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Tl & o 38 Alse qaIAT H T &TAdT § T dlcehlicies Aol Siisel & Tg Y83 &R T Fal# oot o fow
YT TR ST TehelT & TG Tohd QATET UF & 3UTER H U AT |

ABSTRACT. The forecast for 655 districts and 6500 blocks had been prepared and implemented on 1* June, 2014.
The procedure for getting forecast for the districts and blocks in India including altitude corrections is based upon
regular (0.25 x 0.25) grid output from the T-574 Model and output from 9 km WRF model. A verification study for
rainfall forecast at 0.25 x 0.25 degree grid for Indian Window (0-40° N and 60-100° N) is also conducted, which had
indicated that skill of the rainfall forecast is good for all parts of the country except oceanic islands and high terrain
regions and one can down scale to any level, down to the blocks, the skill scores will not differ much. A detailed
verification study for the skill of the forecast at block level for all the eight weather parameters for which the forecast was
issued is conducted. The skill of the rainfall forecast is obtained for categorical forecast and as well as for yes/no forecast.
The skill scores for rainfall had indicated that highest value of Hanssen and Kuiper (HK) score is 0.44, Hanssen and
Kuiper score for quantitative rainfall (HKQ) is 0.18, Ratio score for yes/no forecast is 90 percent and Hit rate (HR) is
0.83. The detailed verification study for the block level weather forecast for monsoon 2014 is presented in the paper and
the skill found is good. The study indicates that model forecast has the potential to be used for the block level forecast
after making the quick value additions for which hints are given in the conclusion part.

Key words — Blocks, Block level weather forecast, T-574, WRF, Skill scores, Quick, Value addition.

in quantitative terms. Hence the work was
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initiated to

Historically, a weather forecast in India was mainly
issued in qualitative terms with the use of conventional
methods assisted by satellite data and synoptic
information for the location of interest. These forecasts
were subjective and could not be used for risk assessment

(23)

develop an objective medium range local weather
forecasting system in India in 1988 at the National Centre
for Medium Range Weather Forecasting (NCMRWF).
An R-40 general circulation model with a resolution of
2.8° x 1.8° was installed for this purpose in 1989 and a
T-80 general circulation model with a higher resolution of
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1.5° x 1.5° was made operational in 1993. In 2002, a
T-170 general circulation model with a still higher
resolution 0.7° x 0.7° was made experimentally
operational. In 2007, a T-254 general circulation model
with a much higher resolution 0.5° x 0.5° has been made
operational (Ashok Kumar et. al., Ph.D Thesis, 2010).
Later on T-382 with a higher resolution of 0.3° x 0.3°
was implemented and then T-574 with a much higher
resolution of 0.2° x 0.2° was implemented both at
NCMRWEF and India Meteorological Department (IMD).
At present T-574, a higher resolution model is being used
for the operational forecast at IMD and in the present
study output from this model along with the output from
WREF, a 9 km horizontal resolution model, is used.

An objective forecast is a forecast which does not
depend on the subjective judgment of the person issuing
it. Strictly speaking, an objective forecasting system is one
which can produce one and only one forecast from a
specific set of data. The objective forecast for the eight
surface weather parameters, Vviz., Rainfall, Cloud amount,
Maximum  Temperature, Minimum  Temperature,
Maximum Relative Humidity, Minimum Relative
Humidity, Wind Speed and Wind Direction is directly
obtained from the general circulation model T-574
operational at IMD for six days and also from the regional
model WRF for first three days. One day is used for
running the model and obtaining the weather forecast and
then the forecast for five days (2™ to 6™ day forecast) is
issued every day for all the eight weather parameters, out
of which first two days weather forecast is taken from
WRF model except for rainfall and cloud amount, which
is from T-574 model for all the five days. This hybrid
forecast is used for generating the block level weather
forecast, as the forecast from WRF model had been found
to be better for all the weather parameters except for
rainfall and cloud amount.

There had been great demand from agriculture
scientists and farmers for the weather forecast at sub-
district scale that is block level or even up to village level.
In this direction India Meteorological Department had
taken a step forward. The work on block level weather
forecast was started in April, 2012. The details about the
data used, methodology followed in forecast generation
and its verification, the results and discussion and
conclusion are explained in the following sections.

2. Data
2.1. Basic data about the blocks in India
In India there are 6648 blocks and 655 districts.

First, the list of all the districts and blocks had been
retrieved from Panchayati Raj Ministry’s website after

discussing with them. The web site is : panchayat.gov.in.
Now this information is available in the website:
lgdirectory.gov.in. Latitude, Longitude and altitude for
655 districts and 6500 blocks out of 6648 blocks in India
are recorded from the standard world web sites. This basic
data is used for generating the weather forecast for the
blocks in India.

2.2. The forecast output from NWP models

For getting the forecast at all the 6500 blocks, the
output from the T-574 and WRF models is used. First the
outputs are obtained for the Indian window (0-40° N and
60-100° E) and then the forecast is obtained for the eight
weather parameters by downscaling the weather forecast
explained in the methodology followed. The basic data
about the two models used for generating the weather
forecast is given in the following sections.

2.2.1. T-574 model

The NCEP GFS run at IMD is a primitive equation
spectral global model with state of art dynamics and
physics (Kanamitsu, 1989; Kalnay et al., 1990;
Kanamitsu, et al., 1991; Moorthi et al., 2001, Durai et al.,
2010; Saha et al., 2010). This GFS model is conforming
to a dynamical framework known as the Earth System
Modeling Framework (ESMF) and its code was
restructured to have many options for updated dynamics
and physics. Details about the GFS Model are available at
http://www.emc.ncep.noaa.gov/GFS/doc.php. The GFS
T574L64 (~25 km in horizontal over the tropics), adopted
from National Centre for Environmental Prediction
(NCEP), was implemented at IMD, New Delhi on IBM
based High Power Computing Systems (HPCS; Durai
et al., 2011). The assimilation system (for GFS T574) is a
global 3-dimensional variational technique, based on
NCEP Grid Point Statistical Interpolation (GSI 3.0.0;
Kleist et al., 2009) scheme, which is the next generation
of Spectral Statistical Interpolation (SSI; David et al.,
1992). The details about model physics and dynamics are
discussed in the recent study by Durai and Roy Bhowmik,
(2013). The major changes incorporated in T574 GDAS
compared to T382 GDAS are : use of variational quality
control, flow dependent re-weighting of background error
statistics, use of new version of Community Radiative
Transfer Model (CRTM 2.0.2), improved TC relocation
algorithm, changes in the land, snow and ice skin
temperature and use of some new observations in the
assimilation cycle.

In the operational mode, the Global Data
Assimilation (GDAS) cycle runs 4 times a day
(0000 UTC, 0600 UTC, 1200 UTC and 1800 UTC). The
analysis and forecast for seven days are performed using
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the HPCS installed in IMD Delhi. One GDAS cycle and
seven days forecast (0 -168 hour) at T382L64 (~ 35 km in
horizontal over the tropics) takes about 30 minutes on
IBM Power 6 (P6) machine using 20 nodes with 7 tasks
(7 processors) per node, while the same for GFS T574
(~ 25 km in horizontal over the tropics) is approximately 1
hour 40 minutes. Details of data presently being processed
for GFS at IMD are available at http://www.imd.
gov.in/section/nhac/dynamic/ data_coverage.pdf .

2.2.2. WRF model

ARW (Advanced Research WRF) version of WRF
model, developed by National Center for Atmospheric
Research (NCAR), USA, is widely used in IMD for day-
to-day forecasting over Indian region. The whole
mesoscale modeling system in IMD is also consisting of
assimilation component WRF Data  Assimilation
(WRFDA). This is a unified variational data assimilation
system built within the software framework of the
WRF-ARW model, used for application in both research
and operational environments (WRF ARW Version 3.4
Modeling System Users’s Guide 2012). The “cold-start”
mode of assimilation at each specified time is presently
adopted for WRFDA system to yield mesoscale
analysis. The processed observational data from
different sources are assimilated in mesoscale analysis
system WRFDA to improve the first guess attained from
the global analysis generated from operational global
data assimilation system (GDAS). The WRFDA
background error covariance for a month is estimated
through the National Meteorological Center (NMC)
method, which utilized WRF model forecasts generated
during the specified month of previous year. The
observational data from GTS and other local data
(Automatic Weather Station and Pilot observations)
after decoding and quality control has been pre-
processed to create PREPBUFR files (in NCEP-BUFR
format) which is used as an input to WRFDA system.
Observations are accumulated within £3 hour time-
window from a specific hour to generate corresponding
PREPBUFR file. In the assimilation system, available
observations (except satellite radiances as those are
already assimilated in GDAS) over a domain (23° S
to 46° N; 40° E to 120° E; covering region of Delhi
RSMC - Regional Specialized Meteorological Center)
are ingested to create improved mesoscale analysis.

