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Objectives

The objectiveof this projectis to calculateerrorgrowth andpredictabilityestimates
for the operational numerical weather prediction model used by the Canadian
MeteorologicalCentre(CMC) andto comparethe resultswith similar estimatedor the
global prediction model used at the EuropeanCentre for Medium-RangeWeather
Forecasts (ECMWF).

Background

This projectis part of the ensembleKalman filter (EnKF) project that aims at
providing an ensembleof four-dimensionalanalysesfor the operational Ensemble
Prediction System (EPS) at CMC. For the EnKF, it is importantto have a better
understandingdf the activity of the Global EnvironmentalMulti-Scale (GEM) model
usedat CMC. Theimprovedunderstandingf error dynamicsthat will resultfrom the
completionof the projectis expectedo haveanimpacton future developmenprojects
for the GEM forecastmodel(in particularfor the diffusive processesn the forecasting
systemandfor the numericalprecisionof the calculations)andon the designof the EPS
(in particular for the simulation of the model error component).

M ethodol ogy

Due to the chaoticnatureof the dynamicsregulatingthe evolution of atmospheric
fields,asmallerrorin theinitial conditionsof arealisticmodel,or a misrepresentatioaf
some atmosphericphenomena(an imperfect model), can lead after a few days to
numerical solutions with little resemblanceto the instantaneousstate of the real
atmosphere.In orderto help quantify the level of predictability of the atmospherdor
somegiven lengthscalerange,the modelerror dynamicsmustbe studied. In particular,
onecantakeadvantagef theroutinely archivedanalysesandprognoseso performerror
growth rate studies and to learn more about atmospheric predictability.

The error growth rate of an atmospherianodel canbe visualizedwith the help of
whatis calleda “Lorenz diagram”(Lorenz 1982). Thesediagramssketcha measureof
the spaceaveragediscrepancybetweentwo fields asa function of the forecastingrange
(say,in days)averagedvera given periodof time (say,a month). The main curveof a
Lorenzdiagramis a measureof the forecastskill of the model(say,Eq) asa function of
the forecast tim& More specifically,

N
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whereS is someareaof the globe,N is the numberof daysof the analyzedperiod,A is

longitude, ¢ is latitude, @, is the k-day prognosisvalid for datei, and @, is the
analysisvalid for date i



The subsequenturvesof a Lorenzdiagramconstitutebranchego the maincurve.
Thesebranchesaremeasuresf error growthsasa function of the forecastingime. For
example, one can plot the mean difference between the one-day forecasts and the two-day
forecastgvalid for the samedates),the meandifferencebetweenthe two-day forecasts
andthe three-dayforecastqvalid for the samedates) the meandifferencebetweernhek
day forecastsand the (k+1)-day forecasts(valid for the samedates). This is the first
branch of the Lorenz diagram.

More generally,the jth branchof a Lorenzdiagramis a plot (asa function of k+j)
of the meandifferenceEy betweernthe k-day forecastsandthe (k+j)-day forecastqvalid
for the samedates). The x-axis of the jth branch extendsfrom j to D days. In
mathematical terms,

Ej=S'N"

N
i=1

f (dspki_q’spji)2 ds
S

Thereaderis referredto Lorenz (1982)for the original presentatiorof the Lorenz
diagrams. Their interpretation within the framework of the GEM model will be discussed
laterin this report. Similar analysesappliedto the ECMWF forecastsystemweremade
in Lorenz (1990) and in Simmoes al. (1995).

Data

The monthsthat havebeenanalyzedseparatelyn the contextof the presentstudy
areJanuaryApril, July,andOctoberof theyear2002. Forforecastperiodsrangingfrom
0 to 10 daysand valid for eachday of the abovementionednonthsat 0000 UTC, the
geopotentiabt 500 hPaproducedby the global GEM modelhasbeenextractedrom the
archive. Note thatthe zerodayforecastsarethe analyseshatservedasinitial conditions
for the GEM model.

The readeris referredto Appendix A for an exampleof the listing of commands
executed to extract the relevant data.

