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PRELIMINARY RESULTS FROM THE ANALYSIS OF
WIND COMPONENT ERROR

by
P. A. Jacobs and D. P. Gaver

0. INTRODUCTION

Numerica! meteorological models are used to assist in the prediction of
weather. Each run of a numerical model produces forecasts of
meteorological variables which are used as preliminary predictions of the
future values of these variables. These initial predictions are referred to as
first-guess values. In this paper first-guess values will refer to the most
recent 12 hour forecasts.

In certain areas of the world observations of the values of forecasted
variables become available, in our case the observations become-available 12
hours after the first-guess values are computed. Prior to the next run of the
numerical model a multivariate optimal interpolation analysis updates a
first-guess value of a variable by adding to it a weighted observed value of
the variable if it is available. The weight multiplying the observed value
depends on estimates of the squared error of the first-guess value and the
squared error of the observation; cf. Goerss et al. [1991, a, b]. Thus it is of
importance to predict such first-guess squared errors.

The general problem of modeling and predicting mean square errors is
important but not widely studied; see Efron {1986) and Jorgenson (1987). In
the next section statistical models for the error of the first-guess are
introduced. The models assume the error of the first-guess has mean 0 but has

a scale parameter that is log-linear with suitable covariates, i.e. explanatory or

regression variables. Accesion For
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Results are reported concerning the estimation of model parameters, and
model cross-validation and predictive ability for u, v wind component data
from the months of February and April 1991. The data consist of
measurements and 12 hour forecasts (first-guess values) from 93 stations in
North America, 25N-75N. The forecasts are produced using the NOGAPS
Spectral Forecast Model; cf. Hogan et al. Each station has measurement and
first-guess values for every 12 hours; there are some missing observations.
The first-guess values are subtracted from measurement values (if available)
to obtain observations of the error of the first-guess. The results appear in
Sections 3 and 4 and in Appendices B, C and D.

The results indicate that estimates of the variance of the error of first-guess
wind components can be improved by using covariates which are functions
of the wind components. Covariates using observed values of the wind
components appear to have more predictive ability than those using first-
guess values. Further exploratory work is needed to determine the degree
with which these statistical results can be used to improve the forecasting

ability of the numerical model.
1. THE MODELS
Let
Ug(t) = observed u-wind component at time ¢
u At) = first-guess u-wind component at time ¢
Vo(t) = observed v-wind component at time ¢

VA1) = first-guess v-wind component at time ¢
1

r(h = [(Uo(t) - Uo(t - D)2+ (Vo(t) - Vo(t - )2

1
s() = [Up(t? + Vp(*]2

Y(t) = UO(t) - Uf(f) or Y(t)= Vo(t) - Vf(t)

The models considered are as follows:




NORMAL MODELS:
One Variable Modeis
1. {Y(t)} are independent normally distributed random variables with

mean 0 and variance | _
o1 (1;t) = exp{ay (1) + By (1)r(+)}. (1)

2. {Y(#)} are independent normally distributed random variables with

mean 0 and variance
o1 (2;t) = exp{ay (2) + By (2)s(t)}- (2)

Two Variable Model
3. {Y(#)} are independent normally distributed random variables with

mean 0 and variance

03(t) = exp{a+ Byr(t) + Bos(t)} (3)

CAUCHY MODELS:

While many measurement errors of physical quantities are
approximately normal, especially “in the middle” of their distribution, there
can well be thicker-than-normal tails and occasional extreme outliers. These
attributes can have seriously degrading effects in regression-like problems; cf.
Mosteller and Tukey (1977), Huber (1981) and Hampel (1986). The Cauchy
distribution is a symmetric distribution with thicker tails than those of the
normal distribution. Distributions with long straggling tails have the
tendency to produce outlying values. The following models use the Cauchy
distribution to represent and suitably compensate for more-thick-tailed

measurement error than that of the Normal distribution.




One Variable Models

4. (Y(t)} are independent Cauchy random variables with scale parameter
af (1;t) = exp{a (1) + By (1)r (1)} (4)

5. {Y(#)} are independent Cauchy random variables with scale parameter
af(2:t) = exp{e(2) + B (2)s(1)}. (5)

Two Variable Model

6. {Y(t)} are independent Cauchy random variables with scale parameter
o3(t) = exp{a+Byr(t) + Bys(t)}. (6)

The form of the Cauchy density function with scale parameter o that is

used is
2 _1
f(y)=——[l+—§_2—] for -co<y<oo

2. ESTIMATION OF PARAMETERS

For both normal and Cauchy models, the model parameters are estimated
by maximum likelihood. A system of equations is obtained by setting the first
partial derivative with respect to each parameter of the In likelihood function
equal to zero. The system of equations is solved numerically using Newton'’s
method to obtain the maximum likelihood estimates. The procedure for the

normal models is given in Appendix A.




3. THE DATA ANALYSIS—FEBRUARY DATA
3.1 Observed Wind Covariate Models

In this subsection we report an assessment of the goodness of fit and
cross-validation for the normal models (1)-(3) using observational wind
components as covariates. There are six analyses; one for the u-wind
component (respectively v-wind component) for each pressure level height.
Each analysis proceeds along the same lines. In what follows by data we mean
triples {y(t), r(t), s(t)}.

In each analysis the data are randomly divided into two sets called DA
and DB without regard to the values of the data.

