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Online Supplementary Material

Text S1. Vertically integrated moisture flux

The water vapor flux are calculated by vertical integration, using the following

equations:
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where g is the gravitational acceleration, q is the specific humidity, ��� is the

horizontal wind vector, �� is the pressure at the surface, and �� is the pressure at

the top of the atmosphere. The CRAI consists of 47 levels for q and ��� from 1000 to

1 hPa, while the rest four reanalyses (ERAI, JRA55, CFSR and MERRA2) provide q

and ��� at 42 levels from 1000 to 0.1 hPa. Here, only the lower 20 levels (1000, 975,

950, 925, 900, 875, 850, 825, 800, 775, 750, 700, 650, 600, 550, 500, 450, 400, 350,

300 hPa) are used since the amount of water vapor above 300 hPa is negligible (Zhou,

2003).

The water vapor transport can be divided into its rotational and divergent

components (��� ��� and ��� ��� , respectively; Chen 1985) as follows:
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where �� is the streamfunction of water vapor flux, and �� is the potential function

of water vapor flux.
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Table S1. Summary information for the 5 reanalysis products, including institution, model resolution, related assimilated and analyzed
observations, and assimilation system. The number in the parentheses in the model name column is the year of the version of the forecast model
used. More details on each product can be found in the associated references.

Reanalysis Institution Model name
Temporal

coverage

Spatial

resolution
Assimilated observations

Assimilation

system
Reference

CRAI CMA

NCEP GFS (2008), an
updated version of the
NCEP Climate
Forecast System (CFS)
coupled
atmosphere–land
model

2007–2016 T574 ~ 34 km,
64 levels

(1) Includes more Chinese observations, aircraft data from CFSR,
the Met Office and NMIC, and satellite observations from the
CFSR/GDAS observational dataset
(2) No soil data assimilation in the land, forcing: SW radiation,
precipitation, surface P/t/q/wind

3Dvar-FGAT

ERAI ECMWF
IFS version Cy31r2

(2007)

1979–pres
ent

T255 ∼ 80
km, 60 levels

(1) Includes in situ observations of near-surface air temperature,
pressure and relative humidity
(2) Assimilates upper-air temperatures, wind and specific
humidity
(3) Assimilates rain-affected SSM/I radiances

4DVar
Dee et al.

2011

JRA55 JMA

JMA operational
numerical weather
prediction system
(2009)

1958–pres
ent

T319 ∼ 55
km, 60 levels

(1) Analyses available near-surface observations
(2) Assimilates all available traditional and satellite observations 4DVar

Kobayashi

et al. 2015

CFSR NCEP

NCEP CFS (2011)
coupled
atmosphere–ocean–lan
d–sea ice model

1979–2010
(current as
CFSv2)

T382 ∼ 38
km, 64 levels

(1) All available conventional and satellite observations but not
near-surface air temperatures
(2) Atmospheric model contains observed changes in aerosols 
(3) Uses observation-corrected precipitation to force the land
surface analysis

3DVar
Saha et al.

2010; 2014

MERRA2 NASA

Updated version of
GEOS-5.12.4 used in
MERRA; its land
model is similar to that
of MERRA (2015)

1980–pres
ent

0.5°*0.625°∼
55 km, 72
levels

(1) Includes newer observations (not included in MERRA) after
the 2010s 
(2) Includes aerosols from MODIS and AERONET
measurements over land after the 2000s and from the GOCART
model before the 2000s 
(3) Assimilates observation-corrected precipitation to correct the
model-generated precipitation before reaching the land surface

3DVar with
incremental
updating
(GEOS IAU)

Reichle et

al., 2017
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Figure S1. Differences in 10-yr mean (left-hand column) warm half-year and

(right-hand column) cold half-year precipitation between (first row) ERAI, (second

row) JRA55, (third row) CFSR, and (fourth row) MERRA2 with CRAI.



4

Figure S2. Differences of 10-yr mean water vapor flux (vector; kg m-1 s-1) and its

divergence (shading; 10-6 kg m-2 s-1) for (left-hand column) warm half-year and

(right-hand column) cold half-year between (first row) ERAI, (second row) JRA55,

(third row) CFSR, and (fourth row) MERRA2 with CRAI.