The Lorenz diagramswere built with the full resolutionof 400x200grid points
(referredto as T199), as well as with a reducedresolutionequivalentto a triangular
truncationT40. This smoothingof the datawasperformedin orderto comparedirectly
with Lorenz (1982) in which a datasetwith resolutionT40 was used. Moreover,the
diagramsfor three different areasS over the globe were drawn: the global surface
(referredto as Global), the areanorth of 30N (referredto asNH), andthe areasouthof
30S (referred to as SH).



Results

The following figures are the Lorenz diagramsfor the 500 hPa geopotentialin
January(Jan),April (Apr), July (Jul), andOctober(Oct) for 2002 at resolutionT40 and
T199. Extratropical northern and southern hemispheres, and global data are shown.
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Discussion

In a Lorenzdiagram,the error growth rate of the internaldynamicsplus the model
error causedby the model’'s deficienciesis describedby the main branch(which is a
generaimeasureof modelperformance).The GEM modelcanbedirectly comparedwvith
the ECMWEF model of 1993-1994. Simmonset al. (1995) performedthe sametype of
analysesfor the northern hemisphereextratropicalregion for the ECMWF model of
1993-1994. 1t turnsout thatthe one-dayforecastskill of the 500 hPageopotentiabf the
ECMWF model of 1993-1994is very closeto the forecastskill of the GEM model of
2002. The following figure is adapted from Figure 4 of Simmnedred. (1995).
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It showsthe main branch,aswell asthe lowestbranch,of the ECMWF modelof 1993-

1994 for the four seasongn the northernhemisphereextratropics. Winter standsfor the

period covering Decemberto February,Spring for the period coveringMarch to May,

Summerfor the period covering Juneto August, and Autumn for the period covering
Septembeto November. The 500 hPageopotentiall0-dayforecastskill of the ECMWF

modelof 1993-1994is slightly betterthanthe one of the GEM modelof 2002in spring

and fall, but equivalentin winter and summer. To give an estimate,the extratropical
northernhemispherdall r.m.s.error of the ECMWF modelfor the 500 hPageopotential
is about 120 meters (as compared with 135 meters for the GEM model).

A first estimateof the doublingtime of small errorsin the caseof a perfectmodel
canbe madeasfollows. In a Lorenzdiagram,the connectionof the lowestbranchwith
the main branchis a meanmeasureof the differencebetweena one-dayforecastandan
analysisvalid for theday of the forecast. If this differenceis consideredelatively small,
thenthe analysisandthe one-dayforecast(valid for the sameday) canbe consideredas
two different, but similar, initial conditions. By following how thesetwo differentinitial



conditionsdivergeastheintegrationggo by, oneis in fact following the lowestbranchof
a Lorenzdiagram. For the GEM modelin Januaryfor the global case the connectionof
the first branchwith the main branchis at about12 meters(day one). Following the
lowestbranch,one finds that an error of 24 metersarisesat aroundday three,giving a
doubling time of two days. In fact, a doublingtime of small errorsof nearlytwo days
(or evena bit lessin April) seemsto occurin all the casespresentedn the previous
section.

From the previousfigure, the doublingtime of small errorsin the ECMWF model
of 1993-1994 can be estimated, with the present method, to be very close to two days.

This way of calculating small error doubling time does not exactly reveal the
doublingtime of very smallerrors. A secondestimateof the doublingtime of very small
errors, due to Lorenz (1982), is to model the evolution with time of the lowest branch as a
simple nonlinear process:

dE_ .
S =aE(1-E/E,) .

with a solution:

E(t,)E..

e e

Suchasolutionwill reacha steadystateat E=E,, . Onecannotethatthetime it
takesfor E/(E.—E) to doubleis independenbf time (in fact, E/(E,—E) increases
exponentially with time). For smalE/E.,

E.,—E

~E
—E E,’
andthetime it takesfor small E/E. to doubleis approximatelythe sameasthe time it
takesfor finite amplitude E/(E,—E) to double. For example,the time it takesfor
finite amplitude E/E. to go from 1/3 to 2/3 (equivalentlyE/(E.—E) goes from % to
2) is approximatelytwice the doublingtime of smallerrors. Whenappliedto the Lorenz
diagramsof the previoussection,it meanshatthetime it takesfor E; to go from 1/3to
2/3 of the saturatedg; (very large forecasttime) is twice the doubling time of small
errors. From the figures of the previoussection,one can makea second estimate for
doubling time of small errors of about 1.5-2.0 days for the GEM model.

