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Introduction

Among all the natural resources, climate plays a
decisive role on the type of farming system and weather

551.509.5 : 551.509.313.6 (540.35)

Verification and usability of medium range weather forecast for
north bank plain zone of Assam, India

KUSHAL SARMAH, PRASANTA NEOG, R. RAJBONGSHI and A. SARMA*

Deptt. of Agrometeorology, B. N. College of Agriculture, AAU Biswanath Chariali, Sonitpur — 784 176, Assam, India
*AICRP on Water Management, Department of Agronomy, Assam Agricultural University, Jorhat — 785 013, India

e mail : kushalsarmah@gmail.com

WR - A 2009 ¥ TRl 2014 # HEA & Scdll BR & AN &F & 5 a1 gfdfafica s ge
AfFaq & fov wRa Ates e @ g Sl wue fAie ag-alsd @geaa (MME) #igs qaigara
T faRewor fRpar ar 3R sAdT AT gAIfOT dr TS| AT 2009 F WA 2014 dh S FJUT TR,
dleda 3R Fqud (HK), TR FgI9 Wfeddr (POD) ¥edh e FTHR (HSS), Hied 3Held 3iguid (FAR),
Trélpe TFAE 3FF (CSI) 3R aul & fT RMSE aum 3=g el & T RMSE 31afd 3if@sasr 3R
AqH dUAE, Tad a1fa, gae AR T Hr anfEs sndar sudica faewer @ wgaay ggha o e
MU dehellehl &1 3UTNWT &l §U Hgell 3R arffies (A-tRadl) 3MUR W qaiga Faeh sifepsi &
Feagd & fagemer fFar a=m) aut F HGUd TR AAGT a0 3R AlTgT T B g F AAGAR
AR ofa w3 # 3w & Trad AfAaQR F v 7T A Asel #1 fAvue A 3T w3t Ho3aT
AlAGAR 3R MTH3T F JgecR urn 1 ¥| AAGT q@ K F a0 3R g afq &1 gga oo Asuea
@ AT ¥ AGHT ®g # aW H UGS FAGR T IR IR I UMES JeR UIT AW §| AAGATR
®g # I & 3cpse [AvUEH W T fheq ~gedd AIHA QA & foT Sk fsuea ¢a@r o)
Mok &, @oht avf & aui & qaieena &1 Asuea Sepse UT| 3relT-3oeT H3i & gaigarfaa 3R ofEa
A ¥ FEHGY qUTh Gt §U| Al AR A 3UR Al S gl 3 # aul cafs FeEdfd
| safoe fafdes suaeTeRdt dag & T qaiga« s §9 & Suged T IR B

ABSTRACT. Location specific multi-model ensemble (MME) weather forecast issued by IMD for Sonitpur,
representing district of north bank plain zone of Assam during March, 2009 to February, 2014 has been analyzed and
verified for its accuracy. Analysis of the verification of the forecast data, were carried on seasonal and annual (March-
February) basis using various verification techniques, viz., ratio score, Hanssen and Kuipers (H.K) Score, probability of
detection (POD), Heidke skill score (HSS), false alarm ratio (FAR), critical success index (CSI) and RMSE for rainfall,
and RMSE for other parameters (viz., maximum and minimum temperature, wind speed, morning and afternoon relative
humidity), usability analysis and correlation approach during March, 2009 — February, 2014. The ratio score of rainfall
was higher during post monsoon and winter seasons as compared to pre-monsoon and monsoon seasons, indicating the
performance of multi-model ensemble under Sonitpur worked better in post-monsoon and winter seasons than in the
other two seasons. Very good performance was observed for rainfall and wind speed during pre-monsoon season. During
monsoon season, performance of rainfall was found poor and other parameters were found excellent. During post-
monsoon excellent performance was observed for rainfall and wind speed but poor performance was observed for
minimum temperature forecast. In winter, the forecasting performance of rainfall was excellent during all years.
Correlation-coefficients were derived between the forecasted and observed values during different seasons. Rainfall was
highly correlated during all seasons except monsoon and annual basis. Hence, the forecast was found widely applicable
among different user groups.

