10

11

12

13

Manuscript accepted in Environmental Science & Technology doi: 10.1021/acs.est.0c00706

Quantifying the impact of anthropogenic atmospheric nitrogen deposition on the

generation of hypoxia under future emission scenarios in Chinese coastal waters

Yu Yan YAU?, David M BAKER? & Benoit THIBODEAU™*

! Department of Earth Sciences and Swire Institute of Marine Science, The University of
Hong Kong
2School of Biological Sciences and Swire Institute of Marine Science, The University of

Hong Kong

“Corresponding author: bthib@hku.hk


https://doi.org/10.1021/acs.est.0c00706

Manuscript accepted in Environmental Science & Technology doi: 10.1021/acs.est.0c00706

Business as Higher Deposition

as Larger area of
usual Emissions , o /\ Hypoxia
NO, NO,

A
A
A

A
e

NO

X

Controlled Lower Deposition Smaller area of

Emissions NO, /\ Hypoxia
NO,

14

15 TOCART


https://doi.org/10.1021/acs.est.0c00706

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Manuscript accepted in Environmental Science & Technology doi: 10.1021/acs.est.0c00706

Abstract

Atmospheric deposition is an important source of nitrogen to coastal waters. In nitrogen-
limited waters, the atmosphere can contribute significantly to eutrophication and hypoxia. This
is especially true in China, where nitrogen emissions have increased dramatically and are
projected to further increase in the future. Here, we modelled the potential future impact of
change in atmospheric nitrogen deposition on hypoxia in Chinese coastal seas. We used
changes in nitrogen deposition under two IPCC scenarios that included emission regulation
and climate change (representative concentration pathways RCP 4.5 and 8.5) to evaluate the
impacts of such deposition on hypoxia in the 2030s and 2100s. We found that, by 2030, the
extent of hypoxic areas would increase up to 5% in China seas under RCP 8.5 due to the
projected increase in nitrogen deposition. However, hypoxia extent was projected to decrease
by up to 9% by 2100 once emission regulations included in RCP 4.5 and 8.5 are implemented.
The South China Sea was found to be the most sensitive region to changes in nitrogen loads,
which indicates that more effort in emissions control is needed in order to avoid expansion of

the hypoxic zones in that specific region.
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Introduction

Humans have significantly altered the cycling of atmospheric nitrogen (N) since the industrial
revolution.’ Over the past decades, industrial and agricultural advancements in addition to
urbanisation have contributed to a rapid increase of N production. Nitrogen is often the limiting
nutrient controlling productivity in aquatic environments;*® therefore, excess N can directly
impact the biogeochemical cycling in lakes, coastal regions and even the open ocean.’~'?
Eutrophication and hypoxia are usually triggered by excessive nutrients. Many studies have
identified that hypoxia is associated with anthropogenic activities, such as industrial and
agricultural practices, which promote enhanced nutrient delivery via rivers and waste
discharge.’® These phenomena may provide additional dissolved inorganic nitrogen to coastal

regions, triggering the growth of phytoplankton and increasing oxygen consumption.

Atmospheric deposition is a non-negligible source of N to coastal waters. Elevated
anthropogenic N emissions sourced from fossil fuel combustion and fertilizer use increases N
deposition to the ocean.!* The atmospheric N deposition supports up to 3% of annual new
marine biological production globally.'®-*® China is one of the hotspots for N deposition, which
has increased dramatically from 13.2 kg ha yr! to 21.1 kg ha* yr! from 1980 to the 20005619,
Evidence shows that this elevated N could lead to environmental problems such as

eutrophication and hypoxia.

Atmospheric N deposition in N-limited aquatic systems can trigger the growth of
phytoplankton and zooplankton.®"1621-2 Marine organic matter produced from their growth
sinks to bottom waters and accumulates in sediments, where it is decomposed by bacteria,
consuming dissolved oxygen in the process.?*?6 The high demand of oxygen consumption

from microbial respiration and nitrification can thus decrease the concentration of dissolved
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oxygen in poorly-ventilated bottom waters and thereby lead to hypoxia.?>?"?® Moreover, N in
organic matter is remineralized and can be returned as new inorganic nutrients to the euphotic
zone by vertical mixing and upwelling, producing the so-called N cascade (Figure 1).16:29-31
Increases in ocean productivity can thus lead to the expansion of hypoxic zones, often called
dead zones, which are frequently observed in the Gulf of Mexico, Chesapeake Bay, the St.
Lawrence Estuary, the Baltic Sea and many other coastal ecosystems.®>3" Hypoxic areas are
usually located near productive fisheries crucial to the economy of adjacent communities and
multiple stakeholders, such as in the case of the Gulf of Mexico.® Fish death due to hypoxia
can therefore cause considerable economic losses.®#! As such, increases in atmospheric N

deposition may induce a cascade of ecological, economic and social consequences.??3142:43

