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STATISTICAL GUIDANCE FO.R THE l?RE1HCT):ON OF EAStERN NORTH. 
PACIFIC TROPtCAL CYCLONE MOTION PART-2 

Preston W. Left~lich and Charl~s J. Neumann 
National Weather Servic~, National Hurricane Center 

Cor~l Gables, Florida 

ABSTRACT. The EPHC77 system is OJle of tthree 
·~omponents of a statistical prediction package 
developed for the· East~rn· Paci~ic Hurricane 
Center {EPHC), San· Francisco, California, to 
provide 'objective guidance for the foreqlst;:ing 
of tropical cyclone· motion over the Eastern 
North Pacific Ocean. EPHC77 forecasts qre 
s:tatistical · combin.;atiqns of. for$castSi mad~ by a. 
sim.t.iiated anaiog model. (EPCLPR) .. and forecasts 
ma~e b:y predicto.rs- derived from. synoptic d,a~a. 

This paper descri'Qes the formulation, and 
application of the EPHC 77 model. 

I. INTRODUCTION 

The EPHC77 prediction mo4el :f..s the third comvonent.of .3r statistical 
pr-ediction. pq.ckage develqped to 'provide pbjecti,v~ guidance for 
forecasting .tropic~l cyc:top:e motion over t]l.e Eastern North Pacific 
Ocean. Description and discussion of two earlier components, an analc;>g 
model (EPANLG) and a simulalj.ed anqlog moqel (EPCLPR), are containefi! i'n 
Part 1 ofthis Technical Memorandum (Neumann and f.eftwich 1977). 

EPHC77 is a statistical-synoptic model, that is, it utili~es both 
empirical and synoptic predictors to produc~ forecasts of tropical 
cyclone motion. Two sets of displacements are independently computed. 
One set is obtained from the EPCLPR model. A second set, hereafter 
referred to as the SYNOPTIC set, is obtained from regres:;;ion equations 

·using 500-mb geopotential heights as pre~ictors. These two sets of 
displacements are then combined statistically to produce a final 
fore<!ast •. Development of regression equations for the EPHC77 system 
genera~ly followed procedures-· discussed by Neumann, Hope, and Miller . 
(1972). 



-Figure 1. The grid' system.; Grid poirits . ar.e spaced at 300 n nii 
interials. Grid moves with the . storm.. 

II. DEEENDENT'DATA 

Depend~.nt data for 2290 forecast situations during the · period· 1949~ 
1976 are stored on· mag'n'etic· tapes· maintained at thtf National H.u+ricarie · 
Center (NHC:), Miami,· Florida_.: ·Data include SQQ...;mb. heights (curren:t and· 
24 hotJ.rs ago), best track storm posi-tions at 12-hour intervals, and 
correspond'ing EPCLPR forecasts fo·r periods of 12, 24, 36, 48, and 72· 
hot.trs. Height tields. are defined by a stotm..;centered:·,, 8x15 grid system· 
as illustrated in Figure 1. This grid is identical to that used in 
development of earlier statistical-synoptic prediction models for storins 
in the Atlantic basin. '·· 

IIL .• PREDIGT.IONS,:BASED ON~ SYNOPTIC. DATA. 

Potential ·synoptic predictors :include current: and 24:...hou:r;_old 500-mb.· 
heights ·at each of 120 grid points shown· in Figure 1. Thus, 240 
possible synoptic predictors are defined. Standard stepwise screening 
regression techniques, as discussed by Efroymson (1964) eliminate 
nonsignificant or redundant pr.edictors. 

