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Abstract: In this study, we attempted to improve the nowcasting of GRAPES model by adjusting the model
initial field through modifying the cloud water, rain water and vapor as well as revising vapor-following rain
water. The results show that the model nowcasting is improved when only the cloud water and rain water
are adjusted or all of the cloud water, rain water and vapor are adjusted in the initial field. The forecasting of
the former (latter) approach during 0-3 (0-6) hours is significantly improved. Furthermore, for the forecast
for 0-3 hours, the latter approach is better than the former. Compared with the forecasting results for which
the vapor of the model initial field is adjusted by the background vapor with those by the revised vapor, the
nowcasting of the revised vapor is much better than that of background vapor. Analysis of the reasons
indicated that when the vapor is adjusted in the model initial field, especially when the saturated vapor is
considered, the forecasting of the vapor field is significantly affected. The changed vapor field influences
the circulation, which in turn improves the model forecasting of radar reflectivity and rainfall.
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1 INTRODUCTION

In recent years, short-term forecast of mesoscale
weather is conducted by increasing numerical
forecasting models, but the initial fields of models
mainly depend on background field and conventional
sounding data given by large-scale atmospheric
models. Spatial resolution with several hundred
kilometers of background fields and sparse
meteorological observation stations could not very
well response to meso-characteristics of weather
systems and much less so in distinguishing
cloud-scale  weather systems, making model
forecasting hard to improve. The key of solving the
problem lies in gaining high spatial and temporal
resolution data to output the initial fields of
meso-scale numerical models. There exist high spatial
and temporal resolutions in Doppler data and the
horizontal and vertical resolutions of their detecting
radar reflectivity are about one kilometer. With
Doppler, not only most meso- and small-scale weather
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systems are captured in the range of observation, but
also the information of the vapor content of
precipitation particles is well provided through its
data. The objective forecasting of a meso-scale model
will be improved if high resolution data are applied to
the model. Now, various methods have been
developed of using Doppler radar data to retrieve
atmospheric three-dimensional wind and temperature
fieldst™ improving the initial fields of meso-scale
atmospheric models, and thereby increasing the
accuracy rates of numerical nowcasting and
short-term weather forecasting™®®!.

Cloud parameters are those of important elements
describing the atmospheric state on the cumulus scale.
Now, for most meso-scale atmospheric models, such
as ARPS, MM5, GRAPES, cloud parameters of model
grid-scale are required to be present in the initial field.
However, the initial physical elements are set to zero
because of the scarce observation data. There exist
cloud micro-physical elements in the model only after
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the model atmosphere is adjusted and the model
generates the cloud. The drawback shows that there is
observed precipitation in the initial time of model
integrating while no precipitation is predicted in the
model during a period of integration or there exist
obvious differences in precipitation intensity and
location between the model forecast and observation.
Ascending motion corresponding to the convergence
of initial field could not be supported by the release of
latent heat of condensation if there is no sufficient
vapor water in the initial field®. Therefore, the
observed high-resolution water vapor field is
introduced to the initial field, which directly modifies
the moisture of initial field in the model.

In recent years, a lot of studies used the radar
reflectivity data to modify the initial field of
meso-scale numerical models. For example, the
vertical velocity, vapor and cloud water are adjusted
according to the semi-empirical relationship between
the radar reflectivity intensity and the precipitation
rate, which could effectively relieve the spin-up
phenomena and improve the  precipitation
forecast®®™.  The humidity adjustment can
significantly improve the precipitation forecast by
using radar reflectivity intensity data to carry out
cloud analysis and diabatic initialization (Zhang!%).
The radar data can improve the location and intensity
of precipitation through experiments with the MM5
model and the dynamic and thermodynamic diabatic
initialization of the model are adjusted by retrieving
radar precipitation data (Tuo et al.['¥). Radar data are
assimilated into the model by using the Newton
relaxation method and latent forcing, meanwhile, the
role of increasing the humidity field in improving the
forecast is further emphasized by Wang and
Warner™!. In a regional numerical model for
rainstorms, radar data are applied and the results show
that the humidity in the initial field is changed
following the radar reflectivity intensity so that at the
middle- and low-level vapor and converging upward
motion increase in the rainstorm area as well as in the
adjacent area, which makes the rainfall location and
amount close to the observation™. Reasonable
structures of meso- and fine-scale divergence and
convergence are known by using radar reflectivity
data to adjust atmospheric cloud microphysics in a 1-h
nowecasting rainfall experiment[®.

