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Statistical interpretation of general circulation model : A prospect for

1. Introduction

automation of medium range local weather forecast in India
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ABSTRACT. The General Circulation Models (GCM), though able 10 provide reasonably good
medium range weather forecast, have comparatively less skill in forecasting location-specific weather. This
is mainly due to the poor representation of local topography and other features in these models. Statistical
interpretation (SI) of GCM is very essential in order to improve the location-specific medium range local
weather forecast. An attempt has been made at the National Centre for Medium Range Weather Forecast-
ing (NCMRWF), New Delhi to do this type of objective fnrecamin; Hence location-specific SI models are
deyeloped and a bias free forecast is obtained. One of the techniques for accomplishing this, is the Perfect
Prog. Method (PPM). PPM models for precipitation (quantitative, probability, yes/no) and maximum/
minimum temperature are developed for monsoon season (June to August) for 10 stations in “India. These
PPM models and the output from the GCM (R-40) operational at NCMRWF, are then used to obtain the
SI forecast. An indirect method; based upon SI forecast and observed values of previous one or two
seasons, for getting bias fege forecast is explained. A comparative study of skill of bias free SI and final
fomcasl. with the observed. issued from NCMRWF to 10 Agromet Field Units (AMFU) during monsoon
sedson 1993, has indicated that automation of medium range local weather forecast can be achieved with
the help of SI forecast.

Key words — Numerical weather prediction (NWP), General circulation model (GCM), Statistical
interpretation (SI), Perfect Prog. Method (PPM), Model Output Statistics (MOS), Quan-
titative Precipitation (QP), Probability of Precipitation (PoP), MAX (Maximum),
MIN (Minimum).

Surface weather elements, like maximum/

Objective forecasts of local weather elements
can best be obtained by using statistical methods to
complement the raw output of Numerical Weather
Prediction (NWP) models. When the objective
forecasting is inherently statistical in nature and
depends for its input on NWP models, it is said to be
an interpretative system and is called as statistical
interpretation (SI) of NWP model output.

(229)

minimum temperature and rainfall, are of great
importance to the user and are highly dependent on
local topographic and environmental conditions. In
the NWP models it is difficult to include all the
local topographic and environmental conditions of
each and every point considered in the model. Pro-
blem becomes more grave in the case of General
Circulation Models (GCM) because of coarse
resolution.
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Fig. i. Two methods of combining numericzl and statistical
weather forecasting in schematic form

Surface weather is manifestation of interaction
between local topographic conditions and upper
air circulation. Hence a statistical technique,
which develbps concurrent relationship between
the upper air circulation and the surface weather
parameter, will have inbuilt accounting capability
for these local conditions. This relation can be
developed for a particular surface weather element
for a specific season over previous five to six
years.

2. Methodology
21. Two methods of siatistical interpretation

There are two methods of obtaining the SI
forecast. The first is the Perfect Prog Method
(PPM), (Klein er al. 1959) which utilizes observed
historical data on observed circulation to specify
local weather elements from concurrent weighted
combinations of meteorological parameters. To
use the derived equations for making a forecast, we
apply them to the output of numerical prognostic
models shown by dashed arrow in Fig. 1. (Klien
and Glahn 1974). Although errors in the numeri-
cal prediction will produce corresponding errors
in the statistical forecast. the latter will improve
each time the former is improved. A major advan-
tage of this method is that stable forecasting

relations can be derived for individual locations
and seasons from a long period of record. It can
be applied even if numerical model undergoes a
major change, ie, same relation will still hold
good. One of its disadvantages is that it takes no
account of errors and uncertainties in the numeri-
cal model and the other disadvantage is that rela-
tion at the time of derivation may not hold good at
the time of forecast. This may be due to a major
change in the local environmental conditions of
the station or due to the adoption of a new
analysis and forecast system. Under such a situa-
tion the PPM equations will have to be
developed again.