Key words — MME forecast, Weather parameter, Usability, RMSE, Verification.

by adjusting with the
aberrant or unfavorable weather events

of crop growth, but its effects can be minimized
advanced knowledge

drought, flood, cold wave and heat wave,

displays its influence on agricultural operations and farm
production through its effect on plant growth
and development. Weather cannot be managed in favour

Agricultural operations can be delayed or advanced with
the help of advanced information on weather from 3 to
10 days.
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Accurate, usable and reliable weather forecast is the
only answer/method through which farmers can be
advised to save their crops from aberrant weather and
minimize their input and labour cost to derive maximum
benefit from agriculture. An estimate made by the agri-
business, a community in western countries, indicates that
the forecast can be put to economical use if it is 50 to 60%
correct (Seeley, 1994). Hence, the accurate weather
forecast based agromet advisories in terms of rainfall and
temperature forecast, prepared on the need-based
agricultural operations can contribute immensely to
benefit the farmers through minimizing the production
losses. The forecast verification is essential to judge the
usability of the weather forecast for preparation of
effective weather based agromet advisories for farmers.
The verification of forecast improves the confidence of
the farmers for its reliability and applicability in day to
day field works.

The reliability and accuracy of medium range
weather forecast were studied by several authors (Tripathi
et al., 2008; Chauhan et al., 2008; Lunagaria et al., 2009;
Chaudhari et al., 2010; Khichar et al., 2010; Mishra et al.,
2010; Sahu et al., 2012) for different Agro-climatic zones
of India. In this paper, an attempt has been made to verify
the accuracy and usability of medium range weather
forecast for north bank plain zone, Assam.

2. Data and methodology

The North Bank Plain Zone (NBPZ) of Assam
consisting of five districts, viz., Dhemaji, Lakhimpur,
Sonitpur, Darrang and Udalguri. As the crops and
cropping pattern of all districts of NBPZ is similar, we
took Sonitpur as representing district of NBPZ for forecast
verification. The all weather parameters including rainfall
of Sonitpur district is more or less uniform due to absence
of hilly areas, so the forecast weather parameters were
compared and verified against the observed weather
parameters recorded at agro-meteorological observatory
located at B. N. College of Agriculture campus, located on
the NE of India having latitude of 26°42" N, longitude of
93°15" E, altitude of 104 meter above sea level, having the
humid climatic type. More than 65% of the annual rainfall
is received during monsoon season (June to September).
Medium range forecast (forecast given for the period of
five days) was issued by India Meteorological
Department, New Delhi on various weather parameters
viz., amount of rainfall (mm), maximum and minimum
temperature (°C), surface mean wind speed (kmph) and
both morning and afternoon relative humidity (%) and
sent to Regional Meteorological Centre, Guwahati on
every Tuesday and Friday for value addition. IMD, New
Delhi generates these district level forecast from day-1 to
day-5 based on a Multi Model Ensemble technique using

forecast products available from number of models of
India and other countries which include: T-254 model of
NCMRWEF, T-799 model of European Centre for Medium
Range Weather Forecasting (ECMWF), United Kingdom
Met Office (UKMO), National Centre for Environmental
Prediction (NCEP), USA and Japan Meteorological
Agency (JMA). The grid spacing or resolution of these
models is 48-50 km. From 2009 onwards, T-574
(resolution - 22 km) model was also introduced and
applied in IMD. After receiving the MME forecast,
(7) Previous performance history of MME, (i) prevailing
synoptic conditions and (iii) topography and climatic
condition of the respective district are considered and
accordingly value additions to the MME value are done.
After value addition, RMC, Guwahati sent these forecast
to the centre on every Tuesday and Friday.

The study was conducted at agromet field unit
(AMFU), Sonitpur (Assam) for five years during March
2009 to February 2014. The daily values of these medium
range forecast of weather parameters like rainfall (mm),
maximum and minimum temperature (°C), maximum and
minimum relative humidity (%) and mean wind speed
(kmph) for day -1 to day-5 of Sonitpur during the study
period was compared and verified for the four seasons
separately as per IMD standard viz., pre-monsoon (Mar-
May), monsoon (Jun-Sep), post-monsoon (Oct-Nov) and
winter (Dec-Feb) against the observed weather parameters
recorded at agro-meteorological observatory located at
B. N. College of Agriculture campus, Sonitpur under
Assam Agricultural University. The forecast were verified
using ratio score, Hanssen and Kuipers (HK) Score,
Probability of detection (POD), Heidke Skill Score (HSS),
False alarm ratio (FAR), Critical Success index (CSI) and
RMSE for rainfall, and RMSE for other parameters.
Similar methods were used by few researchers (Singh
et al., 2005; Tripathi et al., 2008; Chauhan ef al., 2008;
Lunagaria et al., 2009; Chaudhari ef al., 2010; Khichar
et al., 2010; Mishra et al., 2010; Sahu et al., 2012).