Anotherway of estimatingthe doublingtime of small errorsis to performa least
squarefit of E(t), provided by the Lorenz model, for a chosen E,, . One canthus
estimatea from

E(t)

+a(t—t,)

E(t)
'n( E._E(1)




with the doublingtime of smallerrorsgivenby t=(In2)/a. Thefollowing tablegives
thedoublingtime of smallerrorscalculatedrom the leastsquarefit. Thefirst numberis
the doubling time in days and the number in parenthesis is the cHoseim meters.

January April July October

Global 2.0 (120) 1.7 (110) 1.7 (100) 1.6 (110)
NH 1.7 (160) 1.7 (160) 1.7 (100) 1.6 (150)
SH 2.1 (160) 1.8 (160) 1.8 (180) 1.5 (160)

E;j (meter3

Thesesestimatedor the 2002 GEM modelare smallerthanthosemadeby Lorenz
(1982). He quotedthe doublingtime of smallerrorsto be 2.5-3.5days(ECMWF model
of 1980and 1986). The nextfigure showsLorenzdiagramsfor the ECMWF model of
1980 (a) and 1986 (b) in winter for the global case.
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Simmonset al. (1995) also evaluatedthe doubling time of small errorsfrom the
Lorenzsimplenonlinearmodel. Their Table2 showsthatthe doublingtime is between
1.5 and 2 days in the ECMWF model of 1993-1994.

In Lorenz (1982),it is arguedthat the distancebetweenthe main branchand the
lowestbranchof a Lorenzdiagramis a measureof the possibleroomfor improvemenof
a model. Indeed,if a model is unbiasedand has the samedaily variability as the
atmospheret would follow thelowestbranchif it weresuddenlyperfectafteroneday of
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integration. So, improving a model shouldbring the main branchcloserto the lowest
branch. The previouspicture showsthat thingsare more complicated. In six years,the
ECMWEF model main branchwent down, but the lowest branchwent down as well,
leavingasmuchroomfor improvement. Lorenz(1990)argueghata betteranalysiswill

bring all the branches closer to zero.

For the case of the GEM model, it appears that the room for improvement is slightly
smallerthan what is reportedin Lorenz (1990), but equivalentto what is reportedin
Simmonset al (1995).

Summary of main results

» Theoneday500hPageopotentiaforecastskill of the 2002GEM modelis similar to
the forecast skill of the 1993-1994 ECMWF model.

» Thetenday 500 hPageopotentiaforecastskill of the 2002 GEM modelis slightly
inferior to the forecastskill of the 1993-1994ECMWF modelfor springandfall, but
equivalent for winter and summer.

* In the GEM modelin the northernhemispherethe initial 500 hPageopotentiamean
error growth rate due to internal dynamicsand model deficienciesrangesfrom 10
meters per day (in July) to 18 meters per day (in January).

* A first estimateof the doubling time of small errorsin a “perfect” GEM modelis
about2 days(the small error beingthe differencebetweena one-dayforecastandan
analysisvalid for thesameday). Thisis very similar to whatis observedn the 1993-
1994 ECMWF model.

* A secondestimateof the doublingtime for small errorsin a “perfect” GEM model
basedon a simple nonlinearmodelisationof the error growth (Lorenz,1982)is 1.5-2
days. This is also very similar to what is observed in the 1993-1994 ECMWF model.
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Appendix A: rarc commands to extract the data from the archive

In orderto demonstratavhich datawere extractedfrom the archive (the branch),
the code that hasbeenusedis presentechere (examplefor January). get_data.txt
reads as follows.

