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Abstract: Nuclear energy plays a crucial role in global carbon reduction. However, thermal
discharges from nuclear power plants can potentially impact marine ecosystems. This
study investigates the long-term thermal impact of the Haiyang Nuclear Power Plant on the
adjacent marine environment using a decade-long Landsat thermal infrared dataset. Spatial
and temporal patterns of thermal discharge were analyzed, focusing on the temperature
difference between intake and outlet water, the warming trend in the thermal mixing
zone, and the spatial distribution of the thermal plume. Our results indicate the following:
(1) Seasonal Variation in Thermal Discharge: The temperature difference between intake
and outlet water exhibited significant seasonal variability, with higher values in winter
and lower values in summer. The spatial distribution of the thermal plume was influenced
by tidal currents, leading to a cyclical pattern. (2) Long-Term Warming Trend: Prolonged
thermal discharge resulted in a notable warming trend in the thermal mixing zone, with
an average annual increase of 0.3 ◦C. This warming effect was most pronounced in winter
and least in summer. (3) Spatial Distribution of Thermal Plume: The spatial extent and
intensity of the thermal plume varied seasonally. Summer exhibited a larger influence
range but with lower temperature rises, while winter showed a smaller influence range
but with higher temperature rises. In winter, the 4 ◦C temperature rise area exceeded the
designated environmental functional zone boundary in some instances. These findings
provide valuable insights into the thermal impact of nuclear power plants and highlight
the importance of considering seasonal variations and long-term monitoring to ensure
environmental sustainability.

Keywords: thermal discharge; environmental functional zone; nuclear power plant;
thermal impact; cooling water

1. Introduction
Nuclear power plants (NPPs) and thermal power plants (TPPs) rely on large volumes

of cooling water to maintain operational efficiency. This practice, known as thermal
discharge, can significantly impact aquatic ecosystems. With the thermal efficiency of
coastal NPPs typically around 33%, and supercritical large-scale TPPs achieving efficiencies
of up to 40% [1], a significant portion of the energy input is dissipated as waste heat into
cooling water. To facilitate efficient cooling, many power plants are strategically located in
coastal areas, leveraging vast bodies of water as heat sinks.

As of July 2023, China operates 17 NPPs with a total installed electrical capacity
exceeding 57,000 MW [2]. Each 1000 MW unit discharges approximately 41.4 m3/s of
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cooling water at a temperature increase of around 9.0 ◦C [3]. The substantial volume
and elevated temperature of this discharge raise concerns about its potential ecological
consequences, including altered water temperature regimes, disrupted marine ecosystems,
and reduced biodiversity [4–12].

Coastal thermal discharges from NPPs can have significant ecological impacts. The
construction of intake and outlet structures alters tidal patterns, potentially leading to ero-
sion, sedimentation, and geological instability [13,14]. Water withdrawal and entrainment
can directly harm aquatic organisms [15]. Elevated water temperatures from thermal pollu-
tion can disrupt the physical and chemical properties of the water body, affecting aquatic
life and ecosystem functions [4,6–8,12,16,17]. Additionally, biocides released from cooling
systems can contaminate water and harm aquatic organisms [18–20]. By understanding
the complex interactions between thermal discharges and the marine environment, we
can develop strategies to minimize environmental impact and ensure sustainable power
plant operations.

To accurately assess the environmental impact of thermal discharge from NPPs, it
is essential to delineate the affected area. Field measurements, while providing precise
data, are often costly and logistically challenging [21]. Numerical simulations, though
useful, can be limited by model assumptions and may not accurately represent real-world
conditions [22]. Thermal infrared remote sensing offers a cost-effective and efficient method
for monitoring large-scale thermal plume dispersion. It can reveal interannual and seasonal
variations in plume patterns [3,23,24], influenced by factors like tidal currents, wind speed,
water depth, and plant capacity [25–31].

This study pioneers the use of long-term Landsat thermal infrared imagery to quanti-
tatively analyze and compare the impacts of thermal discharge with coastal environment
regulations. By comparing sea surface temperature (SST) variations between environmental
functional zones (EFZs) and a reference region, the study quantifies the incremental SST
rise attributable to HYNPP’s thermal discharge. The analysis focuses on the following:
(1) Annual and seasonal fluctuations in SST increases induced by thermal effluents.
(2) Spatial extent and magnitude of HYNPP’s thermal influence within each EFZ. It is
important to note that this study primarily focuses on surface-level SST variations and does
not delve into the vertical temperature profile of the water column.

