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Abstract — Annual emergy inflow from environmental sources were evaluated, annual fishery production and
gross primary production were estimated, and correlation analyses between emergy input from environmental
sources and selected ecosystem services (fishery production and gross primary production) were carried out to test
the possibility of using emergy inflow to tidal flats of Korea in rapid assessment for decision-making regarding
their ecosystem services. Thirteen tidal flats were selected based on the availability of environmental and ecologi-
cal parameters, physical characteristics (degree of openness and tidal heights), and freshwater inflow from rivers
and streams. Annual renewable emergy inflow per unit area to the tidal flats decreased from southern Kangwha
tidal flat in the mid-west coast to Nakdong River estuary tidal flat in the southeastern coast. Even though it was dif-
ficult to find any clear trend in the distribution of fishery production per unit area among the tidal flats due to the
limitations inherent in the estimation of fishery production, tidal flats in the west coast showed higher fishery pro-
duction on average than those in the south coast. Annual gross primary production per unit area showed an increas-
ing trend along the Korean coast from the mid-west to the southeast coast. There was a positive correlation
between annual renewable emergy inflow per unit area and annual fishery production per unit area, while a nega-
tive correlation was observed between annual renewable emergy inflow per unit area and annual gross primary
production per unit area. These suggest a possibility for using emergy inflow as an indirect measure of the poten-
tial for ecosystem service provision of tidal flat ecosystems in Korea.
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Fig. 1. Location of thirteen tidal flats selected for this study along the Korean coast.
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Table 1. Type of data and their sources that were used to calculate emergy inflows to the tidal flats selected for this study from environmental sources

Environmental

sources Data type Sources Time period
Sun Solar insolation KMA[2016, 2017] 2015~2016
Wind Average wind velocity KMA[2016, 2017] 2015~2016
Rain Annual precipitation KMA[2016, 2017] 2015~2016
Wave Wave height KHOA[2015~2016] (http://www.khoa.go.kr) ~ 2014~2015 & real time data
Tide Average tidal range KHOA[2012] 2012
Freshwater inflow Flow rate, conductivity, TDS, salinity WIS [2015~2016] (http://www.water.nier.go.kr) 2015~2016

MEIS [2015~2016] (http://www.meis.go.kr)
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Po(t) = Chla(f) [pm\(t) x tanh[%(gt)ﬂ

= 0.2156e"%% .
I, = 5.0670 - T+434.5538

PG(t)‘ Gross primary productivity at time t (mmol O, m™ h')
P . (t): Maximum photosynthetic rate, normalized with Chl-a
concentration at time t (mmol O, mg Chl-a"' h')
a"(t): chlorophyll-specific photosynthetic efficiency at time t
(mmol O, mg Chl-a” h"' (umol photons m? s?)™)
I(t): Irradiance at time t (light intensity)
I,(t): saturated light intensity at time t

T: Temperature at time t
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NDVI = (NIR - Red)/(NIR + Red)
NIR: Optical reflectivity of the near-infra red band(0.845-0.885 um,

band 5) of Landsat 8 images
Red: Optical reflectivity of red visible band(0.630-0.680 pm,

band 4) of Landsat 8 images
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Table 2. Summary of emergy evaluation of annual fishery production per unit area of the Korean tidal flats selected for this study

. Annual fishery production Solar Emergy
Tidal flats ton/halyr J/halyr (sej/ha/yr)
Southern Ganghwa 1.34 3.48x10° 2.93x10'
Garorim Bay 0.67 1.74x10° 1.46x10'
Geunso Bay 0.67 1.74x10° 1.46x10'
Seocheon 0.67 1.74x10° 1.46x10'
Gogunsangundo 1.25 3.25x10° 2.73x10'
Gomso Bay 1.25 3.25x10° 2.73x10'°
Hampyoung Bay 0.05 1.30x108 1.09%10"
Doam Bay 0.05 1.30x108 1.09x10'
Deukryang Bay 0.05 1.30x10® 1.09x10"
Boseong-Beolgyo 0.05 1.30x108 1.09x10"
Suncheon Bay 0.05 1.30x108 1.09x10"
Jinju Bay 0.29 7.54x108 6.33x10"
Nakdong River Estuary 0.14 3.64x108 3.06x10"

* Annual production as the average production during 2015~2016
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Table 3. Summary of emergy evaluation of annual gross primary production per unit area that was estimated using satellite images for the

Korean tidal flats selected for this study

Gross Primary Production

Tidal flats oCimyr Tmiyr Solar Emergy (sej/m?/yr) Unit Emergy Value (sej/J)
Southern Ganghwa 134.1 5.61x10° 4.25%x10" 7.58x10°
Garorim Bay 162.8 6.81x10° 3.34x10" 4.90x10°
Geunso Bay 116.7 4.89x10° 2.29x10" 4.69x10°
Seocheon 143.7 6.02x10° 2.55x10" 4.24x10°
Gogunsangundo 202.7 8.49x10° 2.10x10" 2.48%10°
Gomso Bay 132.2 5.53x10° 2.21x10" 4.00x10°
Hampyoung Bay 189.6 7.94x10° 2.06x1012 2.60%10°
Doam Bay 242.5 1.02x107 7.19x10" 7.09%x10*
Deukryang Bay 199.2 8.34x10° 8.73x10" 1.05x10°
Boseong-Beolgyo 178.1 7.46x10° 6.98x10" 9.36x10*
Suncheon Bay 190.5 7.97x10° 7.08x10" 8.88x10*
Jinju Bay 367.1 1.54x107 5.69x10" 3.70x10*
Nakdong River Estuary 187.4 7.84x10° 2.75x10" 3.50x10*
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