Data assimilation is done only in mother domain
with 9 km horizontal resolution and 45 vertical eta
levels. Using mesoscale analysis as its initial condition,
twice daily at 0000 and 1200 UTC, WRF-ARW model
has been integrated for 75 hours. The boundary
condition from global forecasts generated by GFS
(Global Forecasting System) in IMD has been suitably

updated to get a consistency with mesoscale analysis.
The model forecasts during the summer monsoon season
over the region have been verified rigorously following
the recommendation of WWRP/WGNE (World Weather
Research Programme/Working Group of Numerical
Experimentation; WMO, 2008). The performance
verification of the WRF forecasts has been carried out in
the annual reports of monsoon published in IMD from the
year 2010 to 2014 (Das et al., 2011; Pattanaik et al., 2012;
Roy Bhowmik et al., 2013; Rama Rao et al., 2015). The
verification practice in IMD using continuous and
categorical scores within a framework of neighbourhood
technique has limitation in evaluating model performance
at higher resolution (Hogan et al., 2010). Therefore,
recently Das et al. (2014, 2015) evaluated model forecasts
using object oriented verification technique contiguous
rain area (CRA) method and found out that the forecast
error has large contribution from displacement compared
to pattern and volume errors.

3.  Methodology

3.1. Skill of rainfall forecast over Indian window
(0-40° N and 60-100° E)

The observed and forecasted rainfall values (from
GFS T-574 output) at the regular grid of 0.25 x 0.25
degree resolution for Indian window 0-40° N and
60-100° E, were verified. For this two scores, Viz., Ratio
score and Hanssen and Kuiper’s score was calculated for
yes/no rainfall and two scores, viz., Hit rate (HR) and
Hanssen and Kuiper’s score quantitative precipitation
(HKQ) was calculated for rainfall amounts for monsoon
season 2014.

3.2. Downscaling procedure

Rainfall and cloud amount forecast was provided by
using 25 km resolution general circulation model, GCM
(T-574 model) for six days that is five forecast days.
Forecast for other weather parameters up to 3-days (two
forecast days) was provided by using the 9 km WRF
model. Forecast for other weather parameters for day-3,
day-4 and day-5 was provided by using 25 km resolution
GCM (T-574) model.

As for obtaining the forecast value of a weather
parameter from the regular grid points the four points
surrounding the station are considered. As the forecasts
are obtained at regular grids and not at a particular
location, hence forecast at a specific location is to use the
interpolated value from the four grid points surrounding it.
But if the location is very near to a grid point, then the
forecast at that grid point can also be taken as the forecast
for the location. In order to decide as to which forecast
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Fig. 1. Skill Scores for fall day1 rain forecast over Indian region during summer monsoon season

among the two should be considered for a location,
it is necessary to know the distance of the location
from the four grid points surrounding it. If the distance of
the location from the nearest grid is less than one
fourth  of the diagonal distance between any two
grid points, then forecast given is for nearest grid
forecast values otherwise the interpolated value is
considered as explained below Fig. 1 (Ashok Kumar
et. al., 2000). This procedure is followed for T-574 model
forecast and the average for four point surrounding the
station is taken for WRF model as this is very high
resolution that is 9 km x 9 km.

It is hereby mentioned that as the district boundaries
are available, hence the average of the forecasts at the grid
point falling with in the district boundaries are used for
obtaining the district level forecast from GFS T-574

model output. Although the districts falling in the high
terrain regions and all the block level forecasts are based
upon the above mentioned technique.

Weather Forecasts are given for the eight weather
parameters Rainfall (mm), Maximum Temperature (°C),
Minimum Temperature (°C), Total cloud cover (Octa),
Maximum and Minimum Relative Humidity (%) and
Wind Speed (kmph) and direction.

3.3. Forecast verification procedures
3.3.1. Skill scores used for verification
The standard skill scores are used for rainfall and

other weather parameters for verification study (Murphy
and Katz, 1985).
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Fig. 2. Skill scores for fall day3 rain forecast over Indian region during summer monsoon season
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Fig. 3. Skill scores for fall day5 rain forecast over Indian region during summer monsoon season
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3.3.2. Error structure for different variables

Parameter error structure

Rainfall if observed r/f is out by

Correct:-

Diff <2.5 mm for < 10 mm

Diff < 25% of observed for > 10 mm

Usable:-

2.5 mm < Diff <5 mm for < 10 mm

25% of observed < Diff < 50% of
observed for > 10 mm

Unusable:-
Diff > 5 mm for < 10 mm
Diff > 50% of observed for > 10 mm

for observed maximum or minimum
temperature

Temperature

+ 1 °C correct
+ 2 °C usable
>+ 2 °C incorrect

Relative
humidity

+ 10% correct
+-20% usable
>+ 20% incorrect

Wind direction + 30 degree correct

+ 40 degree usable

>+ 40 degree incorrect
Wind speed  + 2 m/s correct
+-4 m/s usable
>+ 4 m/s incorrect
Cloud cover  + 2 octa correct
+ 3 octa usable
>+ 3 octa incorrect

4. Results and discussion

4.1. Skill of rainfall forecast over Indian window
(0-40° N and 60-100° E)

The observed and forecasted rainfall values(from
GFS T-574 output) at the regular grid of 0.25 x 0.25
degree resolution for Indian window 0-40° N and 60-
100° E were considered and skill scores are calculated for
the above mentioned Indian Window. For this Ratio score
and Hanssen and Kuiper’s score was calculated for yes/no
rainfall and Hit rate (HR) and Hanssen and Kuiper’s score
quantitative precipitation (HKQ) was calculated for

rainfall amounts for monsoon season 2014. These scores
are plotted as Fig. 1 to Fig. 3 for Day-1, Day-3 and Day-5.
The scores are good the highest value of Hanssen and
Kuiper (HK) score is 0.44, Hanssen and Kuiper score for
quantitative rainfall (HKQ) is 0.18, Ratio score for yes/no
forecast is 90 percent and Hit rate (HR) is 0.83.The skill
of the rainfall forecast was found to be good for all parts
of the country except oceanic islands and high terrain
regions and hence one can down scale to any level, down
to the blocks, the scores found are good.

4.2. Verification for block level weather forecast

The verification study is conducted for all the blocks
for which data was readily available from the 30 states
and from the remaining five states no data at block level
could be obtained. The skill for rainfall (Yes/No) rainfall
forecast, cloud amount, Maximum relative humidity and
wind speed are good for almost all the states and almost
no human intervention is required for the improving the
forecast. But for the remaining weather parameters the
human intervention that is the quick value addition for
improving the skill of the forecast is required for
improving the skill for some of the states. The detail about
the quick value addition and scope for improvement is
given in conclusion part of the paper.

The detail about the skill scores (Table 1 to 10)
found are given in the following paragraphs;

Rainfall

Day 1 : RS : The forecast for yes/no rainfall is
having high skill score (60 — 90.5%) over all the states.
HK : HK is also good (0.07-0.44) over all the states except
2 states. POD : All the states are having very high (0.60-1)
POD. FAR : Except 7 states the remaining states have
very less (0.06-0.42) False alarm rate.

Day 3 : RS : The forecast for yes/no rainfall is
having high skill score (58 — 91.1%) over all the states.
HK: HK is also good (0.07-0.44) over all the states except
2 states. POD : All the states are having very high (0.60-1)
POD except Delhi (0.44). FAR : Except 7 states, the
remaining states have very less (0.06-0.42) False alarm
rate.

Day 5 : RS : The forecast for yes/no rainfall is
having high skill score (60 — 91.1%) over all the states,
but on 5 states RS is less (RS<58). HK : HK is also less
on 5 states, the remaining states HK is good (0.04-0.40).
POD: All the states are having very high (0.50-1) POD
except 3 states. FAR : Here 8 states having high FAR, the
remaining states have very less (0.06-0.42) False alarm
rate.
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TABLE 1

