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Abstnlct 

Rcgarding thermal bc ha viour, two oppos itc extremes üce llr in SOlls oF terrestria! habitats: thc zc ro
inso lalion so il (ZIS) wi thoul d ircci sUlll ight [;llling 10 so il surJ"acc am[ Ihc ful l-inso latiOll soil (FI S) with 
fuH exposi tion of soil sur/ilcc 10 sun lighl lh roughoUI thc whole day. ZIS temperaturcs are mainly 
dClcrmincd by thc mediulll-term air temperaturc hi slory artel FIS temperaturcs by bülh medium-term air 
temperaturc hi slory allel sUllshi nc intcnsity 01' thc actual day. Thc paper shows Ihe dctailcd derivation of 
a mcthod cnabling dircci com pari solls of al lochronic and illlolopic soil temperaturc mcasurcmcnls by 
COITcction aga inst lang-term mctcorological allel astronomieal standa rds. The first target vaille. the 
ov~rall corrce tcel soil temperature (TSCO), ean bc undc rSlOod as Ibe maximulll so il lemperalurc that 
\\Ioult! bc achieved whelllhe air temperature hi slory ofllle prl!vious 15 days corrcsponds 10 th e long-tenn 
seasonal mcan of a givctl loeal ily anel whcn aelual sunshine eluration amoullIs 80 'x, ofthe scasonall11can 
of aSlronomically possib1c sunshine duraliOll at Ihe given lati tudc. Long-te rm metcorologieal standards 
were dcrivcd as an average of I rvlay - 31 August of the lasl 30 years (1977 - 2006). J11casurcd in 134 
German meteorologiea l stations aJ1(1 one Polish station. A de)}lh of 35 111m was defineel as standard 
measuring elepth o f so il tempCHnure. TSCO ranged betwecn 7 oe Hml36 oe over alt habitats in vest igatcd 
betwe~n 47.42 - 54.100 N, 9.62 - 15.55°E :lIld 5 - 1465 III <I. s. 1. The 11lean error orTSeO for<l measu ring 
sitc was onl y ±0.73 oe in ZIS habitats anel ±1.97 °C in FIS habitats. This l11eans a rcdllct iollto 30 allel 
34 % orlhe pri mary error respectivcly. The TSCO J11cthod is ex tcndccl by cOllsideration ofre lative loea l 
sUllshine frequeney whieh allo\\'s the ell [culatioll of an all-wcather scasonal menn of maximum daily soi l 
temperature (TSCM). A mie rohnbitat-specific system 01' guiding va lues (TSCG) is proposed whieh 
allows the prediction of so il tempcraturcs in clcpendeney from mierohabit<ll strllcturc. geographic amI 
astronomic parameters and inelinatiol1 . Beeause of the hi gh co rrclat ion of Icmpcralures in topsoi !. soil 
surl(lee alHllower fi eld laycr plants. the TsconSCM tllclhod is rceommended as a standard systcm nOI 
only for soil bio logy bUI also fo r in vesti gal ions 01" any epigean group of organislll s. 

Keywords: habitat. mierohabital. meteorologiea l standards, air-t cmperalUre h istory, 
ast ronomie parameters, inso lation 

Zus:! Il1 m eil 1':'155 11 ng 

E in e Method e z ur st:.t n d a r d is ie rt c ll Beschre ibun g von Bod c ll tcmpc r a turc lI in 

ter res t r ischen Ö kosystem e n - Bezüg lich des thermi schen Verhaltens terrestri sche r Böden 
exist ieren zwei e ntgegengesetzte Ex treme: der »zero- inso la tion soi l« (Z IS). bei dem während 

des ganzen Tages ke inerle i direktes Sonnenl icht d ie Bodenobernäehe erre ic ht , und de r »fuH

inso lation soi l« (FIS), dessen Oberfläc he wiihrend des ganzen ·I~lges voll bcsonnt ist. Z IS

Tempera turen werden hauptsächl ich durch di e mitt el fris tige , 15-tägige Lufttemperatur

geschic hte (TAS) bestimmt. FI S-Temperaturen werden hi ngegen sowohl durc h TAS a ls auc h 

durc h di e Sonnensche illi nte nsi tät des ivl esstages bestimmt. Die A rbe it ze ig t die detailli ert e 
Ableitung e iner Methode, di e durc h Abgleich gegen meteorolog ische und astronomi sche 
Langze itstandards di rekte Verg leiche aJlochrone r lind alJotopcr Bodell tcmperatull11essungcn 
erla ubt. Die e rs te Z ielgröße, di e »overa ll correetcd so il ternperature« (TSCO), kann aurgef~lss t 

we rde n al s die max imale Bodcntcmperatur, d ie auftreten wü rde, we nn TAS dem langjährigen 

sa isonalen M in e l und di e Sonnensche indauer 80 % des Saisollmitte ls de r astronomi sch 

möglichen Sonnensche indauer des Untersuchungsortes entsp richt . Die me teorologischen 
Langze its tandards wurden al s Minelwerte der Periode I . Ma i b is 3 1. August der letzte n 30 

Ja hre ( 1977 - 2006) durch Daten von 134 deutschen und eincr polnischen I-I auptstation 
berechnet. A ls Standardmesst iere Ilir di e Bodentemperatur wurde 35 111m definiert. Für a ll e 
zwische n 47,42 - 54.I OON, 9 ,62 - 15,55 °E und 5 - 1465 m NN untersuchtcn Habita te 
variierte TSCO zwischen 7°C lind 36°C. Ocr miniere Fehler von TSCO betrug nur ±O,73°C 
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in ZlS·j-labitaten und ± I .97°C in FIS-Habitatcn. Dies bedeute I eine Reduktion auf 30 bzw. 34 
% der Abweichung der primären ivlessdatcn . Ei nc ErweilCllmg dcr TSeO-M ct hode durch 
Berücksichtigung der mittlercn sa isonalen Sonnenscheindaucr dcs Untcrsuchungsgebictcs 
e rmög licht die Berechnung eines auf' al le Wctterlagcn bezogencn sai sonalen Mi tt els dcr 
maxima len Bodcntcmpel'atur (TSe M). Ein Illikrohabitatspezifisehes Richtwcrt·System 
w urde entwickelt. welchcs die Vorhersage VO ll Bodelltemperaturcn in Abhängi gke it von 
Mikrohabitalst ruklllr, geographischcn lind astronomischen Paramete rn sowie Richtung und 
Stärke dcr I-I angne ig ung ermöglicht. Wegcn dcr hohcn Korrelation der Tempera turen in 
Oberboden. 130dcnoberllüche und unterer Fe ldsch icht ist das TSCO/TSe M-Systcm nicht nur 
als Standardmethode fLir die Bodcnbiologic sondcrn auch f'iir Betrachtungen von cpigäisch 
lebcnden Organ ismcngruppen zu empfehlen. 

I. Introdu ction 

TempcralUrc is one 0 1' the most important cco logieal raclOrs direcling the di stribution 01' 

organisllls in so il s 01' terrcst rial ecosys tcllls. Dcscrip tion 01' seasona l and dail y tcm pcrature 
dynamics in re lation 10 dilTcring so il depths rcC]u ires the prcscntation ora rathcr complex da ta 

systcm. Furthe r complication is addcd by randolll elimatie tluctuations. prcventing a direct 
comparison 0 1' measurclllents over many years 01' decadcs. cvcn if rcl'erring 10 cxactly the 

same soil dcpt h and the same season. For exa ll1ple, topsoil in a mOllntain spruce rorest in the 
lser Mounta ins at an altitudc of 850 m achievcd thc samc tcmpcraturc in the hOl SUll1mer 01' 
2003 as in a slruclUrally sim ilar co ll inc sprucc forest at 250 111 near Görlitz in Ihc relati ve ly 
cold suml11cr of 1987 . Thc typi ca l long-tcrm SUlllll1Cr diflc rellcc bctwccn these IWO Picea 
abies-stands is <lt least 3.8 oe. 

These problems rai se thc qucstion ifmcasuring and dcscriplory standa rds can bc delined 10 
al10w the dcmons tra tion o f typical tcmpcrmurc dilTcrenccs bctwccn habitats independcnt 
I'rol11 time, localily ami short-tcrm c1imctt ic Iluc(uation. This standard ShOll1d a imto rencct juS! 
thc deciding factor res ponsible lor soil temperature dilTercnces in tcrrcstri al ccosys tcms. 
wh ich is dircc i input 01' so lar radiation. Thc neecl für such a standard is indcpendent I'rom 
Illeasuring tcchnology - the problcm is bas ica l1 y thc samc in a 12~month measuring series 

with automatic data loggcrs as it is in point llleaSllrcmcnts with s imple the rmometers. 

The Ill cthod rccom1l1cndcd hcrc is a further dcvclopmcnt 01' thc prototype prcscnted earl icr 
(SEIFERT 1986). It s basic idea is to cnablc dircct comparisons 01' al1ochronic anel allotopie soi l 

tcmpcraturc mcas urClllellts by ca libration against long-term mClcorological standards. Thc 
model aims to cxtr<lc t Ihc main rcspons ible fac tars and 10 s implify as Illuch as thc rcqu ircd 
e rror tole rance in the ccological conlcxt allows. Factors such as wate r saturation 01' thc so il or 

wind ve loc ilY wcre not incorporatcd into Ihc model. Thc obscrvcd range 0 1' ea libratcd 
maximum so il tempcra ture (TSCO) was 7 10 36 oe in a l1 hab ita ts betwecn 100 anel 
1500 111 '-I .s.l. Thc fact that thc I11can crror of' a single spot 111 casurC111cn t was only ±0.73 oe in 
soils with vcry wcak tcmperaturc dynamics ami 1.97 oe in ex trcmely dynamic so ils shows thc 
prac ti ca l va luc 01' the systcm . TSeO. dcfined as the daily maximum on a sunny day of thc 
summer period at a dcplh 01' 35 111111 , is a good indicator 01' so il temperature in gellcnd and 
would a lso allow predict ions for differcnt hypogcan and epigcan strata whcn basic knowledge 
Oll vert ica ltcmperalurc di stribution cx ists. This paper ail11s to cxplain not only thc principles 
orthe Illclhod but al so Ihe theorcti eal and empirica l background o ri ts derivation. 
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2. M aterials .lIld mcthods 

2.1 . Spot m casurclllcnt or so il tClllpcra turc in nlltunll habitats 

Measurcmcnts 01' soi l tcmpemturc were carricd out in the German fedeml st<llcs Sachsen
Anhalt , Sachsen, Thüringen alld Baye rn allel in the Poli sh pans 01' thc Isc r Mountai ns and 
Giant Mountains from 1980 to 2006. A ll investigations were reslri e ted to the period from I 
May to 3 1 A ugust. Any type 01' terrestria l habitat (i'om 100 to 1500 111 a .s .1. , sit uated on 
variable geological underground, rang ing from the wettest bogs to the 111051 xerothenlloUs 
sand dunes. frol11 eompletely bare protosoi ls to thick humous so ils in damp, dark woodland 
was investigated. Measuremellt s focussed on the standard depth 01' 35 mm. They were earried 
out on 75 sunn y days ami measured 2 [3 difTerent mie rohabitat pa lches in 76 study areas. In 
habi tat s wi lh hcterogenco ll s microhabitat structure, up to 10 thermometers were uscd 
sinlUltaneolls ly. 

