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Table S1 Data used in the process of water vapor data evaluation

to monthly

Data Variable Spasu.ll Tempo.r al Period Data source
resolution | resolution
Total integrated
AQUA/ column water https://acdisc.gesdisc.eosdis.n
AIRS vapor burden 1°x1° monthly | 2003-2020 | asa.gov/data/Aqua_AIRS Le
(ascending/ vel3/AIRS3STD.7.0/
descending)
https://cds.climate.copernicus
Total column .eu/cdsapp#!/dataset/reanalysi
vertically- 0.25°x s-eraS-pressure-
ERAS integrated water 0.25° monthly 1959-2010 levels?tab=overview#!%2Fda
vapour taset%2Freanalysis-era5-
single-levels%3Ftab=form
https://apps.ecmwf.int/dataset
Total column s/data/era20c-
vertically- 0.25°x daily/levtype=sfc/type=an/.
ERA-20C integrated vzater 0.25° monthly | 1950-2010 |y o };ubliz%atasetz,%ervice
vapour for this dataset closed on 1
June 2023.
o 6-hourly )
JRASS Precipitable water 1i225 OX converted | 1958-2020 https://rda.ucar.edu/datascts/d
25 $628.1/dataaccess/
to monthly
NCEP/ N . ) daily https://downloads.psl.noga.go
NCAR (R1) Precipitable water | 2.5°x 2.5 converted | 1950-2020 | v/Datasets/ncep.reanalysis/Da

ilies/surface/




Table S2 Root Mean Square Difference (RMSD) and correlation coefficient calculated between
AQUA/AIRS and four reanalysis water vapor datasets (ERAS, ERA-20C, JRASS5, and NCEP) for

each monthly mean (M), monthly mean anomaly (MA), annual mean (A), and annual mean

anomaly (AA) for the period of 2003-2020. Anomalies are deviations of total water vapor from its

long-period average value for each domain: Global, equatorial belt (EQ), northern (NH), and

southern hemisphere (SH).

Global EQ NH SH

ERAS5 | 1.64 135 150 123|190 068 184 057] 045 044 036 036 103 036 099 032
ERA-20C | 6.19 121 6.10 087 ] 493 071 486 040 | 1.86 041 169 025] 061 036 056 0.29
JRAS5 | 250 134 239 1211] 214 074 206 0.64 |1477 051 321 028 J1445 0.63 3.14 048
NCEP | 235 151 202 126] 253 093 216 071 ] 158 038 1.00 027 | 149 039 146 034
ERAS5 | 097 0.70 0.66 0.66 ] 091 086 082 082 ] 1.00 0.68 0.69 0.69 ] 099 045 -0.05 -0.05
ERA-20C | 097 0.62 049 058 ] 0.84 079 072 0.83 ] 1.00 056 047 049 ] 1.00 042 -0.07 0.04
JRAS55 1097 0.65 059 059] 088 0.82 075 0.75]-094 0.11 030 030 ]-094 -0.14 -027 -0.27
NCEP | 095 0.60 0.59 059] 060 074 071 0.71 ] 1.00 0.66 0.72 0.72 ] 099 031 -0.17 -0.17

M MA A AA M MA A AA M MA A AA M MA A AA

RMSD

Correlation
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Fig. S1 Heatmap of the rank-based evaluation of water vapor datasets evaluation as shown in Table S2. Colors shadings indicates the

rank of each performance metric among the four datasets rangin from 1 (best) to 4 (worst). The cumulative rank score for each dataset

is shown as a bar chart on the right-hand side.
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Fig. S2 Simulation setup for the Lagrangian particle tracking model: (a) initial position of particle (color-coded) and the number of
particles at t = 0 for each domain Equatorial (EQ), Northern Hemisphere(NH), and Southern Hemisphere (SH) and vertical level (lower,
middle, and upper), (b) model configuration, including input datasets, spatial and temporal resolution of input data and model output,
and simulation period. (c) Spatial definition of the particle domains, including initial longitude-latitude boundaries and vertical level

groupings at the start of the simulation.
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Fig. S3 Schematic illustration of the sign convenction used for the normalized boundary flux E,.
The blue horizontal lines denote the northern (NH) and southern (SH) equatorial boundaries across
which the fluxes are evaluated. Positive (negative) values of F, indicate particle transport into (out
of) equatorial region across the NH and SH boundaries. Blue arrows denote equatorward transport,
whereas red arrows indicate poleward transport. The labels F, + and F, — indicate positive and
negative flux contribution at each boundary, respectively. This schematic is provided for

conceptual clarity only and does not represent quantitative results.
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Fig. S4. (a) Latitudinal distribution of the time-mean zonally integrated monthly Mg, Mq(¢),
computed from ERAS reanalysis for 1959-2020. The red and blue lines denote the piecewise linear
fits on the equatorial-side (tropical) and off-equatorial (subtropical) portions of the profile,
respectively. The vertical dashed lines mark the change-point latitudes identified using constrained

OMq ()

change-point detection (5° to 40°degree latitude). (b) Latitudinal gradient of Mg (¢), 2%

evaluated separately from the EQ (0°) toward NH (40° N) and toward the SH (40° S).
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