Skill score for rainfall

DAY-1 DAY-3 DAY-5
S. No. States

RS HK POD  FAR RS HK  POD FAR RS HK  POD FAR
1. And. and Nico. Islands 70.33  0.06 0.97 029 7033 006 097 029 7033 006 0.96 0.3
2. Andhra Pradesh 63.16  0.28 0.67 049 5956 017 054 052 5598 0.13 057 053
3. Arunachal Pradesh 7544  0.13 0.96 024 7632 0.11 098 023 7544 008 098 0.24
4.  Assam 66.46 021 0.84 027 6321 014 082 030 6146 0.07 083 032
5. Bihar 65.80  0.32 0.79 039 6189 024 080 042 56.18 0.10 0.81 0.47
6.  Chhattisgarh 71.11 0.33 0.81 027 6353 019 0.69 032 6758 026 076 0.29
7.  Delhi 65.59  0.28 0.61 061 6516 016 044 064 6331 0.12 041 0.67
8.  Goa 90.58 041 0.96 006 88.64 044 094 007 8794 030 096 0.09
9.  Gujarat 69.13 044 0.87 047  66.86 041 086 049 66.53 040 085 047
10. Haryana 7235 037 0.63 0.61 7632 037 057 056 7070 0.13 036  0.69
11.  Himachal Pradesh 65.9 0.32 0.64 034 6680 036 072 035 6526 0.23 0.73 0.4
12. Jammu and Kashmir 63.67 030 0.72 051 6478 026 058 049 5738 0.14 058  0.56
13.  Jharkhand 66.21 0.31 0.81 036 5892 017 0.74 041 5606 0.12 074 043
14.  Karnataka 7253 026 0.83 0.29 71.6 021 0.80 0.3 7083 020 079 0.31
15. Kerala 81.48  0.26 0.91 0.14 7637 0.13 086  0.17 78.02 0.2l 086  0.15
16. Lakshadweep 67.99  0.07 0.94 030 7046 0.14 096 029 6515 004 0091 0.32
17.  Madhya Pradesh 69.8 0.41 0.77 039 68.06 036 0.71 040 6631 032 0.68 042
18.  Maharashtra 71.56 034 0.83 032 6884 029 079 035 69.1 027 076 0.34
19. Meghalaya 77.63  0.07 0.89 0.14 7587 016 0.85 0.12 77.63 0.04 0.9 0.14
20.  Mizoram 78.95 0 1 021 7456 -.06 094 022 79.82 0.02 098 0.19
21. Nagaland 67.53 0 1 032 70.13 0.04 1 0.3 6795 0.02 098  0.32
22.  Odisha 67.18  0.20 0.92 033 6645 019 091 033 6480 014 093 035
23.  Punjab 7278  0.39 0.62 056 7048 037 0.64 057 6754 025 053 0.63
24.  Rajasthan 76.8 0.44 0.67 051 7644 040 0.62 052 7487 026 044 0.54
25.  Sikkim 88.39 0.88 0 91.07 0.91 0 94.69 0.95 0
26. Tamil Nadu 69.04 0.3 0.60 063 6403 016 052 070 6176 0.18 059  0.69
27. Tripura 68.86  0.11 0.83 022 6754 0.12 0.8 023 63.15 004 076 0.25
28.  Uttarakhand 6545 036 0.74 033 6544 033 0.83 037 650 031 0.81 0.37
29.  Uttar Pradesh 61.83 037 0.88 054 6048 034 086 055 5677 0.288 0.86 0.58
30.  West Bengal 69.66 022 0.93 030 66.62 0.14 0091 032 6503 0.08 094 034

Note : RS : Ratio Score ; HK: Hanssen and Kuiper score

Quantitative rainfall verification

Day 1 : HR : Hit rate is less over Meghalaya (0.45)
the remaining states having very high (0.5-0.83) HR.
HKQ : Here HKQ is less over 4 states, the remaining
states HKQ is high (0.02-0.17). Usable & Unusable: Here

9 states are unusable (i.e., unusable > 50) and the
remaining 21 states are usable (i.e., unusable < 50).

Day 3 : HR : Except 4 states the remaining 26 states
having very high (0.5-0.83) HR. HKQ : Here HKQ is less
on 3 states, the remaining 27 states have high (0.02-0.17)
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TABLE 2

Skill score for rainfall

DAY-1 DAY-3 DAY-5
S. No. States

HR HKQ HR HKQ HR HKQ
1. And. and Nico. Islands 0.55 0.02 0.56 0.02 0.54 0.01
2. Andhra Pradesh 0.58 0.10 0.57 0.07 0.53 0.05
3. Arunachal Pradesh 0.5 0.11 0.45 0.08 0.42 0.06
4. Assam 0.56 0.09 0.51 0.05 0.48 0.03
5. Bihar 0.59 0.14 0.55 0.10 0.49 0.05
6. Chhattisgarh 0.60 0.14 0.54 0.07 0.56 0.11
7.  Delhi 0.62 0.09 0.62 0.04 0.63 0.05
8.  Goa 0.49 0.14 0.42 0.08 0.41 0.03
9. Gujarat 0.63 0.18 0.59 0.14 0.61 0.15
10. Haryana 0.7 0.10 0.74 0.10 0.69 0.04
11. Himachal Pradesh 0.58 0.13 0.58 0.14 0.58 0.08
12.  Jammu and Kashmir 0.59 0.11 0.59 0.09 0.53 0.06
13.  Jharkhand 0.59 0.13 0.54 0.08 0.52 0.07
14.  Karnataka 0.57 0.10 0.55 0.09 0.55 0.07
15. Kerala 0.56 0.11 0.48 0.05 0.52 0.07
16. Lakshadweep 0.60 0.03 0.63 0.06 0.57 0.01
17.  Madhya Pradesh 0.62 0.17 0.62 0.15 0.60 0.13
18.  Maharashtra 0.57 0.14 0.54 0.11 0.56 0.11
19. Meghalaya 0.45 -0.01 0.46 0.00 0.46 0.01
20. Mizoram 0.66 0 0.6 -0.03 0.65 -.01
21. Nagaland 0.58 0.01 0.62 0.02 0.64 0.04
22.  Odisha 0.55 0.08 0.55 0.08 0.53 0.06
23. Punjab 0.70 0.12 0.67 0.11 0.66 0.09
24. Rajasthan 0.73 0.15 0.73 0.13 0.72 0.09
25.  Sikkim 0.83 0 0.83 0 0.88 0
26. Tamil Nadu 0.67 0.08 0.62 0.04 0.60 0.04
27. Tripura 0.59 0.06 0.57 0.04 0.52 0.01
28. Uttarakhand 0.59 0.16 0.57 0.13 0.54 0.11
29.  Uttar Pradesh 0.57 0.14 0.56 0.13 0.52 0.10
30.  West Bengal 0.5 0.09 0.55 0.05 0.53 0.03

Note : HR : Hit rate for quantity of rainfall (0-0.1, 0.1-35, 35-125,>125 mm); HKQ : Hanssen and Kuiper’s score for quatity of rainfall

HKQ. Usable & Unusable :
remaining 20 states are usable.

10 states are unusable the

Day 5 : HR : Hit rate is less on 4 states, the
remaining 26 states having very high (0.5-0.88) HR.
HKQ : All the states have good (0.02-0.13) HKQ, except
5 states. Usable & Unusable : Except 13 states, remaining
17 states are usable.

Maximum temperature

Day 1 : Correlation : we can find positive correlation
over all the states, but 8 states having less correlation,
i.e., corr < 0.5 the remaining states are having high
(corr > 0.5) correlation. RMSE : 23 states are having
less RMSE < 3 and 7 states having high
RMSE > 3. Usable & Unusable: we got 11 states unusable
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TABLE 3

Skill score for rainfall

DAY-1 DAY-3 DAY-5
S. No. States
CR usS UN CR (SN UN CR us UN
1. And. and Nico. Islands 19.77 21 59.22 19.25 15.35 65.40 17.11 18.18 64.70
2. Andhra Pradesh 60.24 13.48 26.26 61.86 13.71 24.42 58.57 13.82 27.60
3. Arunachal Pradesh 16.67 19.3 64.04 14.91 8.77 76.32 12.28 11.4 76.32
4. Assam 31.46 16.06 52.47 27.31 17.34 55.34 26.88 14.16 58.95
5. Bihar 45.35 11.92 42.72 38.39 13.60 47.99 32.84 14.63 52.51
6.  Chhattisgarh 40.26 11.79 47.93 40.00 16.21 43.71 35.52 13.33 51.14
7. Delhi 67.46 11.27 21.26 66.55 9.015 24.44 67.44 9.025 23.53
8. Goa 27.19 15.75 57.06 24.26 11.74 63.99 21.13 12.64 66.22
9. Gujarat 67.07 9.56 23.35 65.37 8.696 25.92 70.86 7.67 21.45
10. Haryana 72.95 8.10 18.94 73.33 7.80 18.86 73.39 6.57 20.03
11. Himachal Pradesh 53.23 13.25 33.51 49.57 12.29 38.13 44.45 13.38 42.16
12. Jammu and Kashmir 67.53 12.22 20.23 68.21 10.64 21.13 63.94 11.85 242
13.  Jharkhand 45.89 15.53 38.57 44.03 16.25 39.71 35.94 15.66 48.39
14. Karnataka 44.60 17.06 38.32 46.00 16.31 37.68 45.88 17.12 36.99
15. Kerala 28.95 15.96 55.08 23.59 15.83 60.56 25.36 14.55 60.08
16. Lakshadweep 31.34 26.06 42.59 28.29 24.77 46.92 27.46 23.29 49.24
17. Madhya Pradesh 56.31 12.70 30.97 56.87 11.90 31.21 57.14 11.47 31.37
18.  Maharashtra 43.87 15.71 40.41 44.7 13.56 41.73 43.36 14.04 42.59
19. Meghalaya 14.03 13.15 72.80 14.47 14.03 71.49 14.47 12.28 73.24
20. Mizoram 19.3 22.81 57.89 15.79 32.46 51.75 21.05 22.81 56.14
21. Nagaland 15.58 15.58 68.83 16.88 20.78 62.34 19.23 20.51 60.26
22. Odisha 36.93 14.69 48.37 34.79 13.09 52.10 3111 15.69 53.18
23. Punjab 74.86 8.62 16.51 73.41 8.68 17.90 71.67 8.09 20.23
24. Rajasthan 70.89 7.74 21.366 72.87 8.05 19.07 75.93 6.48 17.58
25.  Sikkim 0.89 5.36 93.75 2.68 6.25 91.07 9.73 11.5 78.76
26. Tamil Nadu 72.15 11.21 16.63 68.99 12.55 18.44 68.01 12.55 19.43
27. Tripura 30.7 19.73 49.56 36.40 13.59 50 32.02 14.91 53.07
28. Uttarakhand 52.2 13.78 34.01 45.56 14.62 39.82 35.42 15.92 48.65
29. Uttar Pradesh 62.71 10.29 26.98 61.55 9.96 28.48 55.69 11.31 32.99
30. West Bengal 37.87 15.82 46.29 37.52 15.15 47.32 35.14 14.49 50.36
Note : CR: Correct; US : Usable; UN : Unusable
(i.e., unusable > 50%) and 19 states are usable & Unusable: we got 19 states unusable, i.e.,> 50% and 11