Eutrophication and seasonal hypoxia have been major environmental issues in China.*+4®
During the summer of 2006, a hypoxic zone of more than 15,000 km?was reported in the East
China Sea near the Yangtze River.*** The East China Sea is one of the largest coastal oxygen-
depleted regions globally, and is simultaneously a major Chinese fishery.>%°! Although river
and groundwater discharge contributes to the high nutrient input to coastal waters in China,>
atmospheric deposition also plays a key role in supplying N (Figure 1).*°® Due to
industrialization, increased use of vehicles and food production®”, China is one of the largest
emitters of anthropogenic N globally.>® Anthropogenic N emissions in China increased 6-fold
from the 1980s to 2010s, and are predicted to increase until 2030.%° This rapid increase of N
emissions on land causes a large increase of atmospheric N deposition on both land and in the
surrounding ocean.>*%°-%7 The deposition of this emitted N rose by 60% from 1980 to 2000 in
China.%® Despite increased emission and deposition of N in Asia, the northwestern Pacific
ocean and the east part of the Sea of Japan is predicted to remain N-limited.%® Although the

Pearl River and Yangtze River are rich in nitrogen, beyond the plume area of South China Sea,
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East China Sea and Yellow Sea have a relatively low N:P ratio’® '3, Hence, increases in
atmospheric N deposition are likely to directly affect the primary productivity and nutrient

cycling in the South China Sea and the other regions considered here.

Atmosphere

Energy production
(NOy)

Food production
(NH3)

Human Activities

Eutrophication/Harmful Algal Bloom

Assimilation
NO;/NO,/NH,* a0 Organic matter
Nitrification/Ammonification

New inorganic
nutrients

Euphotic zone

02 {02

Ni‘tritE/N itrate Nitrification Ammonium Ammonification Respiration
B —— D ——

NO/NOF @———— NH QOrganic matter

Figure 1. Schematic graph of the contribution of atmospheric deposition to hypoxia in
the coastal marine environment. The atmosphere receives N from combustion of fossil fuels
and the use of fertilizers. Because of the relative short residential time in the atmosphere, N
can directly be deposited to the coastal ocean. Consequently, additional nutrients in the surface
ocean may stimulate the rapid production of organic matter in N-limited coastal oceans and
thus enhance primary productivity. Thus, this addition of N can increase the risk and duration
of harmful algal blooms. When organic matter sinks to bottom waters, oxygen is consumed by
different pathways such as respiration, degradation of organic matter and nitrification. When
oxygen consumption exceeds oxygen supply in the water column, hypoxia is generated.

Climate change can influence hypoxia through various mechanisms. A warmer climate may
stratify the water column, which inhibits the vertical exchange of oxygen and thus the
replenishment of oxygen.” Higher temperatures also reduce the solubility of oxygen in
seawater and increases microbial activity, supporting enhanced degradation of organic matter
in bottom waters and thus contributing to increased oxygen demand.?®”® Changes in

precipitation will also affect the amount of N deposited, since precipitation is one of the main
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factors controlling the wet NOy deposition.””:"® Precipitation is predicted to increase in eastern
south China,”® and therefore could be an additional mechanism for enhancing atmospheric
nitrogen deposition and increasing hypoxia. In addition to China, this effect may also be
particularly significant throughout India and Southeast Asia®’. Hence, it is crucial to understand
how climate change and anthropogenic emissions manifest changes in N deposition, and its
particular impact on Chinese coastal waters. While various studies have estimated atmospheric
N deposition over continental China.828 and its implications for primary productivity in
Chinese coastal seas,>*®* the indirect biogeochemical consequences of atmospheric deposition
such as the generation of hypoxia are seldom included. Moreover, it is difficult to isolate the
effect of a single source of nitrogen when analysing field data. Thus, the impact of deposited

N on hypoxia in China coastal waters is still unresolved and unquantified.