2. Data and Methods
2.1. Study Area

HYNPP is situated in Haiyang City, China, at the eastern tip of a cape surrounded by
the sea. To the northeast lies Rushan Bay, to the southwest is Haiyang Harbor, and to the east
and south is the vast Yellow Sea of the Western Pacific Ocean, as depicted in Figure 1a,b. The
site is located within a region classified as having a temperate continental monsoon climate.
Distinct seasonal variations in wind direction are observed, with prevailing northwesterly
winds in winter and predominantly southeasterly winds in summer. The annual mean
wind speed, temperature, and water vapor pressure are 3.3 m/s, 11.9 ◦C, and 12.2 hPa,
respectively. The sea area around HYNPP is primarily influenced by regular semi-diurnal
tidal currents, with a multi-year average tidal range of approximately 2.39 m. The tidal
currents are predominantly reciprocating, flowing mainly within a range of WSW-WNW
during flood tide and within a range of ENE-ESE during ebb tide. The ebb tide is generally
stronger than the flood tide.
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Figure 1. Geographic location of the study area and division of EFZs. (a) Geolocation of HNP;
(b) EFZ distribution; (c) Intake and outlet locations of HNP.

Designed to house six pressurized water reactor (PWR) nuclear power units, HYNPP
currently operates units 1 and 2, commissioned in January 2019 (Table 1). As shown in
Figure 1c, the plant’s cooling water is sourced from an open channel intake on the south
side. The Phase I discharge outlet is located on the west side, while the inactive Phase II
outlet is on the east side.

Table 1. Operational parameters of HYNPP units.

Power Unit Reactor Type Gross Capacity First Criticality Date Commercial Operation Date

No. 1 PWR 1253 MW 8 August 2018 22 October 2018
No. 2 PWR 1253 MW 29 September 2018 9 January 2019

A 40.4 km2 sea area surrounding HYNPP is designated as a Type III EFZ. This zone
encompasses two main areas: the thermal mixing zone and the external nuclear power
utilization zone. The thermal mixing zone is divided into two sub-areas: Zone A (9.6 km2)
on the west side and Zone B (7.7 km2) on the east side of the plant site, as shown in Figure 1c.
Zone C (23.1 km2), located on the south side, is designated as the external nuclear power
utilization zone, which is also a Type III EFZ. Generally, the main water quality indicators
in HYNPP’s EFZs adhere to Type II sea water quality standards [32], with the exception of
water temperature.

2.2. Data and Preprocessing

(1) Landsat Imagery

The United States Geological Survey (USGS) released the Landsat Collection 2 Level-2
(C2L2) scientific product in November 2020 (https://earthexplorer.usgs.gov/, accessed on
2 January 2022), containing long-time series (August 1982–Present) as well as high-spatial-
resolution and high-temporal-resolution data imaged across a large swath of landscapes
(185 km), which allows for long-term thermal discharge monitoring with fine-scale grading.
USGS-released Landsat C2L2 scientific products were used in this study, and 139 scenes of
high-quality data, acquired between 2013 and 2024, covering the study area were selected.

https://earthexplorer.usgs.gov/
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By linear stretching Equation (1), SST values are determined from the Landsat C2L2
surface temperature data.

SST = ST × Scale + Offset − 273.15 (1)

where SST is the surface temperature of the water body after linear stretching, in ◦C, ST is
the DN value of the C2L2 dataset surface temperature band, and Scale and Offset are the
scaling and offset factors for linear stretching, respectively, where Scale = 0.00341802, and
Offset = 149.0.

The SST data underwent quality control using several techniques to ensure accuracy
and reliability. First, singular value rejection identified and removed anomalous SST values
deviating significantly from expected patterns. Values outside the valid SST range of
293–61,440, as defined in the science product guide [33], were also excluded to retain only
physically plausible measurements. Second, cloud-contaminated pixels were removed
using the Level-2 pixel quality band (ProductID_QA_PIXEL) within each C2L2 dataset.
This band uses binary representation to provide information on cloud cover and other
quality indicators, ensuring retention of only valid, cloud-free SST data. Third, to enhance
dataset robustness, SST data from nearshore intertidal and foreshore areas were excluded.
These areas are susceptible to inaccuracies due to land proximity and shallow water
influences [26]. Furthermore, during summer, shallow bathymetric conditions can cause
higher temperatures in submerged areas, potentially mimicking coastal thermal plumes
and leading to data misinterpretation.

