happen when multiple activities or multiple repeated activities are
imposed, and the impact is potential and significant over a long time and a large spatial range [21].
For a river, consecutive dams are actually a series of continuous “disturbance” that impose collective
repeated pressure on the river’s environmental and ecological processes [22]. As resultants of many
physical, chemical and biological processes, GHGs emission may be significantly amplified by repeated
disturbance from continuous dams in a same river. For example, water temperature is easy to
accumulate in a certain space–time range, resulting in stronger variation in water environmental factors
in the downstream water [23]. What kind of impact will continuous damming endorse on GHGs
emissions from river water–air interfaces? Is there a cumulative effect of GHG emissions in continuous
dam areas? Will GHG emission flux in continuous dam area be higher than in that of a single dam?
Answers to these questions are important to assess the potential impact from continuous dams on
global climate changes.

The Qinghai–Tibet Plateau is the origin of seven major rivers in the world. Nearly 1000 reservoirs
have been built on the Qinghai–Tibet Plateau, including continuous dams on the Lancang and Yellow
Rivers and their tributaries. This study focused on the Huoshaogou River in the Qinghai–Tibet Plateau
to determine the effect of continuous dams on GHG emissions. Emission laws of three GHGs (CO2,
CH4 and N2O) at the water–gas interface after the construction of the continuous dams were obtained,
and the key factors affecting GHG emissions were determined. Subsequently, the amplification effect
of continuous dams on GHG emissions was analyzed. Our study emphasizes that more research is
needed on GHGs emitted from continuous dams. The next section describes the study area, Section 3
the methods, and Section 4 the results. Section 5 discusses and interprets the results, and Section 6
presents the conclusions.

2. Study Sites

The Huoshaogou Basin is situated in the southern bank of the Huangshui River in western Xining
City, China. The Huoshaogou River is a first-order tributary of the Huangshui River and a second-order
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tributary of the Yellow River. The basin stretches from 36◦28′15′′ to 36◦39′01′′ N and from 101◦33′20′′

to 101◦43′55′′ E (Figure 1). Since 2010, a comprehensive control project of the Huoshaogou basin
focussed primarily on urban flood control. Four continuous dams were successively constructed over
a distance of about 2.5 km in downstream river. The height difference between every two dams is
4–9 m. The elevations of the lowest and the highest dams are 2243 and 2304 m, respectively. Primary
river water sources are upstream drainage water, agricultural return water and treated municipal
sewage, which was discharged from a regulatable sluice in the very beginning of this river segment.
Dam construction produces a significant impact on the hydrology of rivers. The average water depth
changed from 0.3–0.9 to 0.5–2.0 m. The average width of the river section reduced from 8.9 to 20.7 m.
Average flow velocity of the river also decreased drastically. When the water level of the river was
greater than the dam body, the water overflowed to the next dam; when it was below the dam, the flow
velocity was zero. With the increase in sediment and accumulation of nutrients, aquatic plants have
increased significantly, and the number of benthic animals and fish has been sharply increased. The
upstream undammed area was selected as a control area, and the five sampling sites were sequentially
named. (1th–5th) from downstream to upstream. During monitoring periods, the atmospheric pressure
fluctuated between 776.0 and 777.6 Pa, and the average temperatures in summer and autumn were at
20.3–30.8 and 9.6–17.3 ◦C, respectively.
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Figure 1. Location of the Huoshaogou River in the Qinghai Province, China.

3. Data and Methods

3.1. Experimental Apparatus

The diffusion flux of CO2, CH4, and N2O at the water–air interface was measured using
static-chamber-gas chromatography, which is a simple and convenient method suitable for small-scale
studies [24]. The gas samples were purchased with a floating static chamber consisting of a sampling
chamber and foam floating frame. The sampling chamber was a PVC cylinder (30 cm in diameter and
40 cm in height), wrapped in aluminum foil to reduce the temperature variation inside the chamber
resulting from solar radiation. The floating frame was fabricated with foam plates fixed with ironware.
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The sampling chamber was attached to a temperature sensor and gas pipe through a small hole at the
top. The gas pipe was connected to a three-way valve with a 50 mL syringe for sampling.