Based on the results, good adjustment of cloud
microphysics and humidity fields can improve the
nowcasting of mesoscale models and play a
significant role in the 0- to 6-h nowcasting. For this
purpose, cloud microphysics and humidity field in the
atmospheric initial field of a mesoscale model are
adjusted in this work, through a numerical model
experiment with strong precipitation occurring in
South China and the nudging method with radar
reflectivity, to improve the nowcasting.

This paper is organized as follows. Section 2
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describes the datasets and methods used. Section 3
presents detailed analysis of the numerical experiment
results and the concluding discussion is provided in
section 4.

2 DATA, OBSERVATION AND METHOD

A heavy rainfall process happening on 14-15
May in 2010 is chosen in this paper. At 08:00 on 14
May (Beijing Time, same below), a main rainband
occurred from southern Jiangxi to northern
Guangdong and middle Guangxi and hourly rainfall
amount reached 58.4 mm. The rainband slightly
moved toward the south and stayed in northern
Guangdong and Guangxi at 09:00-13:00 when the
maximum hourly rainfall amount reached 77.7 mm.
From 14:00, the center of heavy rainfall moved
toward the middle of Guangdong and the maximum
hourly rainfall amount at Qingyuan station achieved
83.8 mm at 16:00. The rainfall centre sequentially
moved to the Pearl River Delta area and the rainfall
amount by two automatic weather stations located in
Guangzhou was as much as 79.9 mm (G1040) at
18:00 and 92.6 mm at 19:00 (G1006). The rainfall
amount changed to 69.9 mm and 69.3 mm at 20:00
and 21:00, respectively. The precipitation decreased
after 21:00 and the hourly rainfall amount was over 70
mm before dawn on 15 May. Meanwhile, a local
rainstorm happened in Yangjiang and the rainfall
amount was 92.4 mm. The 0-6 h nowcasting of the
model is considered in the paper, therefore, the
observed rainfall during 09:00-14:00 on 14 May is
given (Fig. 1a). In addition, the center and movement
of the rainband are shown from the observed hourly
radar reflectivity.

Nine elevations of radar reflectivity from fourteen
radars in Southern China at 08:00 on 14 May are used
in the numerical model in this paper. The background
field, which is used to calculate cloud water (qc, unit:
g/kg) and rain water (gr, unit: g/kg) is the analytical
field of GRAPES model with a resolution of 12 km.
By using a simple cloud scheme in Brewster”!, only
gc and gr in many cloud microphysical elements are
retrieved. The pressure (p) and temperature (T) are
gained from the analytical field of GRAPES model
with a resolution of 12 km. The atmospheric density is
calculated with p and T and qgr is used with the radar
reflectivity factor (dBz). The relationship between gr
and radar reflectivity is expressed as follows.

qr — 10.0((dBZ’ 43.1)/17.5) /p

In the expression, the calculated radar reflectivity
lies between 15 dBz and 55 dBz. If the value is less
than 15 dBz, it indicates there is no precipitation. If
the value is greater than 55 dBz, it indicates
precipitation in solid type. o is the atmospheric
density and the function of pressure and temperature.
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Figure 1. Distributions of 1-h observed rainfall on May 14 at 08:00 (a), 09:00 (b), 10:00 (c), 11:00 (d), 12:00 (e), and 13:00 (f).