Here, we quantified the future impact of changes in N deposition on the extent of hypoxic areas
in Chinese coastal waters using the future changes in atmospheric deposition over coastal
China under the impact of climate change and emissions scenarios. We used the projection
results from the Atmospheric Chemistry and Climate Model Intercomparison Project
(ACCMIP), which accounts for the Representative Concentration Pathways (RCPs) adopted in
the fifth assessment report of the Intergovernmental Panel on Climate Change (IPCC). The
RCPs are used to predict potential trends of atmospheric greenhouse gas concentrations based
on different socio-economic factors.®>8 These scenarios considered the effect of climate
change and emission control regulations, and thus can be used to model the potential impacts
of future anthropogenic emissions. In RCP 4.5, anthropogenic emissions of greenhouse gases
are predicted to increase and peak in the 2030s (“stabilisation” scenario), while in RCP 8.5
emissions continually increase (i.e., a typical “business-as-usual” scenario).8°* We

incorporated the ACCMIP modelling results into a global biogeochemical model
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(COOLBEANS) to compute hypoxic areas under RCP 4.5 and 8.5 scenarios and the related
change in N deposition. After discussing the limitations of the model, we analysed the impact
of N-atmospheric on carbon fluxes and hypoxia as well as the temporal and spatial variability
of the extent of hypoxia under ACCMIP results using RCP 4.5 and 8.5, which include both the
effect of climate change and socio-economic factors on the deposition of N. Finally, we discuss
the implication of our results with regard to the potential reduction of hypoxic areas following

emission regulation and stabilisation of emission in China.

2. Materials and Methods

Estimating new marine primary productivity and associated carbon fluxes derived from
total N deposition

We define “modern-day” N deposition based on the measurement of the atmospheric N
deposition (dry and wet) described by Luo et al.22. They measured the N deposition in various
coastal Chinese cities; Dalian, Changdao, Linshandao, Fenghua, Fuzhou and Zhanjiang (Figure
2). We assume a similar rate of N deposition in the coastal cities and the surrounding coastal
Seas. We use the four coastal zones of China defined in COSCAT,; East Yellow Sea, Bohai
Sea, East China Sea and South China Sea as our study area (Table S1).92% Thus, we take the
average N deposition of the nearby coastal cities as “modern-day” N deposition in each study

zones (Figure 2).
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40°N

Ocean Data View

100°E 110°E 120°E 130°E
Figure 2. Coastal marine environments considered in this study. The East Yellow Sea
(EYS), Bohai Sea (BH), East China Sea (ESC) and South China Sea (SCS) are defined in
COSCAT (Table S1).%2 The circles represent coastal cities used in Luo et al.®? to measure N
deposition which is used in this study to establish the modern-day N deposition in each zones.
This figure was created using Ocean Data View.%

To estimate future changes in N deposition in China, we used the projected percentage changes
of dry and wet N deposition in the 2030s (2030-2039) and 2100s (2100-2109) under RCP4.5
and RCP8.5 scenarios reported in Zhang et al.%, which used the results from ACCMIP models.
The future scenarios considered both the impact of climate change and emissions. In the
projection of future N deposition, the scenarios account for the change in both dry and wet
deposition. Thus, changes in precipitation are included in our scenarios. Our study zones are
slightly different from Zhang et al.®® because we followed the COSCAT model®® which
accounts for river catchment and discharge. We therefore used the raw data provided by Zhang
et al.>® and recalculated the future percentage change of N deposition based on each COSCAT
zones®. Then we averaged dry and wet N deposition and seasonal changes in each coastal

ocean as the regional mean changes (in %) relative to the modern-day deposition (Table S3).
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Using the modern-day N deposition measured by Luo et al.®? and future average percentage
change, we calculated the future N deposition (2030 and 2100) under RCP 4.5 and RCP 8.5
scenarios in each region. The difference of N deposition in each region between the future
scenario (2030 and 2100) and modern-day scenario (2010) was then converted into changes in
carbon flux using equation (1), assuming that all deposited N is assimilated by phytoplankton.
It is further assumed that a C:N ratio in coastal and shelf systems is 10:1, which is slightly
higher than 6.625 in the Redfield ratio because some of the nitrogen-rich organic matter is lost
in the water column before sedimentary deposition.®*7*® Hence, carbon flux can be derived

from the total N deposition according to

C=10N

where C represents the carbon flux (mol C m yr?) and N represents the N deposition (mol N

m2yr?).