Frolll 1980 to 1990, only mercury thermomete rs were used, whieh wcre panially re placed 
by Pt I 00 resistanee thermometers and the rmoelements from 1989 on. A ll sys tems used, 
irrcspec ti ve if mercury the rmometers, resistance thermometers or thermoelements, if 
automatie er manual, showed Cl measuring error $; 0.2 °C with in the tcmperature rangc from 
+ I 0 to +45 °C when tested in a water bath . Thc best system for SPOI measurcments in the 
ccological contex t fina ll y proved to be a Testa ty pe T thennoelemelll needle sensor 01' 60 111m 
length, 1.4 Illlll di ametcr and a t99 01' only 2 seeonds. Combined witll a Te510 926 measuring 
un it, a s ingle sensor allows mcasurell1 ent 01' dozens 01' different spots withi n a few minutes, 
including te lllpcratures within microspaces such as ho llow haze l nuts 0 1' nalTow rock c reviees. 
Furthermore, the minute size 01' the ll1easuring tip and low therma l eapacity 01' the whole 
sensor guarantee equality 01' insertion and reference deplh, when thi s sensor is insened into 
the substratc 1'01' Illore than 30 Illlll . Big dcviations betwcen inse rtion depth alld refe rence 
deplh do oeellr in Ille rcllry thermometers with large apiea l fillings. Prov ided that the ve rtical 
tempera tlI re gradient of soil along the mercllry fillin g is linear, rea lll1easuring depth is equal 
wi th the ll1ass centre 01' the apical l11ercury filling and a lways lower thall the inse rtion depth 
of thc thermometer. Sinec the height 0 1' Ihe apical mereury filling va ri ed from 10 to 40 111111 

depcnding lIpon the ty pe and specimen 01' thermometer, the referenee dcpth had 10 be de rincd 
and marked in each thermometer indi vidually. Thermometers with large fillings had to be 
inserl cd as 1ll1lCh as 55 111m to record the 35 111111 leve l. 

2.2. Meteoro logiea l b ~l ckgrou n d dat :'1 

A ll Ill eteoro logical background data to develop standards, 10 desc ribe depcndellc ies from 
latitude, longitu de, a ltilude and solar radiation and to ealibrate spo t meaSllrClllents were 
suppli ed by the Deutscher Wetterdicnst (DWD, Na tiona l Meteorologieal Service). Da ta sets 
on the Gianl MOUJHains were supplicd by thc Departmcnt 01' Meteorology of the Unive rsi ty 
ofWroclaw. A total o f 498 150 station days in the pcriod I'rom I May 10 31 August or lhe years 
1977 - 2006 from the foll owing 135 metcorologica l sta ti ons was evaillated to cle rine the air 
tcmperaturc standard and basa l so il temperature: 

Aachen, Angermünde, Arkona, Artern , Aue, Aligsbllrg-Mühlhausen, Bad Hcrsfe ld, Bad 
Kiss ingell. Bad Lippspringe. Bad MarienberglWcsterwa ld, Bad Salzuncn. Bamberg, Barllth , 
Bendorf, Berli n-Dah lc lll. Berl in-Schönefeld , Boeholt , Bo izenburg, Boltenhagen, 
Braunlage/ l-larz, Braunschweig, Brerncn-A i rport , Bremerhaven, Brocken , Carl s feld , 
ChClllllilZ, Cot tbus, Cuxhavcll , Diepholz, Doberl ug- Ki rchhain , Dresden, Düsseldorf, Emden, 
Erdinger Moos, Erfllrt-B indcrslebcn , Esscn , Feldberg/Sc hwa rzw<lld, Fi chtc lbe rg , 
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FrankfllrtiMain. Frciburg, Freudenstadt , Fürstenze ll , Gardelegen, Ganni sch-Pürtcnk irchen. 
Gci scnheim, Gcra-Lcllmn itz, Gicsscn. GörlilZ, GÖllingell, Goldberg, Grcifswald, GrosseI' 
Arbcr. Grünow, Hahn/ l'llI ll srück, Hamburg, Hannovcr, I-Iarzgcrodc. Helgoland, I-I of
Hohcnsaas, J-Iohenpeisscnbcrg, Kahl er As ten , Ka rl sruhe, Kassel, Kempten, Kicl- Holtenau. 
Kleiner Feldbcrg/Taunll s. KlippCllcck, Konstanz. Lahr, Lcincfe ldc/ Eichs fcld. Leipzig, 
Lichtcnhai n-M itt c lndorf, Lindenberg, Lingcn/Ems, List/Sy lt, Lübcck-8Iankcn sec. Lüchow. 
Lüdellsehc id , Magdeburg, Mann he im, Man sc hnow, Marnit z, Mcin ingc n, Menz. 
Miche lstadl- Vielbrunn, Mühldorf. Mün chen-C ity, Münstcr-Osnabrück/ Airport. 
Neubrandenburg. Neuhaus am Rennweg, Ncurllppin , Norderncy. Nürburg , Nürburg
Barwc ilcr, Nürnbcrg , Oberstdorf, Ö hri ngen , O ldenburg i. 0., Oschatz, Osnabrück, 
Ostcrfc ld, Plaucn, Potsdall1, Rcgensburg, Rostock- Warncmündc, Saarbrücken, Sankt Peter
Ording, Schleiz, Schleswig. Schmücke. Schwerin, Soltau, Sonneberg, Stötten , Straubing, 
Stullgart-Airporl , Stuttgart-Schnarrcnbcrg, Szrenica/Giant Mounta ins (Poland), Tr ie l' 
(Petrisberg), UcckcrIn ündc, Ulm, Umlll cndorf, Wasserk uppe. Wciden /Oberpfa lz. 
Weinbi el/ Pfril zer \Va ld, Wcissenbllrg , Wendc lslc in , Wcrnigerode, Westcrmarke lsdo rf. 
Wiesenburg, Wittenberg. Würzburg, Zi nnwald-Georgenfcld, Zugspitze. 

2.3. Data set for thc zcro-insolat-ioll soiJ 

In order to get fundamcntal information on the dependcncy of so il tcmperatllres from 
c li matic n uctllation and to find out the most approp ri ate corrcction fu nction, data sets from 
hab itats represcnting oppositc extrcmcs of tempcratllrc dynamics were evaluatcd. Thc lower 
extreme, thc zero-insolation soi l, was rcpresc l1I ed by a so il in a fuHy closcd Carpilllfs bell/lus
Acer pseudoplarall/ls forest si tuated at 330 m in a Irough at the north slope of a steep basaltic 
moullIain ( Landcskronc) nC<lr Gör li tz at 14.93°E, 5 1.06°N. No dirce t sunlighl fe ll on Ihc 
Illeasur ing spot at any hO ll r within thc mcasuring period from I May to 3 1 Augus t 2003, and 
thc mean dai ly tcmpcra ture amplitude for 123 season days was only 0.99 °C at a dcplh of35 
Illlll. Telllperature reeord ing was dOlle here in 30-minute interva ls with a 1-1 080 Pro da ta 
logger cquipped with a rCl110te sensor. 

2.4. Da ta sets for rhe full- insola tion soils 

Soi l temperature data from the garde ll s of 54 metcoro logieal stations of thc DWD in the 
period from I May to I1 August 2003, rccorded by Pt 1 00 rcs istance thermometers belonging 
10 the equipmcnt of thc stations were uscd. Soil tcmpcraturc at 50 nll11 dcp th was constantly 
recorded in I O-minute in tervals for 5474 station days with any weather s ituat ion g iving a tOlal 
01' 78825 6 evaluated mcasurCl11c nts. The condil ion of a standard radia ti on day, with SUN > 
8.9 hours. was given for 2593 station days. Thc cval uated stations and their basic data are 
givcn in Tab. I. The mcasuring poi nts werc situated in hori zonla l, 4 1112 patches of so il with 
complctely bare surfacc und werc fu ll y sun-exposed from sunrise to sunse!. The former 
meaSllrCl11ents a1 elcpths of 20 ml11 , which \Voll le! have allowcel to inte rpolute thc si tuat ion in 
35 111111 depth , a re curren tl y no longer pcrforlllcd by thc wcathcr sta tions. I-I owcvcr, a vcry 
good correlation between maximum soi l telllperaturcs TS J5 at 35 111111 dcpth allel TS50 at 50 
111m depth was !Dund during radiat ion days. According to tes t measurcmcnts in bare alld fu Hy 
sun-exposcd sand and loess so ils, TS35 cun be dcrivcd from TS50 da ta in the rangc TS50 [9 .0. 
41 .0] wilh a mC<ln error o r ±0,44 °C by thc formu la 

TS35 ~ 1.0287 TS,o +0.995 (r ~ 0.999. n ~ 19). 

All DWD TSso da la werc Irans formcd by Ih is funclion inlo TSJ5 data. 
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Tab. I Basic data of 54 DWD stati ons uscd 10 \!valuatc ma .... imum dail y soi l Icmpcratures on 

standard radiation days during Ihe period li'om 1 May 10 11 August 2003. Givcn are tbc 
number ordays wit h 11 minimum 01'9 sunshinc hours amlthc mean of sullshinc ho urs during 
these days. 

No Name ALT Iml LAI' ION ] t ON [OE] days SUN ~ 9 111 can SUN Ihl 
3334 Man schnow 12 52.55 14.55 52 12.4 7 --3052 Grü now 55 53 .32 13~93 45 11.99 
3349 Barulh 55 52.07 13.50 44 11.75 
3040 Goldberg 58 53.60 12. 10 48 11.58 
3055 . Menz 77 53.10 13lJ) i 41 Il~ 
3342 Potsdam 8 1 52.38 13.07 49 12.51 
3346 Lindenberg 98 52.22 14.12 50 12.16 
3352 Willcnbcrg 105 51 .88 12.65 44 11.70 
2640 FrankfurtlMain 11 3 50.05 8.60 5 1 11.~ 
3368 Lcipzig-Schkcuditz 141 51.43 12.23 50 12.36 
3377 Oschalz 150 51.30 13. 10 54 12.20 
3173 Ummcndorf 162 52.17 II~ 39 12.25 
3350 Wicscnburg 187 52.1 2 12.47 46 12.34 
3180 .Wcrnigcrodc 23 4 5 1.85 10.77 46 12.00 
))80 Göditz 238 5 1.1 7 14.95 55 12. 19 
4064 Bal11bcrg 24 3 49.88 10.92 51 11.58 
3416 Ostcrfctd 2.t6 51.08 11.93 50 12.65 
2674 WürLburg 268 49.77 9.97 55 12.06 
23 11 Fn::ibun.! 269 48.00 7.85 54 

l 
12.06 

2684 lÖhril1!.!;n 276 49.22 9.52 57 11 .88 
4406 :Gcra-Lcumnit z 3 11 50.88 12.13 51 12.36 
4200 Erfurt 323 50.98 10.97 49 [2 A9 
4499 . Rcgcnsburg 371 49.05 12.10 52 12.27 
4426 Plaucn 386 50.48 12.1 3 46 12.26 
4422 tAue 39 1 50.60 12.72 41 I I. 7 1 
3 193 HarLgcrodc 404 51.65 11. 13 45 12.16 
441 2 Chcmnitz 418 50.80 12.87 45 [2.65 
2795 KOlls!allz 443 47.68 9.18 r 58 11:90 
4190 jErdingcr Moos 444 48.36 11.82 -. --'--8 12~ 
4236 l\·Jciningcn 450 50.57 10.38 48 12.10 
2508 ;vl ichelstadl- Viclbrunn 453 49.72 9.1 0 56 11.79 
4128 Allgsburg 463 48.43 10.95 52 12.25 
2020 l'lahn 491 49.95 7.27 53 12.24 
4234 'Schlciz 501 50.57 11.80 49 12.25 
4124 München 535 48.17 11.55 56 12.32 
2249 Bad Marienberg 547 50.67 7~ --38 12.33 
4027 Hof-Hohcns:lß 567 50.32 11.88 48 12.3 1 
2730 Ulm 57 1 48.38 9.95 53 ---+ 11.99 
3984 :Braunlagc 607 5 1. 73 10.60 42 11.89 
4246 Son ncbcrg 626 50.38 11.18 51 12.35 
.t156 G arm isch- Panenk irch cn 719 47.48 11.07 44 11.39 
2728 Stöucn 734 48 .67 9.87 49 11.9-9 -
2751 Frcudenstadt 797 48.45 8.42 47 11.81 
2648 Kleiner Feldberg 805 50.22 8.45 39 Il.OI 
4144 Oberstdorf 8 10 47.40 10.28 44 II~ 
1594 Kahler Asten 839 51.! 8 8.48 38 12.29 
4240 NellhallS a. Rellnwcg 845 50.50 11.13 48 12. 12 
4414 IZillllwa ld-Gcorgcnfcld 877 50.73 13 .75 47 12.30 
4435 C:lrls fcld 897 50.43 12.62 4 1 11.76 
2625 \V:lsscrkuppc 921 50.50 9.57 45 12.50 
4226 Sch mücke 937 50.65 10.77 42 12.17 
2758 :Klippcncek 973 48.10 8.75 46 11 .87 
4 16 1 Hohcnpeißc nbc r-g--' 977 47J!O ' fTJf2-' ---50 -.- 12.44 
4428 Fichtclberg 1213 50 .43 12.95 41 12.15 
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2.5. Astromomi c paramete rs 