3.2. Sampling Procedures

From June to November 2018 and 2019, the sampling was done on a sunny day in each month
to avoid the influence of precipitation on the water surface. The CO2, CH4, and N2O emissions at
the water–air interface were monitored every 3 h from 09:00 to 21:00. Before the sampling, the static
chamber was inverted in a ventilated place to mix the gas in the chamber. During sampling, the chamber
was placed on the water surface with its opening immersed to isolate the chamber air. Pre-experiment
results have showed that a 15 min interval is suitable for the current research. The sampling was
performed at 0, 15, 30, and 45 min. Chambers was sampled synchronously in sampling sites, taking
three parallel samples. Before the sampling, we mixed the gas in the sampling pipe and chamber using
gas suction and injection with a syringe. Then, gas samples were acquired with sampling bags of
aluminum foil composite film and sent to our laboratory within 12 h for analyses of CO2, CH4, and
N2O. During the sampling, the chamber air temperature, atmospheric temperature, surface water
temperature, pH, salinity, and other environmental parameters were measured simultaneously. The
concentrations of CO2, CH4, and N2O in a 30 mL gas sample were determined with a meteorological
Agilent 7890B chromatograph. The N2O concentration was determined at 350 ◦C with an electron
capture detector. CO2 and CH4 concentrations were determined at 250 ◦C with a flame ion detector.

3.3. Calculation of CO2, CH4, and N2O Flux

GHG flux is the change in GHG concentration per unit area per unit time. The emission of gas
from water, i.e.; the “source”, to the atmosphere is positive. The absorption of gas from the atmosphere
to water, i.e.; the “sink”, is negative. GHG flux was calculated using the following equation [25]

F =
K× F1 × F2 ×V

F3 × S
(1)

where F represents the gas flux (mg·(m2
·h)); K is concentration variation ratio(∆c/∆t) of GHGs; F1 is the

unit conversion coefficient between ppm and µg·m3 (1798.45 for CO2; 655.47 for CH4; 1798.56 for N2O);
F2 is the unit conversion coefficient between minutes and hours (F2 = 60); F3 is the unit conversion
coefficient between µg and mg (F3 = 1000); V (m3) is the air volume in the floating chamber; and S (m2)
is the above-water surface area of the floating chamber. After the gas emission flux wascomputed, the
data were plotted and analyzed with Origin 9.1, SPSS, and Microsoft Excel software.

3.4. Calculation of Variation Coefficient and Accumulative Coefficient

In order to analyze the impact of dam construction on the river environment indicators and GHGs
emission, we constructed an index of variation coefficient, which is determined by the ratio of the
relevant factors in the dam area to the relevant factors in the undammed area. If the index is close to
1, it means that the dam construction has no great impact on the river environment; if the index is
significantly smaller or greater than 1, it means that the dam construction will significantly change
the relevant environmental indicators. At the same time, comparing the standard deviation of ACs
of GHGs and environmental factors, we can find the robustness of the two sets of indicators to dam
construction. The variation coefficient (VC) was used to compare the impact of continuous dams on
environmental indicators and GHG flux. It was calculated by Equation (2)

VC =
Valuedam

Valuecontrol
(2)

where Valuedam represents average value of an environmental indicator or a GHG flux in dam area;
Valuedam represents average value of an environmental indicator or a GHG flux in the control area. By
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comparing VCs of environmental indicators with VCs of GHGs flux, one can understand how much
changes the dams bring to river ecosystems.

The VC can intuitively characterize the impact of dam construction on river environmental factors
and GHGs emission, but it can be unable to determine whether continuous dams endorse cumulative
effect on river GHGs emissions or not. To this end, we constructed an amplification coefficient (AC) to
judge the cumulative effect from continuous dams, which is depicted in Equation (3)

AC =
(Gi+1−Gi)/Gi

(G1 −G0)/G0
(i = 1 · · · · · ·n) (3)

where n is the number of continuous dams; G-flux of GHGs. G1- GHGs flux of 1th dam area, G0-
GHGs flux undammed area. (G1-G0) / G0 reflects the variation rate of GHG emission flux induced by a
single dam. If the ACi > 1, it indicates that the ith continuous dam generates a higher amplification
effect on GHG emission than a single dam does, then it can be speculated that amplification effect may
be accumulated in this dam. If ACi ≤ 1, it means that the ith dam endorses no cumulative effect on
the GHGs emissions. If

(∑n
i=1 ACi

)
/n > 1, it indicates continuous dams endorse a holistic cumulative

effect on GHGs emissions; Contrarily, if
(∑n

i=i ACi

)
/n ≤ 1,it indicates that continuous dams endorse no

holistic cumulative effect on GHGs emissions.

