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1. Trough analysis using Water VVapor Image

Trough: Vertical motion on WV around trough

The vertical motion of the atmosphere can be estimated on wv images.
Sinking area: Darker in the image as the atmosphere becomes drier
Rising area: transferred to the upper layer of water vapor, increasingly bright

dark light grey white
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Trough
Bright area
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2. Trough analysis using Water VVapor Image

Trough position with dry area

Schematic diagrams of the location of dry area and trough on water
vapor images

>Trough tends to be located in front of maximum darkening dry area of water vapor image

> Clouds develop in front of the trough, and cloud bands associated with "warm conveyor belt"
develop in front of the upper trough

KEY “I

—_»—  Streamline w
_——— Trough

—’\\::X Jet maximum ) )
A schematic diagram of trough
according to cloud distribution
A schematic diagram of darkening dry area and upper air

flow patterns (Sources : Eumetrain)
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3. Trough analysis using Water VVapor Image
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4. Trough analysis using Water VVapor Image

Trough analysis

> (Step 1) Identify low pressure curvature or low pressure rotational areas in the flow on water vapor
images

= (Step 2) Identification of the vertical flow of falling (dry area) and rising (wet zone) from the
upper(6.2), middle(6.9), and lower(7.3) water vapor images or AMV images
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5. Trough analysis using \Water Vapor Image

1) Trough analysis

> (Step 3)Determine trough at the lowest point of the low—pressure curvature with a falling and rising
vertical flow

> (Step 4)In the color WV image, the front of the maximum brightness temperature in the dry area
coincides with the trough. i.e., the area with high brightness temperature in the dry area is closely
related '

7

[ step 3] - color WV(6.3 m) | - [step4]- Ior WV(6.9 m)
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6. Trough analysis using Water Vapor Image

1) Trough analysis

> (step 5) In the RGB 3—-channel water vapor image, the front of the trough is positioned in an orange
shade, and the dark brown/navy area on the rear of trough

(step 6)In the RGB IR &VIS composite image, clouds generate and develop in front of the trough,
and dissipate and weaken in the rear of it

[ step 5] - RGB 3-channel WV [ step 6] - RGB IR & VIS composite image
mm TrOUGH sy flOW 2020.01.07. 21:00KST(12UTC)




7. Trough analysis using Water Vapor Image and Chart

1) Trough Comparison in chart

=Wind—changing areas in 500 hPa wind field / the lowest areas in 500 hPa height

= Relative vorticity Maximum area / Just behind relative vorticity Maximum area

S P . e - . w

[ color WV(6.9 i) ] [ surface chart ] [ 500 hPa vorticity & vorticity adv. (UM) ]

s trough 2020.01.07. 21:00KST(12UTC)
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8. Trough analysis using \Water Vapor Image: Case study

1) Trough case study (deep trough case, 2020.05.18.)

Developing (2020.05.18. 09 KST(0OOUTC)) : Dry slot
[6.3 /m V]

~~
2

= Low pressure curvature deeper

= Dry slot appears where dry air
penetrates into the head cloud area
along the low—pressure rotational cloud ©

> Expansion of wet areas in front of dry
areas
Ory area are strengthened green, yellow &
and red areas in the color water vapor ‘
image

= In the RGB 3—channel water vapor 3
image, the front of the trough gradually S
brightens to orange, and the rear
gradually darkens to dark brown/navy
area

= Thick clouds generate and develop in
front of the trough

[ color WV(6.9 /m) ]




9. Trough analysis with dry area track of WV data

Dry area track

> Dry area track : By expressing the BT of the water vapor channel over time like the Hovmoller
diagram, it is easy to track the dry and wet areas of water vapor and to analysis of development
and weakening tendency of the dry area and trough

> Dry area track produce in a similar way to the “Tendency Tracks of Average 500hPa height”
provided by KMA

* Hovmoller diagram : An analysis technique developed by Hovmoller in 1949 that has the latitude or longitude as the x-axis
or y-axis for any variable and the other axis represents the change over time '

Tendency Tracks of Ave. 500hPa Z(m) over 35-45N
ECMWF Issued Date: 12UTC 03 JUN 2020
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: : Trough area in sysnoptic chart

10. Trough analysis with dry area track on WV data

Comparison with Max. BT & trough (case 2020.05.18.)

