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Evaluation of upper tropospheric humidity from NCEP analysis and WRF
Model Forecast with Kalpana observation during Indian

summer monsoon 2010
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ABSTRACT: This paper presents an evaluation of upper tropospheric humidity (UTH) fields from National Center
for Environmental Prediction (NCEP) Global Data Assimilation System (GDAS) analysis and Weather Research and
Forecasting (WRF) mesoscale model forecast with satellite derived UTH. For this purpose, UTH (weighted average of
relative humidity in 200–500 hPa layer) obtained from Indian geostationary satellite Kalpana is compared with the UTH
computed from NCEP analysis and WRF model forecast during the summer monsoon, 2010. Kaplana-derived products
are not included in the NCEP analysis: therefore, a comparison of the two independent datasets is promising. This study
indicates that UTH derived from different sources (Kalpana UTH, NCEP Analysed and subsequent model forecasted UTH)
matches very well over the Indian region. However, there are region-specific small departures in UTH which increases the
model predicted UTH. Copyright  2012 Royal Meteorological Society
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1. Introduction

It is widely recognized that information about atmospheric
water vapour in general and upper troposphere humidity in
particular is very important for both climate and numerical
weather prediction (NWP) applications (Soden and Bretherton,
1993; Salathé et al., 1995; McNally et al., 1996; Bates et al.,
1996; Blackwell and McGuirk, 1996; Macpherson et al., 1996).
The accurate estimation of water vapour is even more important
in the tropical region than any other geographical region.
In the tropical regions the water vapour is highly variable
and is dominated by deep convective systems (Brown and
Zhang, 1997) leading to increased relative humidity in the
upper troposphere (Soden and Fu, 1995). Observations of the
UTH could help in the diagnosing convective processes in the
atmospheric model simulations.

The Indian summer monsoon, which is highly influenced
by mesoscale convective systems, provides the best test-bed
for any model diagnostics. The NWP models are mainly ini-
tial value problems. Therefore, they are highly dependent on
accurate data regarding the initial atmospheric state. The initial
atmospheric fields used in mesoscale models are taken from
the analysis generated from global circulation models (GCMs).
Therefore, for better diagnostics of the model simulations it
is required that the initial atmospheric fields must be consis-
tent with the actual atmospheric state. Atmospheric humidity
is one of the important parameters of initial atmospheric fields,
which can be used for this purpose. Various studies have been
performed to evaluate the analysed (Clark and Harwood, 2003;
Lamquin et al., 2008) and model forecasted (Schmetz and Berg,
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1994) UTH with observed UTH. Recently, Dessler and Davis
(2010) compared tropospheric humidity generated from various
reanalysis: Japanese Reanalysis (JRA) (Onogi et al., 2007), the
NASA Modern Era Retrospective-Analysis for Research and
Applications (MERRA) (Suarez et al., 2008), European Cen-
tre for Medium Range Weather Forecasts (ECMWF) interim
reanalysis (Simmons et al., 2007), ERA40 (Uppala et al., 2005)
and NCAR reanalysis (Kalnay et al., 1996) and observed a bias
in the UTH derived from NCEP reanalysis. The finding of the
studies by Dessler and Davis (2010) motivated the present study
to diagnose the forecast from the mesoscale model WRF initial-
ized with the NCEP GDAS analysis fields. The Indian summer
monsoon period (June–September) is chosen because during
this time the Indian region is highly influenced by mesoscale
convective activities. The WRF model is well suited for the
range of applications from idealized research to operational
forecasting, and has flexibility to accommodate future enhance-
ments. The UTH computed from relative humidity fields is
used to evaluate the model performance as compared to the
independent estimates of UTH from satellite platform.