During each screening regression run, linear correlation coefficient~ 
relating each synoptic data value to various storm displacemenj::s ~e·re 
computed. Fields of linear correlation coefficients for 24-hour 
meridional and zonal motions are shown in Figures 2a and 3a, 
respectively. Forcomparison,. similar correlation coeffiqient fields 
obtained for the Atlantic region are shown in Figur~s 2b and 3b. 
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Figure 2. Linear correlatiOn coefficient fields between 24-hour meri,:.. 
dional tropical cyclonemotion ~nd 500-mb geopotential heights 
for (a) Eastern Pacific_ and. (b) Atlantic reg_ions. 
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Figure 3. 
. ' 

Linear correlation coefficient fields between 24-hour 
zonal tropical cyclone motion and 500-mb geopotential 
heights. 
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Fpr both meridional and zonal motion, patterns of correlation 
coefficients relative to indicated storm centers for the Eastern North 
Pacific are similar to patterns for the Atlantic basin. These figures 
illustrate and ·conf:i,.rm subjectively derived "stee~ing" principles. 
Zonal motion is strongly influenced by geopotential heights north of the 
storm, while meridional motion is primarily controlled by heights 
northwest of the storm center. Thus, the 500-mb topography north 
through northwest of a storm is extremely important insofar as future 
motion is concerned •' Reduced values of linear correlation coefficie.nts 
found in the Eastern North Pacific as compared to the Atlantic can be at 
least partially attributed to poor 500-mb analyses over remote tropical 
oceani~ regions, especially prior to the availability of satellite data. 

At the completion of the screening regression procedure, separate 
sets of geopotential heights had been chosen as predictors for both 
meridional and zonal motion for periods of 12, 24, 36, 48, and 72 hours. 
This gave a total of 10 sets of predictors. Each individual predictor 
was then tested for statistical significance, and only slgnificant 
predictors were retained. Also, some predictors were subjectlvely 
eliminated when that data point had been frequently assigned a 
climatological value. Final selection of predictors was made 
subjectively in order to retain a common t;?et of predictors for a given 
motion component at all time periods. This procedure was followed 
because operational·experience has shown that a common set of predictors 
produces smoother forecast storm tracks than pred.ictor sets of variable 
size for different time periods. Selected predictors were .thus included 
for time pe-riods when they produced both small and large reductions of 
variance. For example predictor P3 for meridional motion contributed no 
incremental reduction of variance for the 12-hour period, but it was the 
first predictor selected for 72-hour meridional motion • 

.. , 
Grid-point locations of 500 mb geopotential heights retained as 

predictors of meridional and zonal motions are given in Figures 4 and 5, 
respectively. Six predictprs were. retained for meridional motion.,.-five 
from the current analysis and one from the analysis made 24 hours prior 
to the current time. All four'predictors retained for zonal motion are 
current 500-mb heights. Primary predictors for meridional motion are 

"indicated by circles numbered 1 and 2 in Figure 4. Locations of less 
significant current heights are indicated by smaller circles, and the 
location of the height from the analysis _made 24 hours ago is given by 
the square. Predict9rs for zonal motion are similarly noted. in Figure 
5. The two primary predictors were chosen first and second for all time 
periods by. the screening regression procedure. 
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Figure 4. Location of 500-mb predictors of meridional· tropical cyclone 
motion. Circles numbered 1 and 2 show principal predictors. 
Square indicates height value from 24 hours ago. · 

Figure 5. Same as Figure 4, but for zonal tropical cyclone motion.· 
Here, all predictors are curr-ent 500-mb heights. 
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Selected predictors for each component of motion and associated reduc­
tions of variance (RV) are listed in Table 1. Predictors Pl through P5 
for meridional motion and predictors Rl through R4 for zonal motion are · 
current 500-mb heights. Predictor P6 for meridional motion is the 500-mb 
height from 24 hours ago. 

Table 1. Variance analyses on meridional and zonal motions for SYNOPTIC 
forecasts. 