= BT 1 (dry area strength 1) as the reddish color gets darker, and BT | (wet area strength 1) as the bluish color gets darker.
* Generating time (2020.05.17.21KST), Developing (2020.05.18.09KST): Water vapor maximum BT area (darker red area) is located

at the rear of the trough

= Mature (2020.05.18.21KST), weaken (2020.05.19.03KST): Water vapor maximum BT area and trough area are match
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When trough is located from west to
east, length of the box is long
horizontally

When trough is located from north to
south, length of the box is short

In weakening time the trough axis may
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2. Heavy Rainfall

Analysis with satellite
Images




1. Satellite products for heavy rain analysis

» products for heavy rain analysis : IR, VIS, WV, and composite images, Rain rate,
total precipitable water

(GK2A EN

A CTT) 2019-08

m‘ - 7 Experimental
o ~ 8
o S .
3 L g pf. y

i

Cl(convective Initiation) RDT (Rapid developing thunderstorm) Heavy rain index

— The products provide information of cloud top temp. & height.
= |t is difficult to identify cloud development situations on the ground.
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2. Production of CBH & CGH

Background

Radar HSR rain rate + 10.5uym BT
,I"f
o Avllh

Lower BT, no rain [

] Wide area of CTH )]
4@ — Is it developed cloud all area?

=We can only see the cloud top information on satellite images.
It is difficult to distinguish that developed cloud or not using only cloud top information

= What if we could estimate the cloud thickness and the cloud elevation to determine
the vertical distribution of the cloud?

« (CBH: Cloud base height
 (CGH: Cloud Geometrical Thickness
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3. Production of CBH & CGH

Prior research

* Meerkotter and Bugliaro (2007): Analysis of cloud base height of developing convective cloud in MSG/SEVIRI
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> Seaman (2017): Cloud base height estimation using Suomi-NPP/VIIRS data and validation using CloudSat(operation in NOAA)

. CloudSat Cloud Mask 2014/09/05 12:42:44 UTC = BC‘Oudvsm Cloud vqsk 2014/06/22 19:36:13 UTCV
5, TABLE 5. Statistics of VIIRS CBH retrieval performance as compared to CloudSat observations for the subset of valid matchup points
T Tl ; where the CTH retrieval was Within CTH Spec and all clouds were assumed to have a CGT of 2km. Bold values indicate improvement
; P 4 over the IDPS CBH retrieval results shown in Table 4. Note that a negative error means the VIIRS CBH value is less than the CloudSat
: . ﬁ | CBH value.
[ |
LI Jovan w0 W oo Cloud Phase All clouds Cirrus Opaque ice Mixed phase Water Overlap
-3 -3 -36 -3 -4 ~-28 -27 =26 =25 =24
cr , e Matchup points 154205 69361 16230 22298 4292 42024
CloudSat Cloud Mask 2014/06/28 03:09:16 UTC CloudSat Cloud Mask 2015/04/06 22:43:54 UTC
,,,,,,,,,,,,,,,,,,,,, IR SRR BYREEEES  Bias (k) 0.1 —03 10 —02 —0R 0.6
I Median error (km) =02 -0.5 0.9 —0.2 -08 0.2
. 1 =k or (km) 1.9 1.7 22 1.2 12 22
i, ] & . [RMSE (km) 1.9 17 24 1.2 15 23 |
: i N ) ] [ * correlation 0.634 0.598 0.273 0.367 0.791 0.417
5 ‘ i 5 o Percentage of Correct retrievals 11.3% 9.8% 82% 20.5% 15.9% 9.4%




4. Production of CBH & CGH

Operational Use in CIRA

= Quick guides of cloud base height using VIIRS data

Why is the Cloud Base Height
(CBH) Important?

The CBH is an estimation of the base
altitude of the uppermost cloud layer in
each column of the atmosphere as viewed
from above by satellite. Information of 3-D
cloud structure is significant to the aviation
community. It also bears high relevance to
model developers for weather and cdimate
applications. CBH is a key component
required to construct a full 3-D cloud field,
although assigning cloud base from satellite
data is still challenging. The current CBH
algorithm is operational as part of the
NOAA Enterprise Cloud Algorithms.