The cloud water (qc) is the function of rain water,
dropping speed and atmospheric density, namely, qc
is the indirect function of radar reflectivity. The
formula is as follows.

vt=5.40%( ps / p)**xQR%'?® where ps is the
surface pressure, p the pressure at every level, Qr the
rain water and vt the dropping speed.

ir=(qrixvtlxpl-qr2xvt2xp2)/((dBz1-dBz2) xp), in
which grl, vtl, pl, dBz1 and qr2, vt2, p2, dBz2
indicate rain water, dropping speed, atmospheric
density and radar reflectivity in the upper and lower
levels, respectively.

gc= —ir/(0.002xqr’¢™), in which gr is the rain

water in the calculated level.
The adjustment of humidity field significantly
improves the precipitation forecast of the model,

including a scheme for moisture advection!®l.

Therefore, the adjustment of humidity field is very
important. In previous studies, the atmosphere where
there exists radar echo is close to saturation and the
relative humidity is set at 0.95 or the specific
humidity is calculated as atmospheric saturated
specific humidity. However, the method does not
agree with the observation. In the actual observation,
when there is precipitation in the ground, the relative
humidity in the precipitation area is hot 100% in most
cases!’®!. Therefore, it is not accurate that the specific
humidity is calculated as the atmospheric saturated
specific humidity. Generally speaking, the atmosphere
is basically saturated when there exists cloud water
(namely, qc>0), but gc cannot be directly calculated
using the radar reflectivity. Consequently, the
atmospheric saturated state is judged by qr which is
directly calculated from the radar reflectivity, and
then, the specific humidity is adjusted. The method is
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presented in detail as follows. Eight grids around the
calculated grid are chosen. When the gr value of the
calculated grid is greater than zero and the gr values
of five out of the eight grids are greater than zero, the
specific humidity of the calculated grid is set as the
saturated specific humidity and those of other grids
are set at the specific humidity of the background
field.

3 ANALYSIS OF THE NUMERICAL
EXPERIMENT RESULTS

3.1 Design of the experiments

The GRAPES mesoscale numerical model is used,
with a horizontal resolution of 0.03'x0.03" and 31
vertical levels. The forecast region of the model
ranges from 109°E to 118.24°E and from 19°N to
26.98°N, and the number of the grids is 309x267. The
height of the model top is about 28 kilometers and the
time integrating step is 90 seconds. The physical
schemes include KFETA cumulus cloud convective
parameterized scheme, cloud microphysical WSM6
scheme (WRF Single-Moment 6-class) with the
mixing phase such as cloud water, rain water,
ice-snow, graupel, MRF boundary layer scheme, slab
land surface scheme and a rapid radiative transfer
model (RRTM) long-wave radiation. The four
schemes are designed, including (1) control
experiment (Ctrl), with the cloud water (qc), rain
water (qr) and specific humidity (qv) unchanged in
the initial field of model, (2) experiment one (Exp. 1),
with gc and gr adjusted by using the nudging method
in the initial field of model, (3) experiment two (Exp.
2), set as in Exp. 1, but also with qv adjusted by using
nudging method in the initial field of model and with
qgv taken from the background field, and (4)
experiment three (Exp. 3), set as in Exp. 2, but first
with qv adjusted according to gr.

The nudging method mentioned above indicates
that a linear forcing term is added to the predictive
equation during the period of simulating 8t in model
integration and the term is a ratio to the difference
between the forecast and observation, which aims at
making the model forecast close to the observation.

W =W, +ax (W) —w,)

In the formula, « is the ratio between the time step dt
of the model and the time period &t of the simulation;
W' is the forecast value of the model integrated at the
t-th step and w,' is the observed value (or the retrieved
value) at the same time; w' is the t-th forecast value
after the nudging adjustment. &t is 1080 s, or, 12
integrating steps (an empirical value). The simulated
period begins at 08:00 on May 14 and ends at 08:18
on May 14.

The integration of the model starts at 08:00 on
May 14 and lasts for 12 hours. The output of the
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model is given hourly and the forecast of NCEP with
1°x1° is given as the lateral boundary condition,
available every six hours.