3.5. Influencing Factors of GHG Flux Variation and Accumulative Effect

Numerous factors, such as hydrology, water quality, and meteorology, have direct or indirect
effects on water–air interface GHGs emission [26]. To analyze the dominant influencing factors
of GHGs in this study, Principal Component Analysis (PCA)was performed on 16 related factors
related to the GHGs’ flux. A total of 16 environmental factors from more than 150 sampling
processes (more than 450 monitoring data) were used in the analysis. The selected environmental
factors included (1) meteorological factors at the sampling sites, light intensity, air temperature(Tair),
water temperature (Twater) and wind speed; (2) water environmental indicators, namely Potential of
Hydrogen (pH), dissolved oxygen (DO), chemical oxygen demand (COD), electrical conductivity (EC),
oxidation–reduction potential (ORP), pH (hydrogen ion concentration), salinity, and total dissolved
solids (TOD), total dissolved solids (TDS), total nitrogen (TN); total organic carbon (TOC), total
phosphorus (TP); and (3) indicators of submerged vegetation and sediment contents: total organic
carbon, N content (%), and P content (%).

The ACs may be used to influence factors that contribute to an accumulative effect. If the ACs of
influencing factors are consistent with the ACs of GHGs, it can be speculated that these indicators
may be related to an accumulative effect. Based on this premise, we first calculated ACs the relevant
factors, and then calculated Pearsons correlation coefficient of the two sets of ACs to determine whether
potential factors may contribute to a cumulative effect of GHGs’ emission flux. The calculation of the
ACs’ of influencing factors was similar to Equation (2).

4. Results

4.1. Dams Lead to a Sharply Increase in GHG Emission Flux

Figure 2 shows the daily changes of the surface GHG emission flux in the dam areas (1–4) and
undammed areas (5). It can be found that the GHG emission flux of the water body in the dam
area is significantly higher than that in the control area (upstream undammed area water body)
(p < 0.01). For example, the average emission flux of three types of GHGs in the dam area is CO2 926.3
± 346.46 mg·m−2

·d−1, CH4 2125.4 ± 593.77 µg·m−2
·d−1 and 667.7 ± 243.58µg·m−2

·d−1, respectively.
Correspondingly, GHGs emissions in the undammed area are 462.4 ± 122.64 mg·m−2

·d−1, 250.5 ±112.64
µg·m−2

·d−1 and 100.3 ± 82.64 µg·m−2
·d−1, respectively. One can also observe large variation ranges

in both spatial and temporal scales. The largest flux could be ten times the smallest flux. Spatially,
GHGs emission flux at 12:00 and 15:00 is usually higher than those in the morning and evening, which
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may be related to the higher water temperature in the daytime [23]. Spatially, GHG emission flux at
the 4th monitoring point (first-level dam) is higher than those of other monitoring sites, which about
84% of peak values appeared in this site. Another interesting finding is that coefficient of variation in
the dam area (an average of 0.88) is higher than that of the upstream undammed area (an average of
0.42), indicating a wide variation range in GHGs emission flux after dam construction. In short, dam
construction will significantly increase the flux of GHGs emission, and gives birth to a wider range of
GHG emission flux.
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Figure 2. Average greenhouse gas (GHG) flux in the water–air interface of the Huoshaogou River.

4.2. GHGs React More Robust to Continuous Dams than Environmental Factors

Table 1 shows the analysis results of the VAs of GHGs and environmental factors in the Huoshaogou
River. One can easily point out that, with the exception of DO, continuous dams endorse an amplification
effect on both GHGs and environmental factors. Due to the barrier effect of the dam, water flow velocity
is slowed down by 95%, DO is reduced by 30%, and the concentration of nutrients in the water body and
sediment are increased by 50% and 120%, respectively. As one of the most important outputs of various
environmental factors, GHGs exhibit more robust qualities in continuous dams. The average VCs of
three GHGs are 3.78, 4.60 and 6.73, respectively, in contrast to an average of 1.65 of environmental
factors. From a seasonal point of view, VC in summer (1.71) is slightly higher than autumn (1.59) with
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some exceptions, such as total phosphorus and total organic carbon in vegetation. With respect to the
average size of VCs, the order is as sediment > vegetation > water quality > hydrology.

Table 1. ACs of environmental indicators and GHGs in the Huoshaogou River.