(i.e., unusable < 50%).

Day 3 : Correlation : we can find positive correlation
over all the states, but 10 states have less correlation,
i.e., corr < 0.5, the remaining states are having high
(corr > 0.5) correlation. RMSE : 14 states are having less
RMSE < 3 and 16 states having high RMSE > 3. Usable

states are usable (i.e., unusable < 50%).

Day 5 : Correlation : we can find positive correlation
over all the states. 12 states have corr < 0.5 the
remaining18 states are having high (corr > 0.5)
correlation. RMSE: 11 states are having less RMSE < 3
and 19 states having high RMSE > 3. Usable and
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TABLE 4
Skill scores for cloud amount
DAY-1 DAY-3 DAY-5
S. No. States
Corr. rmse CR (SN UN Corr. rmse CR usS UN Corr. rmse CR (SN UN

1. And. and Nico. Islands  0.14 1.63 8.1 7.71 3.11 0.05 1.62 88.07 8802 3.12 0.11 1.63 8834 856 3.09
2. Andhra Pradesh 021 1.81 8421 875 7.03 0.15 2.09 7720 13.06 9.72 021 198 80.65 9.99 935
3. Arunachal Pradesh 043 204 7544 1491 9.65 036 2.15 7281 16.67 1053 039 221 7193 1491 13.16
4. Assam 020 239 7130 1273 1596 0.18 236 71.72 1277 1549 0.17 245 69.65 13.14 17.19
5. Bihar 042 192 81.17 11.16 7.66 041 1.88 8357 943 699 043 19 8282 878 839
6. Chhattisgarh 021 2.04 100 0 0 023 224 100 0 0 024 226 100 0 0
7. Delhi 0.40 2.78 62.03 1574 2222 046 292 6574 125 2176 044 294 6697 11.01 22.02
8. Goa 0.21 1.5 9364 273 364 0.14 178 8991 459 55 028 1.73 8624 1193 1.83
9. Gujarat 0.44 220 7326 1532 1141 044 226 7194 16.05 1199 049 229 7037 1521 144
10. Haryana 035 272 60.67 19.11 2021 039 277 639 1431 2171 032 287 62.86 1442 22.71
11. Himachal Pradesh 035 3.15 5920 1438 264 034 3.15 59.80 12.67 27.53 0.27 3.13 6087 14.99 24.1
12. Jammu and Kashmir 0.16 246 06486 1851 1662 0.16 244 67.86 1468 1745 0.19 248 66.76 16.09 17.14
13. Jharkhand 034 192 8366 863 7.7 039 196 8324 9.505 7.255 038 2.00 80.19 11.25 8.55
14. Karnataka 0.15 213 7925 8.04 12,69 0.10 2.14 79.55 857 11.87 0.11 219 7826 879 1294
15. Kerala 0.18 1.57 88.10 9.123 276 0.07 1.70 87.39 8211° 439 0.06 1.79 8470 9.61 5.68
16. Lakshadweep 0.31 1.64 87.12 9.2 3.68 024 1.78 8345 1241 4.13 028 1.81 8541 821 6.38
17. Madhya Pradesh 037 237 7182 137 1447 037 248 69.98 1484 15.17 043 245 7001 15.05 14.9
18. Mabharashtra 026 236 7350 1031 16.17 028 237 7327 11.10 15.61 031 240 7259 11.02 16.38
19. Meghalaya 024 1.57 88.18 1044 137 0.12 179 8695 738 566 0.10 1.74 8479 1051 4.70
20. Mizoram 034 135 9286 625 089 02 138 9554 268 179 026 127 9286 6.25 0.89
21. Nagaland 0.07 238 7083 833 20.83 0.18 237 6421 17.89 433 0 247 6458 13.54 21.88
22. Odisha 029 230 73.60 1428 12.11 028 227 7393 1473 1132 031 224 31.11 1569 53.18
23. Punjab 040 275 61.61 17.04 2135 047 2.66 6540 1234 2225 037 289 60.13 16.55 23.31
24. Rajasthan 049 250 6846 1542 16.10 048 2.63 6531 1489 19.79 049 267 6514 15.09 19.75
25. Sikkim -0.08 329 54.17 1354 3229 -0.14 328 5833 19.79 21.88 0.06 294 66.67 11.43 21.88
26. Tamil Nadu 0.11 210 77.16 12.78 10.04 0.09 2.12 76.59 13.16 1024 0.01 2.19 7455 14.18 11.26
27. Tripura 035 146 9210 526 263 025 159 89.03 833 263 030 145 8991 877 131
28. Uttarakhand 040 328 5576 1735 2688 042 294 6442 1370 21.87 042 292 67.00 12.21 20.79
29. Uttar Pradesh 035 265 5463 2922 16.13 032 276 5510 27 17.89 039 278 5569 11.31 32.99
30. West Bengal 025 2.09 7638 14.60 9.00 025 211 7514 1567 9.17 029 203 7745 1432 822

Note : Corr. : Correlation ; rmse : Root Mean Square Error ; CR : Correct ; US : Usable ; UN : Unusable

Unusable : we got unusable on 19 states (unusable, RMSE < 3 and 7 states having high RMSE > 3. Usable &

i.e., > 50%) and usable (i.e., unusable < 50%) on 11 states.
Minimum temperature
Day 1 : Correlation: 14 states have less correlation i.e.,

corr < 0.5 the remaining 16 states are having high
(corr > 0.5) correlation. RMSE : 23 states are having less

Unusable : we got 8 states unusable (i.e., unusable
> 50%) and the remaining 22 states are usable
(i.e., unusable < 50%).

Day 3 : Correlation: 14 states have less correlation
i.e., corr < 0.5 the remaining 16 states are having high
(corr > 0.5) correlation. RMSE: 20 states are having less
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TABLE 5
Skill scores for T-max
DAY-1 DAY-3 DAY-5
S. No. States