V,\R!.\.'iCE A.'IALYSIS ON MER!DIOl'IAL MOTION 

PREDICTOR 12 HOUR FCST 24 HOUR FCST 36 HOUR FCST 1,8 HOU!t FCST 72 HOGR FCST 
SELECT LON 

OH.!JI·:R l'HEDTCTOR RV PRf:]}T r.TOR RY :- r!'.Ef'liCTOR. RV::- PREDICTOR RV PRI·:DICTDR R\" 
Icl 

I 
P4 .048· P2 • 050 1:'3 .045 P3 .Ol,) l'J ,Qj9 

2 P5 .OJ? PS ,058 P5 .o.r~ 7 P5 .039 

I 

p(, .(}31 
3 ?2 .031 P6 .017 ?1 .018 Pl .029 ?l .032 
4 i ?6 .015 Pl .011 P6 . au P6 .016 ?5 .012 
'\ . I Pl .008 ?4 ,015 P2 .014 ?4 .o:o PI. .008 
' ?3 .OGO ?3 .001 P4 .010 1'2 .010 P2 .00::! '·' 

TOTAL (J=l) (J=2) (J-3) (J•4) (J=S) 
REDuCTrO!i .134 .15l .147 .149 .126 

VARIA.~CE ANALYSIS ON ZONAL MOTION . 

PREDICTOR 12 l!'JUR !'CST 24 HOUR FCST 36 HOUR FCST 48 HOGR FC:;r I 72 . HOUR FC:;T 
; SF.T&fJ.¥L 

~;,DlCTOR RV r---IJi<ut:!{ I PREDICTOR RV i>HE:JICTOr. RV PREDICTOR T{V i l'REDTCTOR RV 
I=l. I Rl .256 Rl .302 Rl ' .285 I Rl .ml Rl .222 

I 2 I R3 ·.034 R3 .043 R3 .053 R3 .062 R3 .C72 
3 i R2 .008 R4 .011 R4 ,020 R4 .024 R4 .023 
4 R4 .008 R2 .014 R2 .015 R2 .015 R2 .010 

TO"rAL. (J,.1) (J•2) (J.-3) (J=4) I (J=s) 
REDUC'riON .306 .370 .373 .356 .327 

In the formulation of desired prediction equations, meridional (~Yj) 
and zonal (~Xj) displacements are taken as linear functions, f , of 
selected synoptic predictors such that 

~Y. = f;(Pl,P2,P3,P4,P5,P6) j=l,5 (2) 
.J J . 

·and ·. 

bX.· = g~ (:Rl, R2 ,.R3, R4) j'=l,$ (3) 
J J . 

where j refers to the five fo,recast periods of 12, 24, 36, 48, and 72 
hours. Regression coefficients determined by a least...,squares fit of 
the linear functions are given in Appendix I. Then, (2) and (3) are 
defined by 

= c0 . + L: ( c . . . · P • ) 
,] ~.] ~ 

and 

bX.- = Q
0 

. + l: ( C . . • R. ) 
J ,J ~,] ~ 
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i=l,6 
j=l,S 

i=l,4 
j=l,5 • 

(4) 

(5) 



Here, Co,j (Qo,j) are intercept 'values', Ci,j (Qi j) ar~ regression coeffi­
cients, an~ Pi,j(Ri j) ar.e ~redictqrs for me::i~~onal (zonal) displacement. 
As a complete example, pr£ad~cte~ 72-hour mer~d~onal displacement is gi~en 
by 

ay72= -17001.6 + 1.17•Pl - 0.49•P2 
-l.ll•P3 - 0.29•P4 + 1.27•P5 
+i.39•P6. 

Solutions of the above equations are given in nautical miles. These 
equations thus provide an estimate of tropical cyclone motion based 
entirely on predic~ors derived from synoptic data. 

IV. EPHC77 

(6) 

Once predictions havebeen made utilizing synoptic data albne, two 
sets of forecasts exist--one set from the s.imulated anaiog model (EPCLPR) 
and one set from· the synoptic p-redictors (SYNOPTIC) • As discussed in 
Thompson (1977), error variances of final forecasts appear capable of 
being reduced by the optimum combination of two or more'independent 

;predictions. An analogous procedure.by which EPHC77 statistically com­
, bines the separate EPCLPR and SYNOPTIC forecasts is illustrated 

schematically in Figure 6. 