The maximum likelihood parameter estimates for each model (1)-(3) are
obtained for each set DA and DB and for all the data. The estimated values
appear in Table 1. The estimated variances rri(l,t), a%(Z,t), og(t), are computed
for the parameters estimated from DA and DB using (1)-(3) for each data
point in DA and DB.

The models are for the variances of the observations rather than the
observations themselves. One possible procedure to assess goodness-of-fit
and cross-validate the models is by binning the data. To assess models (1) and
(3) the data (y(t), r(t), s(t)) are binned into 10 bins based on ordering the values
of r(t) from smallest to largest. The data in the first bin correspond to the
smallest values of r(t); the data in the 10th bin correspond to the largest
values of r(t). Each bin contains about 11—0“‘ of the data with the 10th bin
containing a few more data. The averages of the estimated variances for
models (1) and (3) are computed for each bin. The average y(t)? is also

computed for each bin.




To assess models (2) and (3) the same procedure is used but the binning is
based on the values of s(t).

Figures 1-24 present graphs of the In [average y(t)?] in each bin versus In
[average estimated variance] in each bin for models (1) and (3) and models (2)
and (3). Figures 1, 5, 9, 13, 17, 21 (respectively 2, 6, 10, 14, 18, 22) show the
logarithm of the average of the y(#)2 values of DA (respectively DB) versus the
logarithm of the average of the estimated variances for each bin using the
estimated parameters from DA (respectively DB). If a model were perfect, a
point should be close to the 45° line shown.

Figures 3, 7, 11, 15, 19, 23, (respectively 4, 8, 12, 16, 20, 24) present graphs of
In average y(t)2 of DA (respectively DB) versus In average estimated variances
using parameters estimated using data DB (respectively DA). Once again if
the model were perfect, the points would be close to the 45° line.

Since the two-variate model (3) is shown with both one-variate models, it
is possible to obtain some idea of the effect of the two different sets of bins on
the In averages. In particular, the graphs corresponding to the 500 Mb height
winds, Figures 9-16, show that the display of In averages can be quite sensitive
to which variate is used to do the binning.

Keeping this binning sensitivity in mind, the figures suggest the
following concerning the models using observed winds as covariates. It
appears that of the two one-variate models, model (1) which uses r(t) as the
covariate is the better. The two-variate model (3) appears not much better
than model (1). If wind speed is used as the single covariate, it appears to
overstate the variance; the addition of the second covariate r(t) in this case
seems to tend to make the estimated variance smaller and bring the In

average predicted variance in a bin closer to the In average y2 in the bin.




Preliminary examination of In average y2? in bins and In average model
variances in bins for the Cauchy models suggests that the Cauchy models
result in little or no improvement over the results of the normal model. The
results of the Cauchy models will not be reported here.

Another way to assess goodness of fit and to cross validate is to evaluate
the In-likelihood for the different models at the parameter estimates. Larger
values of the In-likelihood suggest better model fit; cf. Cox and Hinkley [1974].

Table 2 presents the values of the In-likelihood up to addition and
multiplication of constants for the parameter estimates of Table 1; the

function being evaluated is

2=-na—i;i[_3—2”:y,-2 exp{——a+gi[_3}. (7)

where x,;8 = injﬁj- The values of £ are presented for data DA (respectively
j

DB) using the parameters fit using DA (respectively .DB); these are values
assessing goodness of fit; since maximum likelihood is the estimation
procedure, the largest value of ¢ in each of these two rows is the one
corresponding to the two-variate model. Values of Z are also presented for
data DA (respectively DB) using the parameters fit using DB (respectively
DA); these are values assessing cross-validation. The underlined value in
each row is the maximum value in that row; the corresponding model
provides the best model fit. The bold italicized value in each row is the
maximum value for the two one-variate models; the corresponding one-
variate model provides the best model fit between the two one-variate

models.




TABLE 1. NORMAL MODELS
PARAMETER ESTIMATES
OBSERVED WIND COVARIATES

One-Variate Models

Two-Variate Models

Pressure Wind Data r(t) s(t) In MSE = a+Br(t)+ »s(t)
Height Comp. Set a a E a E &
850 u A 202 0054 | 194 0.050 | 1.70 0.040 0.040

B 209 0050 | 1.76 0.066 | 1.63 0.027 0.058

ALL | 206 0052 | 1.85 0.058 | 1.66 0.034 0.049

850 1/ A 2.19 0.040 | 1.59 0.080 | 1.51 0.015 0.076
B 205 0.051 | 1.68 0.071 | 1.56 0.028 0.062

ALL | 212 0045 | 1.64 0.076 | 1.53 0.022 0.069

500 u A 229 0.045 | 245 0.018 | 211 0.040 0.011
B 218 0054 | 219 0029 | 1.84 0.046 0.020

ALL | 223 0.050 | 2.32 0.024 | 197 0.043 0.015

500 v A 231 0.039 | 227 0.023 | 1.99 0.033 0.018
B 224 0.042 | 214 0.028 | 1.89 0.034 0.021

ALL | 228 0.041 | 2.21 0.025‘ 1.94 0.034 © 0.019

250 u A 312 0.034 | 248 0034 | 222 0.023 0.030

B 295 0.039 | 245 0.032 | 217 0.026 0.027

ALL | 3.04 0.036 | 246 0.033 | 220 0.024 0.028

250 v A 301 0.031 |23 0033 (213 0.021 0.029

B 297 0.032 | 228 0.035 | 212 0.021 0.028

ALL [ 298 0.031 | 231 0.034 | 212 0.021 0.029

r(t) = [((u(t) - u(t-1)2 + (v(t) - v(t-1))2)]

1/2

s(t) = [u(®?2 + v()2]'/?
NOTE: Data are divided into two sets randomly without regard to data

values. One set is called A; the other is called B.