Corr. rmse CR (SN UN Corr. mmse CR usS UN Corr. rmse CR (SN UN

1. And. and Nico. Islands ~ 0.18 2.35 26.18 21.76 52.04 0.20 247 24.61 2327 5211 0.14 252 24.07 22.10 53.81
2. Andhra Pradesh 074 263 3128 2532 4339 0.70 2.81 3125 2572 43.05 0.59 3.08 29.67 2351 46.81
3. Arunachal Pradesh 065 399 1579 13.16 7105 0.6 3.52 27.19 1842 5439 05 434 21.05 20.18 58.77
4. Assam 046 253 3350 2398 4250 046 3.73 1940 19.04 61.54 035 396 21.63 1795 60.40
5. Bihar 0.55 327 2375 2655 49.69 054 4.68 2120 1547 6332 051 434 1821 2295 58.83
6. Chhattisgarh 0.80 3.54 2794 21.18 50.87 0.70 296 20.16 14.83 65.00 0.65 4.51 19.65 1731 63.02
7. Delhi 091 2.04 4321 29.09 27.68 0.87 2.55 31.11 30.94 3794 0.83 2.63 3335 24.14 4249
8. Goa 062 25 2281 16.67 60.53 0.68 24 20.18 1491 6491 0.55 243 193 16.67 64.04
9. Gujarat 0.77 240 3350 27.07 3942 0.71 2.77 26.81 24.62 4855 0.65 2.88 2498 21.77 53.23
10. Haryana 088 273 284 2784 4375 0.81 342 299 18.01 52.08 0.80 335 2551 1758 56.9
11. Himachal Pradesh 0.68 3.52 19.00 19.01 6198 0.72 435 17.17 1146 7135 0.67 456 1629 10.80 72.89
12. Jammu and Kashmir 0.67 472 637 1158 82.04 047 6.85 8.065 7.577 8435 044 7.15 767 8.64 83.68
13. Jharkhand 0.81 2.13 5339 1579 30.80 0.76 3.77 1396 11.83 74.19 0.68 4.05 1297 11.78 7523
14. Karnataka 0.64 252 2931 2446 4620 0.67 2.63 26.64 2485 4850 0.56 2.70 26.25 2437 49.36
15. Kerala 034 285 1933 2352 57.14 048 3.01 1532 16.02 68.65 0.40 3.11 14.44 1494 70.61
16. Lakshadweep 028 299 731 1871 7397 028 299 643 19.88 73.68 0.25 3 6.72  19.59 73.68
17. Madhya Pradesh 0.89 249 4027 2493 3478 0.84 296 3356 2626 40.17 0.80 3.07 31.58 24.78 43.62
18. Maharashtra 0.74 3.04 27.62 22.69 49.67 0.72 323 2392 2039 5567 0.77 334 2446 2048 5504
19. Meghalaya 033 283 1447 1535 70.17 040 225 3508 30.26 34.64 030 2.69 3245 2631 4123
20. Mizoram 041 3.19 13.16 13.16 73.68 027 3.37 1491 17.54 6754 03 341 14.04 16.67 693
21. Nagaland 049 1.89 3571 3482 2946 0.66 1.6 5268 25 2232 043 225 48.67 23.01 2832
22. Odisha 0.62 341 2691 2141 5166 055 4.63 3049 2590 43.59 055 457 18.68 1746 63.84
23. Punjab 0.88 2.89 3333 16.66 50 0.79 457 1549 18.13 6637 0.76 4.81 1432 17.25 68.42
24. Rajasthan 089 221 4330 2723 2945 0.85 2.64 34.07 2555 4036 0.79 295 3225 2576 4197

25. Sikkim 0.33  7.26 0 0 100 0.3 11.9 0 0 100 0.14 11.6 0 0 100
26. Tamil Nadu 0.54 284 2850 2246 49.03 045 239 3191 26.89 41.18 0.34 258 32.06 2597 41.96
27. Tripura 037 193 39.47 3421 2631 042 2.16 41.66 26.75 31.58 0.28 237 4123 2237 36.405
28. Uttarakhand 0.81 2.75 21.05 32455 4649 080 497 745 136 7835 0.79 490 10.09 1579 74.12
29. Uttar Pradesh 0.87 262 3649 25.11 3839 0.83 3.67 23.82 2221 5395 0.81 3.58 2410 2224 53.64
30. West Bengal 0.59 2.68 3458 2574 39.66 049 3.83 2505 2235 5258 044 3.88 2536 19.02 55.60

Note : Corr. : Correlation ; rmse : Root Mean Square Error ; CR : Correct ; US : Usable ; UN : Unusable

RMSE < 3 and 10 states having high RMSE > 3.
Usable & Unusable : we got 11 states unusable (i.e.,
unusable > 50%) and 19 states are usable i.e., unusable
<50%.

Day 5 : Correlation: 14 states have less correlation
i.e., corr < 0.5 the remaining 16 states are having high
(corr > 0.5) correlation. RMSE : 17 states are having less
RMSE < 3 and 13 states, having high RMSE > 3.

Usable & Unusable : we got 11 states unusable (i.e.,
unusable > 50%) and 19 states are usable (i.e., unusable
<50%).

Cloud amount
Day 1 : Correlation : we can find positive correlation

but less correlation (corr 0.1 to 0.5) over all the states and
Sikkim have negative correlation. RMSE : All the states
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TABLE 6
Skill scores for T-min
DAY-1 DAY-3 DAY-5
S. No. States
Corr. rmse CR (SN UN Corr. rmse CR usS UN Corr. rmse CR (SN UN

1. And. and Nico. Islands ~ 0.14 3.56 11.87 19.02 69.11 0.26 3.79 579 16.52 77.68 023 382 596 1581 7821
2. Andhra Pradesh 059 2.04 4375 27.03 29.19 0.60 236 39.80 25.77 3423 0.58 243 3997 2450 3753
3. Arunachal Pradesh 0.57 235 16.67 3421 49.12 047 16 51.75 263 21.19 047 177 4474 29.82 2544
4. Assam 048 139 57.84 29.79 1236 0.51 146 57.18 26.87 1594 046 154 51.05 3026 18.67
5. Bihar 035 10.81 31.89 2437 43.73 042 3.69 20.86 19.73 594 041 3.56 20.65 1836 60.98
6. Chhattisgarh 0.64 245 39.19 20.76 40.03 0.70 296 31.86 22.63 455 0.61 3.03 32.14 21.82 46.03
7. Delhi 0.68 2.06 454 28.18 2642 0.68 393 1499 2157 6343 0.69 3.78 185 21.17 60.33
8. Goa -07 293 2782 2379 4838 0.20 296 20.61 24.15 5524 0.14 3.04 2337 17.08 59.54
9. Gujarat 0.66 1.55 47.68 3238 1993 0.74 159 4992 31.80 1827 0.73 1.62 49.08 30.62 20.29
10. Haryana 0.61 320 1851 2356 5791 0.63 489 2393 1523 8237 059 473 1228 11.67 76.0
11. Himachal Pradesh 0.65 341 2271 1746 59.82 0.62 494 1259 950 7789 0.66 564 10.60 11.28 78.11
12. Jammu and Kashmir 072  3.72 1333 18.18 6848 0.71 4 13.69 16.18 70.11 0.67 4.19 17.08 1149 71.42
13. Jharkhand 0.65 2 30.66 36.85 3248 0.71 2.56 3020 28.56 4123 0.71 2.62 28.68 28.80 42.51
14. Karnataka 041 1.74 48.06 25.17 26.75 047 2.03 3536 29.51 3511 043 193 3334 3291 33.74
15. Kerala 0.10 1.92 3385 29.64 3649 028 229 18.17 32.51 4931 023 223 19.75 31.83 484l
16. Lakshadweep 0.12  2.54 2943 20.05 50.51 026 234 2996 22.65 4738 0.25 234 31.72 22.05 4622
17. Madhya Pradesh 0.63 239 41.61 28.15 3022 0.66 3.18 33.67 2436 4195 0.63 3.08 34.64 2447 40.88
18. Maharashtra 0.61 2.06 4729 2503 27.67 0.65 274 2945 2681 4373 0.63 2.66 2873 2636 44.89
19. Meghalaya 0.53 3.08 0.87 10.09 89.03 0.5 142 4781 33.77 1842 0.58 139 48.68 35.52 15.79
20. Mizoram 046 099 71.05 2632 263 045 271 263 2807 693 054 264 6.14 2895 6491
21. Nagaland 043 315 354 7.08 89.38 045 131 48.67 38.05 1327 045 135 5133 37.17 115
22. Odisha 038 246 29.69 2743 4287 043 273 3049 2590 43.59 047 258 2844 28.78 42.77
23. Punjab 0.63 254 3274 2472 4253 0.61 4.17 22.03 21.05 5690 0.61 434 2293 20.19 56.87
24. Rajasthan 0.68 236 3734 2851 34.14 0.71 274 37.82 213 4087 0.63 3.10 3822 2273 39.04
25. Sikkim -0.04 145 1.89 2.83 9528 0.04 1566 3.77 472 9151 0.05 157 472 3.77 9151
26. Tamil Nadu 041 220 3584 3233 31.82 039 176 4632 30.51 23.14 034 176 4529 30.72 23.97
27. Tripura 0.18 1.16 6598 2763 658 02 1.19 61.84 31.14 7.01 0.16 122 6535 2587 8.77
28. Uttarakhand 0.64 278 24.14 24.67 51.17 0.69 272 2473 25,61 49.65 0.71 2.67 3091 20.78 483
29. Uttar Pradesh 0.60 2.69 28.04 27.16 4479 0.63 423 18.77 1895 6227 0.61 4.06 20.56 19.76 59.67
30. West Bengal 032 1.64 5589 2599 18.10 027 216 47.74 2658 2566 029 2.19 43.53 28.67 27.78

Note : Corr.: Correlation ; rmse : Root Mean Square Error ; CR : Correct ; US : Usable ; UN : Unusable

are having very less RMSE < 3 but 3 states having RMSE
> 3. Usable & Unusable: We got All the states usable
(i.e., unusable < 50%).

Day 3 : Correlation: we can find positive correlation
but less (corr 0.1 to 0.5) correlation over all the states, and
Sikkim have negative correlation. RMSE : All the states

are having very less RMSE < 3 but 2 states having RMSE
> 3. Usable & Unusable: We got usable (i.e., unusable
< 50%) over all the states.