.·,-

EPCLPR 
FORECAST 

QUADRANT 
· BIAS 

CORR~CTION 

WEIGHTING 
SCHEME 

FINAL 
FORECAST 

SYNOPTIC 
FORECAST 

Figure 6. Schematic of EPHC77 prediction algorithm. 
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As demonstrated by Neumann and Hope (1972), any weighting factors 
used. in this combination must be both time and space dependent.· Also, 
it was found that results can be improved by stratification of data 
according to initial motion. In the current development, forecast cases 
.were stratified according to the mean motion over the past 12 hours. A 
bivariate normal distribution fitted to. these motions is shown in Figure 
7. 

Figure 7. B.ivariate normal distribution fitted to 12-hourly 
motion vectors for tropical cyclones in the 
Eastern Pacific. Radials give heading in degrees. 
Concentric circles give storm speed. Dotted 
circle used in weighting of forecasts. 

Four sets of regression equations were formulated using cases with 
motions lying in each quadrant of the given distribution. The form of 
equations. used to combLJ.e EPCLPR(CF) and SYNOPTIC (Sf) forecasts is 

NF = f (SF ,CF) (7) 

~here NF is the displacement forecast and f is a quadratic functl.on. 
Regression coefficients for these equations are listed in Appendix II. 
At each forecast time four forecasts are.made with these sets of 
equations. These four separate forecasts are then weighted for 
combination into one forecast. 
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t3 
::2!: 

~ 
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Weight assigned to each of the four forecasts is the proportion of 
the area of the. dotted circle shown iri Figure 7 lying within ·the 
associated quadrant of the fitted bivariate normal distribution. The 
center of this circle is located a.t the tip. of the initial motion 
vector. Experience with the NHC~72 ~odel indicates that· such a . . 
procedure eliminates undesirably large changes in successively predicted 
storm tracks. The radius of the dotted circle was chosen as the mean 
distance between the origin and the 30% probability ellipse. 

1.00 

EPCLPR .---. 
.90 

SYNOPTIC - • -

.80 COMBINED ___,_ 

.70 z ,· 

.60 

§. .so M 

M', 
Figure 8. Total 
reduction of 
variance of 
meridional (M) 
and zonal (Z) 
components of 
EPCLPR, SYNOPTIC, 
and, c6mbined 
(EPHC77) systems • 
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Figure 8 depicts reduction of variance on dependent data for the 
EPCLPR, SYNOPTIC, and final EPHC77 components .of the model. Although· 
reduction of variance attributed solely to the SYNOPTIC system is 
relatively low, inclusion of this component does lead to increased 
reduction of variance for the combination forecasts. At all times and 
for each component, the·re was a larger reduction of ·variance for zonal 
motion than for meridional motion. Effects of the SYNOPTIC system are 
greatest for longer time periods. This result is consistent with 
decreasing importance of empirical predictors found in ~evelopment of 
the NHC-72 statistical model for- Atlantic storms (Neumann and Hope 
19.72). 
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V. OPERATIONAL IMPLEMENTATION 

The EPHC77 model was programmed in Fortran IV computer language and 
included in the Eastern Pacific Statistical Prediction Pac.kage ' 
catalogued in the National Oceanic and-Atmospheric Administration 
(NOAA) IBM 360/195 computer system at Suitland, Maryland. ·Access to 
this computer system is through, the user terminal located at NHC, Miami. 
A description of the operational procedure may be found in Part 1 of 
_this Technical Memort;indum (Neuman!l and Leftwich 1977 ). 

- . 

Synoptic data requir~d in the program are retrieved from current NMC 
data files routinely stored in the computer system at Suitland. At 
present, NMC. analyses and prognoses made from data at 0000 GMT and/or 
1200 GMT are utilized. For tropical storm forecasts made from 0000 GMT 
(1200 GMT), the RADAT analysis provides current heights, and the 
previous final NMC analysis for 0000 GHT (1200 GHT) provides data from 
24 hours ago. When forecasts are made at 0600 GMT ( 1800 GHT), current 
height·s are obJ:<j.ined from the 6-hour NMC PE forecast from 0000 GMT (1200 
GHT), and heights for 24 hours ago are mean values of final NMC analyses 
made 18 and 30 hours prior to the forecast run. An example indicating 
data sources is given in Table 2. 

