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SUMMARY

I. Title
Production and Application of High-Definition Reanalysis Data in Marginal

Seas of Korea

IT . Necessities and Objectives of Research and Development

[] Necessities
As climate change progresses, a sudden change in the marine environment

1s also observed in the Korean Peninsula, and demand for high-resolution

reanalysis data” to diagnose and predict it is increasing.

* Reanalysis data means the data produced by assimilating observations
into a numerical model for a given period of time by applying the data
assimilation technique, which i1s a technique that combines the two data
with the smallest statistical error. Often considered observational data
because 1t 1s produced in high-resolution model grids and the

characteristics of observational data are statistically small errors.

[J] Objectives

The project was designed to develop a real-time monitoring system for
surface ocean currents and a ocean mixing parameterization to improve data
assimilation modules, produce reanalysis data for organs, and validate and
improve the reanalysis data by utilizing the existing high-resolution marine
forecasting system in the northwest Pacific. Further, the Commission
intended to use the data produced to diagnose and identify the causes of
high temperature/salt phenomenon in the Korean Peninsula, diagnose eddy
volatility in the Kuroshio and subtropical regions, and combine it with

biochemical models.
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. Contents of Research and Development

[1 Period of research
01 January, 2018 - 31 December, 2018

] Contents of research

1. Production and Verification of High-resolution Reanalysis Data
in Korean Sea

O

O

Development of the Data Assimilation System using the Satellite
Sea Level data

Comparison of the volume transports in the Korea Strait and the
East China Sea from the reanalysis data with the observed
transport

Comparison of the reanalysis data with the observations on the
distributions of warm eddies in the western part of the subtropical
North Pacific

2. Monitoring of sea surface currents in northern Jeju Strait using
HFR for the verification of reanalysis data

O

O

The annual time series data collection rate of the regional surface
ocean currents in the northern Jeju Island using HFR is 91.5%
Establishment of quick response system in case of problems
through real-time monitoring system

The surface current data of the northern of Jeju Island observed
with HFR have a relatively high correlation coefficient (R=0.629~0.831)
when compared with the RCM current meter

In comparison with the two-type drifts HFR and surface drifts
show high correlation coefficient (R=0.93).

In the verification of HFR, it is possible to minimize the error by
using the drift buoys within 1-meter of the sea-surface layer.

3. Parameterization of the Submesoscale Turbulent Mixing for
Improving Model Performance

O
O
©)

Surface Buoy Experiment
Analysis of turbulent flow characteristics using statistical models
Literature survey on the random walk and the non-linear stochastic

model

— viii —



4. Evaluation of structure and effect of high temperature and low
salinity phenomena based on the reanalysis data
O Analysis of high temperature phenomena in the Korean Peninsula
based on the satellite data
O Classification of high temperature phenomena in the Korean Peninsula
based on the observations
O Correlation between salt and sea water CDOM in Yellow Sea region
based on the in-situ data

5. Ecological model application and utilization
O Relationship between long-term trends of red tide organism (HABs)
and extension of Yangtze diluted water in Korean water
O Distributional characteristics of soft coral in Korean water
O Long-term catch trends of commercial fish

IV. Results

1. Production and Verification of High-resolution Reanalysis Data in
Korean Sea
O Development of the Data Assimilation System using the Satellite
Sea Level data
- To increase simulate performance for vertical structures of the
temperature and salinity, establishing the advanced Data Assimilation
System which is require the Satellite Sea Level data
- When this method was applied, the lower SSS bias show iIn
tropical ocean, the Northwest Pacific and the Antarctic Ocean
than the DA-free results.
- Realistically simulated North Equatorial Undercurrent (NEUC)
similar to the previous results.

O Comparison of the volume transports in the Korea Strait and the
East China Sea from the reanalysis data with the observed transport
- Volume transports estimated from the four reanalysis datasets
were evaluated with the comparison of observed transport.
- NCEP GODAS reveals high credibility, showing coincidence of
transports in the Korea Strait and the East China Sea section
with the observed by Takikawa and Yoon(2005).
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O

- ECMWEF ORAS4 and KIOST ESM_vl also show the Korea Strait
transport corresponding to the observation.

- However, for the calculation of transport, they need more careful
treatment in their velocity and depth information, as they show
some difference in the transports between the Korea Strait and
the East China Sea section. SODA 3.4.2 reveals the lowest
credibility by showing the largest difference with the observation.

Comparison of the reanalysis data with the observations on the
distributions of warm eddies in the western part of the subtropical
North Pacific

- Sea surface temperature(SST) in the KIOST ESM_vl and NCEP
GODAS reanalysis data were compared with the
observation-based OISST and HadISST datasets in the
northwestern Pacific subtropical region.

- KIOST ESM_vl and NCEP GODAS show a good performance in
their SST product as they represent a very close pattern of
monthly mean SST to the OISST and HadISST.

- Especially KIOST ESM_vl produced a very exact pattern of
warm eddies corresponding to the OISST for their location and

seasonal variations.