#! /bin/sh
set —-x
progdir=/users/dor/armn/028/datal/extrac_prog

cat << EOT > ${progdir}/dirrarc
target=$BIG_TMPDIR

filter = copy
branche=operation.forecasts.glbpres
ext=000,024,048,072,096,120,144,168,192,216,240
date=2002,1,1,2002,1,31

heure=0
postprocess=nopost
priority = online
inc=1

EOT

rarc -1 ${progdir}/dirrarc

rm ${progdir}/dirrarc

Then, the geopotentialat 500 hPais extractedwith get_gz.txt (examplefor
January). Sincethe dataare archivedwith rotatedpoles,get_gz.txt alsorotatesback
the poles to their original position.

#!/bin/ksh

for month in 01
do

for day in 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31
do

for forecast in 000 024 048 072 096 120 144 168 192 216 240
do

editfst2000 —-s 2002${month}${day}00_S${forecast} —-d 2002${month}${day}
00_gz500r_S${forecast} << DTS

desire(-1,"Gz",-1,-1,500,${forecast})

deSlre (_l’ [">>", "/\/\"])

DTS

/usr/local/env/armnlib/modeles/diag/bin/r.diag_5.0.1 llagg 2002${month}
${day}00_gz500r_S${forecast} /
tmp/armn028/101012965/operation.forecasts.glbpres/2002${month}${day}
00_gz500_S${forecast} —-lon 400 -lat 200 -npg =-32

done
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done

done

Thesecodes,aswell asothercodesnot shownherethatservedto preparethe data
before the final analysis, are available @ters/dor/armn/028/3043.

Appendix B: Fortran 77 code gener ating the data suitable for producing
the Lorenz diagrams

The following Fortran 77 code performsthe analysisand writes the resultsin a
format suitable for plotting with GrADS. It reads the data from IEEE unformatted files.

PROGRAM analyse
IMPLICIT NONE

INTEGER i, j,day
INTEGER maxlag, maxday
INTEGER month, lat, lon
CHARACTER*2 reg

maxlag : longest forecast in days

maxday : number of days in the analyzed month + maxlag

month : month number (from 1 to 12)

lat : number of latitudes

lon : number of longitudes

reg : GL for Global, NH for North. Hemis., SH for South. Hemis.

Q000

PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER

maxlag = 10 )
maxday 3l+maxlag)
month = 10 )
lat 200 )
lon 400 )
reg = 'SH' )

o~~~ o~~~

cmonth : month number (character)

cforecast : forecast length in hours from 000 (the analysis)
to 24*maxlag (the 'maxlag' day forecast)

cday : day of the month + maxlag

ONONONONONS!

CHARACTER*3 cforecast (0:maxlaqg)

CHARACTER*2 cmonth (12)

CHARACTER*2 cday (maxday)

DATA cmonth /'01','02','03','04','05','06"

& ,'07','08','09"','10","11",'12"/

DATA cforecast /'000','024','048','072"','096"','120"
& ,'144','168",'192','216"','240"/
REAL dist2,tau,gzl(lon,lat),gz2 (lon, lat)

REAL dist2_moy(0:maxlag,(O:maxlag), res (maxlag+l,maxlag)
CHARACTER*2 cdum

CHARACTER*18 cfilel,cfile2

INTEGER dum, ii, jj

DO day=1l,maxday

dum=day
DO i=2,1,-1

13



17

cdum (i:1i)=ACHAR (MOD (dum, 10** (3—-1)) /10** (2—1) +48)
dum=day-MOD (dum, 10** (3-1))
ENDDO
cday (day) =cdum
ENDDO

DO i=0,maxlag
DO j=0,maxlag
dist2_moy (i, j)=0.
ENDDO
ENDDO

DO i=0,maxlag-1
DO j=i+l,maxlag
DO day=maxlag+l,maxday
cfilel=cmonth (month)//'_'//cday (day-i)//'_GZ500_"
//cforecast (i)//'.GR'
cfile2=cmonth (month)//'_"'//cday (day-3)//'_Gz500_"
//cforecast (J)//".GR'
OPEN(10,FILE=cfilel, FORM="'UNFORMATTED"')
OPEN(11,FILE=cfile2, FORM="'UNFORMATTED"')
READ (10) ((gzl(ii,jj),ii=1,lon),ji=1,lat)
READ (11) ((gz2(ii,3j),ii=1,lon),jj=1,lat)
dist2_moy (i, j)=dist2_moy (i, j)+dist2(gzl,gz2,1lon, lat, reqg)
/REAL (maxday-maxlag)
CLOSE (10)
CLOSE (11)
ENDDO
ENDDO
ENDDO