Table 2. Sources of synoptic data used in EPHC77 system. Example 
shown ~s for 15 August.l 

Initial Time 
(GMT) 

8/15/00 

8/15/06 

8/15/12 

8/15/18 

Current 
Data 

8/15/00 
RADAT Analysis 

Six-hour PE 
Forecast from 
8/15/00 

8/15/12 
RADAT Analysis 

Six....:hour PE 
Forecast from 

. 8/15/12 . 

Data for 
24-hour ago 

8/14/00 
· NMC Final Analysis 

Mean of Final 
Analyses for 8/14/00 
and 8/14/12 

8/14/12 
NMC Final Analysis 

Mean of Final 
Analyses for 8/14/12 
and 8/15/00 

1Proposed procedural changes at NMC may require revisions of data 
sources given in Table 2. 
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For~casts produced by: _an operational ru:n ar:e b::ansmit;ted via National 
Weather Service teletypewriter and _CRT c_ircui ts to EPHC, San Francisco, 
and NHC, Miami.·. Compute.r .printout that incl~des diagnostic information 
in addition to:· .pred~c,ted storm tra.'cks is also .rec:eiyed at NHC, Miami.­
Content of transmit.ted messages is discussed in Part 1 of this Techn,ical. · 
Memorandum (Neumann and _Lef twi.ch · 19 7 7).. · 

. vt. FUTURE REFINEMJ!:NTS 

.. 
Ope~ational experience in the Atlantic and P.acific tropical cyclone 

basins has confirmed ):he ,ut;i.lity of probabi;Lity ellipseq. associa;ted with 
predicted ,storm tracks.·. A<;cording1y, .produc.tion .of such probab_ility 
ellipses (~ii,Ililar to thos~ accompanying ~PANLG forecasts) will be 
included. in the EPHC77 system• 

• I ." ' ,: 

Performance of EPHC 77 will be evaluated during its initial season of ., 
operational usage, and any needed modification will be made. Possible 
refinements include (1) change the statistical procedure used to combine 
EPCLPR. ancf ·sYNOPTiC forecasts, (2) change the 'weighting' scheme' that­
combines fot.l:r ·quadrant ·forecas·ts irito a final forecast, and ('3) ·include 
numerict:r~ly pre~~cted d.ata as predictors. · · 

Examination, of· characteristics of the current NMC spectral.objective 
analyses has indicat:ed that tropical storms which have been "bogused" at 
either 300 mb or 1000 mb are often inadequately reflected in the 500-mb 
height fielq •. This occurrence will h~ve detrimental effects on the 
performance·pf EPHC77. :Also, investigations at NHC during the 1976 
Eastern Pacific storm season indicated considerable predictive potential 
in mean layer values of winds and geopotential heights. Accordingly, 
further studies are being made of possible utilization of mean layer 
values as predictors rather than 500-mb heights. 

VII. SU~Y 

This paper discussed development of the EPHC77 statistical-synoptic 
prediction model. In the forecast procedure, two separate forecasts are 
combined statistically to produce final predictions of tropical cyclone 
motion. · Synoptic. data are ac.qu-ired ·from·· current NMC data files at the 
beginning of each forecast 'run. After each run is completed, predicted 
storm tracks for periods up to 72 hours are transmitted to both EPHC, 
San Francisco, and NHC, Miami. 

-12-



VIII • REF_ERENCES 

Efroymson, M. A., 1964: Multiple Regression Analysis. Mathematical 
Methods for Digital Computers, e~iteq by A. Ralston and H~ S. Wilf, 
John Wiley and Sons, Inc., New Yprk, 293 pp.' 

Neumann, Gharles J., and J, R. Hope, 1972.: A Diagnostic Study on the 
Statistical Predictability of Tropical Cyclone Motion. Journal of 
Applied Meteorology, 12, 62-73. 

