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GEMS Specifications
System Attributes Requirements

Lifetime >10 years

Field of regard
N/S range: 45°N–5°S

E/W range: 75°E - 145°E
Orbital position:116.2°E-128.2°E

Ground sampling distance
< 3.5 km (N/S) at Seoul, Korea

< 8 km (E/W)
7 km ´ 7.7 km (N/S ´ E/W)

Spectral range 300 to 500 nm

Spectral resolution < 0.6 nm

Products

AOD, AEH, AI-UV & Vis,
O3, NO2, SO2, HCHO, CHOCHO,
Cloud (CRF, ECP), Surface, UVI,

BrO, H2O, HONO

Kim et al. 
(BAMS 2020) 2

ü Launched in Feb. 2020
ü Products in the spatial resolution of 

3.5 km(NS) x 7.7 km(EW).
ü Ver.2 data available from Nov. 2022, and 

past data being reprocessed.

ü Additional data retrieval for BrO, H2O, 
and HONO in progress.
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GEMS Operation
Hour [hh + 15 min], i.e. (hh– 1):45 ~ hh:15
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Ozone – Total Column (Mar. 7, 2022)

TROPOMIGEMS

[J.H. Kim]4

V2

ü R=0.96
ü RMSE = 1.33 DU 

(v2) 
ü V2 updates

- KMA GDAPS T(z) 
- QF for high SO2
- New O3 a-priori
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ü Monthly mean of hourly GEMS TrCO, Aug 2020
ü GEMS TRCO shows diurnal variations 

increasing from 10 a.m. to 3 p.m., then 
decreases after.

GEOS-ChemGEMS

Noon

TROPOMI(20S-20N, 8.13-19 Average)

Ozone - Tropospheric Column (Aug. 2020)
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Aerosol – Dust Case

Dust plume

ü Improved cloud 
& snow masking.

ü Improved type 
selection
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ALH for Dust event (Mar. 29, 2021)

ü GEMS ALH tracks CALOP ALH well from 34°N to 39 °N. (GEMS AOD > 0.2)
7
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NO2 -Tropospheric Column (Jan. 15, 2021)

ü Diurnal variation of NO2 Total and Tropospheric Column on January 15, 2021.
ü Clear NO2 patterns were retrieved over urban and industrial areas.
ü Ground-based validation of TROPOMI NO2 v-2.2 data shows the negative bias of the stratospheric (-3%), tropospheric (-23%) and total (-5%) 

columns. (J. van Geffen et al., 2022)
ü Updated AMF using GEOS-Chem in v2 [H. Lee]8
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Average NO2 – Ship emissions

Singapore

Port Klang (Malaysia)

ü Ship tracks from/to Singapore and Malaysia (Port Klang) are clearly detected.
ü Ship-emitted NO2 columns are typically large in the morning and dissipates in the afternoon.

Period : Mar 2022 – Feb 2023
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Average NO2 & SO2

10[H. Lee]

NO2 SO2

Guangzhou

Quanzhou

Shanghai
Guangzhou

Quanzhou

Shanghai

Volcanoes

Krakatau (Indonesia) Canlaon (Philippines)

Taal
(Philippines)

Dukono
(Philippines)

Period : Mar 2022 – Feb 2023

ü Both volcanic and anthropogenic SO2 sources are detected.
ü GEMS retrievals demonstrate diurnal variations of simultaneous NO2 & SO2 emissions
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HCHO & CHOCHO – Wild Fires (Mar. 5, 2022)

11

GEMS HCHO GEMS CHOCHO

GEMS 
UVAI

GEMS
NO2

ü Large wildfires in Uljin and Gangnueng, South Korea on March 5, 2022.
ü HCHO and CHOCHO are abundant non-methane VOCs emitted by wildfires.
ü GEMS detected the increase in HCHO, CHOCHO, UVAI, and NO2.