(2) EFZs data

The EFZ data of the sea area near HYNPP utilized in this study were obtained from the
Environmental Functional Zone Planning of Nearshore Sea Areas in Shandong Province
(http://lyc.sdein.gov.cn/dtxx/201605/t20160529_716079.html, accessed on 20 May 2024),
which was approved by the People’s Government of Shandong Province, China, in May
2016. The data were used to determine the environmental functions of the sea area near
HYNPP. The planning stipulates Type I to Type IV EFZs, which implement the correspond-
ing sea water quality standards [32], respectively, and no water quality objectives are set
for the thermal mixing zone, but it should not affect the water quality of the adjacent EFZs.

(3) Tidal Data

Daily tidal data of HYNPP (https://www.cnss.com.cn/html/tide.html, accessed on
15 November 2024), spanning from April 2018 to November 2024, were acquired from the
National Marine Information Centre, Ministry of National Resources, China. The tidal
data were matched to the satellite image in time order, and the tidal state at the scene
time of the satellite image and the tidal height were extracted and applied to thermal
dispersion analysis.

(4) Criterion for Temperature Rise Intensity Grading

To assess the thermal impact of the NPP, a background temperature approximat-
ing the natural temperature of the area in the absence of thermal discharge is essen-
tial [28,30,31]. Given the marine location of the heat dissipation areas, an adjacent-zone
substitution method was employed to determine a reference temperature (TRef). Specif-
ically, a 600 m × 600 m square zone located approximately 3 km from the intake, and
positioned to avoid the influence of thermal discharge, was selected as TRef for calculating
Temperature Rise Intensities (TRIs).

To maintain consistency with sea water quality standards regarding temperature,
TRIs were categorized into four levels using TRef as the baseline (Table 2). For descriptive
convenience, areas exhibiting SST increases of 1–2 ◦C, 2–3 ◦C, 3–4 ◦C, and >4 ◦C were

http://lyc.sdein.gov.cn/dtxx/201605/t20160529_716079.html
https://www.cnss.com.cn/html/tide.html


Appl. Sci. 2025, 15, 738 5 of 13

designated as R+1, R+2, R+3, and R+4, respectively. The sum of the areas for each TRI
category was designated as Atotal.

Table 2. Temperature ranges for different levels of increases in SST (°C).

Ranges of SST Increases Levels

[+1 ◦C, +2 ◦C) R+1
[+2 ◦C, +3 ◦C) R+2
[+3 ◦C, +4 ◦C) R+3

≥4 ◦C R+4

3. Results
3.1. Thermal Impact of HYNPP Operation on Intake and Outlet Water

NPPs necessitate substantial circulating cooling water to regulate reactor tempera-
ture. Consequently, warm water containing waste heat is discharged into surrounding
waters. A significant environmental impact of NPP operations is the alteration of discharge
water temperature.

This study examines long-term temperature variations in the intake and outlet areas
of the HYNPP from March 2013 to November 2024. Key statistical parameters—maximum
(Max), minimum (Min), Mean, and standard deviation (SD) of SST—were analyzed to
assess the intensity of thermal discharge impacts. Max, Min, and Mean values primarily
characterize the magnitude of temperature differences between intake and discharge waters
before and after operations. SD reflects the influence of warm water discharge on the
homogeneity of the temperature field in the surrounding sea area. Figure 2 presents the
temporal variations in Max, Min, Mean and SD of SST values within the intake and outlet
areas before and after the NPP commenced operations on 22 October 2018.

Figure 2. Temporal changes in SST parameters at intake and outlet of HYNPP.