--.,..-' , and B .• I. Miller, 1972: A. Statistical Method of Compining 
Synoptic and Empirical Tropical 'cyclone Prediction~· NOAA Technical 
Memorandum, NWS· SR-63, National Oceanic and Atmo~pheric Administra­
tion, U. S. Department of .Commerce, Washin.gton, D. C. 

, "and P. W.: Leftwich, 1977: Statistical Guidance for th~ Predic­
-~t~ion of Eastern North Pacific '!'topical Cyclone Motion, Part 1. NOAA 

Technical Memorandum, NWS ~?.R-124, N~tional Oceanic and At~ospheric 
Administration, u. s. Department of -commerce, Washington, p. c., 

. 32 pp. 

Thompson, P. D., 1977: How to Improve Accuracy by Combining Independent· 
. Forecasts. Monthly Weather Review, 105, 228-229. 

-13-



I ..... 
+>­
I 

APPENDIX I 

REGRESSION COEFFICIENTS FOR EQUATIONS THAT PRODUCE SYNOPTIC FORECASTS.~ DY .AND DX 
REPRESENT MERIDIONAL AND ZONAL DISPLACEMENTS, RESPECTIVELY •.. 

. . 

.. .. 
PREDICTfu.\ID .. 

•.' 

PREDICTOR DY12 DY24 DY36 
',' . 

DY48: - DY72 
INTERCEPT 2634.1900 4637.1110 -8003.9.550 ·. 14260.5000 - -17001.6400 . 

(P1) 0.1147 0.3041 . 0.5774 1.1006 . 1_ •. 1676 
(P2) -0.3327 -0.6988 -0.7796 -0.6151 -0.4919 
(P3) 0.2275 -0.0899 -0.2970 · .. -0.8124 : .. -1.1063 
(P4) -0.0871 -0.1379 -0.1937 -0.2967 -o:. 29oo 
(P5) 0.4213 0.8830 1.1163 . 1.3530' . 1.2670 . 
(P6) 0.3372 0.5488 0.9151 1. 7351· .2.3925 

. '· 

.. 
PREDICTAND ., 

PREDICTOR DX12 DX24 . DX36 ,_. · DX48 DX72 
INTERCEPT -6794.0540 -13746.8000 -20438.8800 -~6213.3200 -30138~1100 ... 

(R1) 0.5109 0.9934 1.3215 1.5860 1.8547 
(R2) 0.4128 0.8074 . 1.2320 : 1.~654;~ ·1.5929 
(R3) 0.1523 0.3122 . 0.5039 0.7174· 0.9625 . 
(R4) 0.0946 0.2558 0.4654 0.6517 . 0. 7931· 

·-. 

.-

.. 
.. 

j 



APPENDIX II 

Regression coefficients which combine SYNOPTIC and EPCLPR forecasts 
of (a) meridional and (b) zonal displacements. Quadrant is deter­
mined by position of'motion vector in bivariate no~l distribution 
shown in Figure 7. 

(a) 

PREDICTA!lD 

P~ICTOR DY12 DY24. DY36 ; DY48 DY72 

QUADRANT INTERCEPT -19.5417 -50.8075 -99 .. 8179 -187.2854 -1.4. 7286 
.1 (CF) 0.9634 1.0854 1.0852 L6190 0.3631> 

(SF) 0. 7409 o. 7671 1.0589 l. 0245 0.2957 
(CF) (CF) -0.0003 -o.ooos -o .oo16 -0.0033 '-0.0002 
(SF) (SF) -0.0047 -0.0008 -0.0031 -0.0027 -o .ooo,; 
(CF) (SF) 0.0004 -0.0005 0.0025 0.0035 0.0025 

I 

QUADRANT INTERCEPT 21.2031 88.1648 87.1321 46.4062 3.8169 
2 (CF) 0.8291 0.2246 0.1504 0. 7745 1, 3435 

(SF) -l. 0439 -1.7010 -0.9996 -1.1335 -1.2917 
(CF)(CF) -0.0007 0.0003 0. 0018 -0.0006 -0.0017 
(SF) (SF) ·0.0142 0.0084 0.0056 6.0045 0.0047 

