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Figurel: A Hirlam Grid

"Hirlam output data arein arotated lat-lon grid’

The Hirlam grid is typically definedon a 'rotated’ latitude-longitudecoordinatesystem.In
the presentnote | will explain what this means,andwrite down the algebrato corvert from
geographicatoordinategalsocalled’regularlat-lon’ coordinatesjo rotatedcoordinatesl will
alsoshow how to rotatea horizontalvectorsuchasthe wind. However, it is not the aim of this
noteto discusshandlingof the Hirlam forcing fieldsin general.

Normally the equatorof the rotatedsystemis plasedsomeavherealongthe middle of grid.
Whenthe peopleat the meteorologicainstitutesgive usthe datathey tell usthat

"Origo of the Hirlam grid is at longitudearg andlatitude gro. Longitudeincrementis dx
andlatitudeincrements dy. Therearenx grid pointsin longitudedirectionandny grid points

1Thecorrectnessf all formulas,especiallyEqs.SA, to CB, hasnotbeenverifiedyet



in latitudes.The sequencef binary dataarewritten to thefile in this andthis orderalongthe
grid points."”

Thisinformationdefineghegrid pointswithin therotatedsystemandsomeof theinforma-
tion is writtento inventorysectionsof thedatafiles (exceptfor the countingorderof datain the
files- youmustfind thisinformationelsavhere).So,if weknow thecoordinate®f apointin the
rotatedsystem(e.g.point P = (agr, @r) of Fig. 1), we canidentify nearby grid pointsby their
coordinatesandfind theirfield valuesin thedatafile. However, we usuallyonly know the point
P asageographigosition(A, @). In orderto calculatethecoordinate®f P in therotatedsystem,
we mustknow orientationof the rotatedreferencesystem.The datafile inventoryprovidesthis
informationexpressedisthe positionof the southpole of the rotatedsystem(As, @s).

We alsowantto rotatehorizontalvectorssuchasthewind. For this we needto calculatethe
meridionalcorvergenceat our positionP. The corvergences definedasthelocal anglef from
theregularmeridianthroughthe point P to therotatedmeridianat P.

The sphericalgeometryis illustratedin Fig. 2. By corvensionlongitudesar of the rotated
systemhasorigo atthecommonmeridianthatintersectghe southpolesof boththerotatedand
theregular systemIf we apply the samecornvensionto the regularlat-lon system the algebra
becomesimpler In our detailedthreatmenbf thesphericakrigonometrywe will shift origoto
As, andusealongitudeparameten = A — As.

Figure2: RegularandrotatedsphericalkcoordinatesystemsThe Equatoris 'EQ’, SouthPole
'SP’ andNorth Pole’NP. Parameter®f therotatedsystemhave index 'R’.



The conversion formulas

Herewe provide anoverview of theformulag for corversionbetweertheregularandtherota-

tedlat-loncoordinatesystemsFormulasaregivenfor a) LocatepointP in therotatedcoordinate
systemp) Find regularorientationof a vectorknown in therotatedcoordinatesystem(suchas

wind direction),c) Corverta positionknown in rotatedcoordinatego regularcoordinates.

a) Locatea point P in therotatedcoordinatesystem

Our positionP hasgeographidongitude,latitudecoordinategA, @). To derive therotatedliongi-
tudecoordinate\r we first calculatethe right-handsidesof the equations

SiNARCOSpPr = Sin(A —Ag) cosp= SA
COSARCOSPrR = COSPs SiN@— Sin@s cosP cos(A —Ag) = CA

Thereis no needto calculategr in orderto getAr. For positive CA it is simply the principal
valueof thearctangentof SA/CA, andfor negative CA it is the arctangentshifted plus/minus
TL Strictly,

[ Arctan(SA/CA) for thecaseCA > 0
Arctan(SA/CA)+1t forCA<OandSA>0

AR = ¢ Arctan(SA/CA) -t forCA<OandSA< 0
/2 for CA=0andSA>0

| —T/2 for CA=0andSA< 0

In standargprogramminganguageshis is expresseahortly by usingthefunctionatan2:

Ar = atanZSA,CA) ; (1)
To derive therotatedlatitudecoordinatepr we calculatetheright-handside of
sin@r = — SiN@s SiN@— cosPs COSPCOS(A —Ag) =SL

andthenget@r asthearcsinus
@r = Arcsin(SL) (2)