The verification scores were calculated and have
been used for verifying the rainfall and temperature
forecasts are as follows:

In the following 2 X 2 contingency table, if Y stands
for occurrence of rain and N stands for non-occurrence
then

Forecasted
Observed Rain No Rain
Rain A (YY) B (YN)
No Rain C (NY) D (NN)
where, A= No. of hits (predicted and observed)
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TABLE1

Seasonal usability percentage between observed and predicted weather parameter during March 2009 to February 2014

Season Years Rainfall Max temperature Min temperature ~ Wind speed Morning RH  Afternoon RH
Pre-monsoon 2009-10 62.2 55.4 47.8 97.8 59.8 45.7
(Mar-May) 2010-11 55.0 58.7 89.1 98.9 85.9 76.1

2011-12 68.9 54.4 82.6 100.0 77.2 73.9
2012-13 82.7 40.2 77.2 100.0 80.4 60.9
2013-14 67.6 57.6 91.3 100.0 83.7 75.0
Monsoon 2009-10 32.8 47.5 89.3 98.4 82.0 71.3
(Jun-Sep) 2010-11 34.6 61.5 95.1 96.7 93.4 81.2
2011-12 31.0 57.4 97.5 100.0 98.4 86.1
2012-13 31.1 68.0 78.7 100.0 100.0 90.2
2013-14 23.2 67.2 57.4 100.0 100.0 87.7
Post-monsoon 2009-10 90.2 78.7 39.3 98.4 88.7 78.7
(Oct-Nov) 2010-11 97.7 59.0 54.1 98.4 88.5 88.3
2011-12 96.0 85.3 54.1 100.0 88.5 95.1
2012-13 87.5 82.0 37.7 100.0 85.3 98.4
2013-14 91.3 68.9 57.4 100.0 98.4 88.5
Winter 2009-10 100.0 76.7 45.6 98.9 72.2 85.4
(Dec-Feb) 2010-11 100.0 80.0 26.7 100.0 80.0 86.7
2011-12 100.0 84.6 52.8 100.0 84.6 84.6
2012-13 100.0 88.9 26.7 100.0 48.9 94.5
2013-14 97.4 78.9 74.4 100.0 92.2 81.1
Annual 2009-10 73.3 61.9 59.7 98.4 73.4 69.5
(Mar-Feb) 2010-11 69.9 64.9 69.9 98.4 87.4 82.4
2011-12 76.0 68.0 75.4 100.0 88.0 84.2
2012-13 74.6 68.5 58.6 100.0 80.0 85.2
2013-14 69.0 68.0 70.1 100.0 93.7 83.0
B = No. of false alarms (predicted but not Hanssen and Kuipers (H. K.) Scores:
observed)
C = No. of misses (observed but not predicted) HKS:M
(A+C)(B+D)
D = No. of correct predictions of no rain (neither

predicted nor observed)

The total number of cases (M) is given by:
M=A+B+C+D

Ratio Score (RS), also known as the Accuracy, Hit
Rate or Percentage Correct, measures the proportion of
correct forecasts. It describes the success rate of correct
forecast of occurrence and non-occurrence of rainfall to
the total number of events. The RS varies from 0 to 100
with 100 indicating perfect forecasts.

Correct Forecast A+D

Ratio Score= =
Total Forecast M

The score has a range of -1 to +1, with 0 representing
no skill. Negative values would be associated with
“perverse” forecasts, and could be converted to positive
skill simply by replacing all the yes forecasts with no and
vice-versa. A drawback of this score is that it tends to
converge to the POD for rare events, because the value of
“D” becomes very large.

Critical success index (threat score) measures
relative forecast accuracy (e.g., rain or no rain). It also
varies from 0 to 1 with 1 indicating perfect forecast and is
defined as the ratio of the number of hits (i.e., correct
event forecasts) to the number of events which occurred
plus the number of false alarms (incorrect event forecast)
(Schaefer, 1990).
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Hits
Hits + False alarms
B A
 A+B+C

Critical Success index (CSI) =

Probability of detection (POD) is the ratio of correct
rain forecast.