Uljin

Gangnueng

[R. Park H. Lee, J. Kim]
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UV Index (Jul. 15, 2022)

12

UV Index Plant Response Index DNA Damage Index VitaminD Synthesis index

ü The ultraviolet index is a value that quantifies the effect of ultraviolet radiation on the erythema 
(temporarily·locally redness of the skin) by applying the erythemal action spectrum as weighted function. 

ü Plant response index is a value that quantifies the effect of ultraviolet radiation to plant response by applying 
the plant response action spectrum as weight function.

ü DNA damage index is a value that quantifies the effect of ultraviolet radiation to DNA damage by applying the 
DNA damage action spectrum as weight function.

ü Vitamin D synthesis index is a value that quantifies the effect of ultraviolet radiation on the production of 
vitamin D in human skin by applying the vitamin D action spectrum as weight function.
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ACCLIP 2022

Validation of GEMS v.2 data

R=0.90
Y=1.39x-0.13

Aerosol NO2 HCHO CHOCHO

SO2

Ozonesonde [J. Bak]
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New Products : H2O

ü Diurnal variation of Total Column Water Vapor on Aug. 15, 2021.
ü Atmospheric river is shown clearly with the increase in TCWV.
ü GEMS and OMI H2O products have similar spatial distribution.

GEMS OMI

Cross-track striping was 
caused by row anomaly

14[J. Kim]
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New Products : HONO

ü Large wildfire in Gangnueng on Mar. 4, ‘22 and separate wildfire in Uljin, Korea on Mar. 5, ‘22.
ü GEMS detected the increase in HONO.
ü Aerosol effect is not included for calculating the air mass factor. (under development)
ü Reference sector correction has not been done.
ü Pixels with cloud fraction less than 0.5 are plotted. 15[J. Kim]

15

New Products: BrO

ü Volcanic eruption at Nishinoshima Island, Japan in July to August 2021.
ü GEMS detected the increase in BrO.
ü Differential SCD (ΔSCD) of SO2 obtained as a byproduct from the BrO fitting were used.
ü BrO/SO2 ratio can be an indicator of volcanic activity (Bobrowski and Giuffrida, 2012; 

Lübcke et al., 2014).
ü GEMS detect the diurnal variation of BrO/SO2 ratio.

• Pixels with Cloud fraction < 0.5 and 

SO2 ΔSCD > 6×1017 molecules cm–2

16[J. Kim]
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L4 Product – Surface Concentrations

[Courtesy, Jung Ho Im]

PM2.5
PM2.5

NO2

Evaluation period : 2021/01

Evaluation period : 2021/03

[ppb] [ppb]

Observed NO2 RTL-based NO2
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L4 Product – LRT Aerosol Mass Flow Rate

Mar. 25, 2023 Apr. 11, 2023
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PAN(Pandora Asia Network)

Utilizing existing networks in East Asia and
incorporating Pandora Asia Network(PAN) into
them for air quality monitoring and GEMS
cal/val

Kim et al. (BAMS 2020)

Expected PAN stations map Courtesy: L.S. Chang
(NIER)
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Conclusion
ü GEMS has been in successful operation since its launch and IOT in 2020.

ü L2 algorithms have been updated for v2, and the products were released as of Nov 30, 2022. 

ü In v2, there are significant improvements in trace gases from updated AMF and the separation of 
stratospheric/tropospheric components. 

ü The GEMS retrievals indicate good agreements from validation campaigns, but still requires further 
improvement in both L1 & L2 processing. We started testing new improvements for L1 processing 
including BTDF correction, which improved L2 products as well.

ü Despite of improvement to result in higher correlation with independent observations, NO2 overestimation 
still remains over large cities, AOD is underestimated for high AOD, and total O3 shows systematic 
biases.

ü New product algorithms including BrO, H2O, and HONO are under development, and L4 product using 
machine learning provides surface concentrations of PM and NO2 with good accuracy.

ü Synergies with TEMPO and upcoming Sentinel-4 for GEO-AQ Constellation, and LEO instruments 
(TROPOMI, OMPS, GF-5..) are expected.

ü GEMS data can be downloaded from https://nesc.nier.go.kr/product/view . 20
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https://nesc.nier.go.kr/product/view
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