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World climate patterns in grassland and savanna and their relation
to growing seasons

R. KIRK STEINHORST* and J. W. MORRIS]

ABSTRACT

The climate ateleven IBP savanna or%rassland studty sites from five continents ar described andd grrncr al

comrt)onents analysis 1s used to compare them. A multivariate linear discriminant unctron hase
monthly precipitation, mean monthly temperature, latitude and altrtude IS used % redict the ength of tg
g{own seaso at each srh e. At most sites, the actual and pre |ce start an% end of the g {QV\‘ ﬁ son agree
asis ma[yf Predrcted airly reliably from a

osely. It 1s concluded owrn season_on a world-wide
sma?lynumberofabrotrc varra les byqneans ofamultrvarratedrscrrmrna unctio

RESUME

CYCLES CLlMATOLOGIg\w__Eé ng Aﬁ%lﬁ\r BFEA&I&E&@(\:/ NEETLEUR RELATION

Les climats e[ronze oints d'etude de la savane ou de Iare)rarrre chorsrsrr)ar le Pro ram eBroIQ | ue
Internationa sur £s CIn contrnents sont decrits et ﬁom ares par emoye de ana LPﬂncr
comPosants ng unctron iscriminante Jineaire m {ne elle

y ?

IIY [1Ee, Basee FUI‘ les mo en
grec Itation et a temperature, SUI' atrtude et Atude ESE utilisee pOU,’ ongueur
ars ecrmssance enc ahue en I‘? E) E] gl’t €3 cas, Iy a un excellent accord ente e Ca CU
et ?rvatron tetlafin asarson ecrorssance Onen conclut etée SaISOHB
aVec elle mond e arr V%hﬂetdune [evision a5fez sureapartrrdun petrt nom re g aonnees a IOtI
ques et en ufilisant'une on discriminante multivariee.
INTRODUCTION re%ponses Irg temperature, éprecr itation, and
In this article we consider a variety of savanna and other factors. For savanna, %s or tundra
g[assland srtsar] one tundra site characéerrze therr communities of many speciés Psys ical stugie 3
imates F relate climate fo th? conditions for %ve us no srnalf answeir Another solution Is require
8rowt 0 tenatural vegeta lon 0 s|tes. gso We are to Uti[ize suc communr%reg effrcrenély on a
OmR/ Prve to  better understan the factors ~ world-wide basis for grazing or fodder production.
Involved in growing season eer atron BYIQFOWIR%J The International Brologrcal Program (IBP) gives
S€ason, we mean that perio ear °f % a unique o&portuw t stuv\}/ f ese communjties
tlme wen nvrronme tal ﬁtos case limit man species. In t erncue ata rom
i USU& |n spring, until they limit lt again, ?ﬁ and_sites and 059 tungra_site eutroPJ
suaIK in aut mrre alfin H a rﬁnge rom 6° to_60J lafit
the. Eresen t world population apd limi E)ed ﬁoog nort an south of the equator from frve contrnent
les Jt.iS important that we use all available lan J Eacg site represents, typical svanna
n efficient manner for either a rrcu ure drazrnP ras zi or tundra veg er] lon under érzrn r{
Wood productron 0r canservatlo ecentg aowc nditions, T F Inc ?rt er
Bomted ? h Newmap., ﬁ( Prcketﬁ 5194 the_on rr)]ecr IC weather recor S Qn at gast a mog |§
ncontrollable” factor rc limits rPOdP?“VItX assocr rowrnr{r seasons as. dete mrne
IS weather. Success or Tail ure 0 crogs a ora su jectrve}/b in est|1g ors at eﬁch strte In orde
roduction are dramatical a fecte ){ n]s redict conditions for row the loca
athe( ewman Prc? rlrgest hd knogv 3e vegetatron we consider mon Iy Frecr rtatron an
of world climate will_ena redict productl average temperature along with fatitude ana altitude.
ses for each area. To a trateqy, however
nowledge of how crop 5 Ot er vegetation respon ¥ Natural Resolurce Ecologg Laboratory, Colorado. State
o cima acos ' el For o ot 47l AL SO it T Moy TRl
mOHOS ecific corﬂmunrtres %eneral ﬁ 3/ ologica t Botanical Research Institute, Department of Agricultural
udies give us the required information Concering Technical Services, Private Bag X 101, Pretoria, 0001.