Second statistical technique is known as model
output statistics (MOS), (Glahn and Lowry 1972).
The predictor sample in MOS usually consists of a
relatively short period of prognostic data produced
by numerical models. Thus the MOS method
involves archiving the output from the numerical
models and matching it with observations of local
weather as in Fig. 1 (Klien and Glahn 1974).
Forecast equations are then derived using statisti-
cal techniques. This way the systematic errors in
NWP products are removed. The local topo-
graphic and environmental conditions of a loca-
tion are also automatically accounted for in the
forecast system. A drawback of this technique is
that a sufficient sample of model output is
required in order to derive a stable relation.
Hence, it cannot be applied immediately when a
new model is made operational. Also if the model
undergoes a major change the MOS relations will
have to be developed again.

On examining the advantages and disadvan-
tages of both the techniques, it can be concluded
that although MOS is superior to PPM, it cannot
be applied at NCMRWF for two reasons; (i) lack
of a sufficient sample of NWP output and (ii) fre-
quent changes in the models, due to which the
MOS equations have to be redeveloped everytime
the model undergoes a major change. So, under
the present circumstances PPM based SI forecast
seems more appropriate.

2.2. Development of PPM model

For developing PPM models, atleast data for
three seasons (same) of six months is required
(Carter 1989). As sufficient analysis/forecast data
from the operational analysis and forecast system
at NCMRWF was not available, the development
of PPM models for monsoon season (June-
August) based upon six years (1985-90) of (TOGA)
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TABLE 1

Meteorological parameters considered as possible predictors

S. No. Parameter Level (hPa)

1-4 Relative humidity 1000
850

700

500

5-8 Temperature 1000
850

700

500

912 Zonal wind component 1000
850

700

500

13-16 Meridional wind component 1000
850

700

500

17-20 Vertical velocity 1000
850

700

500

21-24 Geopotential 1000
850

700

500

25 Saturation deficit 1000-500
26 Precipitable water 1000-500
27 Mean sea level pressure -
28-29 Temperature gradient 850-700
700-500
850-700
700-500
32-35 Advection of temperature 1000
850

700

500

36-39 Vorticity 1000
850

700

500

40-43 Advection of vorticity 1000
‘ 850
700

500
850-500
1000-500
1000-500
1000-500

10-31 Advection of temperature gradient

4“4 Thickness

45 Horizontal water vapour flux div.
46 Mean relative humidity

47 Rate of change of moist static energy

analysis (2.5 X 2.5) from the European Centre for
Medium Range Weather Forecasting (ECMWF)
was taken up, although it has its own limitations
over the Indian region.

NCMRWF prepares three-day location specific
forecast for 28 agroclimatic zones on bi-weekly

basis. As SI forecast is also used for the preparation
of finakforecast to be disseminated to these agromet
field units (AMFU), hence SI models were
developed only for those stations for which past
observed data (1985-90) was readily available.

Models are developed for rainfall and tempera-
ture. In these models the predictands chosen are :
quantitative precipitation (QP), Probability of Pre-
cipitation (PoP) and Maximum/Minimum (MAX/
MIN) temperatures. As rainfall is highly variable,
hence model is developed using cube root of quan-
titative precipitation. The analysis data fields at
1000, 850, 700 and 500 hPa levels for forty seven
parameters are chosen for inclusion in the set of
predictors (Table 1). This includes mean sea level
pressure (MSLP), 1000-500 hPa precipitable water
(PPW), saturation deficit (SD), thickness and rate of
change of moist static energy (RMSE). These were
carefully selected to include all available factors
which might contribute to the surface temperatures
and rainfall, laying emphasis on their individual
contribution to the percentage of variance ex-
plained. Climatic value of predictand, SIN and
COS of the day are also tried as predictors, but not
retained as they do not contribute much to the per-
centage of variance.