Prior to the HYNPP’s operation, as shown in Figure 2 and Table 3, both intake and
outlet areas exhibited similar seasonal SST patterns, with Max reaching approximately
31.6 ◦C. Min fluctuations in Mean SST (<0.3 ◦C) and SD (<0.03) indicate a highly homoge-
neous temperature field. Following the NPP’s operation, while the overall temperature
trends remained consistent in both areas, a significant temperature increase was observed
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in the outlet area. The Max in the outlet area rose from 33.49 ◦C to 35.79 ◦C, exceeding
2 ◦C. The Mean SST in the outlet area experienced a substantial increase from 12.95 ◦C
to 18.02 ◦C, reflecting the influence of thermal discharge. The most pronounced change
occurred in the SD of the discharge area, which increased from 0.2 to 1.12, indicating a
significant disruption to the temperature field homogeneity caused by the continuous
release of thermal discharge. These findings unequivocally demonstrate the substantial
thermal impact of NPP operations on the surrounding water environment.

Table 3. Comparison of SST parameters between intake and outlet pre- and post-operation.

Area Operation Status
SST Parameters

Max/◦C Min/◦C Mean/◦C SD

Intake
Pre-operation 31.67 0.15 13.08 0.15
Post-operation 31.66 0.98 13.38 0.12

Outlet
Pre-operation 33.49 −0.33 12.95 0.20
Pre-operation 31.67 0.15 13.08 0.15

The monthly mean SST difference between the outlet and intake waters exhibited
distinct seasonal variations. As illustrated in Figure 3, prior to the NPP’s operation, the
temperature difference remained relatively low throughout the year, fluctuating within a
range of approximately ±0.5 ◦C.

Figure 3. Impact of NPP operation on monthly temperature difference between intake and outlet.

Following the plant’s operation, a significant increase in the temperature difference
was observed, reaching a maximum of 7.3 ◦C in January. This difference remained relatively
stable from February to April before gradually decreasing from May to a minimum of
4.6 ◦C in September, after which it increased again. Seasonally, the average temperature
difference was highest in winter (6.8 ◦C), followed by spring (5.9 ◦C), autumn (5.3 ◦C), and
summer (4.9 ◦C). This “high in winter, low in summer” pattern is consistent with the plant’s
design, which prioritizes higher discharge water temperatures during colder months. This
direct surface discharge leads to pronounced temperature increases, contributing to the
observed seasonal variation, with greater increases in winter and smaller increases in
summer. Compared to deep-discharge systems, this surface design restricts heat transfer
to the deeper water column, amplifying the influence of the designed discharge temper-
ature on the maximum observed temperature difference within the thermal plume [34].
While previous studies [3] have highlighted the roles of current velocity and shoreline
topography, a comprehensive regional re-evaluation of these factors, using extensive, near-
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concurrent hydrometeorological and remote sensing data, is necessary to fully understand
their contributions to thermal plume behavior in the HYNPP region.

3.2. Spatial Patterns of Thermal Discharge in Response to Varying Tidal Conditions

The thermal plumes released from the west side of the plant provide valuable insights
into surface water current patterns. Figure 4 illustrates the spatial distribution of the
thermal discharge water from the HYNPP under various tidal conditions.

Figure 4. Temporal variation in the spatial morphology of the thermal plume from HYNPP under
typical tidal conditions. Panels (a–c) illustrate the plume’s evolution during flood tide, while panels
(d–f) depict the ebb tide.

During the flood tide (Figure 4a–c), the southwestward current propels the warm
plume along the water flow direction, forming a distinct thermal boundary between the
warm and cold water masses. As the flooding current intensifies, the warm plume is
gradually confined to the bay near the outlet, and the warm water is pushed towards the
nearshore region. Near high tide (Figure 4c), the warm plume is fully contained within the
bay, and the warm water tends to extend along the nearshore zone.

During the ebb tide (Figure 4d,e), the northeasterly current carries the warm plume out
of the bay. The combined effects of falling currents and coastal topography compress the
plume, forming a narrow strip. As the falling tide intensifies (Figure 4f), the warm plume
breaks through the headland and spreads northeastward, exhibiting a similar pattern to
the initial stage of the flood tide cycle.

The spatial distribution and morphological changes of the thermal plume are thus
closely linked to tidal cycles [34]. The detected surface plume location is directly influenced
by the prevailing flow direction under different tidal conditions [26].

4. Discussion
4.1. Impact of Thermal Discharge on SST in EFZs

Following the commencement of nuclear power operations, the discharge of warm
water leads to an increase in the temperature of the receiving water body. The magnitude of
this thermal impact can be assessed by comparing the changes in SST between the affected
and unaffected areas.