Astronomic parameters \Verc ca1culated undcr lI se 01' thc Exce l program Insolation3a , 
de ve loped by Lutz Pannicr based ttpon astronomic parameters and atmosphcric extinction 
parameters (M EEUS 1992. SAGOT & SAVOJE 1992). Thc program ca lculates thc dail y duratioll 
ofsunsh inc as weil as the sum alld maximum 01' dail y so lar encrgy input Oll plane surfaccs in 
relation to date, geograph ical lat ituele, atmosphcric cx ti nction ancl surface inelination (slope 
and az imuth) . 

2.6. Expla nation 01' acronym s 

ALT - altitudc: he ight above se<! level in mctrcs 

AST - nlll1lbe r ofas tronomically possible sunshinc hours 

AST80 - Standard sunsh ine v<llue, defined as 80 %1 01' aS lronomically possib le sunshinc 
110urS and gi ven as the da ily mean for 123 season days (I May - 31 August). 
At 51 ° N, AST80 is 12. 27 h. 

AZI - astronomieal azimuth (direetion) of a surlaee incJi nation (S ~ 0°. IV ~ 90° . 
N = 180°, E = 270°) in decimal dcgrces 

OEV - difference bet\Veell the daily TSCA/T SCS va lucs anel the scasonal 1llcan 01' 
TSCA/TSCS 

OIF - differencc 01' reeent air temperature hi sto ry and standard air temperature : 
D IF ~ TAA - TA S 

H EH - average height 01' herb laycr plants in cm 

H EC - cover of he rb Iayc r plan ts sca led betwccll 0 allel I (co rrcsponds to 0 and 100 %) 

INC - slopc ora surface inclinatioll in elec imal degrccs 

INS - insolation - The overall elircct solar cncrgy input to so il surfacc elependcnt from 
habitat structme, surface inc li nation ( INe a ll el Al l) anel as tronomiea l 
paramctcrs. In fully shadcd so il s INS is 0 ancl in fully insolatcel (bare) so il s 1.0. 
INS is the produet of INSTR, INS I-IE and INS IN. 

INS H E - amount 01' d ircc t solar rad iation pcnctrat ing thc herb (!ie ld) laye r 

INS IN - inclin,lIion componen t 0 1' inso lat ion 01' a habitat in clepende llcy from 
asrronomical parameters anel surfacc parameters All anel INC 

INSTR - amount of direct so lar radiation penetraling tree and bush canopies 

LAT - geographicallatituele in c1ecimal dcgrecs 

LON - gcographical long ituelc in elce imal elcgrccs 

IlSV - Rclati ve sunshine valuc: va luc 10 eS limate inlcnsi ty 01' direct sunshinc \Vhcn SUN 
da ta are not ava ilab le or mislcacling. The va lue 01' RSV is 1.0 at AST80. 

S Il U - Solar rad iat ion unil: a vallle predicted by astronomieal calculat iolls cons idering 
elate. Al l. INe. LAT. 11I11l0sphcric cxtinction and atmosphcric refractioll. SRU 
has no physicalunit but is directly proportional 10 e llergy input per unit are<!. 

S Il Us - the scasona l average 01' the 5-minutc maximum vai ll e 01' S RU for a given surl~lee 

S Il UM s - The scasonal averagc 0 1' thc 5-minute maximum va luc 01' SRU of a S-inclincel 
surfacc. At 51 ON. this maximu1ll valuc is ac hievcd by a 300 S-inclincd surface. 
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SUN - !lumbe!" of dail y sunshille hours Ill casured at mcteoro logie<! 1 s tations 

SUNR - Relative sU ll sll ine frcqucncy defi ned as the quotient oftllc seasonal mean ofSUN 
and maximum I11casurab le sunshinc haUfs. In Centra l Europe, thc maximum of 

lllcasurablc sunshinc hours is about 96 % o f AST. 

TA - mean daily a ir tcmpcraturc at 2 111 abovc ground 

TAA - thc reecnt a ir tcmpcratu re history: weightcd ave rage 01' TA orlhc soil temperature 
mcasuring day ami 14 the previous clays 

TASpred - Predicleel s tandard air tcmperature fbr thc ycars 1977 - 2006 given by a regress ion 
against LAT, LON and A LT. Rcplacct11cnt va lue i f TASrc~l is not ava ilablc. 

TASn'~l - rca l standard air tcmpcrat urc as mean orthe yea rs 1977 - 2006 d ircctl y g ivcn by 
elata 01' 135 mClcorologie:.!1 s tat ions 

TH.C - canopy c10sure or covcr of' trccs alld bushcs 

TS - primaJ')' Il1casuring valuc 01' max imum soi l tClllpera turc at 35 111111 depth 

TSß - Basal soi l tempe rature at 35 111111 elepth rar a g iven loca lity aehicveel under zero-
insola tion eanditi ons. TS B is fully eorrc lat cel 10 TAS or TASprcd but cstill1atcd 10 

be 0.5 oe lowcr. 

TSCA - so il tClllperature at 35 111111 dep th only ea li bnll eel agai ll st the a ir tcmpe rature 
(ealibration va lid fb r thc spec ia l case ofzcro-i nso la tion so ils with INS :::: 0) 

TSCG - guiel ing v<l lue for TSeO valid for A LT :::: 300 111 , LAT :::: 51 ON. LON = 11 OE anel 
yea rs 1977 - 2006 

TSC M - The seasonal mean of ca libralcd maximum soi l lemperalure "I 35 mm deplh 
under considcration of rela ti ve loeal sunshinc frequency: 

TSCM = (TSCA • ( I - INS) + TSCS • INS) • SUNR + TSB * ( I - SUN R). TSCM 
can be ulldcrstoocl as thc average of' daily maximum tcmperaturcs for an avcrage 
scason. 

TSCO - Ovcra ll ca li bra lcd maximum soil temperature at 35 nll11 depth considcr ing bath 
thc TSCA anel TSeS ca li brlllio ll . Thc wc ight ing of TSCA a nd TSeS is depcndcllt 
from insolalion orlhe habila l: TSCO = TSCA' ( I - INS) + TSCS * INS . 

TSCS - , oillemperalure al 35 nll11 deplh ea libraled against air lemperalure and ,unshine 
in tcns ity (ea li bration va lid for thc spec ial case 01' fu ll ~ i n so l at i o ll soi ls w ith INS :::: I) 

All tc mperatures are given in oe. 

3. Dcl'ivHtion 01' the method 

3.1. 'fhcoretical and pnu.:tic:1 1 pl'ccond ition s 

Theorctica l anel prae ti ca l rundamcntals 01' the Il1clhod were alrcady oUllined by SE IFERT 
(1986). Some ehangcs in Ihe reference systcms havc beeil perfonned since thcn allel thc basal 
prceonditions in the ae tua l con text are explaincd here. 

(a) T he sun-i ndu ced maximum is the deciding parameter - Aecording 10 tC111perature 
lll easure111ents 0 1' topso il s made by difTerent aUlhors 1'1'0111 April 10 Scptembcr in di fferent 
lerrcslria l Iwbitats 01' Cell tral Europe (LÜTZKE 1958, LACl IE 1976, RE1CI-IIIOFF 1977, VOGEL 
1981 , SEIFERT 1986). the lllaxi ma are always elcc isivc 1'01' daily allel seasonal tempcralure 
differences betwccn hab itats. During S l111ll Y days, maximulll soil tempcralurcs are highest in 
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habitats wherc solar radiation d ircc tly hits thc soil s ur!~lce and lowest when thc thcnlla lly active 
layer is high above the so il - for insta llce in Ihe upper canopy of a closed fores! or in thc uppe r 
layer of'l high-grass Ill cadow. In other words, far spots of cqual geogra phie and astronomie 
frame conditions. the deciding factor causing soiltcmperature di nc rences bc twcc ll habit alS is 
the input of solar mdiation causing the m:lxima whilc minima havc 11 1most no significance 
(Tab. 2). As CI conscqucnce, me<ln daily temperaturcs a re dctcrmincd by the maximum anel arc 
close 10 thc mcan of maximum and minimum. On the ot her hand. IOpsoi l tempera turcs -
maxima. min ima and I11c;ms - 01' all habiwts tend 10 equa li sc during wcathcr periods with a 
ful1 y closcd c10 lld cover. These 1: lctS e le:lrl y indicatc tha i I11CaSll rCI11Cnts ll1us l foeus on 
maximum topsoil tcmpcrature during sLlllny days. Th is maximum shou ld also a llow prcdict ions 
of ave rage seasonal tClllpcratu res when the local relative sunshine duration is known. 

Tab. 2 Minimum. Illa .xi mutn ami mcan lempcra tures in so il s of dincrcnt habitats on the 
Landeskrone ncar Görli tz from 2 1 June to 10 Jul y 1983. Air temperature at the DWD station 
Görlit z; minimum 7.0 oe. maximum 3 1.0 oe. overall mcan 19.4 oe (coldest da ily mcan 
14.2 oe. wanncst 2 .. L5 Oe). Under s)'ntopic condi tions. minima are most similar bctween 
thermally most difTercntiatcd habitills and not eorrclat cd with thc mean (r = - 0.589. n.s.) 
whi le max ima :Ire strongly d ilTercntiated ami highly eorrclated with the means (+0.991. P < 
0.0019) . Henee maxima are a lso best indicators 01' Illcan temperatu re diflc rcnces dnring 
radiati on days. *villuc outside thc range 01' the minimum .. maximum thermometers used in 
1983 iIlHllatcr detcrmincd lllldcr com parab lc mctcorological fr:ullc conditions with a Pt 1 00 
rcsistance thcnnomctcr. 