. . in f
Probability of detection (POD) = Correct rain forecast

Rain Observation
A
A+C

Since POD uses only the observed events A and C, it
is sensitive only to missed events and not false alarms.
Therefore POD can generally be improved by
systematically over-forecasting the occurrence of the
event. The POD is incomplete by itself and should be used
in conjunction with either the false alarm ratio (FAR)
below or the false alarm rate (FA).

False alarm ratio (FAR) is the ratio of correct rain
forecast

Falsealarm B
Hits+False alarms A +B

False alarm ratio (FAR) =

Since FAR is dependent on A and B only and does
not include C, and therefore, is not sensitive to
missed events. FAR can be improved by systematically
by under forecasting the events. It also is an incomplete
score and should be used in connection with the POD
above.

Heidke Skill Score (HSS) is the ratio of correct rain
forecast

Heidke Skill Score (HSS) =
Correct Forecast —(Correct Forecast )

random
N—(CorrectF orecast)ran dom

_ 2(AD-BC)
A+C)Y(C+D)+(A+B)(B+D)

The HSS ranges from negative values to +1,
Negative values indicate that the standard forecast is more
accurate than the forecast; skill is negative. The HSS
represents the fraction by which the forecast improves on
the standard forecast. A perfect forecast gives a HSS of 1,
no matter how good the standard forecast is.

The error structures as suggested by IMD were
followed to discriminate between correct, usable and

unusable forecasts (Singh, et al, 1999). The error
structure for verification of Quantitative Precipitation
(QP) was as follows:

Observed rainfall < 10 mm Observed rainfall > 10 mm

Correct diff <0.2 mm diff <2% of obs
Usable 0.2 mm <diff <2.0mm 2% of obs < diff < 20% of obs
Unusable diff > 2.0 mm diff >20% of obs

Usability (probability of success rate) = correct + usable

where, diff stands for Absolute difference of
observed and forecasted rainfall in mm and obs stands for
observed rainfall in mm.

Correlation coefficient (#) and Root Mean Square
Error (RMSE) of all weather parameters were worked out
for the absolute error between observed and forecasted
data for obtaining the skill of the model in forecasting.
The RMSE values indicate the degree of error in the
forecast. The lower values of RMSE indicate less
difference between observed and forecasted values.

2
Root mean square error (RMSE) = M
n

where, F' = Forecasted value, O = observed value,
n = number of observations

The critical values of error structures given by
Rathore et al. (1999) were followed to consider success
and failure cases for analysis, which mentioned below:

Error structure for  Error structure for — Error structure
verification of  verification of wind  for verification

temperature speed forecast of relative
forecast (°C) (kmph) humidity
forecast (%)
Correct diff < 1.0 °C diff <2 m/s diff <10 %
(7.2 kmph)
Usable 1.0 °C < diff 2 m/s < diff <4 m/s 10% <diff <20%
<2.0°C (7.2 — 14.4 kmph)
Unusable  diff >2.0 °C diff >4 m/s Diff >20%
(14.4 kmph)

Usability (probability of success rate) = correct + usable

where, diff stands for Absolute difference of
observed and forecasted.

3. Results and discussion

The usability (probability of success rate in
percentage) of daily weather parameters, viz., rainfall,
maximum and minimum temperature, wind speed,
morning and evening relative humidity for four seasons
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Fig. 1. Seasonal verification of daily rainfall forecast based on ratio
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Fig. 2. Seasonal verification of daily rainfall forecast based on

score critical success index
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Fig. 3. Seasonal verification of daily rainfall forecast based on H K

Fig. 4. Seasonal verification of daily rainfall forecast based on
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Fig. 5. Seasonal verification of daily rainfall forecast based on False
Alarm Ratio

Fig. 6. Seasonal verification of daily rainfall forecast based on
Heidke Skill Score

Figs. 1-6. Analysis of seasonal rainfall forecast during March, 2009 to February, 2014

and 5 years (March, 2009 to February, 2014) are presented
in Table 1 and Fig 7-12. The daily weather parameters
were computed from a contingency table summed for the
whole season and worked out the usability based on the
threshold values as stated above section.