To assess the extent and intensity of this thermal impact, the EFZs surrounding the
HYNPP were divided into three areas: thermal mixing zones A and B, and the functional
zone (Zone C). Zone A, located west of the plant, has an operational drainage outlet, while
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Zone B, situated to the east, is designated for a future outlet but is currently inactive. Zone
C encompasses the entire EFZ, excluding the thermal mixing zones. As illustrated in
Figure 1b, this spatial distribution of the EFZs provides a framework for analyzing the
thermal impact. By comparing the temperature variations among these zones, we can gain
insights into the spatial extent and intensity of the thermal influence.

To quantify the thermal impact, we compared the multi-year average change in SST
(∆T) within each effluent field zone to a reference zone unaffected by the discharge. This
reference zone (TRef) is situated far from the outlet and, consequently, is not influenced by
the thermal plume.

Prior to the plant’s operation, the ∆T values for all three zones ranged from 0.06 to
0.13 ◦C, which can be seen in Figure 5a, reflecting small inherent geographical variations
in SST. Post-operation, ∆T values for Zone B and Zone C increased to 0.51 ◦C and 0.67 ◦C,
respectively, indicating the long-term influence of thermal discharge. However, these
increases were relatively modest, less than 0.6 ◦C in both cases. In contrast, Zone A
experienced a dramatic increase in ∆T from 0.13 ◦C to 2.51 ◦C, highlighting the significant
impact of warm water discharge in this region.

Figure 5. Spatial Variability of SST within EFZs attributed to thermal discharge. (a) Change in ∆T
within EFZs pre- and post-operation; (b) Change in EFZ Warming Rate.

The preceding analysis demonstrates the significant warming impact of discharged
warm water on the receiving water body. To further investigate the rate of warming and
any potential seasonal variations, we analyzed the annual averaged ∆T values for each
zone.

Figure 5b illustrates the results of scatter plot and linear regression analyses, indi-
cating that Zone B and Zone C experienced an average annual temperature increase of
approximately 0.05 ◦C. In contrast, Zone A exhibited a substantially higher warming rate
of approximately 0.3 ◦C per year, with a strong correlation (R2 = 0.76, p = 0.00024). These
findings clearly demonstrate the concentrated impact of thermal discharge, as evidenced by
the significantly elevated temperature increase in Zone A compared to the other two zones.

Analysis of seasonal variations in warming rates (Figure 6) reveals a consistent pattern
across all three zones: the highest rates occur in winter, followed by autumn and spring,
with the lowest rates observed in summer. This seasonal trend aligns with the NPP’s design,
which prioritizes higher discharge temperatures during winter months. As a result, more
heat is injected into the receiving water body in winter, leading to a more pronounced
warming effect.
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Figure 6. Seasonal variations in EFZ warming induced by thermal discharge at HYNPP. (a) Spring;
(b) Summer; (c) Autumn; (d) Winter.

Among the three zones, Zone A consistently exhibited the highest warming rates,
reflecting its proximity to the outfall and direct exposure to the thermal plume. The
winter warming rate in Zone A reached 0.41 ◦C/a, approximately three times higher
than that of the other zones. The warming rates for Zone A decreased sequentially from
winter (0.41 ◦C/a) to autumn (0.31 ◦C/a), summer (0.26 ◦C/a), and spring (0.21 ◦C/a).
In contrast, Zones B and C experienced significantly lower warming rates compared to
Zone A. While these zones also exhibited higher warming rates in winter, the differences
were less pronounced. The decreasing warming rates with increasing distance from the
outlet suggest that the thermal impact gradually diminishes due to water mixing and the
dissipation of heat energy.

Furthermore, the seasonal warming rate fitting models exhibit varying degrees of
correlation, as indicated by the R2 and p value. Zone A demonstrates strong correlations
(R2 > 0.64) and highly significant p-values (<0.05) in all seasons except summer, suggesting
a robust relationship between time and temperature change. Zone B, on the other hand,
shows a significant correlation only in winter (p < 0.05), with a maximum R2 value of 0.51.
Similarly, Zone C exhibits significant correlations in fall and winter (p < 0.05) but with a
maximum R2 of 0.57. These findings suggest that the impact of warm water discharge is
more pronounced in Zone A compared to Zones B and C, particularly during winter.