2. Monitoring of sea surface currents in northern Jeju Strait using
HFR for the verification of reanalysis data

O

O

The annual time series data collection rate of the regional surface
ocean currents in the northern Jeju Island using HFR is 91.5%
Establishment of quick response system in case of problems through
real-time monitoring system

The surface current data of the northern of Jeju Island observed with
HFR have a relatively high correlation coefficient (R=0.629~0.831)
when compared with the RCM current meter

In comparison with the two-type drifts HFR and surface drifts show
high correlation coefficient (R=0.93).

In the verification of HFR, it i1s possible to minimize the error by
using the drift buoys within 1-meter of the sea—surface layer.



3. Parameterization of the Submesoscale Turbulent Mixing for Improving
Model Performance
O Surface Buoy Experiment
- The observations had been performed twice in April and November
on the Northern Sea of Jeju island
— In the April experiment, all the buoy passed through the northern
sea of Tsushima island, but it passed both north and south of the
1sland in November experiments. And some buoys had been moved
south into the southern coast of Japan due to the northwest wind.
- About 35% of the buoys which is starting from the South Sea,
had been landed to Jeju island or coastal region in Japan by the
impact of the wind.

O Analysis of turbulent flow characteristics using statistical models

- Diffusion statistics appear in the Jeju Strait and the Korea Strait,
which have different physical characteristics.

— Horizontal shear stress and sub-mesoscale circulation led the diffusion
of turbulence in the Jeju Strait where semidiurnal surface was
strongly observed.

- In the Korea Strait, where the temperature front was strong, mesoscale
circulations led the turbulent flow diffusion.

O Literature survey on the random walk and the non-linear stochastic
model

- As the velocity distribution of speed field calculated from the

oceanographic satellite shows non-Gaussian, the use of random

walk should be stopped and the use of high-dimensional nonlinear

static model is recommended.

4, Evaluation of structure and effect of high temperature and low salinity
phenomena based on the reanalysis data
O Analysis of high temperature phenomena in the Korean Peninsula
based on the satellite data

- The value of the upper 90 percentile of sea level temperature over
the past 30 years is defined as the occurrence of a high temperature

event when the boundary value exceeds the boundary value.
- boundary value of the high water temperature each southern Korea
is about 27 degrees Celsius, the East Sea is about 25 C, which is
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applied, by high temperature event can be detected.

O Classification of high temperature phenomena in the Korean Peninsula

based on the observations

— Analyzed the long — term trends of the JJA SST around the Korea
Peninsula. The descent trend shows in the Yellow Sea. But
increase trends show in the East China Sea, East Sea and South
Sea.

- Builds long-term database of the high-temperature event such as
frequency, duration, and Intensity from 1982 to 2018.

- Analysis on the inter-annual variability of the high temperature in
5 marginal seas with different high temperature trends

- EOF analysis of the long—term duration variability for high-temperature
events was performed to determine the cause of this phenomena.

— Main components (PCl) are strongly correlated with the warming
of sea level temperatures in the northwest Pacific (Philippine Sea).

- When the correlation between the PC2 and 500hPa Geopotential
height is obtained, for high temperature in the east-west pattern,
the atmospheric high pressure is strengthened, which means a
large connection with the heat wave.

O Correlation between salt and sea water CDOM in Yellow Sea region
based on the in-situ data
- SSS estimation algorithm has been developed and applied to GOCI.
And its results have been compared with HYCOM data.

5. Ecological model application and utilization

O Relationship between long—term trends of red tide organism (HABs)
and extension of Yangtze diluted water in Korean water
- We confirmed the non-outbreak mechanism of red tide dinoflagellate
Cochlodinium polykrikoides in Korean water related with extension
of Yangtze diluted water by much rainfall of Yangtze River area
in early July, which is very important role in controlling the C.
polykrikoides population densities.
— In particular, huge red tide event of C. polykrikoides in Korean
water did not occur when salinity was relatively kept to low (e,
28-30 psu) in the southern area (SSFZ: South Sea Frontal Zone)

— Xii —



O

O

including the Jeju channel based on the long-term data of red
tide.

Distributional characteristics of soft coral in Korean water

- We demonstrated the bio—geographical distribution pattern and mean
coverage of Coral Dendronephthya suensoni and Dendronephthya
spinulosa in Korean water

Long-term catch trends of commercial fish

- Due to temperature increase related global warming, catch of cold
water fish such as pollock and pacific saury was decreased,
whereas catch of warm water fish (i. e., mackerel, anchovy and
squid) was gradually increased since 1990.

V. Application plan of results and products

O

To enhance performance of numerical models, including verification
of marine circulation model and pollutant diffusion modeling

Use as a basis data for study on Ocean Circulation and Material
Flux on the South Sea and West Sea

Foundation for Predicting High Temperature Event in the Marginal
Seas Surrounding of Korea

To minimize red tide damage, we prepared the technical development
and management tool based our long-term HABs trends and
extension of Yangtze diluted water

It can be utilized as indicator species of climate change and water
temperature increase based on the coral migration pattern toward
northern area in Korean water

It can be used to predict the future fishery resource in Korean
water based on the past fish catch data related with water
temperature distributional pattern

— Xiii —
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Comparison of the SST distribution in the reanalysis data and the observed
data in the western part of the subtropical North Pacific Ocean(upper
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right-HadISST, averaged from 2001 to 2010)
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