Sample VIIRS IR (10.76 um) and VIIRS Cloud Base Height from S-NPP over Alaska at
2203 UTC, 28 July 2018. Note to aviation users: CBH is also displayed in kilofeet [kft]
for aviation purposes. The height in kilometer [km] is converted to pressure and
next to kilofeet using a polynomial fit.

How is the VIIRS CBH Created?

The CBH is obtained from a semi-empirical approach, based on a statistical analysis of multiple satellite data

(Cloudsat/CALIPSO and Aqua MODIS). In the algorithm, Cloud Geometric Thickness (CGT) is derived from statistical

relationships between observed CGT, Cloud Water Path (CWP), Cloud Top Height (CTH) and subtracted from CTH to

generate CBH. The algorithm includes special accommeodations for handling eptically thin cirrus (an extinction

method) and deep convection (supplementary NWP data). The CEH product is provided for any cloudy pixel with

valid cloud top height globally, day and night (750 m resclution, ~50 min revisit between 5-NPP and NOAA-20).
CBH = CTH—- CGT and CGT = (a * CWF) + b, where a and b are obtained from statistical relationships.

Impact on Operations Limitations

Applications:

Cloud product improvement:
CBH information can be used to
improve the Cloud Cover Layers (CCL)
products by introducing additional
cloud coverage at lower levels of the
profile, typically hidden under cloud

Nighttime observations:
The nighttime CBH retrieval
performance would be degraded
due to the difficulty of CWP
retrievals.

Dependency on cloud optical properties:
top- The performance of the CBH retrieval is highly

Aviation: Vertical cloud structures including CBH provide dependent on the accuracy of CTH and CWP.

useful information for aviation weather applications.

NWP madels: The CEH algorithm is also applicable to
geostationary sensors as well as polar satellite sensors.
Global observations of 3-D doud fields are relevant to
maodel developers for integrating improved cloud radiative
feedbacks in numerical models.

Multi-layer elouds: The algorithm is optimal for
single layer clouds. Most likely CBH = actual ceiling in
cases an optically thin cirrus cloud, a boundary layer
cloud, and deep convection but may not be ‘ceiling’ for
multi-layered cloudy scenes. The accuracy of the CBH
product for multi-layer clouds may comprise the

: i 15k 1t
Cloud Top Height [kft] 20k to 50k ft

VIIRS IR Cloud Top Height and VIIRS Cloud Base Height displayed in kilofeet [kft] for aviation users (S-NPP VIIRS at 2122 UTC, 18 February 2019).
JPSS VIIRS cloud products over Alaska are viewable on the GINA Website (http://hippy.gina alaska.edu/distro/aviation/).

CBH applied to Cloud Cover Layers (CCL) OB i P e

= The CBH information is used for improved CCL products, which
enhances lower cloud coverage hidden below cloud top.

Again, it should be noted the algorithm is optimal for single
layer clouds. The CBH (and low CCL) may not be the lowest
‘ceiling’ for multi-layered cloudy scenes when thick top layers
are present. The nighttime performance would be degraded.

: ]
TOA
r Layer 5
( — 24 kft
az N Layer 4
18 kft
e 3 Layer 3
— 10 kft
Layer 2
S kft
Layer 1
SFC CIRA’s Polar SLIDER for VIiRs imagery & cloud products at

hitp//ramm colostats edu (satellite “JPSS”)

uncertainties of the upstream retrievals.

contributor: Y. J. Noh, Steve Miller, J. Torres {CIRA/Colorado State University) https://www.cira.colostate.edu @[ RA

‘ Resource: Development of a statistical cloud base height retrieval algorithm: Noh et al., 2017, J. Atmos. Ocean. Tech., 34(3), 585-598.