4.2. Comparative Analysis of Thermal Discharge Diffusion Ranges in Different EFZs

According to the national marine functional zoning, the sea area adjacent to HYNPP
is designated as an industrial and urban construction sea use area. During development
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and utilization, this area adheres to Type II sea water quality standards and Type III water
temperature standards. However, the temperature rise within the thermal mixing zone is
not explicitly limited. Referencing the sea water quality, Type III sea water quality stipulates
that human-induced sea water temperature rise should not exceed 4 ◦C compared to local
ambient temperatures.

To assess the spatial overlap between different TRIs of HYNPP thermal discharges
and EFZs, maximum temperature rise envelopes were plotted for each season from the
start of NPP operation to November 2014 (Figure 7). These envelopes represent the po-
tential temperature increase from R+1 to R+4. Table 4 summarizes the distribution areas of
these TRIs.

Figure 7. Spatial distribution of TRIs due to HYNPP thermal discharges in different seasons:
(a) spring; (b) summer; (c) autumn; (d) winter.

Table 4. Area of warming zone envelopes for various TRIs and seasons.

Season
Area/km2

R+1 R+2 R+3 R+4 Atotal

Spring 9.6 5.0 5.8 3.5 23.9
Summer 15.8 6.7 6.8 4.1 33.4
Autumn 10.1 4.7 3.9 5.4 24.1
Winter 2.8 3.2 7.6 5.7 19.3

Summer exhibits the largest impact area, totaling 33.4 km2. Notably, the lower TRIs,
R+1 and R+2, occupy the largest area (22.5 km2) and account for over 67% of the total.
Conversely, the highest temperature rise class, R+4, has the smallest area at 4.1 km2. Winter
presents a stark contrast to summer, with the smallest total impact area of 19.3 km2. The
higher temperature rise classes, R+3 and R+4, dominate, covering 7.6 km2 and 5.7 km2,
respectively, and comprising nearly 69% of the total. Furthermore, winter is the only season
where the R+4 impact area extends beyond the thermal mixing zone by approximately
0.35 km2.
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HYNPP’s thermal discharge exhibits distinct seasonal spatial patterns, with a larger
influence range and lower temperature rise in summer, and a smaller influence range but
higher temperature rise in winter. Two primary factors contribute to this phenomenon:

(1) Temperature rise of discharged water. Winter thermal discharge exhibits a higher
temperature rise (10.79 ◦C) compared to summer (8.09 ◦C) due to HYNPP design.
This elevated temperature rise in winter concentrates the high-temperature water
near the discharge point, resulting in a significantly larger influence area with higher
temperature rises.

(2) Water body mixing. Winter’s stronger vertical mixing within the water body acceler-
ates the dispersion and cooling of the thermal discharge, reducing its influence range.
Conversely, summer’s pronounced thermal stratification inhibits mixing and cooling,
resulting in a larger area of influence and a more persistent thermal plume [23].

These factors collectively shape the spatial distribution pattern of thermal discharge
influence on HYNPP, with a larger extent in summer and a smaller extent in winter.

5. Conclusions
Based on the analysis of the thermal discharge impact of HYNPP on the surrounding

marine environment, the following conclusions can be drawn:
Significant Thermal Impact on the Receiving Water Body: The discharge of warm

water from HYNPP has a significant impact on the temperature of the receiving water body,
particularly in the vicinity of the discharge outlet (Zone A). This impact is evidenced by the
substantial increase in SST in Zone A compared to the other zones.

Seasonal Variation in Thermal Impact: The thermal impact of HYNPP’s discharge
exhibits significant seasonal variability. Winter, characterized by higher discharge tempera-
tures and stronger vertical mixing, leads to a more concentrated thermal plume with higher
temperature rises. In contrast, summer, with lower discharge temperatures and weaker
vertical mixing, results in a more dispersed thermal plume with lower temperature rises.

Spatial Distribution of Thermal Impact: The spatial extent of the thermal impact
decreases with increasing distance from the discharge outlet. Zone A, located closest to the
outlet, experiences the most significant warming, while Zones B and C, situated farther
away, exhibit progressively lower temperature increases.

Compliance with Sea Water Quality Standard: While the thermal impact of HYNPP’s
discharge is significant, it generally complies with the applicable sea water quality stan-
dards. However, it is crucial to continue monitoring the thermal impact, especially in Zone
A, to ensure long-term environmental sustainability.
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