10 mlll d cplh 35 111111 dcpth 

min. m:l X. IIl C:l1l lII in . m:l X. IIIC:l1l 

I QON-inclincd Fagus '~T/I'(I(ica fores!. 320 111 10.4 24.7 17.6 16.0 18.4 17.2 

25°S-i ncl incd 7i'1ia cordO((l forcst, 340 III 10.4 30.6 [ 20. 5 14.5 22.0 18.2 

30 0 S-incli ncd Pr/mus spiJ/osa shrub on basa lt. 375 111 10.2 44.7 28.0 13.0 26.0 19.5 

35°S-i nc lincd bare so il over basalt. 370 111 10.0 58.7 " 34.4 12.5 36.5 24 .3 

(b) Long-tcrm (= st:tmbrd) ami rcccnl ICll1pcraturc hislory 01' a studicd locality must 
bc cstimat cd with data frol11 th c nex t nu.'tco ro logi c~11 statio n/s - When a soi l tcmpcrature 
has been 111easurcd 011 a sunny day in a certain loeal ity, Ihc lllcasurcd val ues have to be 
correc ted up by ealibratioll fUllctions whell thc fo rcgoing wcalher situation has beeil coldcr 
than the dcli ned long-tenn standard and 10 bc eorrcctcd down in the opposite c'lse. Beeause 
a lmost a lways 110 da ta are available fo r exae tly tha i locality. the devia tion of its !'eeent 
tempera ture history from Ihe long-tcrm standard must be estimatcd by data {'rom Ihe next 
wcather sialion/s. The thesis that the transfer o f a temperature history diOercnce (sec seetion 
3.2.2.) from Olle loca lity 10 anothe!' is poss ible is suppo rted evell by the da ta o r Illelearological 
stations cmbedded in diflc rcn t c limatic eon tcxts: thc station Wernigcrode (LAT 5 1.85. LON 
10.77, A LT 234) s ituated 111 tbc marg in of lhe Harz ivIo11 ntains 10 the Nonh German Pl ai n. the 
station Harzgerode (LAT 5 1.65, LON 11 . 15. ALT 403) s il ualCd wit hin the Harz ivIo11 nlains, 
wh ich is an arca aimosl e llli rc ly covered by wood land. alld the station V·/ ittcnbcrg (LAT 51 .89, 
LON 12.65 , ALT 105) in the Ooml plain ofthe Eibe Ri vcr. Thesc stations are 33. 120. and 106 
km apart but the i .. temperature hislory dilTerences ca lcu lalcd ror 40 days in ivIay to August 
1980 show a mean linear corrcla tion coeflicie llt ofO.993 alld a mcan dcv iation 01' only 0.54 oe 
(Fig. I). Whe l1 data of diOcrent stations are used for a prediction. their dala arc proporlionally 
considercd - cvc ll lua ll y lInder inverse wcighl ing wi th Iheir d ist <ln ce 10 the study sitc. 
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Fi g. Deviation DIF 01' thc rceen! air Icmpcl'murc history (15 days) frolll thc long~lcrm scasonal 
standard orlhrec mClcoro log ical stat ions in N Sachsen-A nhalt May 10 A ugust 1980. Though 
cmbcddcd in dilTcrcl1t climatic contcxts, Ihc DIF dala of thc stations are highly co rrclatcd 
(I' = 0.993) and show a rncan deviation 01' only ±Q.54 oe. 

(c) Calibrat ioll 01' so il tcmpcr aturc m Cll S lI l'C IllCllt s must bc done against air 
tcmpcraturc st ll ndards - A d irccl lISC 01' soi l Icmpcraturc data from wcathcr stations for 
ca libration of soil tcmpcraturc mcasuremcllI s is n01 poss ib lc bccause only a portion of these 
stations record such data. The high corrc1ation between so il Icmperature and air tcmperalure 
at 2 m nbove ground is weH established [WATSON 1980, SEIFERT 1986, as we ll as current 
wcathcr reports of thc Deutscher Wetterd ienst (Nat ional Melerological Service) and of the 
Mctcorologischer Dienst der DDR (Melero logica l Service o f the GOR) 1961 ~ 1990, sec also 

data prcsentcc1 bc low]. Topsoi l temperature dynam ics c lca rl y fo11O\vs ai r tempcrature 
dy namics. As a conseqllcncc. thc air tempera tu re histo ry rccordeel by any weathcr station is a 
gooel inelicato r for soil tcmperaturc history. 

(cl ) T hc most approp r iatc r cfcrc ll cc period is MOl)' to A ug ust ~ Thc period be twccn I 
May and 3 1 August wns flxce! CI S refercll cc scason fo r the fol1ow ing reasons. Despitc 
signiflcant carl y spring alld autumn activ ity anel brccding in some groll ps of organ isll1 s. th is 
is eloubtlcss ly the scason ofmaximull1 aC liv ity anel biomass production in the majority ofplant 
ami animal spccies in Ccnt ral Europeanlcrrcst ria l ecosystems. Thc fixntion oFthis period was 
do nc lInder consideration orlhe clilllalie sit llntion oflhe early 1980ics. In the ti me sillce Ihen, 



Soil tcrnpcraturcs in tcrrcs tr ia l ccosystcllls 161 

global warming has led to an carlier onsc! 01' spri ng activity also in Ccnt!'al Europe. Thus, a 
morc reasonablc rcfcrcilce pcriod appcars to bc 21 April to 20 August. Wc maintain the 
})histori ca l« dcfinition becausc it is no t dccis ivc if a dcJincd tcmperaturc standard is 0.1 °C 
highcr or lowcr. Ncvcrthelcss. wc rccommcnd pcrformi ng tcmpcralUrc lllcasurclllcnts 
prcfcrc lllially betwccn 2 1 April and 20 August. 

(e) T he most informative alld most p r acl icabJc rn e~ls u r ill g is performcd in topsoil 
but not too neilr to Ihc soil surface - Scveral argumcnt s favom a sclcct ioll ofthe standard 
measuring dcpth in topsoil. Mcasuremen ts at only 10 mlll dep th show high errors beeausc 
thc telllpcrature change is vcry strong ifthc thermometcr is mi splaccd by a fcw millimetrcs, 
and random error som ces sti ch as sur race irrcgu larities in the natural habit ats havc a strong 
innuencc. Furthermore. spec ial dcvices a rc needed 10 guarantec a stablc stand of the 
thermomcter. Measurcments in deepcr so il layc rs frequentl y causc se rioLls rnechanical 
problems when fragile the rmollleters IllUSt be inse rt ed into hard 01' rocky so il ; spcc ial 
thermometers with long measuring IlCads mus t be used and the mcasured d iffe rences 
bc twccn thc habitats bcc011lc lowe r. A lllcas uring dc pth of 35 111m appcars as a good 
compromise : randolll facto rs and small insc rtion errors have a lesser c ffce!. mcc hanical 
problems are usually inconspic ll oUS. thc stabil ity of the thermometcr is usuall y g iven and 
thc d iffcrentiation bctween habitats is st ill vcry cleal'. Funhermorc, thi s moderatc l11easuring 
dep th sccms biologically morc )~ llni vc rsal« because it is nearer 10 the high numbcr 01' 
epigcan 01' surfaee-dwclling organis111s. For studies of spiders, ca rabid beetles or aClIlea te 
I-Iymcnoptera it reprcscnts a really goo el ehoice. On Ihe other hand, the strong eorrelation 
01' tcmpcraturcs in topsoil and in dccper soil layers down to 50 em is fully establ ishcd by 
so il meteoro logy (e.g. da il y wcatl1er reports orthc Mcte rolog ical Scrvice ortlle GO R 196 1 
- 1990). Hencc. the 35 111m level wil l also prov idc inelirec t inrormation on the s ituati on in 
dceper so il layers as w ill al so be the ca se for tcmperatllrcs in lower strata or thc hcrb layer. 

(t) \ Vithin Ihe cont cx t 01' rcquired informati on, s imple maximum th ermom eters with 
manual recording rcmain a good allernati\'c to automatie sys tems - The bcst modern 
elata loggers do almost anything what we nccd: cq llipped with a small -dil11ensioned cxternal 
sensor thcy allow a precise positioning a t the required l11easuri ng depth all el accllrate 
rccordillg 01' da ta in 10-minutc inte rval s ove!' aperiod of several months a11(1 they work 
re liably - apart from di sturbance c<lllscd by anima ls anel humans. I-Iowever. long-term 
installation 01' expcns ive data loggers in thc fie ld neeel s ca reful camounage (usual ly 
burying) of the recording unit to prevc llt destruction 01' thicving and makes litt lc sense when 
temporal spot mcasurcmcnts of the maximu111 daily so il tcmpera ture are required. 
Furthermore they becoJ11c a finan cial problem whell study areas with strongl y deviating 
microhabitat tcmperatures need thc insta lla tion of up to 10 measuring spots anel whcll 
several such study arcas havc to be invcstigatcd. Simpl c maximum thcrmomete rs a re much 
cheaper, easier to hand lc and they can bc quick ly insta ll cd in other habitats 01' 41 locality. 
Apart f'rom el ev iations occurring in E-. SE-. SW- or W-cxposed habitats, thc temperature 
maximum is gcnerall y built up in fuH-insolation so il s 40 - 130 min utes after sun passage 
of the meridian but in ze ro-inso lation soi ls 5 10 7 hours PM. Knowlcdge 01' Ihi s maximum 
point and a good planning 0 1' measurcmcnts may allo\\'. for in stance. that the same 10 
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thermometers C<lll be uscd 10 mcasurc thc m<lxima ofaxerothcrmous TCllcrio-Scslcrietum 
(at 13.30 h loeal time), a scmidry Ill cadow ( 14.30 h), a frcs h A/opeclIrlls Illcaclow ( 16.00 h) 
anel 11 Fagus rOreS! (17.30 11) a1 thc same locality anel da y. 

3.2. Dcscrip tion 01' (he meteorologieal standards and calibra lion proccdurcs 

3.2.1. Sta nd a rd a ir temperaturc a IHI b.lsal so iJ tem perat urc 

As meteoro logiea l standard für the rcfe rencc region - i.c., the tcrri lory bctwecn 47 anel 
55 °N, 6 allel 16°E anel 0 10 2960 111 n.s. l. - was dcfin cd the mcan air temperaturc al 2 111 hcight 
obscrvcd frolll [ May to 3 1 August wilhin the ycars 1977 - 2006.498 150 station days of 135 
stations in Ih is tcrri tory (oll e 01' II1 CI11 in Poland: Szrcn ica/Gianl Mounlains) \Vcrc evaillated. 
The Ill can predic led standard air lemperalure TASpr.:d in °C is dcfined for Ihis peri od by a 
regression funct ion against geographicallatitude LAT :md longitude LO N in degrces (decimal 
format) and altitude ALT in mctres: 

TASp"d ~ - 0.694 LAT +0.078 LON - 0.00661 ALT +52.20 [ I ] 

Thc linear corrcl at ion coe ffici cnt betwecn TASprcd and the rea lly obscrved val ues TASr.:a1 was 
0.991 (n = 135, P < 0.0000 I), the ll1ean error of prcdiction was ±0.29 °C anel it s largcst 
lIpper alld lowcr devia tion +0.87 °C (Oberst dorf) anel - 1.08 °C (München-City). Predictions 

for exposed ll10untain peaks anel sea islands are slight ly be low and those for urban a reas 
slightly above the rea l "a lues. IntroduClion of urbanity gradients could further illl prove the 
predictions but Ihis is not real ly impol1ant in our COlllcxt , since ca li bration is almost a lways 
donc wilh Ihe TASrcal data of the nex t Illctcorological s tations. TASpr.:d data are only rcquircd 
in the rare case whcn no TASr.:31 da ta are ava ilablc. 