Calculating maximum hypoxic areas in the coastal Chinese seas

COOLBEANS (Coastal Ocean Oxygen Linked to Benthic Exchange And Nutrient Supply) is
a model that links changes in nutrient fluxes with changes in coastal hypoxia.®® The model
quantifies bottom oxygen demand using relationships with aerobic respiration, organic matter
decomposition, vertical exchange and iron and sulphate reduction. Parameters include water
depth, surface salinity, surface temperature, primary productivity and surface oxygen for each
zone to account for spatial variations (Table S2). Thus, it can be used to predict maximum
coastal hypoxic areas under shifts in nutrient loads. COOLBEANS uses a modified version of
the COSCAT zones and only consider the biochemically active part of the zone (i.e., the part

where 80% of the productivity is located) to account for the fact that the impact on hypoxia

10
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will be concentrated where primary productivity is. A detailed description and validation of the
model was published previously®® and only the most important parts will be presented here, we
refer the reader to the supplementary information and the original publication for more details.
Here, we used COOLBEANS to estimate hypoxic areas caused by future changes in N
deposition by applying changes in carbon fluxes calculated from modern-day and future N
deposition (equations S1 to S5 in SlI). We further compared the maximum hypoxic area from
future scenarios and present-day hypoxic areas to assess the impacts of future N deposition on
the area of hypoxia over coastal Chinese waters. Therefore, we assume riverine input remains
constant in future scenarios in order to isolate the impact from atmospheric deposition. The
uncertainty of the extent of hypoxic areas predicted for future scenarios is calculated based on
the standard deviations of future N deposition in the ACCMIP models, which was reported in

Zhang et al.%.

Results

Calculation of new primary productivity and carbon fluxes derived from N deposition
In this study, we assumed that all N deposition in surface waters would be assimilated by
phytoplankton and contributed to carbon fluxes.®® We found that modern-day atmospheric N
deposition would translate to a carbon flux of 25.6 g C m2 yr! (East Yellow Sea), 28.1gC m’
2 yrl (Bohai Sea), 27.9 (East China Sea) and 37.0 g C m yr! (South China Sea) (Figure 3),
which indicates that the atmospheric deposition of N can support 2 to 12% of the total carbon
flux. The East Yellow Sea has the highest percentage contribution of atmospheric to the total

carbon flux (12.3%) (Table 1).

11
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Figure 3. Modelled changes in carbon fluxes in Chinese coastal waters under RCP 4.5
(dots) and RCP 8.5 scenarios (open dots). All zones have higher carbon flux in 2030 under
high atmospheric deposition (RCP 8.5) compared to 2010. We also note that in 2100 the carbon
flux is lower is lower under both scenarios that includes emission regulation and climate change.
Dots represent our modelled data and the dashed lines represent interpolation between our
datapoint.

N deposition is shown to result in an increase in carbon fluxes in 2030 and a decrease in 2100
(Figure 3). We estimate the carbon flux to be 20.4 and 31.5 g C m? yr?! (East Yellow Sea),
30.9 and 50.0 g C m yr'! (Bohai Sea), 27.5 and 39.2 g C m™ yr! (East China Sea) and 51.7
and 59.3 g C m? yr? (South China Sea) in 2030 for scenarios RCP 4.5 and 8.5 respectively
(Figure 3). All carbon fluxes are projected to peak in 2030, with the exception of the East China
Sea, where the carbon flux decreased slightly (Figure 3). By 2100, the atmospheric contribution
to the carbon flux decreased and was estimated to be 7.1 and 10.4 g C m? yr! (East Yellow
Sea), 6.8 and 9.9 g C m2 yr! (Bohai Sea), 10.2 and 11.2 g C m? yr! (East China Sea) and 17.6
and 14.5 g C m? yr! (South China Sea) for scenarios RCP 4.5 and 8.5 respectively. The Bohai
Sea is the most affected area, with an increase in its carbon flux of 78% in 2030 and a decrease
of 80% from 2030-2100 under RCP 8.5 (Figure 3). Overall, projected atmospheric N deposition
would support between 2 — 15% and 1 — 6% of the total coastal carbon flux in 2030 and 2100

respectively.
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Table 1. The contribution of atmospheric N deposition to the total carbon flux in each

zone in percent

RCP 45 RCP 8.5
Modern day 2030 2100 2030 2100
East Yellow Sea 12.3 9.8 3.4 15.2 5
Bohai Sea 2.1 2.3 0.5 3.7 0.7
East China Sea 4.4 4.4 1.6 5.2 1.8
South China Sea 8.5 11.9 6 13.3 48