3.2 Analysis of the results

3.2.1 DISTRIBUTION OF RADAR REFLECTIVITY, RAIN WATER
AND VAPOR IN THE INITIAL FIELD

The distribution of radar reflectivity, a qr
calculated by radar reflectivity, an unrevised qv and a
revised qv at the 3-km height are given in Fig. 2, with
the horizontal resolution of radar reflectivity at 1 km
and that of gr and qv at 3 km. The distribution of qr
(Fig. 2b) is similar to that of radar reflectivity (Fig. 2a)
and the main rainband of precipitation (Fig. 1a). In
other words, there exists a zonal distribution from
Fujian, Jiangxi, southern Hunan, northern Guangdong
to central Guangxi. Therefore, the calculated gr is
reasonable and can generally reflect the true condition
of radar reflectivity. Comparing with the unrevised qv
and the revised one (Fig. 2c and 2d), the water vapor
increases in southern Fujian, western Hunan, northern
Guangdong and central Guangxi after qv is revised.
The distribution of revised water vapor is very similar
to that of the rainband, radar reflectivity and gr, which
indicates the adjusted gv can well reflect the true
condition of the atmosphere.

3.2.2 COMPARISON OF THE RESULTS OF SIMULATED RADAR
REFLECTIVITY

The simulated radar reflectivity in the four
experiments and the observed radar reflectivity at
09:00 are given in Fig. 3. From the Ctrl (Fig. 3a), the
simulated radar reflectivity only appears in the
junction between Hunan and Guangxi as well as in the
middle of Guangxi and part of Fujian. It is specially
noted that the radar reflectivity in northern
Guangdong is not simulated. The other three
experiments (Fig. 3b, 3c and 3d) can simulate the
zonal radar reflectivity from Fujian, Jiangxi, southern
Hunan as well as northern Guangdong and Guangxi,
which is similar to the observation (Fig. 3d). The
intensity of simulated radar reflectivity in Exp. 3 and
Exp. 4 is stronger than that in Exp. 2, especially in the
Exp. 4, in which it is much stronger in northern
Guangdong and the distribution of simulated radar
reflectivity in the middle of Guangxi is very close to
the observation. Though the intensity of simulated
radar reflectivity is weaker than the observation, the
simulated radar reflectivity in Exp. 2, Exp. 3, and Exp.
4 is close to the observation, which shows that the
forecast of radar reflectivity is improved because of
the adjusted humidity field. Simultaneously, the
simulated and observed radar reflectivity at 10:00 and
11:00 are analyzed (figure omitted) and the results are
generally similar to the forecast for the first hour.
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Figure 2. Radar reflectivity at 3 km (a, unit: dBz), gr (b, unit: g/kg), unrevised qv (c) and revised qv (d, unit: g/kg).

From the simulated radar reflectivity for the first
three hours, it is known that the simulated results of
Exp. 1, Exp. 2, and Exp. 3 are better than those of the
Ctrl and the distribution and intensity of the simulated
radar reflectivity in Exp. 2 and Exp. 3 are closer to the
observation than Exp. 1. In particular, the radar
reflectivity in northern Guangdong and middle-eastern
Guangxi is simulated only in Exp. 3. However, the
distribution of radar reflectivity from Fujian, Jiangxi,
southern Hunan as well as northern Guangdong and
Guangxi are shown in Exp. 1, Exp. 2, and Exp. 3.
Consequently, the differences of the simulated results
of 0-3 h nowcasting in the three experiments are not
obvious and the results of 4-6 h forecast are analyzed.