DO i=1,maxlag+l
DO j=1,maxlag
res (i, j)=0.
ENDDO
ENDDO

DO i=1,maxlag+l
res(i,1)=SQRT (dist2_moy (0,i-1))*10.
ENDDO
DO j=2,maxlag
DO i=j,maxlag+l
res (i, j)=SQRT (dist2_moy (i-7j,1i-1))*10.
ENDDO
DO i=1, j-1
res (i, j)=res(i, 1)
ENDDO
ENDDO

OPEN (12,FILE='october_ '//reg//'_T199',FORM='UNFORMATTED")
DO i=1,maxlag
WRITE (12) (res(j,1i),Jj=1l,maxlag+l)
ENDDO
CLOSE (12)
WRITE (*,17) tau(res,maxlag)
FORMAT ('Doubling time for small errors: ',F5.2,' days')

END PROGRAM analyse
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FUNCTION dist2(a,b,ni,nj, reqg)
IMPLICIT NONE

INTEGER ni,nj, i, j,nl,n2
REAL a(ni,nj),b(ni,nj),dist?2

REAL pi,dphi(nj),phi(nj),phil,phi2,phib (200)

CHARACTER*2 reg
DATA phib/ -89.313,-88.423,-87.527,-86.
-83.938,-83.041,-82.143,-81.
-78.553,-77.655,-76.757,-175.
-73.166,-72.269,-71.371,-70.
-67.780,-66.882,-65.985,-65.
-62.394,-61.496,-60.598,-59.
-57.007,-56.109,-55.212,-54.
-51.621,-50.723,-49.825,-48.
-46.234,-45.336,-44.439,-43.
-40.848,-39.950,-39.052,-38.
-35.461,-34.563,-33.666,-32.
-30.075,-29.177,-28.279,-27.
-24.688,-23.790,-22.893,-21.
-19.302,-18.404,-17.506,-16.
-13.915,-13.017,-12.120,-11
-8.529, -7.631, -6.733, -5.
-3.142, -2.244, -1.347, -0.
2.244, 3.142, 4.040, 4.
7.631, 8.529, 9.426, 10.
13.017, 13.915, 14.813, 15.
18.404, 19.302, 20.199, 21.
23.790, 24.688, 25.586, 26.
29.177, 30.075, 30.972, 31.
34.563, 35.461, 36.359, 37
39.950, 40.848, 41.745, 42.
45.336, 46.234, 47.132, 48.
50.723, 51.621, 52.518, 53.
56.109, 57.007, 57.905, 58
61.496, 62.394, 63.291, 64.
66.882, 67.780, 68.678, 69.
72.269, 73.166, 74.064, 74.
77.655, 78.553, 79.450, 80.
83.041, 83.938, 84.836, 85.
88.423, 89.313 /

NN N N N N N N N N N N N N N N N N N N N N N N NS N N N NS S NS SN

pi=2.*ASIN(1.)

DO j=1,n7
phi (j)=phib (j) *pi/180.
ENDDO

dphi (1)=0.5*pi+0.5* (phi (1) +phi (2))
DO j=2,nij-1
dphi (3)=0.5% (phi (j+1) -phi (j-1))
ENDDO
dphi (nj)=0.5*%pi-0.5* (phi (nj-1) +phi (n7j))

IF (reg.EQ.'GL') THEN

phil=-pi/2.
phi2= pi/2.
nl=1
n2=nj
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630,-85.
246,-80.
860,-74.
473,-69.
087,-64.
700, -58.
314,-53.
927,-48.
541,-42.
.257,-36
768,-31.
381,-26.
995, -21.
608, -15.
.222,-10.
835, —4.
449, 0.
938, 5.