TABLE 2. NORMAL MODELS

VALUES OF LN-LIKELIHOOD
OBSERVED WIND COVARIATES
One-Variate Two-
Pressure  Wind Models Variate
Height Comp. DataSet Model Constant nt) s() Models
850 u |A A 76959 | -75965 | -7591.6 | -7538.1
B B 77469 | -76618 | -7560.5 | -75403
B A 77475 | -76639 | -7571.1 | -7553.2
A B 76964 | -7598.5 | -7601.9 | -75517
850 v |A A 77591 | 77034 | -7505.5 | -74985
B B 77076 | -76140 | -7512.8 | -7480.4
B A 77082 | -76206 | -75154 | —7497.5
| A B 77597 | 77103 | -7508.2 | -7507.4
500 u . |A A 94543 | -9314.6 | -94053 | -9299.2
) | B B 95187 | 92968 | -9376.7 | -9239.6
B A 95195 | -9303.2 | -9397.9 | -9257.4
A B 94552 | -93204 | 94252 | 93158
500 v |A A 93177 | -93171 | -9243.0 | -91749
B B -92583 | -9140.7 | -9161.1 | -9091.7
B A 9259.1 | -9142.8 | —9165.1 | -90942
A B 93184 | -92192 | 92475 | -9177.
250 u  |A A 112654 | -10657.4 | -10431.5 | -10344.8
B B -10782.7 | -10389.8 | -10249.0 | -10149.2
B A -10829.6 | -10403.9 |-10261.7 |-10162.1
A B 113193 |-10673.4 | -10445.1 | -10358.6
250 v |a A -10417.8 | -10259.4 | -10094.9 |-10032.0
B B 107831 | -101815 |-10050.1 | -9960.1
B A 108149 |-101825 |-10051.8 | -9961.3
A B 104464 | -10260.3 | -10096.3 | -10033.2




The models considered are {Y;} are independent normal with mean 0 and

variance
o?(t)=e®*  (Constant variance) (8)

and models (1)-(3).

The two-variate model (3) maximizes the cross-validation value of Z for
data DA (respectively DB) with a model using parameters fit using DB
(respectively DA). This suggests that both r(t) and s(t) together have
predictive ability.

For the one-variate models (1) and (2) the cross-validation value of 7 for
DA (respectively DB) using the parameters fit using DB (respectively DA) are
equally divided as to whether r(¢) by itself or s(t) by itself produces the higher
value of #. This suggests that neither variate by itself has obviously better
predictive value than the other. The goodness of fit values of £ for the one-
variate models using DA (respectively DB) have a higher value of Z
associated with s(t) the majority of the time. This suggests that s(t) by itself

provides a better description of the data than r(t) by itself.

Comparing the value of ¢, Z, for DA (respectively DB) using the constant
variance model (8) fit using DA (respectively DB) with the corresponding
cross-validation value of Z for DA (respectively DB) using models (2), (3) fit
using DB (respectively DA) indicates the following. The values of ¢ for
models (2) and (3) fit with the other half of the data are larger than the
corresponding value Z. for the constant variance model fit using the data to
be modeled. This indicates that both models (2) and (3) fit with the other half
of the data describe the data better than the best constant variance model (8) fit

with the same data it is used to summarize.




3.2 First Guess Wind Covariate Models
In this section we report the results of using models (1)-(3) and (8) with
first guess winds as covariates; the two covariates considered are

1

1) =] (O~ +{vyt - vy

and

1
sp() = Uy + vy (o2 J2.

The analysis is the same as in the previous subsection. The data sets DA and
DB are the same as those in the previous subsection in each case.

The values of the parameter estimates appear in Table 3. The
corresponding values of £ appear in Table 4. Once again the underlined
value of { is the largest value in each row; the bold italicized value Z is the

largest value between the two one-variate models.

In all but two cases the values of Z for the observed wind tovariates are
larger than those for the first-guess wind covariates. This suggests that the
observed wind components have better predictive and descriptive value than

the first guess wind components.

~ Table 4 also indicates the following results concerning models . ;ing first
guess wind covariates. Between the two one-variate models (1) ana (2) the
one-variate model using first guess wind speed always has the greater -
value. This suggests that first guess wind speed alone has better predictive
and descriptive value than rft) alone. The cross-validation values of ¢ for
data DA (respectively DB) using parameters fit with DB (respectively DA) are
maximized about half the time using the one-variate model with s{(t). The

other times the maximal ¢ is associated with the two-variate model.
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TABLE 3. NORMAL MODELS
PARAMETER ESTIMATES
FIRST GUESS WIND COVARIATES