Thc tClllpcrature Illeall thai a zero-i nso lat ion so il would achicvc during a standard scason is 
defined here as the basa l soi l tClllperaturc TSB. Neglect ing Ihe vcry rare eases of strong 
gcothennal heat emission, a lemperature increase above TSB is almost a lways of so lar origin. 
TSB is fully corre lated to TAS but in abso lu te vaille slightly lowcr because of heat loss by 
evaporation. We have fixed th is val uc wil h TSB = TAS - 0.5 as own field data from soi ls not 
exposcd 10 dircct sunlight suggest (woodland sitcs with c10sed canopy, high-grass Illeadows 
elc.). This is not thc absolutc mi nimum as the ze ro-inso lat ion so il at thc Landeskronc shows. 
According to [1] TSB can be predicted by 

TSB ~ -0.694 LAT +0.078 LON - 0.00661 ALT +5 1.70 [2] 

3.2 .2. Cali bnttion of soil tcmJlcra tu rc aga inst a ir tcmpcrn turc 

The inOllencc ofa prcvious wcathcr situation on <leWa I soi l tcmperalllrc will e1ccrcasc with 
growing tempora l distanec - i.c. , the mean air tcmpcrature 10 days be fore w ill havc a lower 
weigh t than that 01' thc previous day. Of pract ical importance is thc queslion as to how Illany 
prcvious days mllst bc considered in addition to the (lctual day :md which fi.lI1ction oITers the 
bcs t descr ipt ioll of wcighting factors. Diffe rent calculat ion sched ulcs werc tcsted in 
simulations w ith the data of the 54 full- inso lation sites and thc zero- inso lation si te . For all 
s ites a re trograde cOllsidcratioll 01' 15 days was sufTic ient allel the we ighting faclO]" \V was 
dese ribed by an exponcnt ial fUllction 

W = 1 +0.00005 e W " ,W ) [3] 
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where DAY = I fo r thc date 14 days befo re the <Ietual a lld DAY ::::; 15 for the <lew a I (soi l 
tcmpcrature mcasuri ng) day. A weightcd average of previous air tempcraturc TAA is Ihen 
calculatcd as 

15 ! 5 
TAA ~ L(W; *TA;) / L W; [4] 

i= 1 i"' l 

where TA i is the mcan dail y a ir tClllpc raturc for DAY i = I 10 15. When TAA is lower than 
thc standard a ir temperatllfe TAS. Ill casurcd so il Icmpcraturc TS has 10 bc correctcel up anel 
vice versa. It erati ve simulat ions va rying the exponcntial fac tor A wcrc pcrformcd uiltil 
eorrc lat ion bctwecn TAA ami TS, was highcsl. Thc full-in so l<lt ion ami zero- insola ti on so ils 
diffcrcd in their tcmpcraturc dynam ics. As alrcady statcd by SEIFERT ( 1986), the air 
tell1pcratures of the days vcry ncar to thc soillcmpcrarurc mcasurclllcn l ha ve a highcr wcight 
in full-in solati on soi ls, wh ich is rcl1cctcd by thci l" highcr l ~l C lor A : 0.9 19 vs 0.795 in thc zero

insolation so il (Fig. 2). 

Fig . 2 
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day before soil temperature measurement 

lnnuencc of reeent air temp.:rature hi story on :l clua l so il temperaluTc in zero-insolation <1ml 
fu ll-inso lalion soils as found by vary in g tbc exponcntia l factor A unti l tbc variance of 
corrected soil tcmperaturc s fcacbcd a minimum. Tbc more dynamic bcbaviour of full
inso lation soils is I..!x prcsscd by the lligher cxpollcntial factor. 

Thc regress ion functi oB of TS aga inst TAA was in the zc ro-insolation silc al the 

Landcskronc 

TS ~ 0. 8446 TAA - 0.927 (r ~ 0.954. 11 ~ 123, P < 0.00001) [5]. 

This high corrc latioll is a clcar indica lion lor a dose relationship bc twcen air and so il 
temperanlrcs in zero-insolation so ils. in which dircc t solar radiation is I11can inglcss and caB 
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nOI producc accessory variance. Because cf Ihis ralher clear anel simple situm ion 110 further 
zero-insolation soils werc cvaluatcd. Tlte mathcrnatic IrcatmCIlI 01' full-insolation soils, in 
which actual sUllshinc intcllsity is 1110St important, Il ccds a J1111ch highcr numbcr of data sets 
allel is givcn bela\\'. 

In order 10 obl<lin air-tcmpcratUfc-calibratcd sail tcmpcra turcs, thc foll owing basic 
proccdurcs werc carricd out für zero-insolation süils. Firstl y, the difference DIF bCI",ccn thc 
ICl11peralLlrC history TAA amI the standard air tcmperature TAS was calculatcd by 

DIF ~ TAA - TAS"", [6] . 

An air-Icmpcraturc-cal ibratcd soi l tcmpcraturc is Ihell ca1culatcd in a first step as interim 
va lue TSCA i by 

TSCAi ~ TS - DIF [7] . 

Thc error 01' Ihis ea1cu lation, i. c. the deviation OEV bctween thc elaily TSCA values anel thc 
seasonalmean ofTSCA (whieh is the best deseription ofthe standard) is then described as a 
fun ction 01' 01 F by 

DEV = - 0.1554 DIF +0.43 CI' ~ - 0.507, 11 ~ 123) [8]. 

Aecord ing to thi s funetion, up and down calibrations are to~ strong für lowcr and hi ghcr air 
tcmperatures. Conscquclltly, the v<llue of OEV has 10 bc subtraclcd from TSCA. Whcn only 
considering Ihe slopc 01' fun etion [8J and ncglceting its constant 0.43 (wh ich theorctically 
should be zero), thc final va ille ofair-tcmpcrature-calibrated soiltcmperaturc TSCA is 

TSCA ~ TS - DIF - (- 0.15 54 DI F) [9] 

01' 

TSCA = TS - 0. 8446 DIF [10] . 

The slopc of fun ction [ 10]. logica lly thc samc as in fun clion [5]. is clea rl y difTerent from I 
alld is an indication tha t flilletioll s (3] and [4] cOLlld not fu lly describc the rel<\l"Clcd temperatll rc 
dynamics ofa zero- insolation soil coverecl by a layer of leafliller. Considenllion ofa weather 
hislOry longer than 15 days could be a possible solutioll. Results ofthis calibnllion proccdure 
are gi vcn in section 4 (Tab. 7). 

3.2.3. Standardis:l tion or sUlIs hinc hours 

The number of da ily sunshine hours (SUN) is recordcd in mctcorologieal stations as the 
SUI11 of time during wh ich the in tcnsity of direel radia tion is at least 120 W /111 2• This YcsfNo 
reeording. saying Ycs to bOlh moderate ancl strong radia tion, is surcly not thc best thinkable 
indicator fü r solar hcat ing-up of solid substrates but it is the only sun paramcter conslantl y 
rceordcd by all meteorologieal stations in thc past alld prcscnt. Hellee, only this paramcter and 
no absorption 01' global radiation data cOlild be uscc1 as indieator für the in te ll sity of solar 
radiation. A solutioll für future in vestigations could bc direet 11lcasuring of solar energy input 
above the slUdicd habitat anel rel:lIing il 10 a standard. 

Thc numbc!" of astronol11ieally poss iblc sunshine hours and thc dai Iy SUIll 01' solar rad iat ion 
f~dling on a plane horizontal s llrJ~lee is depcndet1t ['rom geographical I:llitude and date. 
According 10 data provided by the Insolation3a program. the seasonal mean of astTOnollliea lly 
possiblc sunshine IlOurS AST far thc period 0 1' I May to 3 1 August may be dese ri bcd as folIows: 

AST ~ 0.004242 LAT' - 0.29606 LAT + 19.405 [11]. 
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Thc so lar cOlllponcnt was standardised by the ratio 01' measurcd suns hi nc llOurs SUN and 
astronomica lly poss ib lc sunshill c hours AST. A standard radiation AST80 is g ivcll when SUN 
amOU11IS SO % of AST wh ich is delincd in dcpcndcncy from latitudc as 

AST80 ~ 0. 8 (0.004242 LAT' - 0.29606 LAT + 19405) [ 12] 

01' in eq ui va lent transformation 

AST80 ~ 0.003394 LAI' - 0.23685 LAT + 15.524 [ 13]. 

At 51 °N, thc standard rad iation day has 12.27 sunshine hours or a relative sunshine va lue 
RSV of 1.0 whell RSV is detillcd as SUN/AST80. 

Subjcct ive es timates 01' sunshinc intensity RSV arc sOlllcümes nccessary when the SUN 
da ta of mc teorologieal stations are mis lcad ing. This is the ease (<I) whell vcry loea l wcather 
s ituat ions are badly estimated by data from thc next mcteorologic<! 1 stat ion, (b) whcll sunshine 
intcl1sity was wc.lk beforc noon but strong in the aflCrIloon 01' (c) when atmospheric cx tincti on 
was significant but the intensity ofdircct rad ia tion wasjusl above the 120 W/I11 ~ leve l. 

The following rules 01' thum b may bc applicd in thi s casc 

e lear air with 40 % e lo uds 

strong atmospheric turbidi ry but c10udless 

e lear air with 30 % e louds 

s light a llllosphcrie turbidity but c1011dless 

c lear air with 20 % e lollds 

c lear air wlth 10 % c10uds 

c lea r anel c10ud lcss 

RSV can thcll be trans foflllcd 10 SUN by 

: RSV ~ 0.75 

: RSV ~ 0.84 
: RSV ~ 0.92 

: RSV ~ 1.00 
: RSV ~ 1.05 

:RSV ~ I.IO 

: RSV ~ 1.20 

SUN ~ RSV (0.003394 LAT' - 0. 23685 LAT + 15.524) 

3.2.4. C~llibralion 01' soillcmpcra t urc aguinst sUil shinc 

[ 14]. 

The da ta of 54 DWD stat ions werc used to es tima te thc innuencc 01' sunshinc in fuH· 
insolat ion so ils. Thc data scts wcrc prcpared in thc following wa y. Thc seasona l 111can of 
TSCA was calclilated 10 1' eaeh station scparatc ly aJ1(1 the differcnce bClwccn daily TSCA 
values ancl thc scasonal lllcan was plottcd aga inst dai ly sunshinc hours SUN. Thc reslliting 
regress ion fUllcl ion was Ihen adjusted for thc condition that zc ro sutl shine results in a zero soil 
Icmperatllre incrcase (Fig. 3). For SUN [0, 15.7] a highly s ignificant functi oll is found 

" TS ~ - 0.0188 SUN' +0.8378 SUN (11 ~ 5774, [' ~ 0.736. P < 0.000 I) [ 15] . 

I f rcstri c ling thc data sct ollly 10 radation c\ays with SUN > 8.9. thc delincd conclition fo r 
habitat so il lcmpcrarurc measurcmcnts, a linear function gave thc bcst fit 

" TS ~ 0.404 SUN +0.002 (11 ~ 2592, r ~ 0.330, P < 0.000 1) [1 6]. 

The innllcncc of sunshinc dmi ng radiation days was also calculatcd by <lnothcr <Ipproach in 
which the di ffercllcc of primary so il tcmperatmc ß TS 01' cOllsecutivc da ys was pl ott cd aga inst 
thc eorrcspond ing dinc rcncc Ofsull shinc hOllrs ßSUN (Fi g. 4). Thc consccllti vc day method 

providcs thc fUll ction 

" TS ~ 0.43 1 "SUN +0.8 14 (11 ~ 2569, [' ~ 0.555. P < 0.000 I) [ I 7]. 
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.. 

~TSCA= - 0.0188 SUN 2 + 0.8378 SUN (r=O.736 , n=5774, p<O.0001) 

0 2 4 6 8 10 12 14 16 

daily sunshine hours SUN [hJ 

Tcmpcraturc in creasc ö TSCA 0 1' air-Icmpcralllrc-corrCClcd soil temperature abovc Ihe 
scasolla l mean as a fu nction 01' daily sUl1shinc duralioll SUN for any wcalhcr situation 01' 
May to August 2003 dcrivcd ti'olll data set s 01' 54 Gcrm;Jn stations. 