TABLE 1—Study sites and sources of data

, . Period of data ,
Site Latitude measurement Contributor Source
(month and year)

Australia, Armidale......nn. 30,5° S 10/69—9/70 KAJ Eu}cﬂrnson &  Personal Communication
Czechoslovakia, Lanzhot............ 49- N 1169—12/69 M. Rychnovska
§|a Kurutzs etra....... 30JN 1/78—15/71 JS, S%n%h |n(h & Ygdava g1974)
e(lg .................... 22" N 1UT1—12111 S. C. Pandeya Pandem et at. %
Ire and, Glenamoy.. 5 N 1710—12/711 J. J. Moore Persora nication
lvory Coast, Lamto. 6" N 1/69—12170 M. Lamotte Lamotte 1967 Cesar_& Menaut
, (1974) ecordrer (1974
Netherlands Terschell& 5" N 1/87—1f 70 P. Ketner , lﬁ(
orwax Hard anqervr d 60 N 1169—9/71 F. E. Wielgolaski S artver et l (19751
South Africa, Welgevon 2" S 1/70—12/70 J. J. P. van Wyk Personal 'Communication
United Kingdom, Moor House 54) N 1/ 65— 12168 0. W. Heal Personal Communication
. UT1—12011
United States, PAWnee.....cvvnnes 41° N 1/69—12/71

U.S/IBP Grassland Biome data bank
Biome
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CHARACTERIZATION QF CLIMATE TYPES BY
PRINCIPAL COMPONENTS ANALYSIS
There is a wide ran e(pf cIrmates both tr pc
nd temperate represe ted in t e sites. include
te study. Of the H)rca climate sites, Lﬁmto
lvory Coast, has unifo tem eratures Whth eav
precr itation” rom Marc ctober wit
g e In mid-summer. The two Indian artes have
ree Seasons: a Iram season from mid-June to
SeBtem er, zé season from October .to
Fe rua\M an Sy ason from March to mig-
June, Wel evon en outh Africa, IS a w s%
tro ical sdvanna srte wrt summer rana The
Late sites range. rom to 60z ro[n ﬁ%uator
he ave seasons drca the an eoft sun?
|nc mrnp rays. Hnr Australia, 1S.3 00
perae rangeland  with’ moderate precr |tat|on
whrh IS farrI unrform hut ha\nei R ymmer.
Tem erate |tes which _are reatrveg umr are
‘ zecnos ovg a; enamdy Ireland:
Terschelmq_I Net er an s Hardan ervidda, Norwa Y;
00r House, The season of ra,nfa vanes
reat amon tem erate sites. For example, Ireland
rec taro occurs In Noyem er Dece er
[lnuax wereas Terschelling has_ uniform
rarnfa throUghout the year. The Pa nee Erte In the
United States I very dry relative to the other sites.

number of these sites have climates
'”Qvttced bey %wgrt%'r“caTJae?t“arﬁa Thhé“em (igtt?m
slr]tes are inf uen ed Joxrmrtp] to the ocean. ‘Both
zech sova |an a ited States sites are
nenta Te g S) srhes weather i
urt ermore_ modi e x he nort sout ROCE%’

Cz%%%asllrovaﬁ(arlg gn the other hande tre%oun ded oy

ma or eas st mountaln ran p]rorp Aan ther

af ep]te y mountarns |s e nort n India site
Kuru % etrag wh oie climate Is influenced to some
xtent Dy the Himalayas,

All in all, thﬁ?e sites have a farré{ Ipredrctable

Htern of monthly temperature hase Incomin
adjation, hut they present a moseﬁrc of precipitatio
res% es. Prrncrgéx com onen an Ysrs PCA) (Seal,

19%4) was used to | ust ?te t cntra For
temperature, using the twelve mont ey values as
attrioutes over the eleven sites (entitl 2 the first
component an average temperature component

*« UK « Ireland

* Norway + Netherlands

®S.
Africa

» Australia

USA- * Czechoslovakia

First Principal Component

accounts fgr 94% of total varrabrlrty in the data and

esecon comprp]nent H the cumulative per
e secon componft contrasts

cent
?ummer and winter temperatures, a rande
eratures (Ivo

rom very upiform m nthly tem ¥
Coast Ireland and U.K. stlronq< asonal on
;fncudrn[%USA andCec oslovakia 1) The
|rst co porhent separates warm_sites, f ch “as the
ndian and t dp IvorXNCoast sites, %romc nes such
p] % lerarc |ca cluster
anaI 51 AJ? nson, 1967) on temperature correlation
anrergﬁoas Coatterrngn?rovtdged) the srtes met(réee same
trHe U.S. site thc for d]ese daa showed a mgnthzy
ﬁmperathe pattern similar to the Moor Ho pse Sit
anaﬁe results are not resente A lerarchical cluster

%srs srngr HC |d|%n istance, that | dtemperature

|tue at er than “patterns, yielded "clysters

Béghctab similar to the nat component of the
and is also not presente

For mean monthllyt precr itation. values over the

eleven srttes the R rrncrﬁ compon r}]ts
account or..only 52%, then 7§A) en 86%
tot varra]brlrty There Ii 0 ?cern be pattern of

nfaII 21 ng Iatrtt%drna altitu radients.
T IS _result follows from the above. charac erizatjon
cIrmate ty pes srnce the precipitation at these s|tes
|s varroua

ected by oceans, mountains, and otner
n[]e U r causes I contrast to the sun’s orbr
oring ulator of temperature,

Vhere is no smge uanRnngrSHenomenon that controf
precipitation.