One-variate Models

Two Variate Models

Il_’lms:te ::Voi::d Dsata rAt) sdt)
eiﬁ ts p. et a a __L a E, &

850 u A | 252 | -0006 | 223 | 0025 | 230 | 0023 ] 0031

B | 248 | 0004 | 221 | 00290 | 226 | -0013| 0032

ALL | 250 | -00007] 222 | 0027 | 228 | 0017 | 0032

850 v A | 254 | 0004 | 23¢ | 0017 | 240 | 0016 | 0021

B | 241 | 0013 | 227 | o021 | 228 | -0001 | 0022

ALL | 247 | oo0os | 231 | 0019 | 234 | 0008 | 0.021

500 u A | 261 | 0023 | 235 | 0023 | 225 | 0o015| 0021

B | 268 | 0019 | 248 | 0017 | 239 | 0014 | 0016

ALL | 265 | o021 | 242 | oo0| 231 | o014 | o018

500 » A | 271 | ooos | 240 | oois | 230 | ooo0s| 0017

B | 276 | -0002 | 229 | 0022 | 235 | -0.009 | 0.023

AL | 273 | ooo2 | 234 | 0020 | 237 | 0004 | 0.02

250 u A | 402 | 0005 | 266 | 0037 | 267 | 0002 | 0037

B | 346 | 0021 | 301 | 0022 | 278 | 0019 | oo

ALL | 374 | 0009 | 279 | 0031 ] 269 | 0008 | 0031

250 v A | 349 | 0007 | 300 | 0017 | 293 | 0006 | 0017

B | 353 | 0016 | 287 | 0026 | 260 | 0018 | o0.02

ALL | 350 | o012 | 292 | 0022 275 | o003 | 0022

11




TABLE 4. NORMAL MODEL
FIRST GUESS WIND COVARIATES
VALUE OF LIKELIHOOD

One Variate
Pressure Wind Data Models

t ,,,' e _77 Constant rgt) _§é_t)
850 u A A 76959 | -7695.1 | ~7667.6
B B 77469 | —7746.6 | ~7708.8
B A 77475 | -77495 | -7709.8
A B -7696.4 | —7697.7 | ~7668.6
850 v A A 77591 | 77587 | 77454
B B _7707.6 | -77037 | -7685.5
B A 77082 | 77113 | -7687.3
A B 7759.7 | -77653 | -7747.3
rm— -
500 u A A 94543 | -9433.7 | -9391.1
B B —9518.7 | —9505.7 | —9481.9
B A —9519.5 | -9507.5 | -9486.2
A B —9455.2 | 94355 | —9395.4
500 v A A —9317.7 | -9316.0 | —9281.2
B B 92583 | -9258.2 | -9202.6
B A -9259.1 | -9261.5 | -9205.6
A B 93184 | -9319.7 | —9284.3
250 u A A |-11265.4 |-11263.9 |-10907.3
B B |-10782.7 |-10745.7 | -10684.5
B A |-10829.6 |-10846.5 |-10739.9
A B |-11319.3 [-11371.6 | =10987.7
250 v A A |-10417.8 |-10414.2 |-10349.3
B B |-10783.1 |-10758.9 |-10622.4
B A |-108149 |-10796.9 |~-10658.7
A B |-10446.4 |-10446.4 |-10379.2

12




Comparing the value of Z, £, for DA (respectively DB) using the constant
variance model (8) fit using DA (respectively DB) with the cross-validation
value of # for DA (respectively DB) using models (2), (3) fit using DB
(respectively DA) indicates the following. The values of ¢ for models (2) and
(3) fit with the other half of the data are always larger than the corresponding
value Z. for the constant variance model fit using the data to be modeled.
This suggests that both models (2) and (3) fit with the other half of the data
describe the data somewhat better than the best constant variance model (8) fit
with the data to be described.

In summary, based on values of ¢, when first guess winds are used as
covariates it appears that the one-variate model using first guess wind speed
is an attractive choice for predictive purposes. When observational winds are
used as covariates, the two-variate model appears to have the best predictive
value.

Assessing goodness of fit and cross-validation using values of £ has the
advantage of not being sensitive to binning. However, Z may be sensitive to
data sets DA and DB. Further work needs to be done to develop procedures to
assess goodness of fit and for cross-validation. Procedures based on

bootstrapping or jackknifing hold some promise.

4. THE DATA ANALYSIS—APRIL AND FEBRUARY DATA

In this section we report results of an assessment of goodness of fit for the
normal models (1)-(3) for April data. We also report results concerning using
a model whose parameters are fit using February data (respectively April) data

to model April data (respectively February) data.

13




4.1 Observed Wind Covariate Models

In this subsection we report results for normal models (1)-(3) using
observed wind components as covariates. There are six analyses; one for the
u-wind component (respectively v-wind component) for each pressure
height.

Table 5 shows the values of the parameter estimates for both the February
data and April data. Table 6 shows the values of £ for February data
(respectively April data) using parameters fit using February data (respectively
April data). Values of £ are also presented for February data (respectively
April data) using parameters fit using April data (respectively February data).
Once again, larger values of 7 indicate better model fit. The underlined value
in each row is the maximum value in that row. The bold italicized value in
each row is the maximum value of ¢ for the two one-variate models.

The values of 7 for February data (respectively April data) using
parameters fit using April data (respectively February data) are maximized by
the two-variate model in all but one case; between the tx;vb one-variate
models Z is the maximized half the time for the model involving s(t).

Comparing the value of Z, Z, for the model of constant variance (8) for
February (respectively April) data fit using February (respectively April) data
with that for the prediction value of ¢ for the models (2)-(3) for February
(respectively April) data fit using April (respectively February) data indicate
the following. The values of £ for models (2) and (3) fit with data from the
other month are always larger than the corresponding values of £ fit with
the data of the same month. This suggests that models (2) and (3) fit using
data from the other month have predictive value over a model of constant

variance fit using the data that is to be modeled.