Day 5 : Correlation : we can find positive correlation
but less (corr 0.1 to 0.5) correlation over all the states,
except Nagaland. RMSE : All the states are having very
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TABLE 7
Skill scores for RH-max
DAY-1 DAY-3 DAY-5
S. No. States
Corr. rmse CR (SN UN Corr. mmse CR usS UN Corr. rmse CR (SN UN
1. And. and Nico. Islands ~ 0.02 8.04 80.67 17.92 140 -0.01 9.06 71.85 27.09 1.05 -0.01 9.02 72.02 27.09 0.88
2. Andhra Pradesh 034 15.63 4229 36.76 2094 032 1215 6241 2635 11.18 035 1291 59.83 2811 11.94
3. Arunachal Pradesh 0.58 10.32 66.67 28.07 526 047 1504 5351 2632 20.18 026 1509 5526 24.56 20.18
4. Assam 0.17 10.77 66.06 2732 6.60 020 936 7435 2148 4.15 0.15 977 7136 24.03 4.60
S. Bihar 0.25 1251 5326 3747 925 021 1137 6851 230 848 026 10.69 73.0 2036 6.64
6. Chhattisgarh 0.44 1220 62.47 2996 7.56 043 12.64 6553 24.08 1038 041 1404 663 20.54 13.15
7. Delhi 0.51 13.62 64.60 2433 11.06 0.5 19.08 37.17 33.18 29.64 0.46 1845 41.59 33.18 2522
8. Goa -0.03 7.54 84.07 1504 0.88 0.04 9.08 6637 33.63 0 0.03 947 646 354 0
9. Gujarat 037 13.24 4083 5091 824 0.6 740 8439 1485 0.75 0.55 7.57 8528 13.59 1.12
10. Haryana 0.60 11.39 67.67 2571 6.61 055 277 36.83 36.65 2650 052 1790 42.09 33.56 2434
11. Himachal Pradesh 0.30 16.38 5831 19.75 2193 028 1872 5124 2295 2580 0.26 18.17 54.17 2423 21.59
12. Jammu and Kashmir 028 13.69 35.14 5576 31.16 027 17.41 44.1 2952 2637 0.28 18.18 4479 26.86 2834
13. Jharkhand 0.56 13.27 54.19 40.09 5.72 051 15.61 56.81 29.5 13.68 045 1584 60.33 25.10 14.56
14. Karnataka 0.08 10.75 64.78 24.63 24.63 0.14 11.07 57.15 3554 729 0.10 1149 5572 36.6 7.66
15. Kerala 0.01 739 8251 17.18 029 -0.04 942 67.72 31.78 048 -0.0 9.52 65.88 3333 0.78
16. Lakshadweep 0.03 7.8 76.82 23.17 0 0.08 7.02 8589 14.10 0 0.02 7.15 84.58 1542 0
17. Madhya Pradesh 0.61 1326 56.56 31.09 1233 0.58 11.80 66.37 2422 939 0.55 12.67 6549 23.56 10.93
18. Maharashtra 029 1258 59.44 2990 10.65 033 1131 6580 27.11 7.07 030 11.69 63.96 27.64 838
19. Meghalaya 0.16 10.65 67.10 22.80 10.09 0.03 10.62 67.98 2149 10.52 -0.02 10.98 65.35 24.12 10.52
20. Mizoram 0.02 1742 3158 37.72 307 -0.02 1848 26.55 38.05 354 0.02 1826 25.66 39.82 3451
21. Nagaland 0.11 13.88 3196 6289 5.15 0.1 128 433 5258 412 -0.05 1337 39.8 551 5.1
22. Odisha 0.18 1197 59.75 30.71 9.52 025 11.02 68.12 2531 6.56 024 1042 70.61 2457 4381
23. Punjab 0.41 1423 5723 31.11 11.65 0.60 19.77 4238 27.67 2994 0.54 1935 40.23 3247 27.29
24. Rajasthan 0.45 1593 4594 3352 20.53 043 1297 61.17 2495 1386 0.34 1456 5943 26.67 13.88
25. Sikkim 024 436 99.12 0.88 0 032 11.97 4737 49.12 351 027 11.98 52.63 44.74 2.63
26. Tamil Nadu 0.17 17.20 3285 39.03 28.11 0.18 12.68 56.14 32.84 11.01 0.19 12.72 55.13 3423 10.63
27. Tripura 0.07 17.22 21.49 5394 2456 -0.03 15.65 3026 49.12 20.61 -0.08 1551 32.01 50 17.98
28. Uttarakhand 048 1554 6637 19.44 14.18 045 20.70 58.86 20.78 20.78 042 19.53 o64.64 18.12 17.24
29. Uttar Pradesh 0.37 13.44 5557 3331 11.11 028 18.04 50.76 25.15 24.08 0.24 17.46 52.15 2577 22.06
30. West Bengal 024 13.85 49.84 3734 12.81 021 1130 69.98 2095 10.05 0.19 1143 6745 2280 9.73
Note : Corr.: Correlation ; rmse : Root Mean Square Error ; CR : Correct ; US : Usable ; UN : Unusable

less RMSE < 3 but Himachal-Pradesh having
> 3. Usable & Unusable : All the states are
(i.e., unusable < 50%) except Odisha.

RMSE
usable
Maximum relative humidity

Day 1 : Correlation: We got high (corr > 0.5)
correlationn on 5 states. The remaining states have less

correlation i.e., corr < 0.5 and negative correlation on
Goa. RMSE : All the states are having high RMSE > 7.
Usable & Unusable: we got All states usable
(i.e., unusable < 50%).

Day 3 : Correlation: Here 8 states are having very
high (corr > 0.5) correlation, remaining states have
positive but less correlation (i.e., corr <0.5) and we got
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TABLE 8
Skill scores for RH-min
DAY-1 DAY-3 DAY-5
S. No. States
Corr. rmse CR (SN UN Corr. rmse CR usS UN Corr. rmse CR (SN UN

1. And. and Nico. Islands ~ 0.04 8.72 7626 19.69 4.03 -.01 1341 47.09 39.28 13.61 -0.02 13.40 4822 3645 15.32
2. Andhra Pradesh 026 2022 373 3079 319 026 2283 3131 2564 4288 0.24 24.03 29.26 27.12 43.61
3. Arunachal Pradesh 0.57 21.67 1491 4298 42.11 0.53 19.08 49.12 193 31.58 041 1942 4649 2456 2895
4. Assam 021 1822 2837 4226 2935 022 2579 1627 2528 5843 0.17 2490 2224 2539 5235
5. Bihar 0.15 2547 19.12 30.78 50.09 0.16 31.59 6.69 22.15 71.14 0.11 29.79 8.01 23.53 68.46
6. Chhattisgarh 0.37 2596 1823 3034 5142 032 2997 1510 2445 6044 026 2976 17 2099 62.00
7. Delhi 031 26.51 17.12 39.85 43.02 026 29.11 1249 37.51 4999 02 29.09 11.00 37.17 51.83
8. Goa 0.16 1099 63.72 2832 796 0.04 11.87 5929 3097 9.73 02 12.82 5586 31.53 12.61
9. Gujarat 032 1524 59.6 2387 16.52 026 16.82 48.79 30.14 21.06 0.19 1736 47.53 30.06 2235
10. Haryana 04 26.02 1337 36.51 50.11 034 2854 1136 2675 61.88 0.27 28.64 9.51 2943 61.04
11. Himachal Pradesh 0.20 2734 1738 2438 5822 0.15 3226 841 21.17 7041 0.09 31.5 10.54 2545 64.0
12. Jammu and Kashmir 0.07 2375 29.81 2439 4579 0.06 3484 7.53 1991 7254 0.04 3489 9.18 1878 72.02
13. Jharkhand 0.38 2534 2531 2626 4843 033 29.64 19.79 1940 60.8 0.24 3048 1749 25.16 57.34
14. Karnataka 020 16.11 50.5 27.69 21.80 0.14 1689 47.24 30.23 2252 0.11 16.83 49.34 27.84 228
15. Kerala 0.10 10.52 67.77 26.76 546 0.11 13.01 56.21 31.71 12.06 -0.02 13.36 55.89 29.19 1491
16. Lakshadweep -.01 7.14 86.16 13.83 0 0.04 747 8432 1476 092 -0.03 7.54 8446 14.16 137
17. Madhya Pradesh 0.19 20.07 42.17 28.80 29.02 0.16 2234 3445 312 3433 0.15 2278 3288 359 785
18. Maharashtra 028 16.71 49.53 2848 2197 022 1790 46.77 27.89 2532 0.18 18.14 46.37 27.55 26.07
19. Meghalaya 0.29 12.18 5833 3289 877 030 21.21 2237 29.82 47.80 0.27 21.03 26.31 29.38 4429
20. Mizoram 0.03 18.88 33.04 3393 33.04 0.09 2831 11.61 2232 66.07 -0.17 2837 125 2143 66.07
21. Nagaland 0.17 13.12 57.84 2843 13.73 0.1 2495 12.75 2549 61.76 0.07 25.62 14.56 233 62.14
22. Odisha 0.19 2592 1993 27.0 53.05 020 3254 794 17.10 7494 0.19 31.78 9.07 18.13 72.79
23. Punjab 0.41 2644 18.65 26.07 5526 038 2949 8.07 2474 67.18 03 29.73 80 29.52 62.46
24. Rajasthan 033 1835 5255 27.18 20.26 025 1831 57.52 2030 22.17 021 20.0 54.60 21.57 23.82
25. Sikkim 0.15 21.18 8.11 5045 4144 0.16 31.89 0 541 9459 0.03 31.04 268 893 8839
26. Tamil Nadu 0.24 19.86 37.12 27.01 35.86 0.14 2386 30.95 20.93 4811 0.08 23.71 31.90 20.38 47.70
27. Tripura 0.11 1637 43.42 3333 2323 0.1 1512 4517 364 1842 0.09 1474 48.68 32.01 193
28. Uttarakhand 028 2779 187 265 548 0.25 38 1.82 10.04 88.14 0.17 36.78 3.625 14.93 81.45
29. Uttar Pradesh 022 252 2082 30.02 49.15 020 2929 9.82 2474 6543 0.17 2890 9.833 24.87 6529
30. West Bengal 022 21.67 29.86 3243 377 020 2750 1599 2556 5843 0.16 27.09 17.71 2497 5730