Although for the development of PPM models
three reference times, viz, 0000 and 1200 UTC of
previous day and 0000 UTC of the same day were
considered, but after a scrutiny of the results hence
obtained, reference time at which the value of the
predictor is to be considered (Fig. 2) for developing
the model equations, is chosen as follows :

(1) 0000 UTC of the same day for MIN tem-
perature, on which it is attained;

(i) 1200 UTC of the same day for MAX tem-
perature, on which it is attained and

(i) 0000 UTC of the same day, 1200 UTC of the
previous day and average of the two. for 24-
hr accumulated rainfall (QP and PoP) on
which it is reported.

This implies that 47 predictors each, are
required for development of maximum/minimum
temperature models, whereas for rainfall the num-
ber of predictors is thrice as much, ie, 141
(47 X 3) predictors.

In order to get the value of a particular predictor,
representative of the station, its values at nine grid
points around the station were considered (Fig. 3),
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Fig. 2. Reference time for predictors

(Woodcock 1984). This is achieved by employing
canonical correlation (Rousseau 1982). In this
technique the first canonical variate, which is the
best linear combination of the values of a predictor

., at the nine grid points that has maximum correla-
tion with the predictand, is taken as the value of a
particular predictor at the station. These canonical
variates are found for each of the predictors to
obtain a new predictor set.

2.3. PPM model equations

Using the stepwise selection procedure, only
those predictors which explain most of the variance
are selected as the final predictots. Selection of
variables as predictors is terminated if the variable
just selected contributes less than a critical value to
the total percentage of variance explained by the
predictors already selected (Woodcock 1984). In
order to get a significant percentage of varidnce
explained by the predictors selected, this critical
value is taken as 1.0% for MAX/MIN temperature
and PoP but for QP itis relaxed to 0.5%. These selec-
ted predictors are then used for developing the PPM
model equations.

Two to three predictors for maximum tempera-
ture and three to seven predictors for minimum
temperature are selected. 1000-500 hPa saturation
deficit and 850 hPa temperature are important in
predicting maximum temperature whereas for pre-
diction of minimum temperature 850 hPa tempera-
ture, 500 hPa temperature and 850-500 hPa
thickness play an important role.
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Fig. 3. The grids considered around a station

Five to eight variables for PoP and six to twelve
variables for QP are selected as predictors. Mean
relative humidity and 850 hPa meridional wind
component are generally selected for predicting
both PoP and QP, but in the case of QP the vorticity:
at 850 hPa is also one of the important predictors
chosen. The estimates obtained from these model
equations for PoP are called the regression
estimates of event probabilities (Glahn 1982).
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TABLE 2

Threshold values (mm) for quantitative precipitation

TABLE 3

Constants to be added for probability of precipitation

Forecast . Forecast

Station 24-hr 48-hr 72-hr 96-hr saon 24-hr 48-hr 72-hr 9%-hr
Delhi 0.0 0.0 0.0 (+05) 00 (+05) Delhi 0.0 0.0 0.0 0.0
Ludhiana 0.0 00 0.0 0.0 Ludhiana 0.2 0.2 02 02
Hisar 0.0 (+05) 00(+02) 00 (+03) 00 (+04) Hisar 045 045 04 04
Pantnagar 035 03 1.0 0.9 Pantnagar -08 -08 —-0.85 —0.85
Udaipur 0.45 05 04 045 Udaipur 0.15 02 025 02
Anand 05 05 07 07 . Anand 0.0 00 00 0.0
Hyderabad 0.7 07 08 08 Hyderabad 01 0.05 0.05 —0.05
Jabalpur 0.0 (+0.I) 00 (+01) 00(+01H 00 (+0D) Jabalpur 025 0.1 0.1 0.1
Parbhani 1.4 15 1.5 L5 Parbhani 0.0 —0.05 -0.05 -0.1
Raipur 03 04 0.55 07 Raipur 0.05 —0.05 =0.15 -0.15

The equation relating one predictand to several
predictors is a simple linear form and can be written
as,

Y=ay+aXyp+axX)+ ...... +agX, (1)

where ay’s are the multiple regression coeffi-
cients.