14




TABLE 5. NORMAL MODELS

PARAMETER ESTIMATES

OBSERVED WIND COVARIATES

One-Variate Models

Two-Variate Models

Pressure Wind Data r(t) s(t) In MSE = a4+ Br(t)+8 »s(t)
Height Comg. Set a E a E a ﬁ &

850 u Feb. | 206 0.052 | 1.85 0.058 | 1.66 0.034 0.049

Apr. | 1.86 0.084 | 1.69 0.086 | 1.44 0.053 0.068

850 v Feb. | 212 0.045 | 1.64 0.076 | 1.53 0.022 0.069

Agr. 1.83 0.089 | 1.69 0.090 | 142 0.062 0.065

500 u Feb. | 223 0.050 | 2.32 0.024 | 1.97 0.043 0.015
Apr. | 212 0.058 | 220 0.030 | 1.80 0.049 0.023
500 v Feb. | 228 0.041 | 221 0024 | 1.94 0.034 0019
AEr. 2.02 0.065 | 1.97 0.041 1.6|6 0.052 0.027
250 u Feb. | 3.04 0.036 | 246 0.033 | 220 0.024 0.028
Apr. | 277 0.044 | 269 0.027 | 2.33 0.037 0.018
250 v Feb. | 298 0.031 | 231 0.034 | 212 0.021 0.029
Apr. | 273 0.041 | 261 0.027 | 226 0.034 0.019

r(t) = [((u(t) - u(t-1))2 + (v(t) - v(t-1))2)]

st = [u(®)? + (]2

1/2
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TABLE 6. NORMAL MODELS

VALUES OF LN-LIKELIHOOD
OBSERVED WIND COVARIATES
One-Variate Two-
Pressure Wind Models Variate
Height Comp. DataSet Model Constant  H#) s()  Models

850 u Feb. Feb. -15443.1 | -15259.3 | -15157.3 | =15084.9
Apr. Apr. -15709.1 | -15311.6 | -15169.9 | -15043.6

Apr. Feb. -15713.2 | -15368.2 | -15238.7 | -15117.7

Feb. Apr. -15447.0 | -15321.2 }-15240.3 | -151719

850 v Feb. Feb. ~15467.0 | -15320.8 | -15019.6 | -14992.1
Apr. Apr. ~15819.1 | -15320.6 | -15307.2 | -15106.4

Apr. Feb. -15827.8 | -154299 | -15386.7 | -15251.5

L Feb. Apr. -15475.3 | -15428.6 | =151059 | -15121.1

500 u Feb. Feb. -18973.4 | -18614.5 | -18792.2 | -18547.4
Apr. Apr. -18504.1 | -18083.1 | -18270.7 | -17969.4

Apr. Feb. -18528.9 | -18093.4 | -18280.6 | -17989.1

Feb. Apr. -18999.9 | -18625.3 | -18804.3 | -18576.6

500 v Feb. Feb. _18576.4 | -18358.8 | -18406.2 -18267.9
Apr. Apr. -18698.2 | -17869.0 | -18014.4 | =17733.0

Apr. Feb. -18699.0 | -17938.0 | -18086.9 | -17796.2

Feb. Apr. -18577.1 | -18421.3 —18480.2 | 183452

250 u Feb. Feb. -22073.2 | -21054.7 | -20687.1 | -20500.6
Apr. Apr. -22712.2 | -20364.3 | -20658.3 | -20195.9

Apr. Feb. -22712.4 | -20439.9 |-207033 | -20276.4

Feb. Apr. -220734 | -211275 | -20726.0 | -20591.9

250 v Feb. Feb. -21216.0 | -204414 | -20145.7 | -19992.6
Apr. Apr. -21205.7 | -20006.9 | -20274.8 | -19840.6

Apr. Feb. -21240.2 | -20065.6 | -20338.7 | -19924.9

Feb. Apr. -21252.5 | -20498.8 | -20190.2 | -20070.5
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4.2 First Guess Wind Covariate Models

In this section we report results for normal models (1)-(3) using first
guess wind components as covariates.

Table 7 shows the values of the parameter estimates for both February
data and April data. Table 8 shows the values of / for February data
(respectively April data) using parameters fit using February data (respectively
April data). Values of £ are also presented for February data (respectively
April data) using parameters fit using April data (respectively February data).
The underlined value in each row is the maximum value in that row. The
bold italicized value in each row is the maximum value of £ for the two one-
variate models.

The values of £ for the observed wind covariates are larger than those for
the first guess wind covariates except for two values associated with the one-
variate model using s(t) to model u-wind componenlt error at the 250 mb
height for the model using parameters fit with the same data. This suggests
that the observed wind covariates provide a better model of the data both in
terms of goodness-of-fit and prediction.

The values of Zfor February data (respectively April data) using
parameters fit using April data (respectively February data) are maximized
about half the time by the two-variate model and the other half the time by

the one-variate model using the first guess wind speed s(t).
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TABLE 7. NORMAL MODELS

PARAMETER ESTIMATES

FIRST GUESS WIND COVARIATES

One-variate Models

Two-Variate Models

Pressure Wind Data rdt) s{t)
Heiﬁhts ComE. Set a B a B a B B
850 u Feb. 2.50 -0.0007 2.22 0.027 2.28 -0.017 0.032
Apr. 242 0.022 2.19 0.041 2.19 -0.002 0.041
850 /] Feb. 247 0.005 2.31 0.019 2.34 -0.008 0.021
Apr. 246 0.019 2.23 0.039 2.24 -0.004 0.040
500 u Feb. 2.65 0.021 2.41 0.020 2.32 0.014 0.018
Apr. 2.50 0.031 2.23 0.030 2.11 0.019 0.028
500 v Feb. 2.73 0.002 2.34 0.020 2.37 -0.004 0.020
Apr. 2.30 0.061 1.98 0.045 1.74 0.040 0.040
T — -
250 u Feb. 3.74 0.009 2.79 0.031 2.69 0.008 0.031
Apr. 4.00 -0.010 3.48 0.014 3.63 -0.021 0.016
250 /] Feb. 3.50 0.012 2.92 0.022 2.75 0.013 0.022
Apr. 3.26 0.025 2.80 0.026 2.68 0.015 0.024