.. (CP) (SF) 0.0034 0.0081 0.0019 0.0029 0.00!7 

QUADRANT INTERCEPT -12.3663 -22.5307 -43.3790 -61.4366 -16.9915 
3 (CF) 1:0769 1.0443 1.0;307 1. 3086 0.9828 

(SF) 0.3127 -0.0183 0.2171 0.1046 0. 5801 
(CF) (CF) 0.0055 0.0032 0.0018 0.0010 0.0005 
(SF) (SF) -0.0019 0.0032 0.0012 0.0023 -0.0035 
(CF) (SF) -0.0024 -0.0019 -0.0015 -0.0039 -0.0003 

QUADRANT INTERCEPT -16.9915 -34.5868 -56.1177 -87.3978 -50.4654 
4 CCF) o. 9828 0.9559 1.1053 0.6903 0 .44Pi9 

(SF) 0.5841 0.5609 0. 4 720 1.0729 0.5780 
(CF)(CF) 0;0005 0.0.011 0.0010 0 .b012 0.0017 

l 
(SF) (SF) -0.0035 -o .0014 0.0006 -0;0021 0.0006 
(CF) (SF) -0.0003 -0.0008 -0.0025 -0.0001 -0.0012 

. 

(b) 

PREDICT AND 
··~-

PRED!CTOR DX12 DX24 DX36 DX4~ DX72 

QUADRANT 1NTER.CEPT -22.1646 -46.88251·84.4167 -123:799~~-163.6609 
1 (CF) 0.5246 0. 4669 ' 0. 4826 0. 7969 0. 9696 

(SF) 0.5308 O.T!l71 0.7481 0.3731

1 

0.0317 
(CF) (CF) 0.0014 0.0017 0.0021 0.0023 0.0017 
(SF) (SF) -0 .• 0016 -0:0010 i -0:0001. 0.0015 0.0()18. 

.. (CF) (SF) 0.0038 0.0003 -0.00121 -0.0030 -0.0029 
I-

QUADRANT INTERCEPT -8.4627. ~48. 0992 ~165 •. 832 7 '.-ljs:. 2563 -545.1581 
2 (CFl 1;5796' 1. 366o· 2'. 2RS2 :1.7428 . 2. 2.0'32. 

(SF) -0.4368 0.06:!81 -0.3466 -o.ll06 0.6291 
(CF) (CF) -0.0062 -0:.0015 -0.0034 -0.0019 -0.0013 
(SF) (SF} -o: oo18' -0.0003 -0.0005 -0.0002 -0.0003 
(t:F) (SF) o ;oo8o 0 •. 0011 0.0028 0 .. 0016 0.0002 

I 

I 
QUADRANT INTERCEPT -4 .. 6973 111.0324 68.35161 96.5753,-171.39].2 

3 (CF) i 1.0552 0. 2387 0. 7.339 0. 84 79 i 0.6892 
(SF) . 0.2709 -0.2021 0.0458 -0.0614 1.0863 
(CF) (CF) -0.0015 0.0004 -0.0004 ~o .ooo7 0.0000 

I (SF) (SF) ! -0.0012 ~0.0003 ~o.ooo4 -0.0004 -0.0007 
(CF) (SF)· 0.0005 0 .002! 0.0009 0.0012 0.0001 

QUADRANT INTERCEPT -10.79(>2 -35.907.i . -61.4194 -8~. 26301-142.4015 
4 (CF) 0.8942 . 0.8929 0. 8169 0 .. 7205 0. 4509 

(SF) 0.1276 0.1654 0. 2356 0.28201 
0.4238 

(CF)(CF) 0.0014 0.0017· 0.0013 0.0011 0.0017 
. (SF) (SF) 0.00031 -0.0001 0.0000 0. 0000 0.0003 

j. (CF) (SF) -o;ooo6 -o .oooz -0.0003 -0.0002 -0.0011 

J i i . i . __ : -·--'----.... _ __1_ .. ,_· i 
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