Water vapour measurements in the upper troposphere are
very limited. In-situ measurements from radiosonde and air-
craft are inadequate in the spatial and temporal coverage. The
radiosonde networks are the main source of water vapour obser-
vations, but have limited accuracy in the upper troposphere (e.g.
Elliott and Gaffen, 1991; Soden and Lanzante, 1996). In con-
trast, satellite observations provide greater spatial and temporal
coverage. The water vapour channel (5.6–7.2 µm) of the Indian
geostationary satellite Kalpana is sensitive to water vapour in
the upper troposphere (Thapliyal et al., 2011), and is provid-
ing high temporal resolution (30 min interval) measurements
of the UTH. An advantage of the satellite based UTH with
respect to radiosonde measured relative humidity is the high
spatial and temporal coverage, especially over the vast oceanic
region where radiosonde observations are sparse.
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The purpose of the present study is to compare the UTH
computed from the NCEP analysis with the Kalpana derived
UTH during the summer monsoon of 2010. This study fur-
ther examines its impact on the WRF model predicted UTH
when initialized with the NCEP analysis. A limited sensitivity
study has also been carried out using various physical param-
eterizations to choose an appropriate parameterization scheme
to generate most accurate forecast. The diurnal and seasonal
statistics based on comparison of the model analysis/forecast
UTH with the satellite observed UTH is generated and exam-
ined in detail. The paper is divided in to five sections: Section
2 presents the details of Kalpana-derived UTH used in this
study. The details of the design of experiment, WRF model
and NCEP analysis used for its initialization are given in
Section 3. Section 4 discusses the results of different exper-
iments. The final section presents the conclusion from various
comparisons.

2. Satellite data

Kalpana is the first Indian exclusive meteorological geosta-
tionary satellite, built by Indian Space Research Organisa-
tion (ISRO), and launched in 2002. The Kalpana satellite
carries a very high resolution radiometer (VHRR) that takes
observations at 30 min intervals in three bands: visible (VIS;
0.55–0.75 µm), thermal infrared window (TIR; 10.5–12.5 µm)
and water vapour absorption band (WV; 5.6–7.2 µm). The spa-
tial resolution of the VHRR is 2 km in the VIS and 8 km in
the WV and TIR channels at nadir. These observations are used
to derive the cloud cover, atmospheric motion vectors, quan-
titative precipitation estimates, outgoing long wave radiation
and UTH. The Kalpana WV channel is sensitive to the relative
humidity changes in a broad layer between 200 and 500 hPa
with peak sensitivity at ∼325 hPa (Thapliyal et al., 2011). The
UTH products from Kalpana are generated at 40 km resolution
at sub-satellite point (corresponding to the segments of 5 × 5
pixels) operationally at 30 min. interval and are available from
MOSDAC (www.mosdac.gov.in) and the India Meteorological
Department (IMD, www.imd.gov.in). It has been found that
there are few cases when Kalpana UTH is unavailable for syn-
optic hours corresponding to the model forecast. A time window
of ±1 h is selected to fill this data gap.

3. Description of the model and experiment

The mesoscale model employed in this study is the Weather
Research and Forecasting (WRF; Skamarock et al., 2008)
model. The WRF is a limited area, non-hydrostatic, primi-
tive equation model with multiple options for various phys-
ical parameterization schemes. The present version employs
Arakawa C-grid staggering for the horizontal grid and a fully
compressible system of equations. The time-split integration
uses a third order Runge-Kutta scheme with a smaller time
step for acoustic and gravity wave modes. The WRF model
physics options used in this study is Kessler (Kessler, 1969),
Thompson (Thompson et al., 2004) and WRF Single Moment
3-class (WSM3) (Lin et al., 1983) for micro-physics schemes;
the Kain-Fritsch (KF) scheme (Kain, 2004), Grell (Grell and
Devenyi, 2002) and BMJ (Betts and Miller, 1986) for the
cumulus convection parameterization scheme, and the Yonsei
University (YSU) scheme for planetary boundary layer (Hong
and Pan, 1996; Hong and Dudhia, 2003). The Rapid Radia-
tive Transfer Model (RRTM; Mlawer et al., 1997) and Dudhia

scheme (Dudhia, 1989) were used for long wave and short
wave radiation, respectively. All experiments were conducted
with single domain (12.1–143.8 °E, 50.8 °S to 50.8 °N) con-
sisting of 295 × 265 grid points with 50 km horizontal grid
resolution. The model has 36 vertical levels with the top of the
model atmosphere located at 10 hPa.

The NCEP GDAS analysis available at 1° × 1° spatial
resolution is used at a 6 h interval. The NCEP analysis of
relative humidity is used to compute the UTH using the
weighting function (Thapliyal et al., 2011) of the Kalpana water
vapour channel. Since Kalpana UTH and NCEP derived UTH
are at different spatial resolution, the Kalpana products are
re-sampled to the spatial resolution of NCEP analysis using
bi-linear interpolation.