From the simulated radar reflectivity of the four
experiments at the fourth hour, namely, at 12:00 (Fig.
4), the simulated results in Exp. 1 (Fig. 4a) and Ctrl
(Fig. 4b) are similar and neither can simulate the
zonal distribution of radar reflectivity. The zonal
distribution of radar reflectivity similar to the
observation is simulated in Exp. 2 (Fig. 4c) and Exp. 3
(Fig. 4d). However, the location is more northward
and the intensity is weaker. Comparing the simulated
results between Exp. 2 and Exp. 3 reveals that the
simulated radar reflectivity is consistent in Exp. 3,
especially, the radar reflectivity in middle-eastern
Guangxi is simulated in Exp. 3 and its intensity is

close to the observation than in Exp. 2. There are
obvious differences in the simulated radar reflectivity
between the fifth and sixth hour in the four
experiments. In Exp. 1 and Ctrl, similar to the fourth
simulation, only the radar reflectivity at the
conjunction of Guangxi, Guangdong and Hunan is
simulated and the radar reflectivity in other areas
cannot be simulated. In Exp. 2 and Exp. 3, the
difference of the simulated radar reflectivity is larger
than in the simulation for the fourth hour and the
difference is more obvious when the prediction time is
much longer. The maximum difference of the
simulated radar reflectivity appears in the conjunction
between southern Jiangxi and Guangdong. The
simulated radar reflectivity continues to weaken at the
fifth and sixth hour and the simulated radar
reflectivity in Fujian and Guangdong as well as
Guangxi has a break in Exp. 2. In Exp. 3, the
simulated radar reflectivity in southern Jiangxi
weakens, but the zonal radar reflectivity at the fifth
and sixth hour can be well simulated from Fujian,
southern Jiangxi, northern Guangdong to Guangxi.
From the latter three values of simulated radar
reflectivity, it is known that the differences are much
distinct in Exp. 2, Exp. 3 and Exp. 4. The simulated
results in Exp. 3 and Exp. 4 are better than in Exp. 2,
especially in Exp. 4, in which the forecast is much
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4 E

Comparing the nowcasting of the 0-6 h radar unadjusted in the initial field, the forecast 0-6 h radar
reflectivity from the four experiments with the reflectivity is weaker and its distribution is
observation shows that when qc, gr and qv are discontinued. When qc and qr are adjusted using the
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nudging method in the initial field, the forecast 0-3 h
radar reflectivity is much improved and the intensity
and distribution are close to the observation, but the
forecast 4-6 h radar reflectivity is similar to that of the
Ctrl. When qc, gr, and qv are adjusted, the 0-6 h
forecast is much improved, especially in Exp. 4 in
which the radar reflectivity is simulated in the
middle-eastern Guangxi and the distribution is
continuous and the intensity is close to the
observation in the 0-6 h forecast, which is better than
in the other three experiments. Based on what is
discussed above, the adjusted humidity through the
calculated qr based on the radar reflectivity is
reasonable and can improve the forecast 0-6 h radar
reflectivity in the model.

From the above qualitative analysis, the 0-6 h
nowcasting of radar reflectivity in the model is
improved to a certain extent when qv is adjusted by
the nudging method in the initial field. Consequently,
the differences of the simulated radar reflectivity with
or without the adjusted qv are quantitatively given
based on the bias (BIAS), probability of detection
(POD), and critical success index (CSI). The
assessment range of radar reflectivity is from 109° to
118°E, 22.5° to 26.5°N (Fig. 4e). Firstly, the radar
reflectivity data in the assessment region is
interpolated into the data with a horizontal resolution
of 0.03°x0.03°, which is the same as the horizontal
resolution of the model. Secondly, the maximum
composites of radar reflectivity for both the
observation and simulation are estimated and the
maximum radar reflectivity at some grids is derived
from the maximum of the grids in vertical levels. The
formulas of calculating the BIAS, POD and CIS are as
follows:

0.3
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in which N;j indicates the grid number when the
forecast value is greater than zero, f; is the forecast
value, No is the same as N; but the observation and F;
are the observed values.

BPOD=—2_ csl=—2
a+b a+b+c

Here, when the observation is equal to or greater than
the threshold and the forecast is equal to or greater the
threshold, the numbers of stations are marked with “a”.
When the observation is less than the threshold and
the forecast is equal to or greater than the threshold,
the numbers of stations are marked with “b”. When
the observation is equal to or greater than the
threshold and the forecast is less than the threshold,
the numbers of stations are marked with “c”.