DETERMINATION OF GROWING SEASON BY
DISCRIMINANT ANALYSIS
al

If one Werg to take?pclond Ksroto ogical a ro%%rg

to thde specification. o
wo nsider available so ar radra on maxrmum

mmr um ajr temperature, soil temperat
numbr 0 rgaa ght rh]gH %related to Patrtdj
avar anle morst%re and, phenol %

tak en our variables srnte rator ese actors,
namely. mean ontnly tem eraure montth re-
?rprt% 100 ude and altrt e. rowrng sea ons
ort srtes 0 not i cho nce an erf]
the sun pro?resses to and from i e equator, If this
Were S0, eﬁher averae month Rerature or
latitude ‘would” suffice to predict growr g seasons.

elvory
Coast
«S.
India
* N. India
—First and second prrntir
R}al components of monthly
ean temperature data for the
Hot eleven sites.
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A sleg wrsegrscrrmrnan algorithm gDrxon 1971) Was
8 etermine r 0 3 combination these
ur varra les was a good In rcgtor of growt
month, at each site, was classified as eith ragrowrnﬁ

or  no| ?rowrng -5€ason mont according “to the

datesI !)nrng he Ienoth ﬁ growing .season

? BP inves gator The m?ans for the

réesg se varrables aré_given in Taple 2 andt
pooled Covariance matrix i$ given in Table

TABLE 2.—Mean values (F) over the eleven sites forthe four
responses

Variabl GE%WOIHQ Non- growrng Al
ariable seas season
months  months  Months

Precr itation (mm)--- 89,96 43, 68,36
Ppe(t J(gci 33 338 9348
Latru Fegr es
2 .................................. 38,86 38,09 38,50
Altitude (mY....c.oee 483,61 569,02 523,13

TABLE 3.—Pooled covariance matrix(£) of variances and
covariances among the four responses

Precipita- Tempera- | atiryde  Alttude

recipitation. 4

Pr 227.66

Temperature,.  -47.66 110,05 .
Latitude...... 11423 -13994 271 65 -
Altitude........ 625453 -1872'56 128400 254708,75

Fta f[)om South Africa and ﬁustralra were
displaced y six months for the calculations so that
“summer” “winter” seasons woud coincide
wrt nort ern hemrsphere seasonf dowrng season
m S ce ry have more rainfall e warmer
g2 eIatrtude and altitude means gr In the
%rou H In Sﬁ far as the sites at rffer]ent

atr U ﬁ or altitudes have ri ater than or Ie? f an
6 montns ofirowth Curio Sy there are relatively

ore rowing . season months at qreater latitudes
than n %ro months at those atrtu %rou]
d 38,1 respectrvely althou

H] ns 0 ?
erence I not signiticant.

The most rmportant srngle variable is precrprtatron
(t-test etwee rowing -and non-growin groug
leld a signi caneof <0 %005? QWeVer, h[r
sed as e]n ind Ftor of growth, this variable bﬁ]rtse
rncorrectY onn% season mon $.as
non-r%r ng onth lle Correctl gorrzrng
rowin onw rherg]g”elc?ﬂe amrr]owsrnWee fy
he best discriminant function USES eithgr a

th bgt”t et ther alf Jou
varrzﬁles In Whic 2? of 132 months ?re mis-specifie
or a vaHabIes Txcudrn aIttu or which 29 o

I’Hg S are also mis- pECI 1eQ, atrtu eI, HGEdEd
|n adaition tO rec HatIOH an er ture n
o i

ord er to predict g more accur o some
coof tes H)surng I four variables, t ultivariate
hile |

e nificance of 0005.

t)h% t the fg est dnr(t?erenﬁ %etween

rowrn% the non- rgowrn monts IS their
8E|tatro precrﬁrtatron %one ot sufficient to

B t suitable conditions for growth.

fOrUarnr%1 all four variables the discriminant function

—nl\ Z- ]//rf [ f-Jc=ai+hI*
where [/, is the four-variate mean for group i in
Table 2, | is the pooled estimate of the variance-

covariance matrix ?Table 3),.and x is hef our varr%e
R B P o o oIt

00109, 130478 0- 53T ooors s
rowrng 584500 months one. obtains a..= 9,
n 0 0,99297, 0,61318, 0806813