LlTSCA = 0.431 LI SUN +0.814 (r=0.555, n=2569, p<0.00001) 

.. 

-7 -6 -5 -4 -3 -2 -1 0 2 3 4 5 6 7 8 9 10 11 12 13 14 

"SUN (h] 

Tcmrcralurc change ö TSCA 01' air-tcmpcralurc-corrcctcd soil tcrnpcmturc abovc thc 
scasonal mcan ploltcd againsl th c change 01' sUll shinc duration ß SUN of CQn$CClIti vc days 
from data sets of 54 German stat ions. Only dal<! from radiation days with SUN ;:: 9 of MlIY 
to August 2003 wcrc uscd. 
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A third approach was itcrativcly va rying thc slopc b 01' the funet ion 

TSCS ~ TS - D IF - b (SUN - A STSO) 

until the varianee of TSCS data in the full data set is minimal. For SUN > 8.9 11 , thcse 
testing calcu lations rcsulted in a slopc 01' OAI 3. whieh is intermcdiate bctween the predictions 
of the cUlllulat ivc (0.404) ami cOllsceut ivc day Illc thod (0.431). Wc huve substinned the 
optimum slopc 01' itera ti ve tcsting into thc final calibration againsl sunshinc with 

TSCS ~ TS - DI F - OA I 3 (SUN - AST80) [ 18]. 

This iterative Icsting also showcd thaI. in diffcrencc 10 zcro-insolat ion soils, minimum 
va riance 01' TSCS is achicvcd withollt corrcction f~lc tor [ar 01 F. RCSldts 01' this calibration 
procedure are discusscd in scetioll 4 (Tab. 7). 

3.2.5. Est imatioll 01' soil h C~lIi ll g by sola r radiatioll unit s 

Thc Insolation3a program ca lculatcs thc solar cllcrgy input falling on a S Urf~ICC cxprcssccl 
in solar radiation un its (SRU) intcgrated for 5-minutc intcrvals. Thc program considcrs slopc 
anel azimuth 01' surfacc inc lination, astronomie<!1 da ta ancl atlllosphcric cx ti netion . It pred icts 
for horizontal surfaces that a locality at 47°N rcceivcs 93 % orthe sunshille llOurs but 108 % 
of the daily cllcrgy input SRUD comparcd to a loeality at 55 °N. The program fllfthermore 
prcelicls wcakly diflc ring daily cnergy input per unil area bctwccn horizontal and strongly 
soulh-inclincd surf:lces (1Llrillg May to August, but strong differenccs outside thc relercllee 
scasoll (Fig. 5). At 51 ON, thc SR UD of a 40oS-cxposed slIfraee compared to a horizontal onc 
illcrcascs by on ly 0.169 lInits (or 2.4 %) on 17 May but by 22 11 un its (or 64 %) on 15 March. 

Fig.5 
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s urface inclinat ion [0] 

O ve rall daily solar energy input cx prcssed in solar radiation unit s SR U in dcpcndcncy rrom 
s lopc and azimuth 0 1' d inc rcl\tly inclincd sllrl~,ccs as prcdictcd by th c Insolation3a program 
ror 51.5°N. Southcrn surracc incl inations bctwccn 0 and 40° rcsuh in a most simi lar c ncrgy 
input (hlring thc period 1 May 10 31 A ugust but in 1I10s1 diO't:rcnt valucs dur ing carly spring 

or autumn. 
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1-lo\Vcvcr, SRUD mus! not ncccssarily be a gaod indicator of maximum soil Icmpcratu rcs. 
Thc fe\V availablc data of syntopic anel synchron oLls Il1casurcmcnl 01' cqua lly struclurcd but 
ditTcrcnt ly inclincd soil surfaccs clcarly suggcst Ihn! solar hcat ing of 50il is closcly corrclatcd 
with thc 5-l11 inutc maximum vai lle SRUi5 (r = 0.9987, n = 4, P < 0.0 1) but llot with thc 
daily SUIll SR UiO 01' thc concrc tc mcasuring day (r = 0.236, n. s.) (Tab. 3). Thc insignificant 
correlation 01' SRU j [) in Ihis sIlla ll data sei is cxplaincd by thc fa ci thaI strongly S-inc\incd 
surfaccs have clcar solar energy dcfic its ciLlring Illorning allel cvcll ing llOurs. These dcficits. 
howcvcr, havc a VC IY Jow influcncc 011 max imum temperatures a1 1100n. 

Tab. 3 Synchronolls ami synt opic mcasurclllcnt 01' cCJually strllctllrcd topsoils. INC - sllrface 
inc linat ion, TSlilin - minimum soi l tcmperaturc in th c carly lllorning, TS - maximum soil 
tcmpcraturc, 8 TS = TS - T5111 ,,\. SUN - sunshinc hours, SRU,I) - dail y slIm of solar radiat ion 
unit s, S RU,~ - 5-minute max imum of solar radiation unit s. 

I N~rSmin 
-

TS 5UN 6T51 SR Um SRU;; 
[0C! [0C! [h[ 5UN [1 0·' [ ,---

-- 0°-'17.1 1.368 754 1--t707-M Quensledl 6 Ju 1y 1980 bare 32.7 IIA 
limestollc protosai l 

7An- ' - 80531 Qucnstedl 6 Ju1 y 1980 bare 35°S 17. 1 35A I1 A 1.693 
Iimestonc protosail 
Kaltwasser 19 July 2006 bare 0° 23.59 43.58 14.8 1.351 7.244 695 8 
cxtrcmely dry sand 
Kaltwasser 19 July 2006 bare 35°S 25.89 50.74 14.8 1.679 7394 8046 
extre lllcly dry smliL j l 

In order to increase the ava ilable data sct, we have considered al1 avai lablc measuring data 
01' bare soi ls taken at days wit h SUN > 8.9 h irrcspcctivc of the gcologiea l outcrop. Thc 
hctcrogcncous geologieal outcrop will eausc same variation . but this f~lctor is not rcal1y 
important (eompare thc guiding valucs in Tab. 6). In most of'thcsc data sets the rca l minimurn 
temperatures at 1110rning TS lllin are unknown alld we have sll bstitutcd TSrnin with thc basal so il 
tcmpcrature TSB j prcdictcd (01' thc concretc Illeasuring day. Sinee TSB is highly eorrelated 
with air tcmpcraturc TAS, the aetunl cliiTerencc DI F of TAA rrom TAS can also bc lI see! to 
estimate thc <lcwal diffcrcnce 01' basic soil tcmpernturc from TSB. Whcn DIF2 is the 
difference 01' air tcmperatllrc hi story for full -i nsolation so ils, the actllal basic soi l tcmpenllurc 
TSB j is cstill1nlCd by 

TSB; = TSB + DIF2 [ 19J . 

Most probably TSB j is a littlc highcr thnn TSmin which wou ld lead to an undercstimatioll 01' 
soi l hcnting Ll T = TS - TSB i . Whcn soi l hcating is calibratccl agni nst sunshinc hours SU N 10 

give a relative soi l hcating H with 

H = 6 T5 1 5UN 

alle! plollcd against SRUi5 a significant linear fi.lll ctioll is ca1cll latcd as 

1-1 = 0.000256 18 SRU;s - 0 .6830 (r = 0.4423, n = 43, P < 0.0 I) 

The corrcsponding fUllction [01' thc data set 01' Tab. 3 is 

H = 0.0003 1527 SRU;s - 0.8523 (r = 0.9987,11 = 4, 1' < 0.01) 

[20] 

[21]. 

[22J . 
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Thc smallc r s lopc 01' fltll Cti o ll [2 1 J is poss ib ly cxplai ncd by an overcs till1atio ll of Illorn ing 
tc mperatu rcs but we lI se thi s func tion for fun her eonsideratiolls. Tra ns fo nning funetion [21 ], 
11 direc t predielion of T S is possible 

TS ~ (0.000256 18 SRU I, - 0.6830) • SUN + TSß , [23J. 

Für eX<IIll plc. Cl )) barc soil« w ilh the panIlllCICrS LAT 5 1 oN. LO N 11 oE. A LT 300 m. date 17 

May 2006, SUN 12.27 h a lld T S 8 1 15.18 oe. is predieted to have a TS 01' 28.34 °C w he ll 

ho ri zontal but OIl C of 32 .05 °C whcn 35°S- inclincd . Si l1lilarly. a ho ri zon tal ba re soil w ith 

thc samc parameters but a t 2 1 J UIl C ami 31 Augus t is pred ictcd to have T S 0 1' 29.43 °C and 
24. 82 oe. 

3.3. Es tima tioll 01" so il inso l:ttioll 

3.3. J. Es timatioll 01' in so lat ion by habitat paramClers 

Thc zero-i nso la tion ami fu ll -insolation soil s rcprese ll t oppos ite ext remes belwee ll whie h thc 
tcmpcralllre dynamics 01' all natural habiwls will vary. I-fenee. a so il w ilh in tcrmediate 
inso lation w ill have 10 bc desc ri bcd by paramc te rs illte r1l1 cdiatc bctwce ll the TSC;\ a llel TSCS 
calibrations. The wcight accoreling to whic h thc TSCA alld TSCS p,lr<lIl1etc rs Ilavc 10 be 
cO ll s idc rcd dcpenels upon thc degree 01' insolat io ll . Inso lation, er it s invc rse ex press ion 
ex tinc tion , is main ly in flu enccd by vegetat ion s tructurc and but al so by ine lination 01' so il 
sur facc. The csti mat ion 01' insolation dese ribed below is only thought to scrvc as a wcighting 
rac tor fo r the TSCA a lld TSCS ealibrating fUllcti ons. A di rec l p rcdic lion 01' soi llcmpcraturcs 
I'rom hab itat structurc (as o riginally intcnded) was Ilot possib le because the complicatcd 
s lrUClures wOllld requ ire cons ide ration ofmany mo re parameters and avai la bi lity o f cxtcns ive 
llleasuring da ta to es timate these. 

E tTeet of tree :lIld bu sh eunopies ~ Thc uppe rmos l struc tural levcl in IClTest rial habitat s 
Icadillg to cxtinetion 0 1' so lar radiation is the c:1Il0py laye r 01' trees alld bushes. In these two 
laycrs, cxtinction procceds in Central Europcan woodland biomes Cl i he ights bc twecn 45 allel 
1.5 m abovc thc soil surfrlcc. S illce both thesc lIpper alld lowcr height levels arc far enough 
from the soil surfacc. hca t conductioll 01' absorbcd cncrgy to the so il ea ll be Ilcg lccted. Thc 
inn uc il ce o f bo th trce a nel bush laycr is Ihus full y comparablc a mi conscquc lltl y they ean bc 
eonsidcred to be the samc fac tor. Whcll e<l nopy cJosu re 01' thc trce anel bush layer is 
summarised to T RC alld fu ll ca llopy closurc corrcsponcls to TRC = 1.0, the sola r inso la tion 
INSTR rcmain ing aftcr passagc 01' thi s layc r can bc estima!cd by a q lladnlli e funet ion 01' 
gcograph ical la titude LAT allel TR C 

INSTR ~ (0.0004031 LAT' - 0.05 178 LAT +0.4242) • TRC + 1 [24]. 