In order to compare with the overall difference,
the biases of the Ctrl, Exp. 1, and Exp. 3 are given
(Figure omitted) and the biases fluctuate around the
value of 1. The absolute biases of the three
experiments are given in Fig. 5 and the result shows
that the errors of Exp. 1 and Exp. 3 are greater than
those of the Ctrl in the first three hours but less than
that of the Ctrl in the 4th-6th hours. Therefore, the
forecast is improved when the cloud parameters and
humidity are adjusted in the initial field. Comparing
Exp. 1 with Exp. 3 indicates that the forecast errors in
the other hours in Exp. 3 are smaller than in Exp. 1
except for the second and third hour, especially the
fourth to sixth hour, showing that the radar reflectivity
forecast by the model is obviously improved because
of the adjusted humidity.

0.25 - M ctrl
0.2
0.15 -
0.1

0.05

01 02 03

Hexpl Mexp3

04 05 06

Figure 5. Variations of biases with time in the Ctrl, Exp. 1 and Exp. 3.

The radar reflectivity is divided into four grades,
which are 5, 15, 25, 35 dBz, to assess POD and CSI
respectively. The distributions of POD and CSI of the
four grades changing over time in the Ctrl, Exp. 1 and
Exp. 3 are given in Fig. 6 and the changing tendency
is basically similar in the three experiments. With the
extension of forecast duration, the POD and CSI are

smaller and with the grades of radar reflectivity
increasing, both are also smaller. Comparing POD
with CSI in the three experiments shows that the
results in Exp. 1 and Exp. 3 are better than in the Ctrl
and with the radar reflectivity increasing, the
difference is much more obvious. Comparing with the
results between Exp. 1 and Exp. 3 finds that the
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difference of radar reflectivity above 5 dBz is not
obvious and for the 15, 25, 35 dBz, the POD and CSI
in Exp. 3 are better than in Exp. 2, especially in the
radar reflectivity above 25 dBz. The false prediction
rates in the three experiments are given (Figure
omitted) and the variation tendency is contrary to that
of the POD and CSlI, i.e., the FAR increases with the

ﬂu—cg _OSdtuc'3

- e = pxpl O5dbz
- g=  oxp3_O5dbe

6

—OL cl:r?_siSdbz 0
- i = pxn]_15dbz
- B= exp3_15dbz

1 &

o c
0.8 = o
0.7 “"1:‘_;-'.._

-

0.6 w
0.5
0.4

01 02 03 04 05 06
e Ll _O5dbz il 1l _15dbz

- ey pxpl_O5dbe - o = gxp]_15dbe

increase of forecast duration and the strengthening of
radar reflectivity. From the discussion above, the POD
and CSI increase and the FAR decreases after qv is
adjusted by the nudging method, and particularly, the
forecast effect of radar reflectivity above 25 dBz is
well improved.

1 POD
:- < (b)
0.8
“‘c::\
0.6 ~
= \\\ .~ o~ - = »> - =0
04 & ® . -
\ ‘ “‘ - =
0.2 NSy L4
0
e %5400 Ug O 35460

- g = pxp]_25dbe
- g exp3_25dbe

- o = pxpy]_35dbe
- = exp3_35dbe

07 Csl
06 @
0541 & o
- -

0.4 S~ -~
0.3 ‘s‘.\"-. -, ":
0.2 w

: ~ = <A

m'—.—ogxrl_zsgbat 0"—-—03.1_35&6:
= =t= = oxpl_25dbz - ol e expl_35dbz

Figure 6. Distributions of POD (a, b) and CSI (c, d) of radar reflectivity at different ranks with time (solid line: Ctrl; dotted line: Exp.