24. SI forecast from R-40 model output

SI forecast is obtained everyday from R-40
model output by using PPM models developed. For
getting 24, 48, 72 and 96-hou: forecast for MAX/
MIN temperature, QP and PoP. values of the pre-
dictors from the R-40 model output are put in the
corresponding PPM equations and value of the pre-
dictand is obtained during monsoon 1993, Large
bias has been found in this forecast in the sense that
the predictand thus obtained may be away from the
expected value, that is. it may be either over-
predicted or under-predicted. Method for removing
bias is developed using SI forecast from R-40 model
and observed data of 1991 and 1992 monsoon
season (June-August). Thus, a bias-free SI forecast
is got along with the operational run of R-40 model
in 1993 monsoon.

The bias in the temperature predictions is
removed by using an indirect method (Glahn et al.

1991). In this method, regression equation is
developed between observed and predicted values-
of ¥ starting from day one to day n, where nis fixed.
The corrected value of the predictand (n+1) is
hence obtained using the coefficients thus deve-
loped (say, b) and the predicted value of the (n+1)th
day, ie.
Yn+tycorr = @+ b+ Yui1)pred

Again the regression is developed between the
observed and predicted values of Y starting from
day 2 to day (n+1), which is again used for getting
the corrected value from the predicted value for
(n+2)™ day and so on. In this way bias-free forecast
is obtained for all the days. The fixed number of
days, i.e, n used for development of equation each
time may be different for different cases. Optimal n
for bias removal for minimum temperature is found
to be 20 and for maximum temperature it is 10.
Same n is used for getting operational SI forecast
during 1993 monsoon.

For QP, threshold value for a rainy day (Table 2)
and for PoP, value of the constant factor (Table 3)
for adding to the forecast probability, have been
obtained by trial and error method so that skill
scores get maximised during 1991 and 1992 mon-
soon. YES/NO forecast from PoP is derived by
using the criterion that if PoP is less than 0.5, then
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TABLE 4

Skill scores for rainfall

Skill score
Station SI/FNL -
Forecast Ratio HK RMSE Correct Usable Unusable
(%) (%) (%) (%)
Delhi SI 769 048 331 733 33 233
FNL 744 035 312 793 0.0 20.7
Ludhiana "SI 821 0.56 138 TRY 6.3 156
FNL 795 033 134 87.1 6.5 6.5
Hisar Sl 769 042 414 76.7 133 100
FNL 61.5 0.05 412 875 0.0 125
Pantnagar SI 615 020 170 66.7 42 292
FNL 600 0.19 165 609 87 304
Udaipur SI 744 0.58 158 65.5 103 24.1
FNL 769 053 159 70.0 i3 26.7
Anand SI 84.6 0.57 282 75.8 30 212
FNL 69.2 043 276 59.3 37 370
Hyderabad SI 590 0.17 81 69.6 8.7 217
FNL 455 —0.01 102 400 6.7 533
Jabalpur SI 769 0.54 338 46.7 33 50.0
FNL 769 0.51 325 36.7 10.0 533
Parbhani SI 564 0.10 26.8 68.2 46 273
FNL 515 0.06 294 529 59 412
Raipur SI 71.8 _0.43 242 429 36 536
FNL 718 042 222 357 7.1 571
SI  — Statistical interpretation forecast

FNL — Final forecast prepared by forecasters’ panel

it is considered as no rain case, otherwise it is con-
sidered as rain case (Mason 1979). Rainfall forecast
is obtained as a hybrid of QP and PoP forecasts
after combining the two in the following ways (Tapp
et al. 1985):

(1) If PoP<05 and QP =m, then give
rain = 0.0

(2) If PoP>05 and QP =m, then give
rain = m

(3) If PoP >05 and QP = 0.0, then give

rain = 0.1

where m is the forecast value of rainfall from QP
equations. In case (3) rain is taken as 0.1 mm as this

is the minimum possible rainfall that can be
measured.