T his fonll ul a has been de ri ved from geome tric cO lls idcratio l1s assulllll1g hOlllogclleolls ly 
di s tributed trces w ilh gIobufar. equall y-sizcd c<l nopics and equal he ighl .md tlsing thc S RUD 

data provided by the Illso lation3a progralll. For 5 1 ON. the fonn ula pred ic ls a zcro inso lation 
in thc scasonal me<l n at TRC ;? 0.86. whidl is in agreement w irb rea l o bse rva tions in 
wood land. Zero inso lation bcgi ns with TRC ;?: 0 .89 Cl t 47°N ami w ith TRC ;? 0.83 at 55° N. 

E ffcct 01' (he herb laycr ~ Thc next strlle tura l leve l in tc rres trial habitat s cX line ti ng so lar 
radiat ion is the herb laye r. Mean he ight and density of the hc rb layc r are the dec iding fae to rs 
but al so growth fonn s 01' ind iv idual plants must be conside rcd. Most difTic ult 10 assess arc 
he rb laycrs eomposcel of planls w ith di fTer ing habitus. Ifan he rbaccous pla nt has a long s talk 
wit h an um bre ll a- likc a rrangemcnt 01' broad Icavcs a t the top as in many shade plants 01' 
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woodland, cover pcrccntagc alane is thc deciding parameter but if Ihe plant has a Illore 
globular 01' cylindric arrangement of leavcs, ca1culatio lls similar to trcc-c<l nopy fU llction [24] 
Illay bc approprialc. Thc more vc rtical and linear arrangement of grasses providcs still anolhc!" 
situation anel di stribution, grass sta lks - i. c. i f thcy are homogcnco Lls ly distributcd or 
cO llcentratcd in bults further complicalc thc piClufC. I-Ienee, \VC cannot find a uniquc fUllction 
dcscribing Ih is complcx situation. Belo\\' wc ofTer a signifi cant formula dcsc ri bing cxtinct ion 
in grass land ane! apply Ihis 10 thc herb laycr in genera l. Thc crror of Ihi s simplification should 
praclically bc of law imporlancc since grasses dominatc in opcn land, but umbrclla-l ike 
growth form s in shade hab itats wherc eXl inclion by Iree canopies is already very strang. 

Oata frolll 18 frcsh. horizontal grassland habitats with 100 % plant cover, in vcstigatcd in 
Sachsen anel Sachsen-Anhalt , providcd empirie information on direcl solar ellcrgy input in 
depcndcncy fral11mean height ofhcrb layer l-I EJ-I (Fig. 6). TSCS is dcseribcd in Ihis data set 

30 

TSCS = -3.5083 In HEH + 28.44 

(r=0.925, n=18, p<0.0001) 
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Fig.6 Air- tcmpc raturc ami ~ lIn ~h inc-corrcc tcd soil tcmpcraturcs TSCS at 35 lTl lTl depth of fuHy 
closcd grass lands 01' difTe ring hcighl as found at 5 1 oN, 11 oE alld 300 lTl . 

by a highly significant logarithmic fUll clion 

TSCS = - 3.5083 In(HEH) +28 .44 (n = 18, r = 0.925 , P < 0.000 1) [25]. 

Mi nimulll TSCS (wilh zero insolation) is obviously achicved al I-lEI-I of 70 cm or lowcr 
heights. I f Ihc TSeS al 70 cm of 13.53 oe is subtracled from funetion [25J ami the rcsult is 
cl ividcd by the diffcrenec ofTSeS al 1 Cl11 a llel 70 cm (= 14.9 °C), a gooel cs timation far 
heighl-dependcnl inso lation in cl ellsc grassland is prov idcd 

INSHEH = - 0.235456 In(HEH) + I (n = 18, r = 0.925, p < 0.000 I ) [26]. 

No da ta to estimatc the influcllcc oflhe herb cover I-I EC in cOl11b ina lion with variable habitus 
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and distribution ofindividual plants arc availablc. Thcrcforc only a simple eSl imation can bc 
prcsenlcd hefc. Ir he ight-dcpcndcnt ext inc li on EXTI-I EH in a grassy herb layer is 

EXTHEH ~ I - INSHEH 

ami the overa ll eXli nclion EXTOV resuh ing 1'1'0111 density amlmean height is 

EXTOV ~ EXTHEH * I-lEe 

the reslli ting insolation orthe soil pe rrni tl ed by thc herb layer IS 

INSHE ~ I - EXTOV 

[27J 

[28], 

[29J. 

Errect of the muss laycr - Thc moss lal'e r is e10se ly a tt ached to soi l ami uSlla ll y a strong 
absorber o f solar cnergy which is a lso condueted down 10 to psoil. In fael. so il s under mosses 
ami completell' bare so ils without l1l osses have simi lar TSeS data (Tab. 6). For these rcasons. 
asol id (harel ) and ra ther thin moss layer is eonsidcrcd in its the rmal e freets as a eomponent of 
topso il allel mcasurillg dcpth inc ludes the thiekness ofmoss tayc r. 

Effect 01' slIrface inclinatioTl - Thc maximum Ihinkable dai!y insolation SR UM s is givcn 
in S-incli ncd surfaces. This va luc was ca lculatcd as lll can ro r thc llleasuring scason ami a 
given latitudc with thc Insolation3a program: the dcgrce of inclination was va ri ed in ite rati ve 

tcs ting until a max imulll of' the seasonal mcall was achievcd. The result s call be approx imated 
bl' thc funetion 

SRUM; ~ - 0.4957 LAT' +29.8532 LAT + 7784.9 [30] 

With SRUMs bcing thc standard to ca lib ratc bctwccn 0 a lld I, the inc lination-dcpcndcllt 
insolation INS IN of' a habitat is then defincd bl' 

INSIN ~ SRU,/SRUM; [3 1] 

where SRUs is the scasonal mcan for an explic it ly givcn surrace inclination and latitude 
computcd by Ihc Insolation3a progralll. AI thc present stage. the re is no automatie program 
calcul al ing thc seasonal rncan. I-Iowcver, it s v<ll lle can be caJcu latcd wilh sufficie llt aceuraey 
as arithmctic rnean orthe dnta 01'7,17 and 27 Mal', 6, 16 and 26 Junc, 6, 16 and 26 July and 

5, 15 allel 25 Augus t. 

Over:l lI structllrc-dcnved insohltio n - The overall insola tion 0'· CI soi l su rl~lee derived 
fro111 habitat st rueture lN S I-IA is thc product 01' thc inso lation values rcmaining afte r passage 
of tree eallopy allel herb laycr alld of' inclination-dcpcncJcllI insolation 

INSJ-lA ~ INSTR * INS J-l E * INS IN [32J. 

3.3.2. Tempcn.lturc-derivcd cst imatioll of insolation 

An a lternat ive to CS lilllation or so il inso lation by habitat struetufc is it s direct der iva tion 
from air temperature. so il tcmperaturc allel so lar radiation in a procedure similar 10 thaI given 
in scetioll 3.2.5. SUll shine hours SUN, ac!ua l so il tcmperaturc TS, thc dev iations DIFI and 
01172 01' a ir tempcralufc history TAA ('rom standard air lcmpcraturc TAS alld standard bas ic 
soi l temperaturc TSB are nccdcd. Sinee soil tcmperaturc is highly correla ted with air 
tcmperaturc, the difTerenecs DIF! and DIF2 ean be used to eSlimatc thc ae lual difference of 
the soi l tcmpcraturc from TS8. WhCll DIFI is the diffe rence of air tcmpera turc history for 
ze ro-insolation soi ls and DIF2 that for full- insolalion soils ami whell a prej udiee on insolation 
is avo idcd, thc <l etual bas ic soil tcmpera ture TSB1 is cst imated bl' 
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TSB, = TSB + (DIFI + DIF2) / 2 [33]. 

As thc Ilexl step. the dilTcrcncc OEV 01' mcasufcd saH tcmpcra turc TS from aetun! basic soil 
Icmpcraturc TS131 relati v to SUN is ca1culatcd by 

DEV = crs - TSB,) / SUN [34J. 

Plotling of structurc-dcrivcd insolation INS I-IA against DEV rcsldts in a high ly significant 
filllction with 

INS I-lA = 0. 5339 DEV +0.196 (n = 226, r = 0. 86g. p < 0.000 I) [35J. 

This fUllction is lI SCe! 10 caJclllalc a Icmpcra turc-dcr ivcd insola tion INSTE. INS I-IA ami 
INSTE are dcli ncd hefe 10 have va lucs bct",ccn 0 ilnel 1 but for scvcral data poi nts the 
flillclion prcdicis INSTE < 0 or > 1. Accordingly. all points with OEV < - 0.371 are allocalcd 
10 INSTE = 0 and those with DEV > 1.50610 INSTE = I. Thc wcak point or lhe struc lurc
dcri vcd cSlimation of inso la tion is an insufficicill rcncxion o f compliea ted habitat mosaie 
strlletllrcs, anel the wcakness of thc tcmpcraturc·dcrivcd mcthod lies in thc possib ility of 
mcasuring errors. Integration of bOlh I1l cthods in a final insolation va llic 

INS = (Ir SI-lA + INSTE) / 2 [36J 

rcsults in data whieh arc in bettcr agrecmcnt with slIbjcel ivc prcdictions than cach mcthod 
alone. 

Thc wcighti ng under which TSCA alld TSCS contribute 10 overa ll ca li brated max imum soi l 
tCl1lpera turc TSCO 01' a givcll natural habita t is lina ll y deli ncd by 

TSCO = TSCA • ( I - INS) + TSCS • INS [37]. 

3.4. COll sidc ratio ll 01' loea l s Ull shinc frcq ucll cy 

TSCO is a most important habitat parameter but it does not cons ider the loea l 01' regional 
sunshi nc frequ cll cy. Thc maximum 01' sunshinc hours Il1 casufcd by thc systems uscd in the 
mcteorolog ieal stations is 96 % of AST. Ir rclative sunshinc frcqllcncy of a loealily SUN R is 
dclincd ilS thc quoticnt 01' the seasonal llleans of Illcasurcd and maximum I11casurablc 
SUJ1s hillc llOurs 

123 123 

SUN R = L SUN / l: 0.96 AST 
,I , I 

[38J. 

thcse data vary in thc German sta tions bct wccn 0.369 (Brockcn/l-Iarl) alld 0.55 2 (Kap 
Arkona/ Rügen). TSCM. the seasonal I11C:1I1 of ealibra tcd maximum soi l tcmpcratures lInder 
eons idc ra tion of loea l sUl1 shi nc f'rcq llcIlCY, is thcll according 10 fll llctions [36] - [38] 

TSCM = TSCO· SUN R + TSB· ( I - SUN R) 

3.5. P rcdict ion of hab il:!1 tempcnllllrcs by :l calalogllc of glliding \' ~l l u es for 
m icro h abit:1( SIJOls 

[39J. 

Thc Ill clhod dcscribcd above al10ws thc usc of single-clay Icmpcraturc mcasurclllcnts 10 

cSlimHlc ca libratcd habi tat tcmpcraturcs. I-I owcvcr. dcpcnclc llcy from standard radia tion days 
may causc sc rious problcms with oblaining IllC,\SUrCIl1CIllS in vcry cloudy summcr scasons. In 
s ti ch cascs. a prcdiction of"habilallcmpcralurcs is an acccptablc solution ifccl1ain condi tions 
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are g ive n. The bas is for suc h prcdict ions is a ca lalogue of sta nda rd micro lmbitat and habi lal 

tcmpcratures Ihm are refcrred 10 CClllm l Europe a! 5 1°N. Il oE. 300 m <1.5.1.. horizontal 

surfaccs a nd thc TAS oft he years 1977 - 2006. The gene ration or such a catalogue ofgllid ing 

val li es as lllean va llIes 01" lllcaSlirelllelllS lake n a l geographica ll y differcnt s iles nceds 

kllow lcel ge on the dcpcnel cll cy 01' T SCA anel TSCS va lucs from latituelc. altitllele ami 
longitllde. In Central Europc. these temperalUres decrease wit h g row ing altit ll de . growing 

latitudc anel fa lling longitude. 