Thereis no needof multiple casederesincegg belongsto theinterval [—11/2, 11/2].
b) Map a vectorfromrotatedto regular coordinatesystem

Thedirectionof avector(suchaswind direction)at P mustbe shiftedby the angle3 between
the rotatedmeridianandthe regular meridianthroughP (Fig. 2). Note thatthereis alwaysan

2|t shouldbe notedthatthereareotherwaysto do the rotation.For exampleyou maytransformto a Cartesian
systemandrotatethatsystem.



ambiguityin how individual personsnterpretethe signof suchanglesAll | cansayis thatthe
signof 3 usedhereis positive in thedirectionshavn in Fig. 2.  is derivedfrom the formulas

sinBcospr = sin(A —Ag) cosps= B
COsBCOSpr = —SiN@s COSP+ COSPsSiNQCcos(A —As) =CB

Expressedn the programmingdanguagdunctionatan2we have

B = atanZSB,CB) (3)

c) Map a positionfromrotatedto regular coordinates

The transformationsbove may be reversed,usingvirtually the sameequationsHowever, in-
terchanginghe symbolsfor rotatedandregular coordinatess not quite straightforgvard. The
regularsouthpole hasthe coordinateg180°,@s) relative to the rotatedsystem.This meanghat
on the left handsidesof the equationsSA andCA Ar is exchangedwith A — (As+ 180°). On
the right handsidesof all equationsSA to CB (A — Ag) is exchangedwith (Ag — 18C°). The
reverseequationscorrespondindo Egs.SA to CB arethen(with index 'r’ meaning' reverse-
from rotatedto regular’)

—sSin(A —Ag) cosp = —SinArCOSPr = SA,
—COgA —Asg) COSP = COSPs SINPR+ SiNPs COSPr COSAR = CA,
Sing = —sSiN@sSIN@Pr+ COSPs COSPRr COSAR = I,
sinBcosp = —SIiNARCOSPs= By
cosBcosp = —sSin@sCOSPr — COSPs SINPR COSAR = CB;

Trigonometry on spherical triangles

We will derive Eqs.SAto CB from sphericatrigonometryFigure3 a) shavsasphericatriangle
wich hascornersat thetwo southpolesandat the point of interestP. Theanglesatthe corners
areaq,  asdefinedabove. Thethird angleis

y=180 —aRr (4)

Thearcanglesof thesidesarefoun with theaid of Fig. 2:
a=@+90, b=¢s+90°, c=¢+90. (5)
Figure3 b) shavstwo triangles.They have onecommonsideconnecting® andthe origo of

the rotatedsystem,andtheir third corneris respectiely the regular SouthPole,andtheright-
angledprojectionof P ontherotatedEquator Two new sidelengthsareintroduced,

a is to be eliminatedbetweertrigonometricrelationsof thetwo triangles
b, = @s+180° (6)



Figure3 a): Sphericatriangles

Figure3 b)

In termsof the parametersf Fig. 3 a) we have, from the Law of Sines:

sinBsina = sinbsina
sinysina = sincsina
andfrom the Law of Cosines:
cosa = coshcosc+ sinbsinc cosa
cos3 = —cosa cosy+ sina sinycosb.

For Fig. 3 b) we have from the Law of Cosines:

cosay = Co0shy cosc+ sinby sinc cosa
COSay = COSOR COS(PR

for thetwo trianglesrespectrely.
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Equation(10) is multiplied by sina, andthefactorsiny sina is theneliminatedby useof Eq.

(8). Wethenhave
cosP sina= — cosa cosy sina+ sinfa sinc cosb

(13)



Now rewrite theequationsn termsof thelat-lon coordinate®f Eqgs.(4) to (6). We find that

Eq.[SL] correspond$o Eq. (9),
Eq.[SA] correspondso Eq.(8), and
Eq.[SB] correspondso Eq. (7).
Eq.[CA] is theequalitybetweerright sidesof Egs.(11) and(12).
To obtainEq. [CB] we will doalittle algebraSubstitutionof Egs.(4) to (6) in Eq.(13) yields
COSP COSPR = COSO COSOR COSPR — SiN? 0 COSP SiN@s
By substitutionof Eq. [CA| we seethatthisis equalto
CcOSP COSPR = COSA COSPs SiNP— Sings cosp (sir? a + coga)

whichreduceso Eq. [CB].