For
an bxx-
on-

anceIP constant 'terms” thé posterior
proEabrlcrty of ngng ?n group t| |rs
aj + bYx
me
'+/\ 12 N
Aalt M ¢ I 2Jrb X

where T and 7(2 re the prior probabilities of berri
n the growing and non-growin ?ﬁ ﬁs respectr eP/
Dixon, 19712) Both nland n2are t% a]f
In this case ﬂ mﬁ)robabr rtreé are those ase

assum tion or hypothesis under Inves gatron rn this
Instance, that .a has an eouac ﬁeo erng
either a growin ?r a non-growin mont The tw
gosterror probabilities, In” this nsace are the
hances of ontg eing agrowrn no -0ro rng
m%%thn 0 gtemor? reclrturtatrr]onmte}neergtt?v
fqlrtude and aItrtuFe vaPues pusrn % P nd
obabilities were

E%cuiat)ed ?Pecg\c/ﬁ ymoPnotSr egtorearé site and each

month s cIassr led as growing Or non-growing,
dependrng on which posterr%r prot?abrlrty wasggreate

n Fig. 2 the growing seasons as give b the
|nvest| tors are compared with the calcy ated growin
ason from the four-variable discriminant anaI sr
re g total of 103 of 132 months corréct
secr led, whereas, 17 growing season mont S wer
correct classified as non-growing months an
rowIng Seaso

surta(i or gro lh Hﬁﬂ g}ot tesmr\svcﬁassr?f)e Ilete(‘)jnthaas

were For ropical countries wh ere qrowé woul
aé) e requlate )ésome hing, In addition_ to
ral temaerature redictions for bot napra\n

thos a?or ouﬁ n%ztshtv”ttttt'tt oy h%%tgw tf
On the ot er nan recise

é e grow season was
redicted at ar rvr ? er tempe t
ocations were treate atrve weI except tgla
Inear discriminant tec ni u was not_ able to
accuradtey predict Initiation of growth at Glenamoy,

[relan

DISCUSSION AND CONCLUSIONS

Althou h ihe 1 sites represeBt vastl fIterrng
climates, drn various comnination tem-
Perature an mol ture regimes, use of muItrvalrrate
rneardrscrrmrnan Q ySIS sulg%]gestst at, ove[)

e
gortron teu orow season 15 asrcal?x
function ecipitation _and temperature wit
some modrfrcatr§n due to Iatrtude Given these three
F e B ey 8 O st %%d'eh?r'éa't uon
Ch o)cyvtronal ”)t 1 F mean

P 0rs, rncudrn 0ssih
H mini Hm terggerature nsa ctor
gre ictions could also accounte dpr Meuse
ne or two years' records rnstea ter[n
averaoes in th calculatrona The success in co tect
caisr ?n Itions con ucTrve {0 o rowth usin
multivarigte rnear unction of three or four varia Iea

geststataPantcommunrg pproac asopgos

ecjes-speclfic physiological approaches, can

succ ssu

ossible to predict condrtron suitaple for

r e commu rt evel ona aI asls usin

e a rotrcvarrables uture resear can e directe
n rnompartrcu ar response Curve  re atrons

r
%etween ation and termination of growth ahd
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S. India

USA

UK

S. Africa

Norway

Netherlands

Ivory Coast

Ireland

N.India

Czechoslovakia

Australia

discriminant analysis
actual

Months

Fig. 2—Comparison of actual and predicted length of growing season at each site.

these factdrs Until sgch research is done, nle dis-
enmdnant unctron used here gives us a reasonable tool
or determinin qrowmg season. Ma a

glsts can use this function to 8 te nos
utcomes of various strate |es un er condltlonsw |ch
have not occurred previo or exam le, if one

dta lon ?nd temperatur
and the effect on the start an

res can tfe su
season may be predicted.

end of the gro mg
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an
|BP
u t

ement str% -

an |C|£ates a, Cool ‘wet S I'%]%u represen atlve re-

UITTREKSEL

EIf IBP savanne- en grasveldstudiegebiede (vanaf
v f vastelande) se kliniaat"word beskry en met behulp
van ho 8]‘ om onen%an lise xer g Ve(f voud |q
[ineere diskriminantfunksie wor %brmk om die len
van die %YOEI seisoen vir elke q ied te bereken. |e
?emlddel e maandelikse reenval, gemlddelde maande-
IKse temperatuur, Ien%tegraad en"hoogte bo seespiegl
word gebruik om hierQie funksie te bereken. Vir die
meeste van die gebiede was daar min verskil tussen d|e
werklike en di¢ berekende aanvang en einde van die
8roe|se|soen Daar word tot. die gevol trekkin ggekom
at_die groeiseisoen redelik bétrouliagr, werélawyd
bereken kan word met ,behulf) van 2 veelvoudige
diskriminantfunksie en /7 klein aantal abiotiese
gegewens.
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