The results indicated that during pre-monsoon, post-
monsoon and winter seasons, the performance of rainfall
was excellent as they are not rainy seasons for Sonitpur
and the usability varied from 55.0% to 68.9%, 90.0% to

97.6%, and 100.0%, respectively, whereas the usability
during monsoon season which is the main rainfall
receiving season, recorded the lower percentage of
usability varying from 31.0% in 2011 to as high as 34.6%
in the year 2010. The corresponding qualitative analysis
results (ratio score, critical success index, HK score,
probability of detection, false alarm ratio and Heidke Skill
Score) are presented in Figs. 1-6. During pre-monsoon,
post-monsoon and winter seasons, the ratio score ranged
from 48.9 to 93.3%, indicating moderate to very good
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Fig. 11. Seasonal verification of daily morning relative humidity Fig. 12.  Seasonal verification of daily afternoon relative

forecast during March, 2009 to February, 2014

humidity forecast during March, 2009 to February,
2014

Figs. 7-12. Usability of seasonal and annual forecast of different parameters during March, 2009 to February, 2014

forecast of rain during these seasons. The results revealed
that the HK scores were negative during winter season
(2009-10). Mostly the HK scores were 0.18 to 0.37 in pre-
monsoon and winter seasons, because rainfall does not
occur in these seasons and the no rainfall forecasts
become 100% correct. The critical success index is
highest (0.69) in monsoon, 2011 and lowest (0.0) in
winter 2009-10. Likewise the probability of detection
(POD) is the highest value during monsoon season in all 5
years and lowest during winter 2011-12. The False alarm

ratio (FAR) is highest during all season except monsoon
season revealed that perfect forecast of rain during these
seasons. Heidke Skill Score (HSS) is positive in all three
seasons of the five years except monsoon where the HSS
is zero. HSS is zero in winter during 2009-10 where as
non-zero during monsoon 2012. Similarly, from the Table
2, it is revealed that the RMSE values of rainfall were
lower, varying from 8.2 to 18.7 mm, 5.1 to 10.1 mm and
1.1 to 2.7 mm in pre-monsoon, post-monsoon and winter
seasons, respectively but during monsoon season it is
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TABLE 2

Seasonal RMSE between observed and predicted weather parameter during March, 2009 to February, 2014

Season Years Rainfall ~Max temperature Min temperature Wind Speed  Morning RH Afternoon RH
(mm) O QY (kmph) (%0) (o)
Pre-monsoon 2009-10 18.7 5.4 3.6 6.4 4.4 4.8
(Mar-May) 2010-11 16.2 4.5 3.0 5.5 3.6 4.0
2011-12 11.6 33 1.9 52 3.5 4.0
2012-13 8.2 4.9 1.8 3.0 33 43
2013-14 9.2 33 1.4 2.8 33 3.7
Monsoon 2009-10 21.7 3.4 1.6 6.0 3.7 4.0
(Jun-Sep) 2010-11 18.3 25 1.2 6.5 3.4 4.0
2011-12 26.9 2.5 1.0 5.7 2.5 33
2012-13 23.0 2.8 1.8 2.5 2.1 34
2013-14 33.6 29 32 1.4 2.0 3.1
Post-monsoon ~ 2009-10 9.8 59 4.8 4.7 3.9 3.6
(Oct-Nov) 2010-11 6.2 6.3 49 42 3.4 3.5
2011-12 5.1 1.9 35 33 3.1 2.9
2012-13 10.1 1.8 35 24 33 2.7
2013-14 7.1 2.4 2.8 3.8 2.6 3.4
Winter 2009-10 1.9 2.4 35 49 4.0 33
(Dec-Feb) 2010-11 2.5 2.0 44 4.6 3.9 33
2011-12 1.1 4.2 4.1 3.6 3.6 3.6
2012-13 1.4 1.5 42 23 4.4 2.8
2013-14 2.7 2.3 2.4 3.7 35 35
Annual 2009-10 16.2 43 33 5.6 4.0 4.0
(Mar-Feb) 2010-11 13.6 3.8 3.4 5.5 3.6 3.7
2011-12 16.7 3.1 2.7 4.8 3.2 3.5
2012-13 14.6 3.1 2.9 2.6 33 3.4
2013-14 20.2 2.8 2.6 0.0 2.8 3.4

varying from 18.3 to 33.6 mm which is comparatively
higher value in all five years.