1; dashed line: Exp. 3)

3.2.3 ANALYSIS OF SIMULATED PRECIPITATION

The precipitation distributions of 0-3 h forecast in
all experiments are given as follows. The precipitation
amount for the first-hour model forecast is given in
Fig. 7 and the results in Exp. 1 (Fig. 7b), Exp. 2 (Fig.
7¢), and Exp. 3 (Fig. 7d) are better than in the Cirl
(Fig. 7a). Comparisons between the observed and
simulated precipitation show that the precipitation
amount of the latter is weaker than that of the former.
It also indicates that the distributions of simulated
precipitation in Exp. 1, Exp. 2, and Exp. 3 are similar
to the observation, especially Exp. 2 and Exp. 3. By
contrast, the distribution of precipitation in Exp. 3 is a
little better than in Exp. 2. The forecast effect of the
first hour is well improved after qv is adjusted by the
nudging method, especially, the forecast effect with
adjusting qv which is revised by gr is a little better
than of the unrevised qv.

Comparisons of the 1-h rainfall forecast between
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the forecasts of the second and the third hour in the
four experiments (Figs. 8 & 9) show that the forecast
effect on the second hour is similar to that of the first
hour and the forecast in the three experiments is better
than in the Ctrl. The amount and distribution in Exp. 2
and Exp. 3 are close to the observation (Fig. 1c). The
difference of forecast at the third hour is large in the
four experiments. The 1-h rainfall simulated in Exp. 1
is similar to that in the Ctrl and neither can simulate
the precipitation centre and the rainfall amount is less
than 5 mm in northern Guangdong. In Exp. 2, the
rainfall amount greater than 5 mm in the 1-h rainfall
simulation occurs in northern Guangdong, however,
the precipitation range is small and the precipitation
amount is little. In Exp. 3, both the precipitation range
greater than 5 mm and the amount in northern
Guangdong increase, which is much closer to the
observation than in Exp. 2. The results for 4-6 h
forecast in the four experiments are similar and much
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different from the observation.
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Figure 7. Model forecast precipitation at the first hour. Unit: mm . a: Ctrl; b. Exp. 1; ¢. Exp. 2; d. Exp. 3.
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Figure 9. Same as Fig. 7 but for the precipitation forecast at the third hour.

From the simulated precipitation in the four
experiments, in which gc, gr and gv are unadjusted in
the initial field, the precipitation centre in northern
Guangdong cannot be simulated during the 0-3 h
forecast and the rainfall amount there is less than 5
mm. When qc and qc are adjusted with the nudging
method, the rainfall amount greater than 5 mm occurs
but the range and intensity are smaller and weaker in
northern Guangdong during the 0-2 h forecast. For
the forecast of the third hour, the result is the same as
the Ctrl. When qc, gr and qv are adjusted with the
nudging method, the region of rainfall amount greater
than 5 mm expands and the intensity strengthens,
especially, when qv retrieved by gr is adjusted, the
region of rainfall amount greater than 5 mm in central
Guangxi extends and the rainfall distribution in
northern Guangdong is much closer to the observation.
The simulated rainfall amount in the four experiments
is less than in the observation.

3.2.4 ANALYSIS OF CAUSES

It is known from what is mentioned above that
when only gc and gr are adjusted or qc, qr and qv are
all adjusted in the initial field of model, the
nowcasting of radar reflectivity and precipitation are
improved to a certain degree, but with different
amplitude with increasing forecast duration. Therefore,
the reasons are analyzed by comparing the vapor and
stream fields in this section. According to the previous
analysis, the forecast of the model with the initial field
adjusted by qv revised is better than that before the
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adjustment. Therefore, different forecast fields are
given in the analysis below with the initial field
adjusted by the qc and gr only (Exp. 1) and with it
adjusted by the gc and gr and with qv revised (Exp. 3).
In order to explain the reasons of differences in
different forecast duration in the two experiments,
different fields are given and the level is chosen at
850 hPa.