154,-37

324, 11

711, 1e.
097, 21.
484, 27.
870, 32.
.257, 38.
643, 43.
030, 48.
416, 54.
.803, 59.
189, 65.
576, 70.
962, 175.

348, 81

733, 86.

733,-84
348,-79
962,-74
576,-68
189,-63
803,57
416,-52
030,47
643,-41

870,-30
484,-25
097,-20
711,-14

324, -9.
938, —4.
449, 1.
835, ©.
222, 12.
608, 17.
995, 22.

381, 28

768, 33.
154, 39.
541, 44.
927, 49.

314, 55

700, 60.
087, 65.
473, 71.
860, 76.
.246, 82.
630, 87.

.836
.450
.064
.678
.291
.905
.518
.132
. 745
.359
.972
.586
.199
.813
426
040
347
733
120
506
893
.279
666
052
439
825
.212
598
985
371
757
143
527



ELSE IF (reg.EQ.'NH') THEN
phil= pi/6.
phi2= pi/2.
DO nl=nj,nj/2+1,-1
IF (phi(nl).LT.phil) GOTO 1
ENDDO
1 n2=nj
ELSE IF (reg.EQ.'SH') THEN
phil=-pi/2.
phi2=-pi/6.
DO n2=1,nj/2-1
IF (phi(n2).GT.phi2) GOTO 2
ENDDO
2 nl=1
ENDIF

dist2=0.
DO i=1,ni

DO j=nl,n2

dist2=dist2+(a(i,J)-b (i, ))**2

& *COS (phi () ) *dphi (j) /REAL (ni)
& / (SIN (phi2) -SIN (phil))

ENDDO
ENDDO

END FUNCTION dist2

FUNCTION tau(res,maxlaqg)
IMPLICIT NONE

INTEGER maxlag

REAL res(maxlag+l,maxlaqg)

REAL xbar, x2bar, ybar, xybar,einf
REAL tau

INTEGER i

einf=180.

xbar=0.
ybar=0.
x2bar=0.
xybar=0.

DO i=1,maxlag
xbar=xbar+REAL (i) /REAL (maxlag)
x2bar=x2bar+REAL (1*1) /REAL (maxlaq)
ybar=ybar+L0OG (res (i+1,2)/ (einf-res (i+1,2))) /REAL (maxlag)
xybar=xybar+REAL (i) *
& LOG (res (i+1,2)/ (einf-res (i+1,2))) /REAL (maxlag)
ENDDO

tau=L0G (2.) * (x2bar—-xbar*xbar) / (xybar-xbar*ybar)

END FUNCTION tau

This code, as well as the code usedto convert the extracteddata from RPN
Standard file format to IEEE format (fst2grads.f), are available at /
users/dor/armn/028/3043
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Appendix C: GrADS code producing the L orenz diagrams

The plotting tool that hasbeenusedto generatethe Lorenz diagramsis GrADS
(freely availablefrom the World Wide Web). The following examplecodeis valid for
the January panels.

enable print january
open january_GL_T40.ctl
open january_NH_T40.ctl
open january_SH T40.ctl
open january_GL_T199.ctl
open january_NH_T199.ctl
open january_SH _T199.ctl
set grads off

set grid off

set parea 1.25 4. 8.0 10.5
set vrange 0 160

set xaxis 0 10 1

set ccolor 1

set cmark 1

set lev O

de.l

set ccolor 1

set cmark 1

set lev 1

de.l

set ccolor 1

set cmark 1

set lev 2

de.l

set ccolor 1

set cmark 1

set lev 3

de.l

set ccolor 1

set cmark 1

set lev 4

de.l

set ccolor 1

set cmark 1

set lev 5

de.l

set ccolor 1

set cmark 1

set lev 6

de.l

set ccolor 1

set cmark 1

set lev 7

de.l

set ccolor 1

set cmark 1

set lev 8

de.l

set ccolor 1

set cmark 1

set lev 9
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de.l

*draw xlab Days
draw ylab E'bij'n (meters)
draw title Jan. Global T40
set parea 1.25 4. 4.5 7.
set vrange 0 160
set xaxis 0 10 1
set ccolor 1