The pre-monsoon forecast verification in Table 1 and
Figs. 7-12 depicts those percentages of usability for daily
rainfall, maximum temperature, minimum temperature,
wind speed, morning and afternoon relative humidity were
55.0-82.7, 40.2-58.7, 47.8-91.3, 97.8-100.0, 59.8-85.9 and
45.7-76.1, respectively. Very good performance was
observed for rainfall and wind speed. There was gradual
improvement in forecast for wind speed (97-100%) during
these five years.

The seasonal verification of daily forecasted values
with the observed parameters for monsoon season as

presented in Table 1 and Figs. 7-12 revealed that
percentages of usability (correct + usable) for rainfall,
maximum temperature, minimum temperature, wind
speed, morning and evening relative humidity were 23.2-
34.6, 47.5-68.0, 57.4-97.5, 96.7-100.0, 82.0-100.0 and
71.3-90.2, respectively. Overall, seasonal forecasting
performance of daily rainfall was found poor and
performance of maximum temperature as well as
afternoon relative humidity was found average.
Performance of minimum temperature, wind speed and
morning relative humidity were found excellent. The
performance of minimum temperature, morning and
afternoon relative humidity forecast during 2013-14
showed marked improvement over previous five years’
forecast.
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TABLE 3

Seasonal correlation coefficient between observed and predicted weather parameter

Season Years Rainfall Max temperature Min temperature ~ Wind Speed ~ Morning RH  Afternoon RH
Pre-monsoon 2009-10 0.21 0.15 0.58* -0.05 -0.02 0.36*
(Mar-May) 2010-11 0.39* 0.51* 0.57* 0.07 0.22 0.47*
2011-12 0.31%* -0.01 0.85%* 0.41%* 0.27 0.40*
2012-13 0.48 0.51 0.87** -0.09 0.44* 0.52
2013-14 0.42 0.20 0.90** 0.40* 0.40%* 0.50
Monsoon 2009-10 0.08 -0.25 0.25 -0.14 0.02 0.20
(Jun-Sept) 2010-11 0.46* 0.39* 0.55* 0.22% 0.04 0.32
2011-12 0.22 0.26* 0.47* 0.30* 0.06 0.00
2012-13 0.20 0.38 0.36 0.03 0.26 0.17
2013-14 0.27 0.40 0.20 0.10 0.60* 0.50
Post-monsoon 2009-10 0.07 0.19 0.29 0.14 0.00 0.06
(Oct-Nov) 2010-11 0.62** 0.02 0.34 0.46* 0.18 0.08
2011-12 0.23 0.80** 0.94%* 0.15 0.18 0.47*
2012-13 0.32 0.32 0.82%** 0.02 0.37% 0.92**
2013-14 0.51 0.30 0.90%** -0.20 0.00 0.60*
Winter 2009-10 -0.03 0.43* 0.54* 0.30* 0.22* 0.42*
(Dec-Feb) 2010-11 0.27* 0.69* 0.50* 0.36* 0.06 0.33
2011-12 0.18 0.44* 0.31* 0.28* -0.22 0.53*
2012-13 0.02 0.83%* 0.58* 0.16 0.20 0.76**
2013-14 0.81%** 0.60* 0.50* 0.10 0.00 0.40*
Annual 2009-10 0.26* 0.43* 0.84%* 0.16 -0.03 0.52*
(Mar-Feb) 2010-11 0.53* 0.55* 0.86** 0.29* 0.29* 0.63*
2011-12 0.37* 0.71%* 0.91** 0.37* 0.07 0.62*
2012-13 0.38 0.69** 0.91** 0.15 0.35% 0.65*
2013-14 0.42 0.70** 0.90** 0.00 0.20 0.60*

*, **Significant at P = 0.05 and P = 0.01 level, respectively

The post-monsoon forecast verification depicted in
Table 1 and Figs. 7-12 revealed that percentages of
usability for rainfall, maximum temperature, minimum
temperature, wind speed, morning and evening relative
humidity were 87.5-97.6, 59.0-85.3, 37.7-57.4, 98.4-
100.0, 85.3-98.4 and 78.7-98.4, respectively. Excellent
performance was observed for rainfall and wind speed but
poor performance was observed for minimum temperature

forecast. The forecast of rainfall, maximum temperature,
morning and afternoon relative humidity was excellent
during 2010-11, 2011-12, 2012-13 and 2013-14
respectively, but it was very poor for the year 2009-10 for
all the four parameters.