The differences of vapor field from 0-3 h forecast
of the model between Exp. 3 and Exp. 1 are given in
Fig. 10 (a, b & c) and the positive distribution of
vapor field appears from Fujian, Jiangxi, southern
Hunan, northern Guangdong to middle Guangxi. The
distribution of maximum vapor is similar to that of the
0-3 h simulated radar reflectivity and 1-h rainfall
when the initial field of model is adjusted by qv.
Furthermore, the distribution of maximum vapor is
also similar to that of the initial vapor field where qv
is adjusted. Therefore, when the humidity is adjusted
in the initial field, the model forecast vapor is adjusted
accordingly, which is in favor of improving
precipitation forecast. The differences of vapor
between Exp. 3 and Exp. 1 during the 4- to 6-h
forecast (Figure omitted) are analyzed and there still
exists a positive vapor distribution, but the difference
decreases with increasing forecast duration.
Consequently, with increasing forecast duration, the
differences of the two experiments decrease through
the model’s own adjustment and adaptation, in which
the differences of 0-3 h forecast are obvious, the
differences of 4-6 h forecast decrease, and the
differences after the 6th hour are not obvious.
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Figure 10. Model forecast difference fields at 850 hPa at the third hour between Exp. 3 and Exp. 2. a,.b, c vapor field (the shades
are for areas greater than zero, unit: g/kg); d, e, f: stream field (the shades are for areas greater than zero, indicating the velocity).

When the vapor field is adjusted, the temperature,
pressure and stream fields are also adjusted. As far as
the stream field, the differences of 0-3 h forecast in
the two experiments are given (Fig. 10 (d, e, & f)) and
the convergence belt of differences field during the 0-
to 3-h forecast occurs in northern Guangdong and
middle Guangxi and the positive velocity region
occurs in the southeast of the convergence belt. The
reasons may be that the vapor increases in southern
Jiangxi, northern Guangdong and all through to
Guangxi after qv is adjusted, strengthening the warm
and wet air from the southwest and cold air from the
north and the stream field has to be adjusted. The
precipitation process is mainly caused by troughs of
low pressure and the cold air from the east route as
well as the shear line moving toward the south (the
shear of southwest and northeast wind). Therefore, the
southwest and northeast wind strengthens to some
extent. The differences of vapor transport and vapor
flux divergence show that the vapor transport from the
northwest  increases and vapor convergence
strengthens in northern Guangdong and Guangxi,
which is favor of the precipitation increasing. In the
two experiments, the difference decreases with the
forecast duration increasing.

4 CONCLUSIONS AND DISCUSSION

(1) The radar reflectivity during the 0-3 h model
forecast is significantly improved when qc and gr are
adjusted by the nudging method in the initial field of
model. The forecast of radar reflectivity after the third

hour is close to that of the Ctrl. The forecast of
precipitation in the first two hours is only slightly
improved.

(2) The radar reflectivity during the 0-6 h model
forecast is much improved when gc, gr and qv are
adjusted by the nudging method in the initial field of
model. The forecast in the first three hours is better
than in the experiment with only cloud water and rain
water adjusted and the distribution and intensity of
radar reflectivity are much similar to the observation.
The forecast of precipitation in the first three hours
are improved.

(3) Comparing the humidity fields adjusted by the
unrevised and revised qv by the nudging method
shows that the forecast with adjusting the revised qv is
better than that of adjusting the unrevised qv,
especially in the 4-6 h forecast. The forecast of
precipitation is also different, especially in the
forecast after the third hour.

(4) Causes analysis. The vapor field is adjusted in
the initial field of model, especially, the saturated
vapor is considered, and the vapor field of model
forecasting is accordingly adjusted, which adjusts the
whole atmospheric condition and influences the
forecast of radar reflectivity and precipitation.

In addition, the forecast results of the case
initiating at 06:00 are analyzed and the conclusions
are similar to those at 00:00, which indicates the
vapor field adjusted in the initial field of model is
basically reasonable. The nowcasting during 0-6 h is
improved to some extent, but more cases need to be
simulated to prove the results.
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