For diagnostics of the WRF model forecast UTH, the KF
cumulus parameterization and WSM-3 microphysics are used.
Four daily experiments have been performed with NCEP
analysis as initial and lateral boundary conditions at 0000, 0600,
1200 and 1800 UTC for a 24 h forecast during June–September
2010. The model forecast UTH fields are also re-sampled at
1° × 1° spatial resolution.

4. Result and discussion

The objective of this study is to assess the NCEP analysis and
WRF model forecast relative humidity in upper troposphere
using Kalpana-derived UTH products over the Indian region
during 2010 summer monsoon. The UTH from Kalpana is
retrieved only in clear-sky cases, whereas the UTH computed
from NCEP belongs to all-sky condition. Therefore, this study
is restricted for the comparisons made over the clear-sky cases
where observations are available through Kalpana. This kind of
evaluation would improve our understanding and ability to pre-
dict the various mesoscale phenomena using WRF model ini-
tialized with the NCEP analysis. In addition to the initial atmo-
spheric fields, mesoscale models are also sensitive to the phys-
ical parameterization. A preliminary sensitivity test has also
been carried out for the selection of appropriate combination
of the cumulus parameterization and microphysics in the WRF
model. Nine experiments have been performed for 3–9 August
2010 based on three different microphysics (Kessler, Thomp-
son and WSM-3) and cumulus parameterization (BMJ, Grell
and KF) schemes. Here, bias and root-mean-square-difference
(RMSD) are considered as the standard quantification to evalu-
ate the performance of NCEP analysis and WRF model forecast
with the Kalpana UTH. The bias and RMSD are defined as:

Bias = 1

N

N∑
i=1

(UTHkalpana − UTHNCEP/WRF) (1)

RMSD =
√√√√ 1

N

N∑
i=1

(UTHkalpana − UTHNCEP/WRF)2 (2)

4.1. Analysis comparisons

Paltridge et al. (2009) found that specific humidity in the
NCEP/NCAR reanalysis declined between 1973 and 2007,
particularly in the tropical mid and upper troposphere. In
extension of this study, Dessler and Davis (2010) inter-
compared various reanalysis fields and suggested that the
tropospheric humidity field from NCEP/NCAR reanalysis has
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(a) (b)

(c) (d)

Figure 1. Spatial distribution of mean UTH from (a) Kalpana and
(b) NCEP at 0600 UTC and mean UTH from (c) Kalpana and

(d) NCEP at 1800 UTC.

a bias. They used tropospheric humidity derived from the
Atmospheric Infrared Sounder (AIRS) to show that there are
large biases in the NCEP/NCAR reanalysis. Therefore, it is
desirable to compare the UTH calculated from NCEP analysis
before the model forecast diagnostics. For comparison with the
Kalpana observations, the UTH fields are calculated from the
NCEP analysis using:

UTH =

N∑
i=1

wi × RHi

N∑
i=1

wi

(3)

where RH is the relative humidity and w is the weight
at the level ‘i’ as shown in the Thapliyal et al. (2011).
The mean NCEP analysed UTH fields are computed by
averaging the UTH values from all the experiments during
June–September 2010 (122 days at 0000, 0600, 1200 and 1800
UTC). Comparison of the NCEP analysis is performed at each
of the synoptic hours. However, the day (0600 UTC) and
night (1800 UTC) time comparisons are specifically shown
to highlight the average behaviour of NCEP analysis vis-a-vis
Kalpana UTH during day and night time.

Figure 1 shows the seasonal mean UTH (June–
September) from the Kalpana observations and NCEP anal-
ysis during day and night time. Overall, the Kalpana UTH
(Figure 1(a) and (c)) matches well with NCEP UTH
(Figure 1(b) and (d)) that captures the low moisture region of
the inter-tropical convergence zone (ITCZ) and northern sub-
tropical regions as well as the high moisture regions of the
Indian Ocean. However, a few localized regions such as the
high moisture region in Arabian Sea and Myanmar are under-
estimated (∼10%) in the NCEP analysis. This effect is much
more prominent during the night time. It may also be inferred
from Figure 1 that the NCEP UTH over estimates the low
moisture regions, whereas it underestimates the high humidity
conditions. Dessler and Davis (2010) also showed the same

(a) (b)

(c) (d)

Figure 2. Spatial distribution of (a) RMSD and (b) bias of NCEP
analysed UTH with Kalpana UTH at 0600 UTC and (c) RMSD and
(d) bias of NCEP analysed UTH with Kalpana UTH at 1800 UTC for

June.

behaviour in the NCEP reanalysis when compared with the
AIRS observation.