The usability analysis of winter season presented in
Table 1 and Figs. 7-12 showed the percentages of
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usability for rainfall, maximum temperature, minimum
temperature, wind speed, morning and evening relative
humidity were 100.00, 76.7-88.9, 26.7-74.4, 98.9-100.0,
48.9-92.2 and 81.1-94.5, for all five years respectively.
The forecasting performance of rainfall was excellent as
they are not rainy seasons for Sonitpur along with wind
speed. Average performance was observed for maximum
temperature, morning and afternoon relative humidity.
Forecasting was found very poor for minimum
temperature during 2010-11 as compared to excellent
performance during winter seasons of the years 2009-10,
2011-12, 2012-13 and 2013-14.

The verification of forecasted values with the
observed parameters for the whole year as a whole
presented in Table 1 and Figs. 7-12 revealed that the
percentages of usability for rainfall, maximum
temperature, minimum temperature, wind speed, morning
and afternoon relative humidity were 69.0-76.0, 61.9-68.5,
58.6-75.4, 98.4-100.0, 73.4-93.7 and 69.5-85.2, for all five
years  respectively. Overall annual forecasting
performance of rainfall was found satisfactory and
performance of wind speed was found excellent during
2009-10 to 2013-14.

The values of seasonal RMSE presented in Table 2
showed that in pre-monsoon, values are lower which
results there is a good performance of forecast.
Interestingly, there was gradual decreasing of RMSE
values for daily total rainfall, daily average maximum and
minimum temperature, daily average wind speed, daily
average morning and afternoon relative humidity during
March 2009 to February 2014, which revealed an
improvement in forecast accuracy year to year for pre-
monsoon season. The RMSE values are higher in post-
monsoon as compared with pre-monsoon followed
by monsoon season which indicated that accuracy of
forecast is higher during post-monsoon season. The
RMSE values are lowered as compared with other seasons
indicated that accuracy of forecast is higher during winter
season.

Values of correlation coefficients (r) presented in
Table 3 showed that minimum temperature forecast was
significantly correlated with observed during all the
review periods. Rainfall was highly correlated during all
seasons except monsoon and annual basis. No significant
correlation was observed for morning relative humidity
during most seasons except pre-monsoon season of the
year 2011-12. Wind speed was highly correlated on
annual basis pre-monsoon of the year 2011-12, monsoon
of 2010-11, 2011-12 and post-monsoon of the year 2010-
11 and winter of all five years, whereas no significant
correlation was observed during other seasons. Maximum
temperature was significantly correlated on annual basis,

during pre-monsoon of 2010-11 and monsoon seasons of
the year 2010-11, post-monsoon of 2009-10, 2011-12 and
monsoon of all five years but no significant correlation
was observed during other seasons. Significant correlation
for afternoon relative humidity was observed in all
seasons and annual basis except monsoon of 2011-12 and
post monsoon of 2009-10, 2010-11 seasons.

4.  Conclusions

Forecasted wind speed was found to be most
accurately comparable with observed wind speed during
all the years in all the seasons. Rainfall forecast
performance was very good with low RMSE considering
all seasons of five year forecast except monsoon season
but its daily forecast still needs to improve. The
geographic location and topography of the region give rise
to various weather phenomena and also controls the
spatial patterns of climate parameters. The frequency of
thunderstorm activities during pre-monsoon and monsoon
seasons together with in situ source of moisture as well as
vegetation of the region play dominant role in sudden
development of weather phenomenon which may be
difficult to capture under the scale of medium range.

Minimum temperature forecasts were average in rest
of the seasons and year as a whole and needs
improvement, especially in post-monsoon and winter
seasons. Maximum temperature performance was average
in all seasons. Morning and afternoon relative humidity
performance was average in all the seasons and annual
basis with high RMSE. So the usability (percent of
success probability), accuracy and reliability of dominant
weather parameters in a particular season, for example,
rainfall in monsoon season and minimum temperature in
winter season, were comparatively less. The accuracy of
forecasting of all the weather parameters has improved
significantly in spite the fact that the region/area
experiences pre-dominantly humid sub-tropical climate
with hot, humid summers, severe monsoons and mild
winter.

This may be attributed to the efforts of IMD in
qualitative data inputs and models hence providing help in
planning to winter and summer crops.
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