Hyperlinks not available when viewing material in AIR Tool

contributor: Y. J. Noh, Steve Miller, J. Torres (CIRA/Colorado State University) https://www.cira.colostate.edu @l RA




5. Methodology

= =

. twpP— | purpds LWPis the sum of the fluid content of the
CBH with GK2A data =0 PuirTL atmosphere as a concept to describe the

radiative transfer process
= CBH estimation using Liquid/lce Water Path & Liquid/lce Water Content

= CIRA method(Seaman et al. (2017) based on Suomi—NPP/VIIRS — Apply to GK2A
data

: : Cloud type LWC (gm™) / Input GK2A dat;(crloLJd, clourd phase, /
 LWP = P1iq T le ! Altocumulus/altostratus 0455 clovd type, CTH, €T COT. erc)

water | 1 Cirrus 0.01 ' '
1 ! Cirrocumulus 0.01 - CTH :

phase 1 LWP | Cumulus 0580 <j“h\\\ No Cloud

— 1 ! Cumulonimbus/nimbostratus 0.01 Cloud phase /—)®
'+ CGTP = Min( ,15) g P i
| LWC ! , .
______________________________ Liquid Water Ice Water
"""""""""""""""""""""""""""""""" Piig - density of liquid water
: COT T ?:Ioud optical thickness
: IWP = 3.686 Te eff]fect_ive rag.ius((.liq;nd) Calculation Calculation
! . D,: effective radius(ice i LWP i IWP
! —0.006656 + D LWP: Liquid Water Path e s
. 1 e LWC: Liquid Water Content
ice IWP: Ice Water path

phase — 2 3 | IWC: Ice Water Content |
' De = 326.3 + 12,42 CTT + 0.197 CTT= + 0.0012 CTT" } 11 Cioud Top Temperature
: CGTP: Cloud Geometrical Thickness | CBH = Max(CTH — CGTP, 0)
! IWP Parameter
! — in(—— CGT: Cloud Geometrical Thickness
| CGTP = Min( 01’ 15) CTH: Cloud Top Height J
R gy e e e e e e CBH: Cloud Base Height CGT = CTH — CBH

CBH = Max(CTH — CGTP, 0) CGT = CTH — CBH
(cloud base height) (Cloud Geometrical
g OW cChar

thickness)
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6. Products

Experimental operation of CBH & CGT images with CTH
= NMSC (http://172.19.16.20:8080/html/intranet/ko/anal _main.do)

FHEN A HIE[V][S0hI 0] [ 20210615 |F [ 10KST[W] [KST[v]

.@.@@@ AEM 2D [ 12 ~0O

Cloud Top Height Cloud Geometrical Thickness Cloud Base Height

2™ 3 =(km) T E 5 (km) EX2=(km)

2021.06.15. 08:10(KST)

T o

Cloud Base Height [krm] 2021.06.15. 08:10(KST)
7 B - ; 2 7 ]

Z

5 s ; A o d - e B o o
pLENS 1107 119°C 1207 125°L 130°L 135°L 140°L 145°L 150°L pLENS 1107 115°L LZoeL 1z5°L L5071 137 1a0°C 185°L 150°L 105°L 1L 111 1200 12570 130°L 135°L La0°L 180°L 150°L



http://172.19.16.20:8080/html/intranet/ko/anal_main.do

/. Products

Animation

= summer monsoon front case(2020. 8. 1. 09KST(0OUTC) ~ 2020. 8. 5. 03KST(8. 4. 18UTQ))

RGB ir & vis composite Images

IV NE|

Cloud Geometrical Thickness

2020.08.01. 09:00(KST)
~ .!:’ vy i - %‘ ‘

50N [
a5°N
40°N

35°N

30°N

25°N

20°N

15°N

0°E 145°E 150°E

15

14

13

12

11

r 10




Height (km)

8. Verification & Accurdiee™ o

Relationship between developing clouds and précipitation

> August 2, 2020.(Baengnyeongdo) 09:00 KST

The Thicker Cloud(developing) — the more precipitation t

Obs. position

\

15:00 KST

: GK2A CTH

1 : : Obs. the highest level

of Clouds
| 09:00 KST

Daily Variation (2020-08-02)

102 (Baengnyeongdo)

20.0
18 1 A The Highest Cloud Top (GK2A)
A The Highest Cloud Top (GTS)
B The Highest Cloud Base (GK2A) | 175
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—— 15-Minute Rainfall (AWS)
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9. Verification & Accuracy

Comparison of Obs. Cloud height and GK2A Estimated CBH

= CBH of upper level observation data(GTS) and GK2A are compared for cases where radar echoes with a rainfall

intensity of more than 5 mm/hr have passed at major upper level observation points for June to September of
2019-2020.