3. Discussion of results

After a bias-free SI forecast is obtained,
a verification study is conducted for monsoon
1993. This is done by comparing the skill of SI
forecast and that of final forecast issued from
NCMRWF to the 10 AMFUs during monsoon
1993,

Data, only for three days during a week for
which final forecast is issued, is considered for
this verification study. Maximum and minimum
temperature trends are considered for the three-
day forecast, which is obtained by adding the
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TABLE §

Skill scores for maximum temperature

TABLE 6

Skill scores for minimum temperature

Skill score

SI/FNL Corre- RMSE Correct Usable Un-

Forccast lation (%) (%) usable
coefli- (%)
cient

Station

Skill score

SI/FNL Corre- RMSE Correct Usable Un-

Forecast lation (%) (%) usable
coefli- (%)
cient

Station

Delhi 058 ; 444
0.56 RE 385

Ludhiana 072 P 472
0.67 5 462

Hisar Sl 0.73 32 444
FNL 0.57 18 256

Pantnagar  SI 0.06 2, 556
FNL 043 3 282

Udaipur SI 0.90 2 500
FNL 0.83 3 410

Anand SI 0.86 9 583
FNL 0.84 2 487

Hyderabad Sl .85 2 333 361
FNL 0.76 2. 273 182

Jabalpur SI 0.86 2, 417 16.7
FNL 0.89 2 282 282

Parbhani SI 078 ) 278 16.7
FNL 0.36 L, 273 182

Raipur SI 078 i 389 278
FNL 0.85 ; 46.2 jos8

Delhi SI 028 29 278
FNL 030 23 51.3 256

Ludhiana SI 028 24 583 278
FNL 047 29 333 462

Hisar SI 039 27 389 . 361
FNL 037 26 308 ! i85

Pantnagar  SI 0.71 2.6 472 278
FNL 020 27 333 J 539

Udaipur SI 026 23 528 22
FNL 037 23 46.2 ; 308

Anand SI 039 11 80.6, 28
FNL 049 1.5 564 18.0

Hyderabad SI 062 13 75.0 56
FNL 0.52 1.3 45.5 9.1

Jabalpur Sl 0.87 14 694 250 56
FNL 0.75 1.9 436 313 23.1

Parbhani SI 0.67 13 75.0 194 56
FNL 027 L5 515 242 242

Raipur SI 0.32 1.9 722 111
FNL 023 23 333 282 385

SI  — Statistical interpretation forecast
FNL — Final forecast prepared by forecasters’ panel

trend to the temperature of the day on
which forecast is issued. both for SI and final
forecast.

A man-machine-mix approach is followed for
preparation of local weather forecast. It is an
integrated scheme in which forecaster’s panel uses
all types of information, viz, direct model output
(DMO), statistical interpretation (SI), conventional
interpretation of graphical output and synoptic, and
then gives the final forecast.

The ratio scores and the HK scores of rainfall
forecast (Table 4) obtained from SI models are
higher for most of the stations and are equal in one
or two stations. The percentage of correct forecast is
also higher in the case of SI forecast for most of
the stations.

3A=36 IMD/9%.

SI  — Statistical interpretation forecast
FNL — Final forecast prepared by forecasters’ panel

TABLE 7

Critical values wsed for error structure

Rainfall Mex/Min Wind  Wind

temp  speed direction
Upto  More (o} (kt)  (degree)
10 mm than

10 mm

Skill score

Correct 02 mm 2% 10

Usable 2.0 mm 20% 30

Unusable >20mm >20% >30

The correlations obtained from SI forecast in the
case of MAX/MIN temperatures (Tables 5 and 6)
are more than that obtained by final forecast for
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majority of the stations. The root mean square error
(RMSE) of MAX/MIN temperatures are also lower
in the case of SI forecasts than in the case of final
forecasts for almost all the stations. Critical values
for error structure are given in Table 7.

Verification study shows that SI forecast is
having good skill and is comparable to that of final
forecast issued from NCMRWF. Hence SI forecast
has the scope of being used as the automatic
medium range local weather forecast to be issued
from NCMRWF.
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