18




TABLE 8. NORMAL MODEL
VALUE OF LN-LIKELIHOOD
FIRST GUESS WIND COVARIATES

One-Variate Two-
Pressure Wind Data Models Variate
Height Comp. Set Model Constant rt) t) Models
850 u Feb. Feb. |-15443.1 |-15443.0 | -15376.0 | -15365.0
Apr. Apr. |-15709.1 |-15695.3 |-15593.3 | =15593.1
Apr. Feb. [-15713.2 |-15714.0 |=15620.6 {-15624.2
Feb Apr. |-15447.0 |-15471.3 |-15413.2 | -15409.9
850 / Feb. Feb. |-15467.0 |-15466.0 |-15431.8 | -15429.5
Apr. Apr. |-15819.1 |-15808.8 |-15716.0 |=15715.7
Apr. Feb. |-15827.8 |-15824.2 |-15759.4 | -15757.7
Feb. Apr. —15475.3 | -15846.6 |-15493.2 | -15490.5
500 u Feb. Feb. |-18973.4 |-18940.3 |-18875.1 | -18860.2
Apr. Apr. |-18504.1 |-18455.5 |-18331.3 |-18312.9
Apr. Feb. |-185289 |-18473.2 |-18351.3 |-18332.6
Feb. Apr. |-18999.9 |-18956.6 |-18897.5 | -18885.5
500 v Feb. Feb. |-18576.4 |-18575.9 | -18485.3 | -18484.1
Apr. Apr. |-18698.2 |-18509.1 |-18289.2 | -18208.2
Apr. Feb. |-18699.0 |-18683.4 |=18423.3 |-18441.4
Feb. Apr. |-18577.1 |-18805.8 |-18656.5 | -18778.6
250 u Feb. Feb. |-22073.2 |-22061.3 |-21624.3 | -21613.7
Apr. Apr. |-22712.2 | -22699.3 |-22641.2 | -22609.5
Apr. Feb. |-227124 |-22739.2 |-22906.5 |-22987.4
Feb. Apr. |-22073.4 |-22139.0 |=21792.9 |-21863.5
250 v Feb. Feb. [-21216.0 |-21190.5 |-20988.0 | -20957.8
Apr. Apr. |-21205.7 |-21142.9 |-20919.7 | -20899.6
Apr. Feb. |[-21240.2 |-21181.4 |-20927.1 | -20902.2
Feb. Apr. |-21252.5 |-21232.3 | -20994.4 | -20961.4
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A comparison of the value of ¢, Z, for the constant variance model of
February (respectively April) data fit using the same month February
(respectively April) data and the prediction values of ¢ for models
(1)~3) of February (respectively April) data fit using the other month of April
(respectively February) indicate the following. A little fewer than half the
time Z is smaller than the corresponding values of ¢ for models (1)~(3) fit
with the other month’s data. This suggests that the first-guess wind speed
models fit using the other month’s data may not describe the data as well as a
constant variance model fit using the data being modeled. This may be an
indication that models fit using first-guess February wind (respectively April
wind) data are not good predictors of April (respectively February) wind
component error.

4.3 Conclusions

Models (2) and (3) using observed wind components as covariates and fit
using February (respectively April) data appear to have predictive value for
April (respectively February) data. It is less clear if models (1)-(3) using first-
guess wind components as covariates and fit using February (respectively
April) data have predictive value for April (respectively February) wind
component error data. It might be that models (1)-(3) fit with first-guess data
from other Aprils (respectively Februarys) are better predictors of April
(respectively February) wind component error. Alternatively, if first-guess
winds are to be used as predictors, it might be worthwhile to develop a
procedure to update the fitted model parameters using new data as it comes

in.
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APPENDIX A
MAXIMUM LIKELIHOOD ESTIMATION FOR THE NORMAL MODEL

Let Yy, Y2, ..., Y, be independent normal random variables with mean 0

and variances
P
cr,~2 =expja+y xiBit = exp{a +xi[}} i=1,..,n (A.1)
j=1

where (x;1, ...,xj) are fixed explanatory variables associated with Y;.

The likelihood function for this model is

La,B;y) = HJ_—exp[ ~(a+x; B)}exp{-—y, exp{ - (a+-’=ié)}}' (A-2)

Hence, the In-likelihood function is

| f(a,Bsy) = 5[ Zf'. x;B - i}rf,lyizeXP{'(a +£iﬁ)}]- n%hﬁn- (A.3)

Computing partial derivatives of £ with respect to a and f; results in

—-f(a B:y) = -[-M Y. v exp{-(a +zc,-é)}] (A4)

i=1

613 (a ﬁ Z) "_[ lel+zyl eXP{ a"'x, }xij:l' (A.5)
J

i=1

Setting =— a ¢ = 0 results in the equation

- —Z y? exp{- x,8}. (A.6)
1-1

22



Setting 6%; £ = 0 and replacing e® by (A.6) yields the equation

0-5(8)= HL st L3 gt il

i=1 i=1
h = 1o
whnere x] nzi-lxij.
Further,

x; B

a - " 2 '_‘ z 2 '.Eié
o5, 1B) =T L yie "S- Lyiel T xpe
i=1

i=1

If fi(B) = 0, then

n n
= v .2 -5B 2 -x;B
XY yie 7= =Y yie Toay
i=1 i1

Substituting (A.9) into (A.8) yields

RS

(x,-jx,-k - -f]fk)