= CBH of GK2A tends to overestimate when the actual cloud elevation is near the ground
=The correlation index is 0.8 or higher.

= Bias and RMSEs are 0.411 and 1.993 respectively, similar to Bias in operational CTH, RMSE is slightly higher

CBH (GK2A vs GTS) # of samples: 27 X [KMA] GK2A CTH verification score (source: NMSC system-2 quickguide)
121 R=10.813 Target accuracy Verification
Bias = 0.411 MODIS/TERRA MODIS/AQUA
RMSE = 1.993 . , Bias | RMSE Bias | RMSE Bias RMSE
~
10{ Y=0.916X-0.149 ’ CTT K 5 7 -0.16 9.16 1.64 9.45
CTP [hPal | 50 | 100 3.43 86.29 11.69 86.25
- e e i 1 ______ r ______
£ CTH [km] | 0s | 10 | -0.24 T 1.60 -0.46 1.67 :
S — .
E= X [CIRA] VIIRS verification score (source: Seaman et al., 2017)
c TABLE 5. Statistics of VIIRS CBH retrieval performance as compared to CloudSat observations for the subset of valid matchup points
a where the CTH retrieval was Within CTH Spec and all clouds were assumed to have a CGT of 2km. Bold values indicate improvement
-8 over the IDPS CBH retrieval results shown in Table 4. Note that a negative error means the VIIRS CBH value is less than the CloudSat
n CBH value.
|_
O Cloud Phase All clouds Cirrus Opaque ice Mixed phase Water Overlap
Matchup points 154205 69361 16230 22298 4292 42024
Bias (km) 0.1 -03 L0 -0.2 -08 0.6
Median error (km) =02 -05 09 =02 -08 0.2
Std dev of error (km) 1.9 L7 22 1.2 12 22
[RMSE (km) 1.9 1.7 24 1.2 15 23 |
, , , , , , , 7 correlation 0.634 0598 0273 0367 0791 0.417
0 2 4 6 8 10 12 Percentage of Correct retrievals 11.3% 98% 82% 20.5% 15.9% 94%

GK2A estimation (km)
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10. Heavy rain case

. --- : Clouds expected to develop high in CTH
AUgUSt 3, 2020 1 500 KST --- : Clouds developed from lower to upper layers in CGT(cloud thickness) and CBH

GK2A CTH ¥

=1 : Small convective cells are developing in
the south of Shandong Peninsula.

# 2: A big convective cell(CGT 11 km)
developed than 1 is moving toward Korea

= 3: Convective cells are located
Chungcheong—do and Gangwon—do, with
cloud thicknesses of 11 km to the north
and 15 km to the south
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11. Typhoon Case 7
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12. Summary of application of CBH & CGT

> CGT and CBH are estimated and analyzed for cases of convective clouds and typhoons of 2020 ~2021.

= Vertical distribution of clouds that could not be found in existing output such as CTH, CTT can be identified using
CBH and CGT.

= The thicker cloud can be identified the distribution similar to the radar echo(rain rate).
> Rainfall tends to increase as cloud thickness increases and lower CBH of cloud.

= Quantitative verification shows that the bias of the GK2A CBH ceiling is similar to existing GK2A CTH and RMSE is
slightly higher. It is similar to the verification results of CIRA.

---CTH
--- CBH

Altitude

~

High cloud mid-low cloud Cumulonimbus Multiple layer cloud

= CBH and CGT is useful to analysis the deep developed heavy rain clouds from the bottom to the top.

= The height of CBH means the cloud ceiling from the top. It is difficult to use in multiple layered clouds.
We will monitor the CBH and CGT outputs for heavy rain and typhoon cases in this year and apply it in operational
work.
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Thank you
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