set cmark 1

set lev O

de.2

set ccolor 1

set cmark 1

set lev 1

de.2

set ccolor 1

set cmark 1

set lev 2

de.2

set ccolor 1

set cmark 1

set lev 3

de.2

set ccolor 1

set cmark 1

set lev 4

de.2

set ccolor 1

set cmark 1

set lev 5

de.2

set ccolor 1

set cmark 1

set lev 6

de.2

set ccolor 1

set cmark 1

set lev 7

de.2

set ccolor 1

set cmark 1

set lev 8

de.2

set ccolor 1

set cmark 1

set lev 9

de.2

*draw xlab Days
draw ylab E'bij'n (meters)
draw title Jan. NH T40
set parea 1.25 4. 1.0 3.5
set vrange 0 160
set xaxis 0 10 1
set ccolor 1

set cmark 1

set lev O

de.3

set ccolor 1

set cmark 1

set lev 1

de.3
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set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

ccolor 1
cmark 1
lev 2

3

ccolor 1
cmark 1
lev 3

3

ccolor 1
cmark 1
lev 4

3

ccolor 1
cmark 1
lev 5

3

ccolor 1
cmark 1
lev 6

3

ccolor 1
cmark 1
lev 7

3

ccolor 1
cmark 1
lev 8

3

ccolor 1
cmark 1
lev 9

3

draw xlab Days
draw ylab E'bij'n (meters)
draw title Jan. SH T40

set
set
set
set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

parea 5. 8. 8.0 10.5
vrange 0 160
xaxis 0 10 1
ccolor 1
cmark 1

lev O

4

ccolor 1
cmark 1

lev 1

4

ccolor 1
cmark 1

lev 2

4

ccolor 1
cmark 1

lev 3

4

ccolor 1
cmark 1

lev 4

4

ccolor 1
cmark 1

lev 5

19



d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

4

ccolor 1
cmark 1
lev 6

4

ccolor 1
cmark 1
lev 7

4

ccolor 1
cmark 1
lev 8

4

ccolor 1
cmark 1
lev 9

4

*draw xlab Days
*draw ylab E'bij'n (meters)
draw title Jan. Global T199

set
set
set
set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set
set

d e.

set
set

parea 5. 8. 4.5 7.0
vrange 0 160
xaxis 0 10 1
ccolor 1
cmark 1
lev O

5

ccolor 1
cmark 1
lev 1

5

ccolor 1
cmark 1
lev 2

5

ccolor 1
cmark 1
lev 3

5

ccolor 1
cmark 1
lev 4

5

ccolor 1
cmark 1
lev 5

5

ccolor 1
cmark 1
lev 6

5

ccolor 1
cmark 1
lev 7

5

ccolor 1
cmark 1
lev 8

5

ccolor 1
cmark 1
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set lev 9

de.5

*draw xlab Days
*draw ylab E'bij'n (meters)
draw title Jan. NH T199
set parea 5. 8. 1.0 3.5
set vrange 0 160
set xaxis 0 10 1
set ccolor 1

set cmark 1

set lev O

de.6

set ccolor 1

set cmark 1

set lev 1

de.6

set ccolor 1

set cmark 1

set lev 2

de.6

set ccolor 1

set cmark 1

set lev 3

de.6

set ccolor 1

set cmark 1

set lev 4

d e.6

set ccolor 1

set cmark 1

set lev 5

de.6

set ccolor 1

set cmark 1

set lev 6

de.6

set ccolor 1

set cmark 1

set lev 7

de.6

set ccolor 1

set cmark 1

set lev 8

de.6

set ccolor 1

set cmark 1

set lev 9

de.6

draw xlab Days
*draw ylab E'bij'n (meters)
draw title Jan. SH T199
print

This GrADS script, as well as the files with the extensioti™/.can be found at
users/dor/armn/028/3043
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