(A.7)

(A.8)

(A.9)

(A.10)

An iteration of a Newton procedure to solve the system of equations 0 = f;(f),

(j =1, .., p) yields the system of linear equations

o= 0= 5(6°)+ L oo (6 o -]

= zyx &ﬁ (xq - x}) Z Zy l'E()[xijjrik - fjfkl(pk - ﬂl?)

i=1 k=1li=1

(A.11)

(A.12)

where B0 is the current value for B. This system of linear equations is solved

for {fx}. The Newton procedure is iterated until it converges. The resulting
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Setting 5%] £ = 0 and replacing e* by (A.6) yields the equation

0=(8) = -5 vie bl 7 Hily,

i=1 i=1
h X: = 1 n
where ¥; nZi-lx‘I’

Further,

-8

(B) +x,zyae£"‘x:k Zyz T XXk

i=1

If fi(B) = 0, then

xkzyz e 5E Zyx "’Ex:k

i=1 i=1

Substituting (A.9) into (A.8) yields

I

(x,-jx,-k - E,Ek)

(A.7)

(A.8)

(A.9)

(A.10)

An iteration of a Newton procedure to solve the system of equations 0 = f;(B),

(j =1, ..., p) yields the system of linear equations

o= 10) = (8°)+ & [sa- (8" f -3

o 2 -x,8° P 5p 0
- zly?e 52 (xy - %) - ¥ Y yle ME [xpxix - F%c)(Bx - BY)
j= k=1i=1

(A.11)

(A.12)

where B0 is the current value for §. This system of linear equations is solved

for {Bx}. The Newton procedure is iterated until it converges. The resulting
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APPENDIX B. A GRAPHICAL ASSESSMENT OF GOODNESS OF FIT AND
CROSS-VALIDATION OF MODELS OF FEBRUARY WIND COMPONENT
MEAN SQUARE ERROR USING FIRST-GUESS WIND COVARIATES

In this appendix we present figures assessing goodness of fit and cross-
validation of the normal models (1)—(3) with first-guess wind covariates fit to
February data. As in subsection (3.2) the data is randomly divided into two
sets called DA and DB without regard to the values of the data; these sets are
the same as those in that section.

The maximum likelihood parameter estimates for each model (1)-(3) are
obtained for each set DA and DB and appear in Table 3. The estimated
variances o%(l,t), 0'21(2,t), o%(t) are computed for the parameters estimated
from DA and DB using (1)-(3) for each data point in DA and DB.

To assess models (1) and (3) the data (y(t), r(t), s(t)) are binned into 10 bins
based on ordering the values of r(t) from smallest to largest. The data in the
first bin correspond to the smaller values of r(t); the data in the 10" bin
correspond to the larger values of r(t). Each bin contains about 1—10-”' of the data
with the 10" bin containing a few more data. The averages of the estimated
variances for models (1) and (3) are computed for each bin. The average y(t)2
is also computed for each bin.

To assess models (2) and (3) the same procedure is used but the binning is
based on values of s(t).

Figures 1B-24B present graphs of the In[average y(#)’] in each bin versus
In[average estimated variance] in each bin for models (1) and (3) and models

(2) and (3). Figures 1B, 5B, 9B, 13B, 178B, 21B (respectively 2B, 6B, 10B, 14B, 18B
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-

22B) show the logarithm of the average of the y(t)2 values of DA (respectively
DB) versus the logarithm of the average of the estimated variances for each
bin using the estimated parameters from DA (respectively DB). If a model
were perfect, a point should be close to the 45° line shown. These figures}
assess goodness of fit.

Figures 3B, 7B, 11B, 15B, 19B, 23B (respectively 4B, 8B, 12B, 16B, 20B, 24B)
present graphs of In average y(t)2 of DA (respectively DB) versus In average
estimated variances using parameters estimated using data DB (respectively
DA). Once again if the model were perfect, the points would be close to the
45° line.

As' suggested by the values of the In-likelihood Z in Tables 2 and 4, the
figures for models using first guess covariates indicate weaker goodness of fit
and weaker cross-validation than Figures 1-24 for models with observed wind
speed covariates. Both goodness-of-fit and cross-validation appear to
improve somewhat for higher pressure height levels;'figures 17B-24B. This

Jsjﬁggests that models using first guess covariates have greater predictive and
descriptive value at 250mb height levels. However, they appear to be not as

good as models using observed wind speed as covariates.
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APPENDIX C. GRAPHICAL ASSESSMENT OF GOODNESS OF FIT AND
CROSS-VALIDATION OF MODELS FOR FEBRUARY AND APRIL WIND
COMPONENT MEAN SQUARE ERROR USING OBSERVED WIND
COVARIATES

| In this épﬁendix vwe present graphs assessing goodness of fit and
pr;edictive ability of the normal models (1)-(3) with observed wind covariates
fit to April and February data.