Future changes in maximum hypoxic areas

Comparing to the modern-day maximum hypoxia area, projected maximum hypoxic areas in
2030 are estimated to change from -2.3% to +3.3% under RCP 4.5 and by +1.8% to +4.7%
under RCP 8.5 depending on the region. Yet, by the end of 2100 the area affected by hypoxia
is projected to decrease by 1.6% to 8.7% in RCP 4.5 and 1.3% to 7.1% in RCP 8.5 relative to
the modern-day scenario due to a reduction in anthropogenic emissions reflecting predicted
governmental regulations (Figure 4 and Table S3). Compared to the maximum hypoxic area
reached in 2030, the hypoxia area of the China’s coastal ocean decreases up to 6.6% under
RCP 4.5 and up to 9.9% under RCP 8.5 by 2100. The South China Sea has the largest rate of
change in hypoxia area per unit N loading (1.12 km?mg N m2 yr) followed by East Yellow
Sea (0.96 km?/mg N m yr), East China Sea (0.46 km?mg N m? yr') and Bohai Sea (0.05
km2/mg N m2 yr1) (Table S3). Moreover, the South China Sea has the largest proportion of its
biogeochemical active area that is hypoxia (31%) compared to other Chinese coastal oceans

which is around 13%.

13
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Figure 4. Modelled hypoxic areas (km?) in Chinese coastal seas in modern-day and future
N deposition under RCP 4.5 and RCP 8.5 emissions scenarios. The figure highlights the
high sensitivity of dissolved oxygen to nitrogen load, especially in the South China Sea (left
panels) but also the potential of improvement of water quality under emission reduction policy
(right panels). This figure was created using Ocean Data View.%*

Discussion

Impact of atmospheric deposition on primary productivity and carbon fluxes
Modern-day modelled atmospheric deposition accounts for about 30 g C m yr'* on average to
the carbon flux in coastal Chinese waters (1.5 — 6.8 Tg C), which contributes to 2-12% of the
total carbon flux (Figure 3). This is consistent with previous studies, whose estimations range
from 2.3 to 68 g C m yr, contributing to 0.1 — 37% of the new primary productivity in the
region.>*%69%-101 This highlights the importance of atmospheric N deposition to the total carbon
flux in coastal Chinese waters, and validates the effective performance of COOLBEANS in

reproducing field data from this region.

Our calculations estimate that atmospheric input contributes around 12% of the total carbon

flux in the East Yellow Sea, which is the highest among the coastal ocean in our study (Table

14
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1). This may be explained by the low total carbon flux characteristic of the East Yellow Sea
compared to other coastal zones, therefore the contribution of atmospheric input will be more
significant in the region. Moreover, the East Yellow Sea is deeper than other sites considered
here (150 m), which is used by COOLBEANS to calculate the total flux of organic carbon.
Thus, the depth of the East Yellow Sea translates into a lower carbon flux compared to our
other sites. These results highlight the spatial differences in the impact of changes in

atmospheric deposition on the total carbon flux in Chinese coastal waters.

Temporal variation of coastal hypoxia

Under climatic scenarios RCP 4.5 and RCP 8.5, the average hypoxic areas in China coastal
water will increase by about 1.6% relative to the modern-day by 2030. Our results are slightly
higher but on the same order of magnitude as the modelled cumulative effect of climate change
(increase air temperature of +3 °C) and river discharge (increase 10% of river discharge)
reported by Lehrter et al.2% in the Gulf of Mexico (+1%). This indicates that increases in
atmospheric deposition due to human activity and climate change has an enhanced effect on
the extent of hypoxia than climate change. For year 2100, we estimate an average decrease in
carbon fluxes (-72% compared to modern-day) and thus hypoxia area (- 4%) in coastal Chinese
waters under RCP 4.5 and RCP 8.5 scenarios. This decreasing trend is similar to Cabré et al.1%,
who modelled a decrease of 37% in total primary productivity in the low-latitude upwelling
area under climate change, which would also lead to a decrease in the area of hypoxia.

Our results suggest that hypoxic conditions will peak in 2030 and decrease in 2100, following
the predicted trend of anthropogenic emissions. This illustrates how governmental control on
emissions is important to control hypoxia. However, total N deposition and NOx and NH3
emissions in China began to stabilize in recent years, earlier than what RCP 4.5 and 8.5

predicted, due to stricter environmental policies in China.1%#1% While this doesn't change our

15
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quantification of the extent of hypoxia under a given reduction in N deposition, it could mean

that the extent of hypoxic areas may start to stabilize and decrease earlier than 2030.