Indicators Secondary Indicator Summer Autumn Average

Hydrology

pH 0.98 1.21 1.095
DO 0.76 0.72 0.74

Water temperature 1.04 1.09 1.06
Conductivity 0.91 0.89 0.90

Water quality

TN 1.24 1.16 1.70
TP 1.07 1.87 1.47

TOC 1.42 1.57 1.49
CODmn 1.43 1.29 1.36

Vegetation
TN 2.03 2.19 2.11
TP 1.53 1.93 1.73

TOC 1.74 1.95 1.84

Sediments
TN 1.49 1.39 1.44
TP 2.05 1.85 1.95

TOC 2.07 2.03 2.05

GHGs
CO2 4.6 2.96 3.78
CH4 5.82 3.37 4.59
N2O 8.44 5.01 6.72

The spatial distribution of ACs is illustrated in Figure 3. The first stage dam is used as the starting
area for water environment change, and produced the largest VC to GHGs flux. No obvious regular
variation pattern was seen in the spatial distribution of the smallest VC. The lowest VCCO2 appeared
in the third dam area, while the lowest VCCH4 and VCN2O appeared in the second and third dams,
respectively. In summary, dam construction in the Huoshaogou river presented an amplification effect
on GHGs flux, which is more robust than most detecting environmental factors.
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Huoshaogou River.

4.3. Cumulative Effect from Continuous Dam Was Detected in Some Monitoring Periods

Figure 4 displays the spatial distribution of ACs of GHGs in four dams. The average ACs of
CO2, CH4 and N2O in the 2th–4th dam are 0.22, 0.42, and 0.39, respectively, while the average ACs of
three GHGs in the 1st dam are 1.94, 3.44, and 6.29, respectively. In general, ACs of Gradethe 2th–4th
dam are significantly smaller than that of the 1th dam, indicating that an overall cumulative effect
has not taken place in the current study. However, it should be noted that eight monitoring samples
(accounting for about 11% of the total number of monitoring samples) exhibit greater CVs (with an
average value of 1.78) than those of the 1th dam, indicating that a cumulative effect may appear in
some monitoring periods. The number distribution of the above eight points is CO2 (2), CH4 (3)
and N2O (3), respectively. Spatially, over 64% of the occurrence appears at the second-level dam; no
obvious time distribution pattern for these points, which seems randomly distributed throughout
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monitoring periods. In the current study, although a holistic cumulative effect of cascade dams was no
detected, a partial cumulative effect of GHGs emissions appeared in some cascade dams.

1 
 

 

 

 

 
Figure 4. Amplification coefficient (ACs) of GHGs emission flux at four dams in the Huoshaogou River.

5. Discussion

5.1. Principal Influencing Factors of GHG Emissions

The results of principal component analysis were listed in Table 2. There are many factors affecting
the GHGs emissions of the plateau river [27]. The first principal components are pH, TDS and ORP.
GHG emissions are positively correlated with pH and TDS, and are negatively correlated with ORP [28].
On the rivers of the Qinghai–Tibet Plateau, the alkaline water quality means an anaerobic environment,
which stimulates the production of CH4 [29]; similarly, the lower ORP may correspond an alkaline
water that produces fewer CO2 and N2O [30]. When the dam area is rich in water and an anaerobic
environment is formed, the degree of flooding has a negative correlation with the ORP, so a suitable
environment will be formed for the generation of CH4 [31]. Besides, a higher TDS usually indicates
more particulate organic matter, which is also conducive to the formation of a nutrient environment
that increases GHG emissions [32].

The second principal components are TOC (vegetation), N (vegetation) and TP (sediment).
Vegetation is more likely to affect GHGs emissions through its own photosynthesis and respiration.
GHGs flux is more likely to be plant-species-specific [33,34]. The third principal components are water
temperature and TOC (sediment). An increase in water temperature will lead to an increase in microbial
activity as well as CH4 production [35,36]. Furthermore, the total N content in sediments was affected
by the retention effect of dams, implying that N2O emissions in the dam area were stimulated by N
input [37,38]. The fifth principal components are light intensity and wind speed. These components
were related to the climate of the ecosystem and thus reflected the influence on GHGs by weather
condition [39]. In short, there are many influencing factors that affect GHG emissions at the water–air
interface in dam areas, and there are also mutual offset and synergies among different factors [40].
Long-term, in-depth analysis and research should be carried out in accordance with regional water
environment characteristics.
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Table 2. Principle component matrix for influencing factors of GHGs emissions.