Note : Corr.: Correlation ; rmse : Root Mean Square Error ; CR : Correct ; US : Usable ; UN : Unusable

negative correlation on 4 states. RMSE: All the states are & Unusable we got All the states are usable

having high RMSE > 7. Usable & Unusable :
Usable on All the states (i.e., unusable < 50%).

we got

Day 5 : Correlation: We got negative correlation
on 5 states, and 8 states are having very high
(corr > 0.5) correlation. The remaining states have
positive but very less correlation, i.e., corr < 0.5. RMSE :
All the states are having high RMSE > 6. Usable

(i.e., unusable < 50%).
Minimum relative humidity

Day 1 : Correlation : We got negative correlation on
Lakshadweep, and the remaining states have positive
but less correlation i.e., corr < 0.5. RMSE : All the states
are having high RMSE > 7. Usable & Unusable: we got
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TABLE 9
Skill scores for wind speed
DAY-1 DAY-3 DAY-5
S. No. States
Corr. rmse CR (SN UN Corr. mmse CR usS UN Corr. rmse CR (SN UN
1. And. and Nico. Islands ~ 0.15 23.88 439 1228 8333 0.16 2696 526 877 8596 025 2736 7.02 7.89 85.09
2. Andhra Pradesh -0.04 18.34 24.01 32.59 4339 -0.03 1298 43.05 43.00 1394 -0.03 13.09 44.63 39.65 17.65
3. Arunachal Pradesh 0.01 11.19 13.16 78.07 8.77 0.02 4.04 100 0 0 -0.13  4.09 100 0 0
4. Assam 0.09 944 56.69 3502 828 0.04 456 843 1491 0.78 0.07 460 83.69 1562 0.68
S. Bihar 0.14 10.61 42.08 41.09 16.82 020 9.56 4129 4749 1121 02 9.60 42.54 4627 11.18
6. Chhattisgarh 0.08 10.70 3592 3849 2558 0.06 7.32 5449 4373 176 0.04 742 53.04 4426 2.69
7. Delhi 0.02 794 6447 2895 6.58 0.14 826 60.08 32.02 7.89 0.19 792 636 2894 745
8. Goa 027 1134 73.68 20.18 6.14 023 1299 5351 2895 1754 02 1249 56.14 3421 9.65
9. Gujarat
10. Haryana 0.03 790 5526 3246 1228 0.14 857 38.15 35.08 26.75 0.15 856 39.47 32.89 27.63
11. Himachal Pradesh 0 19.59 3.51 2544 71.05 0 8.16 57.89 42.11 0 0 8.15 56.14 4211 1.75
12. Jammu and Kashmir -0.09 835 61.01 2845 1052 -0.04 622 7568 23.17 1.14 -0.01 6.18 7566 23.18 1.15
13. Jharkhand 0.02 8.15 6008 3421 57 0.16 567 7675 22.81 044 0.10 6.13 76.75 2193 1.31
14. Karnataka 0.19 1392 2605 32.71 4122 022 1297 34.15 33.12 3271 0.18 12.158 38.18 31.57 3023
15. Kerala 0.10 10.62 49.12 30.99 19.88 0.16 12.55 3547 31.77 3274 0.09 12.077 3840 31.09 30.50
16. Lakshadweep 0.55 10.04 6491 2368 114 038 991 6579 23.68 10.53 032 10.15 6842 23.68 7.89
17. Madhya Pradesh -0.14 12.88 27.13 37.01 3585 -0.18 10.65 22.70 54.11 23.18 -0.19 11.69 21.14 5137 2747
18. Maharashtra 0.07 1337 3650 3123 3225 0.08 11.81 42.18 3424 2356 0.13 11.61 41.85 3573 2240
19. Meghalaya 0.14 1435 2851 3596 3552 0.12 7.79 42.10 5526 2.63 -0.01 7.87 4342 53.07 3.50
20. Mizoram 024 139 2544 3947 35.09 0.09 515 5526 193 2544 -0.01 528 51.75 21.05 27.19
21. Nagaland -0.02 11.21 64.04 2632 9.65 0 2.65 23.68 52.63 23.68 0.03 2.62 27.19 4825 24.56
22. Odisha 0.14 13.83 33.72 3220 34.06 0.16 7.48 59.62 3534 503 0.15 744 6144 3312 543
23. Punjab 0.03 853 4503 4093 14.03 0.09 726 56.14 35.67 8.18 0.10 698 5730 3421 848
24. Rajasthan 025 1342 3508 28.07 36.84 030 16.07 29.63 2826 42.10 0.28 18.02 24.66 27.68 47.66
25. Sikkim 0.1 7.69 58.82 41.18 0 0.18 6.69 8235 17.65 0 -0.02  6.62 7941 20.59 0
26. Tamil Nadu 0.07 12.70 42.54 30.06 27.38 0.16 10.03 49.81 30.99 19.19 0.16 998 49.21 3274 18.03
27. Tripura 034 1036 3245 48.68 18.86 023 898 42.10 42.54 1535 0.20 934 4473 3728 17.98
28. Uttarakhand 0.16 11.56 42.10 31.58 2632 0.14 733 70.61 2587 350 0.14 736 69.74 2631 3.94
29. Uttar Pradesh 0.02 9.82 4638 36.71 16.89 -0.04 9.97 28.07 57.73 14.18 -0.11 1032 24.77 5724 17.97
30. West Bengal 0.10 11.29 37.71 4022 22.06 0.14 7.59 5725 3495 7.79 0.02 7.59 5885 3342 7.72
Note : Corr.: Correlation ; rmse : Root Mean Square Error ; CR : Correct ; US : Usable ; UN : Unusable

unusable (i.e., unusable > 50%) over 5 states and all the
remaining states are usable (i.€., unusable < 50%).

Day 3: Correlation: All the states have positive but
less correlation i.e., corr < 0.5, except Andaman. RMSE :
All the states are having high RMSE > 6. Usable &
Unusable : we got 15 states unusable (i.e., unusable

> 50%), the remaining 15 states are usable (i.e., unusable
<50%).

Day 5 : Correlation : We got negative correlation on
4 states, remaining states have positive but less correlation
i.e.,, corr < 0.5. RMSE All the states are having
high RMSE > 7. Usable & Unusable : we got 16 states
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TABLE 10
Skill scores for wind-direction
DAY-1 DAY-3 DAY-5
S. No. States
Corr. rmse CR (SN UN Corr. rmse CR usS UN Corr. rmse CR (SN UN

