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Background G WL XA

\GloballChangeObservation Mission

@ Importance of long-term analysis of water vapor IPCC AR6 The largest positive feedback
. . . . o« . (a) Feedbacks in the climate system
° Water Va por Content IS IncreaSIng Wlth rISIng temperatu res Vtrl;lelgati;lefeedbackfdi?nishtfhe . ‘P?sintvefeedbacl;sarzputfythfo
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* Significant positive feedback on global warming . ] = .
* Relation to the global energy balance Plance > 3233910309
e Relation to other climate systems (clouds and precipitation) e b e e
Surface albedo 0.35[0.10to 0.60]
—>Long-term and global-scale water vapor observation are important. Clocs — 042101010094
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https://www.ipcc.ch/report/ar6/wgl/downloads/report/IPCC_AR6_WGI_TS.pdf
@ Issues identified in previous studies Discontinuities are created in the timing of new data assimilation
/
IPCC AR6 WG1, GEWEX/G-VAP - " NVAP-M

The uncertainty in the magnitude of the TPW trend due
to discontinuities in the time series. This discontinuities
are associated with changes in the observing systems. T
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[Schroder et al., 2016, 2018, 2019]

» Accurate and consistent long-term water vapor data sets are needed



Purpose

) . Microwave radiometer in the world
@ Advantages of the AMSR series observation
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Chapter 2 IPCC AR6 WGI
@ Remote Sensing Systems (RSS) Changes in global mean total column water vapour
. . . 1.51
* The RSS TPW was estimated using an algorithm developed 1.0-
independently by RSS (Wentz et al. 2007). £ 05
* The RSS TPW products was used in the IPCC report as a basis g 007
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for evaluating reanalysis data and models (Wentz et al. 2007). % E;§§§53
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Comparison and validation of Long-term AMSR2 TPW products for JAXA and RSS
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@ Data used in this study
JAXA &RSS AMSR2 TPW Daily Product:
Period: 2012-2020, Resolution: 0.25°

Radiosonde:
Period : 2012-2020

GANAL:
Global objective analysis data of IMA
Period : 2018, Resolution : 0.5 °

MGDSST:
Global daily SST product of IMA
Period : 2018, Resolution : 0.25°

Agua/MODIS Daily Products:
Surface Reflectance & Cloud Properties
Period : 2018, Resolution : 0.05 °

Satellite Joint Simulator:
Radiative Transfer model



Comparison of JAXA and RSS AMSR2 TPW G WL XA

@ Difference of time series and horizontal distribution between JAXA and RSS products (from July 2012 to December 2020)

Time series of TPW global mean: 2012-2020 35 2002-2020
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® Radiative transfer equation Kubar et al.(2012)

T* 2 t\dt - s
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The significant warm air advection and fog were often observed in the
northwest Pacific and northwest Atlantic Oceans during the boreal summer.

JJA Temperature Advection (K/day) at 1.5 Degrees

SST? SSW?
Temperature?
RH? Cloud?

Warm air advection?
Sea fog?




Pattern correlation 5.

@ Pattern correlation coefficients between TPW differences and the other physical quantities

Tablel. Patterncorrelation coefficient wath TPW difference (R55-JAXA) and other geophysical parameters (for July and August 2018)
Data CLW CLW MGD S5T GANAL SsW GANAL GANAL
(JAXA) difference S8T difference S5W diff erence Tooo- FH 1000
(RS5-TAXA) (MGDS5T- (GANAL - MGDSST
K35 S5T) B35 55W)
Pattern
Correlation - . .
Coefficiert  0-1° 0.04 -0.25 0.18 -0.13 -0.43 0.53 0.74 Large coefficients
(Global)
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@ Scatter plots (at 30-60N for July and August 2018)

TPW difference vs T(1000hPa)-SST
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v" Ti000 IS Warmer than SST
v RH,yq, is close to 100%

TPW difference tends to be large where...
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previous research.

These meteorological conditions are consistent with the
characteristic warm air advection and sea fog reported

GLobuL ChangelObservation Mission
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@ The frequency of the characteristic cases
(T1000-SST > 2deg and RH, ,,,>95% for July and August 2018)

January 2018 January April 2018 Aprll
90°N 90°N :
60°N - 60°N 154
30°N - 30°N 1

Oe i Oo i
30°S A 30°S A
60°S - 60°S {°
90°s T . T ‘ T 90°s . T : T T
0°E 60°E 120°E 180° 120°W 60°W 0°E 60°E 120°E 180° 120°W 60°W
5 10 15 5 10 15
Frequency Frequency
July 2018 Jury October 2018 OCtOber
90°N 90°N
. T
60°N 1G5 d BO°N ¢
30°N - 1 30°N
Oe i Oo i
30°S 1 30°S 1
60°S 1 60°S 1
90°S T T T w T 90°S
0°E 60°E 120°E 180° 120°W 60°W 0°
5 10 15 5 10 15
Frequency Frequency

Most frequently in boreal summer in the
northwest Pacific and northwest Atlantic



\GloballChangeObservation Mission

Moist inversion layer and sea fog G WL XA

® The meteorological conditions in the areas with large TPW differences RJuly and August, 2018, 30-60N

. GANAL Atmospheric Profile: 201807-201808 (a) MODIS cloud top height
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v" High relative humidity close to 100%, temperature inversion layer and sea fog



Validation with radiosonde observation

\GloballChangeObservation Mission

® Global and all season (2012-2020)

v The absolute values of Bias and RMSE are comparable.

JAXA

RSS

Bias=-0.369 [kg/m?]
RMSE= 2.907 [kg/m?]

Bias = 0.448 [kg/m?]
RMSE= 2.770 [kg/m?]

@ The northwest Pacific and northwest Atlantic Oceans

during the boreal summer (2012-2020)

v RSS is a little less accurate
v JAXA has a larger negative bias.
v RSS has a larger positive bias.

JAXA

Opposite sign
bias increase?

RSS

Bias=-0.605 [kg/m?]
RMSE=2.312 [kg/m?]

Bias =1.498 [kg/m?]
RMSE=2.678 [kg/m?]

(a)

JAXA TPW [kg/m?]
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Summary & Future plan

Summary
v’ Large TPW differences in the boreal summer of the northwestern Pacific and northwestern Atlantic.

v' The TPW differences are tend to be large where...
v Relative humidity in the lower atmosphere was close to 100%
v" T(1000hPa) is higher than SST
v Surface inversion layer occurred in the lower atmosphere.
v' Sea fog occur.

v' The JAXA and RSS TPW products had the opposite sign biases for radiosonde observations, respectively.

v' Simple experiments using RTM show that the main source of opposite sign bias in TPW is the inversion
layer

Future plan

v" More detailed paper is currently under submission...
v Long-term dataset including AMSR-E and AMSR3 data
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