The day and night time statistics in terms of RMSD and
bias in NCEP UTH with Kalpana UTH are shown in Figure 2.
It has been shown in Figure 2 parts (b) and (d) that there
is a positive bias in NCEP UTH over the equatorial Indian
Ocean and negative bias over other regions. The negative bias
is less than 5% in tropical region and more than 10% in
the Tibetan high altitude region. The positive bias observed
over the Indian Ocean may be due to the following reasons:
(1) during the monsoon season the upper troposphere is highly
humid because of the prevailing convective process, which the
NCEP analysis is not able to capture efficiently and, (2) in
the Kalpana observations, due to its inability to detect small
cloud contamination, this introduces bias in the UTH estimates.
Therefore, there is a possibility that the comparison of the
partial-cloud-contaminated UTH from Kalpana with the NCEP
analysis might produce high bias in such regions. The large
negative bias seen over the high topographic region can be
attributed to the effect of high orographic regions on NCEP
analysis moisture profiles. Apart from this, the small negative
bias may also be attributed to the bias in Kalpana water vapour
radiance itself. The weighting function used in this study has
fixed vertical pressure co-ordinates. The weighting function
shifts due to the vertical temperature variations contribute a
small error in the UTH calculations. The high RMSD (> 10%)
regions are in concurrence with the regions of high negative
or positive biases. As expected, an RMSD of less than 5% is
observed over low moisture regions for both day (Figure 2(a))
and night (Figure 2(c)) cases. It is observed from Figure 2 that
the low and high biases are intensified in the night time situation
in comparison to the day time. The reason for this diurnal
variation in bias may be because of the diurnal behaviour
of Kaplana-observed water vapour radiances. Thapliyal et al.
(2010) presented equations to compute Kalpana-derived UTH
from WV radiance. It is evident from the equation given therein
that for smaller values of WV brightness temperature result
in higher values of UTH and vice versa. Shukla et al. (2012)
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(a)

(b)

(c)

(d)

Figure 3. Temporal distribution of RMSD and bias of NCEP analysed UTH for the month of (a) June, (b) July, (c) August and (d) September.

reported diurnal biases in the Kalpana TIR radiances and also
provided possible reasons for biases in observed radiances.
Similar biases are also observed in Kalpana WV radiances when
compared with IASI radiances. This shows that during night
time there is larger underestimation in Kalpana-observed WV
radiances in comparison to daytime WV radiances. Therefore,
values of derived UTH during night time are higher. This is in
concurrence with the diurnal variations of the bias in Kalpana
UTH (Thapliyal et al., 2011). The same kind of results is
observed when Kalpana-derived UTH is compared with UTH
computed from NCEP analyses. The domain averaged RMSD
and bias for the day time are 10.5 and −2.68%, respectively,
which slightly decreased to 10.42 and −1.37% in the night time
for June. In July, the regions of high RMSD and bias have
increased in comparison to other months. Similar features are
observed in the RMSD and bias calculation for August. During
July and August a high error is observed in the direction of
the southwest monsoon flow. This error has reduced with the
withdrawal of monsoon in September. The monthly RMSD in
UTH for each month is ∼10%. Overall, it has been shown
that a large variation of the UTH is observed over the Indian
region during the summer monsoon period. Therefore, the UTH
information obtained from the Kalpana satellite may be crucial
to improve the NCEP analysis as the initial condition.

Figure 3 shows the temporal variations of RMSD and bias
(domain average) for June–September. An RMSD of ∼11%

and bias of ∼ − 3% is observed in all the 6 h analyses during
June (Figure 3(a)). In July, the RMSD in UTH has increased by
∼2% in comparison to the RMSD during the previous month.
Unlike other months, in July (Figure 3(b)) a positive bias is
observed for many days: this is because of the high positive
bias over the equatorial region in this month, which is relatively
much more extended than other cases. It may be inferred from
Figure 3 that the bias and RMSD vary in tandem for high humid
cases such as July and the first half of August (Figure 3(c)), i.e.
the high RMSD values are mainly driven by the bias. During the
weaker phase of the monsoon the RMSD values are in general
small and biases are negative.