While scenarios RCP 4.5 and RCP 8.5 consider the effect of climate change on N deposition,
physicochemical consequences of a warmer ocean are not included in COOLBEANS. Yet,
impending sea surface warming may enhance stratification of water column and result in less
mixing and oxygenation of bottom water, thereby increasing in the extent of coastal
hypoxia.2"103106.107 NMoreover, warmer ocean also decreases the solubility of oxygen and
increase remineralization rate, which may further worsen the hypoxia.'®” Thus, our estimates

might be considered conservative in this regard.

Spatial variation of sensitivity to nutrient input: The South China Sea

We observed spatial variation in forecasted future maximum hypoxic areas and their rates of
change in coastal Chinese waters. The highest rate of hypoxia expansion per unit N added per
year was found in the South China Sea, followed by the East Yellow Sea, East China Sea and
Bohai Sea (Table S4). This can be attributed to the sensitivities of each respective coastal ocean
to nutrient loading in COOLBEANS, which are mainly controlled by the bottom oxygen
demand and vertical exchange of oxygen.®® The bottom oxygen demand in the model is driven
by depth and primary productivity in each zone. The South China Sea has a higher calculated
bottom oxygen demand among the four zones in the model because of its relatively deep shelf
and low vertical exchange of oxygen, resulting in lower modelled concentrations of bottom
oxygen and a larger area of hypoxia.***® Thus, controlling N input to the South China Sea,
including atmospheric emissions, is critical to reduce coastal hypoxia. This is a grand challenge
due to the densely populated regions on its coastline, including the Greater Bay Area, which

houses about 120 million people and multiple industries. The high sensitivity of South China

16


https://doi.org/10.1021/acs.est.0c00706

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

Manuscript accepted in Environmental Science & Technology doi: 10.1021/acs.est.0c00706

Sea might increase when considered atmospheric inputs together with the effects of global
warming such as enhanced stratification and the interplay of ongoing ocean acidification,

eutrophication and hypoxia.*®

Effect of a reduced emissions scenario on hypoxia

Hypoxia reduction targets should be set in China in order to reduce the ecological, social and
economic impacts associated with the phenomenon. Taking the Gulf of Mexico as an example,
the intergovernmental Gulf Task Force set a goal of reducing the hypoxic zone by about 70%
(~5000 km? over a 5-year average) by 2035 in Gulf of Mexico and reducing 20% of the spring
N loading from the Mississippi River.1%® Although this exact target may not be applicable in
China, it can be used as a reference to evaluate measurable policy actions required to achieve
acceptable reductions in N emissions and hypoxia. From our model, a reduction of 30 to 90%
of N input, which includes atmospheric deposition and riverine inputs, is necessary to keep
coastal hypoxic zones below 5000 km? in Chinese coastal waters. Therefore, strict controls on
atmospheric emissions in China would have a substantial impact on the development of

hypoxia in coastal waters.

Model limitations

While we took into consideration increase in N deposition due to both climate change (e.g.,
precipitation) and emission regulation, we do not include changes in riverine loads to predict
its effects on future changes of hypoxic areas. Thus, our results might overlook the cumulative
or competing effects of these parameters. Moreover, as highlighted before, COOLBEANS
assumes that all nutrients will be assimilated and transferred to organic carbon. However,
changes in nutrient loading may affect nutrient dynamics, plankton communities and the food

web, which all play a role in coastal hypoxia formation.?’” While the efficiency of

17


https://doi.org/10.1021/acs.est.0c00706

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

Manuscript accepted in Environmental Science & Technology doi: 10.1021/acs.est.0c00706

COOLBEANS to reproduce observational data was previously demonstrated (Nash-Sutcliffee
efficiency = 0.71), *® the model does not consider seasonal and inter-annual physicochemical
variability of the coastal environment but rather a yearly-averaged nitrogen deposition, primary
productivity, carbon fluxes and biochemical oxygen demand. Thus, some discrepancy can be
expected when comparing to field data that are often representing a snapshot in time. Our
results should be considered as a first-order approximation for potential future trend in hypoxia
under certain emissions scenarios, and therefore we focussed the discussion on relative change

in the proportion of hypoxia over the biochemically active regions of COSCAT.

Atmospheric N deposition is a non-negligible source of nutrient supply from the land to coastal
Chinese waters. Here, we quantified the impact of atmospheric N deposition on the extent of
hypoxia in the coastal marine environment and highlighted regional differences in nutrient load
sensitivities. This should serve as critical information when looking at N emissions control in
nearby cities to avert the expansion of coastal hypoxia in China. Regions that are especially
sensitive to N deposition, such as the South China Sea, should be prioritized. Implementing
targets and emissions regulations in China is crucial to improve the water quality in coastal

ecosystems.
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