The maximum likelihood parameter estimates for each model (1)-(3) are
obtained for both February and April data and are displayed ‘in Table 5. The
estimated variances oi(l,t), a%(z,t), ozz(t) are computed for the parameters
estimated from February and April data using (1)-(3) for each data point in
February and April. |

~ To assess models (1) and (3) the data (y(#), r(t), s(t)). for eﬁch' data set are
binned into 10 bins based on ordering the values of r(t) from smallest to
largest. The data in the first bin correspond to the smaller values of r(t); the
data in the 10" bin correspond to the larger values of r(t). Each bin contains
aboﬁt —1%"' of the data with the 10" bin containing a few more. The averages of
the estimated variances for models (1) and (3) are computed for each bin. The
average y(t)2 is also computed for each bin.

To assess models (2) and (3) the same procedure is used but the binning is
done using s(f).

Figures 1C-24C present graphs of the In[average y(9?] in each bin versus
lh[g\/veragé esfirhatéd variance] in each bin for models (1) and (3) and models

(2) and (3). Figures 1C, 5C, 9C, 13C, 17C, 21C (respectively.2C;6C, 10C; 14C; 18C
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220) éhow the logarithm of the average of the y(t)’values for February
(respeétively April) versus the logarithm of the average of the estimated
variances for each bin using the estimated parameters from February
(respectively April). If a model were perfect, a point should be close to the 45°
line shown. These figures assess goodness of fit.

Figures 3C, 7C, 11C, 15C, 19C, 23C (respectively 4C, 8C, 12C, 16C, 20C, 24C)
present graphs of In average y(t)2 of February (respectively April) versus In
average estimated variances using parameters estimated using April
(respectively February) data. Once again if the model were perfect, the points
would be close to the 45° line. These figures assess the ability of models fit
using February (respectively April) observed data to predict April
(respectively February) wind component mean square error.

The figures indicate once again that the display of In averages can be q'uite
sensitive to which variate is used to do the binning.

Keeping this binning sensitivity in mind, thle figures suggest the
following. The two-variate model (3) appears to best describe and predict the
mean square component wind error. Of the two one-variable models, model
(1) which uses r(t) as the covariate appears to be better. The one-variate
model using s(t) appears to tend to overstate the predicted mean square error.
The addition of the second covariate r(t) to the one-variate model using s(t)

appears to tend to decrease the predicted mean square error.
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APPENDIX D. GRAPHICAL ASSESSMENT OF GOODNESS OF FIT AND
CROSS-VALIDATION OF MODELS FOR FEBRUARY AND APRIL WIND
COMPONENT MEAN SQUARE ERROR USING FIRST-GUESS WIND
COVARIATES

In this appendix we present graphs assessing goodness of fit and
predictive ability of the normal models (1)-(3) with first-guess wind
covariates fit to April and February data.

The maximum likelihood parameter estimates for each model (1)-(3) are
obtained for both February and April data and are displayed in Table 7. The
estimated variances o%(l,t), o§(2,t), oi(t) are computed for the parameters
estimated from February and April data using (1)-(3) for each data point in
February and April. ' N

To assess models (1) and (3) the data (y(t), r(t), s(t)) for each data set are
binned into 10 bins based on ordering the values of r(t) from smallest to
largest. The data in the first bin correspond to the smaller values of r(t); the
data in the 10" bin correspond to the larger values of r(t). Each bin contains
about 11—0"' of the data with the 10" bin containing a few more. The averages of
the estimated variances for models (1) and (3) are computed for each bin. The
average y(t)2 is also computed for each bin.

To assess models (2) and (3) the same procedure is used but the binning is
done using s(t).

Figures 1D-24D present graphs of the In[average y(t)zl in each bin versus
In[average estimated variance] in each bin for models (1) and (3) and models

(2) and (3). Figures 1D, 5D, 9D, 13D, 17D, 21D (respectively 2D, 6D, 10D, 14D,
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18D 22D) show the logarithm of the average of the y(t)ZValues for February
(respectively April) versus the logarithm of the average of the estimated
variance for each bin using the estimated parameters from February
(respectively April). If a model were perfect, a point should be close to the 45°
line shown. These figures are an indication of goodness of fit.

Figures 3D, 7D, 11D, 15D, 19D, 23D (respectively 4D, 8D, 12D, 16D, 20D,
24D) present graphs of In average y(t)’ of February (respectively April) versus
In average estimated variances using parameters estimated using April
(respectively February) data. Once again if the model were perfect, the points
would be close to the 45° line. These figures assess the ability of models fit
using February (respectively April) first-guess data to predict Apr.i
(respectively February) wind component mean square error.

The figures indicate once again that the display of In averzges can be quite
sensitive to which variate is used to do the binning.

The figures indicate the following. As suggested by comparison of the In
likelihood values, Z, of Tables 6 and 8 for models with observed wind
covariates and first guess wind covariates, the figures suggest that modeis
using first guess wind covariates do not describe or predict mean square error
for wind components as well as models using observed wind components.
The two-variate model appears to tend to produce smaller mean square errors
than the one-variate models; this tendency is most striking in the figure with
first guess wind speed being used as the single covariate.

The models fit using April first guess data appear to tend to be better
descriptive and predictive models than those fit using February first guess

data.
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The figures indicating predictive ability (3D, 4D, 7D, 8D, 11D, 15D, 19D,
20D, 23D and 24D) correspond fairly well to the differences between the
minimizing value of  for the models with covariates and the value of Z for
the constant model (no covariates) in the corresponding rows of Table 8. If
the value of Z for the constant model is larger than any other values in the

row, the corresponding figure for that row shows no association.
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