1. And. and Nico. Islands ~ 0.13 86.34 28.83 7.15 640 0.09 7470 44.18 2.05 53.76 0.04 7529 43.15 336 53.48
2. Andhra Pradesh 0.02 7245 3420 7.0 5878 0.04 7037 3737 6.61 56.0 0.05 70.17 33.09 7.12 5832
3. Arunachal Pradesh -0.1 4893 50 526 44.74 -0.12 98.64 23.68 0.88 7544 0.23 99.18 29.82 439 65.79
4. Assam -0.01 1002 1736 598 76.65 -0.04 1123 1510 339 815 0.03 110.6 1424 356 82.18
5. Bihar 0.05 9125 2059 4.14 7526 0.09 102.6 1844 3.69 77.86 0.01 1022 18.09 3.71 78.19
6. Chhattisgarh 0.02 93.64 2450 6.82 68.67 0.09 8430 33.89 443 61.67 0.09 83.77 32.66 4.82 62.51
7. Delhi 030 79.95 2811 691 6497 0.09 7683 38.69 106 50.7 0.15 86.07 3790 821 53.88
8. Goa -0.02 68.79 4182 10 48.18 0.04 48.06 6514 734 2752 0.08 48.88 56.88 10.09 33.03
9. Gujarat -0.05 54.19 51.60 10.66 37.72 0 51.97 63.06 4.45 3247 0.04 5397 589 561 3548
10. Haryana 0.13 104.19 1322 252 8426 0.06 90.10 2644 244 71.10 0.12 9348 24.68 272 7258
11. Himachal Pradesh 0.01 7435 6.19 9.15 84.65 -0.07 90.74 6.79 194 9126 -0.07 9156 9.57 0.74 89.68
12. Jammu and Kashmir 0.03 105.54 9.08 3.23 87.68 0 9488 1731 1.60 81.07 0.03 93.60 1847 0.68 80.83
13. Jharkhand 0.19 93.83 2694 7.57 6549 0.06 91.51 27.07 496 70.72 0.04 9458 29.61 446 6592
14. Karnataka -0.05 58.28 46.24 9.33 4441 -0.03 5325 5837 431 3731 -0.02 5478 5771 3.86 3842
15. Kerala -0.07 79.51 32.64 7.36 5998 -0.03 5722 4589 10.63 43.47 0.01 57.83 4581 9.89 4428
16. Lakshadweep -0.05 3531 65.52 1197 2251 -0l 26.08 87.1 276 10.13 -0.05 2822 84.03 593 10.03
17. Madhya Pradesh 0.09 84.01 29.03 6.86 64.10 0.55 75.0 3629 545 5825 0.08 7827 34.67 4.81 60.50
18. Maharashtra -0.05 72.07 37.74 9.03 5322 -01 67.06 4255 572 5171 0.04 66.66 4190 558 52.51
19. Meghalaya 0.06 120.06 7.01 3.07 8991 -0.11 1487 2.19 044 97.36 0 145.6 438 044 9561
20. Mizoram 0.02 1299 19.64 3.57 76.79 0.11 131.6 25 0 75 0.06 131.0 24.11 2.68 73.21
21. Nagaland 0.04 1292 8.82 392 8725 -0.14 120.76 11.88 297 88.12 0.02 125.07 13.73 0.98 85.29
22. Odisha 0.02 9398 2547 6.59 6793 0.07 9464 23.06 525 71.67 0.07 9573 2239 538 7222
23. Punjab 0 106.6 15.79 459 7926 0.08 89.93 3146 3.70 6482 -0.05 96.39 2639 490 68.69
24. Rajasthan 0.11 78.01 39.89 543 54.66 0.09 79.76 4628 2.88 50.83 0.09 83.80 46.09 193 51.96
25. Sikkim 0.04 49.61 59.46 19.82 20.72 0.04 15433 09 0 99.1 -0.11 151.12 1.79 0.89 97.32
26. Tamil Nadu -0.03 63.69 34.06 949 5644 0.05 66.03 3996 3.65 5637 0.06 6837 3897 4.13 56.83
27. Tripura -0.05 107.5 32.01 395 64.03 -0.15 110.75 42.10 2.63 5526 -0.04 110.7 4123 1.75 57.02
28. Uttarakhand -0.01 111.48 9.11 3.19 87.69 -0.15 1046 26.06 136 7257 -0.01 99.84 2720 1.8 70.99
29. Uttar Pradesh 0.05 93.75 20.0 7.06 7293 0.04 90.01 3090 734 61.75 0.01 9475 2824 641 6533
30. West Bengal 0.02 8490 3055 7.88 61.55 -04 9037 3640 445 59.13 0.02 90.16 33.17 576 61.06

Note : Corr. : Correlation ; rmse : Root Mean Square Error ; CR : Correct ; US : Usable ; UN : Unusable

unusable (i.e., unusable > 50%) and all the remaining
states are usable (i.e., unusable < 50%).

Wind-speed
Day 1 : Correlation : We got positive but less

correlation i.e., corr < 0.5 on all the states and negative
correlation on 4 states. RMSE : All the states are having

high RMSE > 7. Usable & Unusable : we got All the
states are usable (i.e., unusable < 50%) but 2 states
unusable (i.e., unusable > 50%).

Day 3 : Correlation : We got negative correlation on
4 states, and the remaining states have positive but less
correlation i.e., corr < 0.5. RMSE : All the states are
having high RMSE > 4. Usable & Unusable : All the
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states are usable (i.e., unusable < 50%), except Andaman
& Nicobar unusable (i.e., unusable > 50%).

Day 5 : Correlation : We got negative correlation on
8 states and the remaining states have positive but less
correlation i.e., corr < 0.5. RMSE: All the states are
having high RMSE > 4. Usable & Unusable : Here All
the states are usable (i.e., unusable < 50%), except
Andaman & Nicobar unusable (i.e., unusable > 50%).

Wind-direction

Dayl : Correlation : We got negative correlation on
11 states and the remaining 19 states have positive but
very less correlation i.e., corr < 0.3. RMSE : All the states
are having high RMSE > 35. Usable & Unusable: we got
6 states usable (i.e., unusable < 50%). All the remaining
states are unusable (i.e., unusable > 50%).

Day 3 : Correlation : We got negative correlation on
12 states, and the remaining states have very less
correlation i.e., corr < 0.17. RMSE : All the states are
having high RMSE > 26. Usable & Unusable : we got 5
states usable (i.e., unusable < 50%). All the remaining
states are unusable (i.e., unusable > 50%).

Day 5 : Correlation : We got negative correlation on
7 states, and the remaining states have positive but very
less correlation i.e., corr < 0.17. RMSE : All the states are
having high RMSE > 25. Usable & Unusable : we got 5
states usable (i.e., unusable < 50%). All the remaining
states are unusable (i.e., unusable > 50%).

These forecasts are put on the ftp server and website
of India  Meteorological Department that is
www.imd.gov.in .

5. Conclusions

The forecast for yes/no rainfall (Table 1) and cloud
amounts (Table 4) are having high skill for almost all the
states and Day-1 to Day-5 forecasts, as is clear from the
tables. Hence these forecasts can be issued without any
further value addition.

The forecast for rainfall amounts (Tables 2 & 3) is
also having the positive skills, but for oceanic islands and
some of the high terrain regions and regions having
orographic rainfall the rainfall amounts fall under the
unusable category (that is more than 50% unusable), for
such situations the value added rainfall amounts needs to
be given after considering the effects of orographic rains.
Although many states are having the rainfall amounts
under the usable (less than 50% unusable), for such
situations value addition is not required.

First two days (Day-1 & Day-2) forecast for
maximum and minimum temperature (Tables 5 & 6) was
taken from WRF model and next three days (Day-3 to
Day-5) was taken from GFS T-574 model). As earlier also
the WRF model forecast was found marginally better and
more over the forecast for most of the states is found
usable(less than 50% unusable) for first two days except
for the oceanic islands and high terrain regions. Hence
quick value addition is required for maximum and
minimum temperature both, after making the order of
temperature values as for first two days keeping the trends
same is given for Day-3 to Day-5 forecasts.

The forecast for maximum relative humidity had
(Table 7) been found to be having high skill that is
forecasts fall under usable category for almost all the
states and Day-1 to Day-5 forecasts, as is clear from the
table. Hence this forecast can be issued without any
further value addition. The forecast for most of the states
for minimum relative humidity (Table 8) is found usable
(less than 50% unusable) for first two days(as this was
also from WRF model) except for oceanic islands and
high terrain regions. Hence quick value addition is
required for minimum relative humidity after making the
order of values as for first two days keeping the trends
same as is given for Day-3 to Day-5 forecasts.

The forecast for wind speed (Table 9) had been
found to be usable for most of the states for all the days of
the forecast. This can be given as obtained from the
model. But for certain states RMSE values are on
somewhat higher side, for such states it had been found
that model forecasts are showing the values on higher
side, hence a seasonal factor can be obtained for a
particular state so as to reduce the model forecasted value
by the factor obtained before issuing the final forecast for
wind speed.

The forecast for wind direction (Table 10) had to be
found to be unusable for most of the states. This is the
only weather parameter which needs the values addition at
most of the places. Hence for wind direction it is
suggested to issue the final forecast mostly based upon the
seasonal climatological value for a particular location.

These forecasts are put on the ftp server and website
of India  Meteorological Department that is
www.imd.gov.in .

In the era of high resolution models the down scaling
the forecast up to any level (viz., district, blocks and
village level) is going to give the forecast of almost of the
same skill. More over the forecasts have become skillful
up to day five to seven, of course with a slight decrease in
skill. Hence forecasts can easily be issued up to day-5.
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The difficult orography regions that is high terrain
areas and oceanic islands have shown the problems in the
skill of the forecast. This is a typical problem for which
the NWP models needs to be improved based upon the
results obtained from the special projects like Himalayan
Meteorology and Coupled Ocean Atmospheric model. The
alternative way could be trying the

e  Neural Network Technique for MME forecast for
rainfall.

e  Kalman filter for Maximum/minimum temperatures.

e  Model Output Statistics (MOS) guidance for
different weather parameters.
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