The scatter plots of monthly mean Kalpana and NCEP
analysed UTH during day time are shown in Figure 4. Here,
the RMSD is computed from the monthly mean UTH fields
considering all the grid-points. An RMSD of less than 10% is
observed in the NCEP analysis in comparison to the Kalpana
UTH and a high correlation is observed between the two
data-sets. In agreement with the previous results, during July
(Figure 4(b)) and August (Figure 4(c)) an RMSD of ∼7% is
observed in the NCEP analysis, which is slightly higher than
other 2 months, where the RMSD of ∼6% is observed. For all
the months, a correlation of ∼0.95 is observed, whereas a small
inclination towards high UTH values in Kalpana is seen in the
month of July. A similar trend and values are also observed
in night time comparison. An almost 1% higher RMSD is
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(a) (b)

(c) (d)

Figure 4. Scatter plot of NCEP analysed UTH with Kalpana UTH for the month of (a) June, (b) July, (c) August and (d) September at 0600 UTC.

observed during night time in comparison to day time RMSD
error in the NCEP analysis with the Kalpana UTH, which is
higher in the month of July.

4.2. Sensitivity test

This sensitivity study forms a base to show an optimum selec-
tion of microphysics and cumulus parameterization schemes for
comparing model forecasted UTH fields with satellite derived
UTH. The sensitivity test is performed for short duration, and
a greater number of cases is required to find the generalized
physical option for the WRF model. For this study, a limited
sensitivity test has been performed for heavy rainfall case dur-
ing 3–9 August 2010. This period is considered as it covers
the extreme weather event as well as the normal weather con-
ditions. Therefore, it may be assumed that this sensitivity test
is valid for the whole period taken in this study. Nine diverse
combinations of three microphysics (MP; Kessler, Thompson
and WSM-3) and three different cumulus parameterization (CP;
BMJ, GRELL and KF) schemes are selected for the study.
Figure 5 shows that the nine different combinations of the
cumulus parameterization and microphysics options in which
24 h WRF model forecasts are compared with Kalpana UTH.
This preliminary sensitivity test shows that the Kessler micro-
physics and BMJ cumulus parameterization based experiments
produced higher RMSD (> 13%) during this period in compar-
ison to other experiments. The WSM-3 microphysics and KF
cumulus parameterization shows the minimum RMSD of ∼12%
out of all other tests but it has a slightly higher bias in com-
parison to the experiment when the Grell scheme is used. This
test is a limited case study and many diverse cases for many
years are required to arrive at any concrete conclusion. How-
ever, in this study, a suitable scheme on the basis of smallest

RMSD and higher correlation was selected (Table 1). There-
fore, the WSM-3 and KF schemes are used for microphysics
and cumulus parameterizations for further experiments.

4.3. Forecast comparison

In this section, the UTH computed from the WRF model
forecast when initialized from the NCEP analysis is validated
with the Kalpana UTH for synoptic hours (0000, 0600, 1200
and 1800 UTC). On the basis of the sensitivity test, KF cumulus
parameterization and WSM-3 microphysics schemes have been
chosen for all the experiments. Four daily forecast experiments
are performed during June to September (122 days), 2010. The
RMSD and biases are calculated separately at day and night
time to see the diurnal variations of the errors in forecast UTH.
The temporal distribution of daily and spatially average RMSD
and bias are calculated for model forecast UTH. Figure 6
shows the temporal distribution of bias and RMSD in 12 and
24 h forecast UTH. From Figure 6 it is evident that there
is a negative bias during the whole period except in July,
in which the bias is positive. It is also observed that for
most of the period the daytime bias in both 12 and 24 h
forecasts are smaller than the night time bias. The errors in
model forecast UTH are attributed to the uncertainties in initial
condition, parameterization and model errors. In the present
study, the error in model forecast UTH follows similar pattern
as observed in UTH derived from NCEP analysis. The impact
of uncertainties in initial conditions on NWP model forecast
is discussed by Rabier et al. (1996). The effect of departure
in NCEP analysis-derived UTH (Figure 3) are reflected in the
subsequent WRF model forecast for all simulation periods
(Figure 6). A negative bias is observed in the NCEP analysis
for June, August and September, which further intensifies
in subsequent 12 and 24 h forecasts for the same period.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 5. Scatter plot of 24 h forecasted UTH with Kalpana observed UTH for (a) Kesler and BMJ (b) Kesler and Grell (c) Kesler and KF
(d) Thompson and BMJ (e) Thompson and Grell (f) Thompson and KF (g) WSM and BMJ (h) WSM and Grell and (i) WSM and KF nine

different combinations of parameterization schemes at 0600 UTC.