No. Influenceing Indicator Principal Component

1 2 3 4 5

1 Light intensity 0.120 0.007 0.175 0.250 0.856
2 Wind speed 0.591 −0.027 0.205 −0.010 −0.500
3 Water temperature 0.637 0.114 0.651 −0.179 −0.055
4 Air Temperature 0.665 0.157 0.504 −0.008 0.080
5 DO −0.099 −0.327 −0.412 0.397 0.095
6 EC 0.708 −0.314 −0.495 0.276 0.007
7 ORP −0.787 −0.103 −0.417 0.074 −0.048
8 pH 0.737 0.238 −0.218 −0.045 −0.349
9 Salinity 0.566 −0.124 0.360 −0.066 0.382
10 TDS 0.718 −0.293 −0.503 0.235 0.026
11 TOC (vegetation) −0.026 0.883 −0.182 0.170 −0.008
12 N (vegetation) 0.081 0.903 −0.070 0.417 −0.007
13 P (plant) 0.465 0.617 −0.262 0.442 0.074
14 TN (sediment) −0.310 −0.138 0.523 0.748 −0.189
15 TP (sediment) −0.477 0.667 0.014 −0.450 0.081
16 TOC (sediment) −0.513 −0.143 0.586 0.569 −0.196

5.2. Potential Influencing Factors of Accumulative Changes

The Pearson coefficients are given in Table 3. If environmental conditions are suitable, the GHGs
emission flux on the continuous dam water surface may be higher than those on a single dam. We
found that some influencing factors may stimulate GHGs emissions under appropriate conditions [41].
For example, the variation in ORP, water temperature, and total organic carbon is consistent with
CO2 emissions. Applicable temperature conditions may stimulate CO2 emissions more than other
factors [42]. TOCsediments and water temperature factors are positively correlated with the ACs of
CH4. Rising water temperature may reduce the dissolved oxygen content of the water body, thereby
reducing the opportunity for methane to be oxidized [12]; meanwhile, rising content in TOCsediments

and water temperature may stimulate microbial activities in the water body and accelerate the release
of CH4 [43]. For N2O, light and sediment organic carbon content may be environmental factors that
inspire cumulative effects [44]. GHGs are an important outlet for changes in many environmental
factors of rivers [28]. They are the result of the comprehensive changes of aquatic organisms and aquatic
environments. Under certain environmental conditions, a variety of environmental factors work
together to stimulate GHGs emissions, which in turn produce the cumulative effects of cascade dams.

Table 3. Pearson’s correlation coefficient between GHG fluxes and influencing factors.

No. Influencing Indicator GHGs

CO2 CH4 N2O

1 Light intensity −0.124 −0.153 0.393 *
2 DO 0.147 0.099 −0.332 *
3 EC 0.305 −0.300 0.249
4 ORP −0.383 * 0.380 0.213
5 pH −0.303 −0.333 * 0.090
6 Salinity −0.401 −0.341 −0.252
7 Wind speed 0.409 −0.097 −0.531 **
8 Water temperature 0.612 ** 0.609 ** 0.012
9 Air Temperature 0.142 0.309 * 0.113

10 TDS −0.132 0.315 0.018
11 TOC (plant) 0.441 ** 0.141 −0.252
12 N (plant) 0.309 −0.097 −0.531 **
13 P (plant) 0.012 −0.014 0.212
14 TN (sediment) −0.153 −0.047 0.513 **
15 TP (sediment) −0.099 −0.214 0.018
16 TOC (sediment) 0.334 * 0.713 ** 0.013

Note: * p < 0.05, ** p < 0.01.
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6. Conclusions

This study focused on the effects of continuous damming on the emissions of GHGs of the
Huoshaogou River in the Qinghai–Tibet Plateau. The spatio-temporal characteristics of GHG emissions
from the continuous dammed river were studied through two years’ field monitoring. VCs and ACs
were developed to fulfill the above research purpose. The main factors influencing GHG emissions were
extracted with respect to hydrology and water quality, and other characteristics. Specific conclusions
are as follows:

(1) Continuous dams presented an amplifying effect on the water–air interface GHG emissions in
the Huoshaogou river, which reacted more fierce than most of environmental factors;

(2) The average GHG emission flux in some dams is higher than that of the first dam, indicating
that a cumulative effect may appear in some continuous dams in the Huoshaogou River;

(3) The influencing factors of GHGs emission are quite different from those of the accumulation
effect, indicating the complexity of the GHGs of cascade dams.

It is worth noting that there are some particularities and limitations in this study. First, the
study area is located in an urban region, and the exogenous input of N and P may contribute to an
abnormal increase in GHG emissions. Second, the results from rivers and dams are quite specific
to their particular location, and the current conclusions are far from enough to indicate the other
continuous damming rivers. Third, the monitoring sites and time were limited to give a more overall
assessment of GHGs. Despite these limitations, this study highlights the necessity of further research on
continuous dams with respect to its theoretical and practical significance for future river management
in the region. The amplification effect of continuous dams on GHG emissions on a larger scale needs
to be determined, and the driving mechanism of this accumulative effect should be investigated in
future research.
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