Table 1. Error Statistics of 24-h UTH forecast.

WRF Physics BMJ CP GRELL CP KF CP

Kesler MP BIAS = −12.1% BIAS = −6.9% BIAS = −9.1%
RMSD = 18.6% RMSD = 14.7% RMSD = 15.7%
Corr = 0.77 Corr = 0.68 Corr = 0.74

THOMPSON MP BIAS = −4.4% BIAS = −2.6% BIAS = −4.4%
RMSD = 13.4% RMSD = 13.5% RMSD = 13.0%
Corr = 0.73 Corr = 0.67 Corr = 0.72

WSM-3 MP BIAS = −4.1% BIAS = −2.6% BIAS = −4.6%
RMSD = 13.0% RMSD = 13.0% RMSD = 12.7%
Corr = 0.76 Corr = 0.71 Corr = 0.77

Similarly, a positive bias for July contributes to a positive
bias in the 12 and 24 h forecasts. During the entire period
a smaller RMSD is observed in the day time (0600 UTC)
in comparison to night time (1800 UTC). For all days, the
RMSD of ∼12 and ∼13% were observed in 12 and 24 h
forecasts, respectively, which is ∼2% higher in July. In contrast
to the other months, night time RMSD is higher than the
daytime RMSD in July. The difference of RMSD for day
and nighttime forecast UTH is small for June, August and
September.

Figure 7 shows the scatter diagram of the monthly mean 24 h
model predicted and the Kalpana UTH during June–September
for the daytime comparison. The RMSD and bias of about 7
and −3.45% respectively are observed in the 24 h forecast
UTH (Figure 7(a)) for June and shows a 95% correlation
with the Kalpana UTH. In July (Figure 7(b)) and August

(Figure 7(c)) the RMSD in forecast UTH has increased by
∼1% in comparison to that of June. In September (Figure 7(d))
the RMSD in forecast UTH has reduced with withdrawal of
summer monsoon. The RMSD of ∼8% is observed during night
time, which is higher in July (∼10%).

5. Conclusion

In the present study, the upper tropospheric humidity (UTH)
derived from the Indian geostationary satellite Kalpana is used
for the diagnostic study of the WRF model forecast over
the Indian domain and also to evaluate the quality of the
initial condition that is taken from the NCEP analysis. The
UTH computed from the NCEP analysis and WRF model
forecast is compared with the Kalpana UTH for the months of
June–September 2010, a normal monsoon year. The spatial and
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Figure 6. Temporal distribution of Bias and RMSD for 12 and 24 h predicted UTH valid at 0600 and 1800 UTC during June–September.

temporal variation in NCEP UTH and Kalpana UTH matches
very well and show the same features. The same pattern shown
in Kalpana UTH and NCEP UTH proves that the NCEP
analysed fields are able to capture the low and high moisture
regions in the upper troposphere. However, the NCEP UTH
has some bias with respect to Kalpana UTH which is higher
in July. The bias and root-mean-square-difference (RMSD)
is not constant spatially but both the NCEP analysed and
model forecast UTH underestimate in the convective regions,
whereas they overestimate in other regions compared to the
Kalpana UTH. As expected, the bias and RMSD increased in
model forecast UTH in comparison to NCEP analysed UTH.
The sensitivity analysis of the model gave an insight to use
the WSM-3 microphysics and KF cumulus parameterization

schemes over Indian region for short term moisture forecast.
The model forecast UTH is generated by using the same
parameterization scheme and NCEP analysed fields as initial
conditions. The Weather Research and Forecasting (WRF)
mesoscale model forecast UTH also follows the similar spatial
and temporal distribution as captured by the NCEP analysis,
but with a higher RMSD and bias.
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Figure 7. Scatter plot of 24 h forecasted UTH with Kalpana UTH for the month of (a) June, (b) July, (c) August and (d) September at 0600 UTC.
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