Belbre generating guid ing va lues , microhabitat s o r habitai s must be o rel crcel in lO groups of 
s imilar surf~lce struc turc, subs trat e propenics alld ove ra ll inso la tion. Each g rou p o f s imi la r 

microhabitat/ha bilat is treated as an cntity anel defi ned by average parameters. Such g roups, 

fo r cxamplc. are on the ll1i e rohab itat sealc »bare limeslOne pro losoilH. ))bare sandy soi l« . 

»elosee! 1ll0SS crus ts of Ihe PO~\llriclllll1l pil{/(~/"IIIII type in open ha bi tat sH. O n Ihe hab ila t scalc 

exempla ry groups <Ire »o ld Fagus sy/mlica forcsls wilh > 80 % C,lnOpy closure«, »40 - 70 
ell1 high Alopeclfl"lls pralellsis Il lCadows(( or »closed. 25 - 40 CIl1 high Cal/lI1U1 hea th«. In 

zero-inso lation so il s. TSCA approx imates 10 T SB and is esti mated by function 12]. In full 
inso lat ion so ils the bas ic I"unction was cstimated by a highl y signific<lnt tri variate regress ion 

from Ihe TSCS data of the 54 OWO weathcr s tations (11 = 54, r = 0.674, P < 0.000 I) with 

TSCS,,, = - 0.293 LAT +0.214 LON -0.00868 ALT +44.662 [40]. 

The guiding va llics TSCG were IOllnd in scveral SICpS. At first a m icrohabiwt/habilat -spcc ific 

Icmpcrature cocmcicnl ca libratcd againsl zero-inso lation conditio ll s was calculatcd as 

C(O) = TSCO I (- 0.694 LAT +0.07R LON - 0.00661 ALT +51.70) [41 ]. 

For füll-in so lat ion conditions al1(l when l!tc rnicrohabital 51'01 is incl incd. its therma l 

inclinatioll compollcll t D I F"I is estima tcd by 

DIP;, = 0.0002561 8' AST80' (SRU, - SRU",,,) [42]. 

whcre SRUShl,lr ,md S R Us are the seasonal mcans for a hori zonta l s llrf~l ce anel the gi vcn spot 

respec ti vely (sec a lso fUll ction [2 1 J). Thc hori zontal re re rence va lue TSCOhur is thell 

calculated as 

TSCOhl,lf = TSCO - DIFm [43]. 

Ifthe spot is ho rizontal. TSCOhor is replaced w ith TSCO. Thc spcc ific tcmpc raturc cocHic icllt 

cal ib rated against thc ful l-insolat ion condition is Ihen ca1culatcd with 

C( I) = TSCO"o, I (- 0.293 LAT +0.214 LON - 0.008(,8 ALT +44.66) [44] 

The a rilhmcti c I11cans or the C(O) and C( I) of all habita ts bc long ing 10 the same group mCO 
a nd mC I were thcn lI scd to calculate thc guiding v<l luc TSCG refc rring to 5 ION. lI oE. 300 m 

,md horizonta l surfaecs wit h 

TSCG = mCO' ( I - INS) ' 15.1 8 + mC I ' INS' 29.47 [45] 

For a pred ict ion whieh TSCS a g ivcn mic rohabi lal/ha bital would achieve at a given latitudc. 
long itude, altitude and inc lina lion, Ihe rCl110val of" thc inc!inalion componcJ1l of function [42] 

musl be reverscd. Thc inclination-right full-i nso lation soi llempcraturc TSCSmc is then given by 

TSCSinc = TSCS("Jr~' + 01 F11l 
[46]. 

The overall pred icted soi l tCll1peralUrc TSCOprcll is Ihen 

TSCO,,,,, = mCO • ( I - INS) • TSB + INS' (mC I • TSCS"" + DIF",) [47]. 
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Thc rcsults of Ihis calculation proccss are given by two cxamplcs. Thc eX<1 mple for full· 
insolation so il s rc fers 10 a group o f struc turall y similar palches complc lcly covcred by a solid 
a lld 1.5 - 2.5 cm thick crust of dark 1ll0 SS ( in growlh form comparablc 10 Po~rfricllllm 
pi/{(erIll1l and Cerarodoll pWjJl/rell.\') and thc cX<l mplc far low-insola tion so ils 10 thc group 60 
to 125 ycars o ld Picea abies forcsl s (Tabs 4 and 5). Thc Illcan devintion be twcc il TSCO and 
TSCOpn:d is 1.00 oe in thc mass crust grotlp alld 0. 70 oe in thc sprucc fores! group. 
COllsidcring a I11can I11 casuri ng errar of ± 1.97 oe within Ihe ruH-insolation soils (accordi ng 10 
DWD data) ami a rncan rncasurillg crro r of ±O. 73 oe w ithin the zero-inso lation soil, thc 
prcdictions for some habitat spots arc probably morc rcali s tic than s ing lc-day dircct 

I11 casuremcnts (Lausche aJl(1 Zschc iplitz in the moss crus t group, Ce nt ral Uppcr Lusa tia in the 
sprucc forcs t group) . 

Tab. 4 Soi l lempcralurc al 35 111m deplh L1nder Ihe surfacc of so lid moss palches similar 10 thc 
PU~\'lriclllllll piliJi!rlllll and Cera/odOIl plll1J/1rellS growth type. The !lumber of measuring 
days is given in brackcIs. 

Sile year -LAT~ LON ALT TS TSCO TSCO"rcd 
10NI 10EI Iml loq loq loq 

- -
Daubi tz, sand 1981 SI Al 14 .88 140 35.35 34.23 32.78 
(11 = 2) 2004 
Zschc iplitz limcslolle 2006 5 1.22 11.73 190 35.5 1 30044 32. 19 
(11 = I) 
Mcisdo rf, g rcywackc 1980 5 1.68 11.27 260 28.60 33.37 33.27 
(11 = I) 
Königsha ill , g ran ite 1988 51. 17 14.83 305 33 040 30.22 3 1.25 

1(11 = I) 
La usche. p!lonolite 2003 50.85 14.64 775 33.30 28. 16 26.67 
(11 = I ) 

I 
Gia11l Mountai ns, granite 2004 50.78 15.55 1490 2 1.04 19.53 19.72 
(11 = 4) 2006 

-- --
Tab. 5 Soiltcmpcraturc within 60 10 115 ycars old Picea abies forcsls al 35 mm deplh as wcighlcd 

average 01' a ll microhab it ilt spOIS. Thc l1 \\m ber of mcasuring days is given in brackcts. 

Sire year LAT LON ALT TS TSCO TSCO"nd 
10NI 10EI Iml loq loq loq 

Ccnt ral Uppcr Lusatia 2003 51.2 1 14.86 203 15.7 14.03 15.67 
(11 = I ) 
Iscr lounla ins 2002 50.87 15 .33 907 14.5 12.21 11.67 
(11 = I ) 

2002 -1-48.96 Bava rian Fores t, s ite 1.3 13.38 885 16. 16 13.33 12.71 
(11 = I) I ---l 
ßava rian Forcst, s it c 3. 1 2002 48.88 13.63 8 10 16.20 14.11 13.34 
(11 = I) I 
ß ava rian Forest, s itc 3.2 2002 48.93 13.35 8 10 16.52 13.42 13.49 
(11 = 2) I 
Bavarian Forest, s il c 3.3 2002 48.88 13.63 750 16.87 14.33 13.76 
(11 = 3) 



Soil lcmpcraturcs in tcrrcstrial ccosystcms 175 

Tab. 6 prcscnls habit'l t-specific guiding valucs that a llow so me intcrcsling generalisations. 
Open soil palches withoul vege tation show silllilar lemperatures rathe r independent from soil 
subs tra te and geologiea l outerop. Soils under thi n allel de llse IllOSS or li chen crusts hcat up 
slightly stronger than average bare so ils. Spllflgl1/1l1J pads in 0PCIl and wct peat bogs rcneh 
surpris ing ly high tClllpcri.ilurcs eOlllparablc to those undcr plant pads in xero thermous 
grass land or rocky areas. Soil tcmpcratures in forests are closcly corrclated to the Il1can trec 
eover alld herb cover and are lowest in Fagus syll'Olic.:a forcsts anel moist 10 wc t All1l1s 
g llllillosa fc nwoocls when refcrred 10 5 1 oN, I 1 oE allel 300 111 - it is e lcar Ihat these two forest 
types cannot rcach the low tempcraturcs 01' montane Pic.:ea ahies forcsts whcn local 
Icmpcrmu rcs ovcr Ihe who le gcographieal gradie ll t are eonsidercd. 

Tab. 6 Examples lo r microhabit<lt-specilic guid ing va lues TSCG referring to 5 1°N, J 10E. 300 Tll. 

standard air tempcrn ture condi liolls ami horizontal surraces. 

microh:tbitalfha bita l ty pe n INS TSCG 
1°C! 

rock crevice in granite amI basalt 4 0.87 33.61 
I/orcn sun-exposed rock 
bare sand 9 0. 89 31.12 
lopcn sand arca 
moss of PolYlricllII1II slriclllll1 growth type or liehcn crusts on sand. 13 0. 78 30.60 
basa lt, granilc, grcywackc, limeslo nc 

9 0.93 29.48 barc limeslonc protoso il 
Ixerolhermolls grass land 

12 0.89 29.35 bare so il o n basalt , phonoli te. greywacke. brown so il 
Ixcrothennous grass land 

0.90 25.87 Pads o f r;'IIIIIIIS , Tellc;rilllll .md POIelllilfa on limcs lol1 c: 3 Clll high , 3 
10 cm di.1111ctcrh crolher111olls grass land 

(J.71 25.48 Splwgl/lflll pads in open pcal bog 8 

bclow }-liemcilllll pilosel/a plant 4 0.8 1 25 .3 7 

lopcn sandy area: basalt 
Carex JIIIII/ilis bult , di.unctcr ±24 cm, heighl :t: 1\ CI11 . 2 0.67 23.68 

Ixcrot hcfJnolls limestonc grassland 
2 0.65 22.98 Sesleria buh. diamcler ±24 cm, heighl ± 13 Clll , 

Ixcrotbermous limeslonc grass land 
C I'IUlllcJllf1ll villceloxiclIlII stand on basalt: I11 can heiglll 40 cm. 2 0.52 19.95 

cove r 80 % lopcn sll n-cxposcd rock 
8 0.26 17.79 d ilTcrenl Pil/liS svll'eslris woods: age GO - 100. ±55 % tree cover, 

±32 % hcrb cover 01' 18 em 111can heighl 
0.10 dense SambllC/ls or LigllS11"If1ll shrub: 98 % cove r 2 15.49 

Picea abies forcsts: age 60 - 125 years: =8 1 'Yo trcc cove r. 9 0.10 14.89 

± 14 % herb cover 01' 28 cm mcan height 
densc Erica bult. 30 cm high: in wc l Erica hl.:<Ilhland 2 0 . 17 14.86 

01' 88 % herb cover 
Tilia-Acer -Carpilllls- Ulmlls woodlands: Iree cover 86 %. 5 0.08 14.46 

herb cover 62 % 
f"rcsh, ±80 cm high Alopecllrlls Illcadows: 100 % herb cover 2 0.07 14.10 

primary AllIlIS fC llwoods; ±80 % Iree cover. ±80 '% herb cover 01' 40 em 2 0.06 13.34 

Il1can heighl 
60 - 100 ycars o ld Faglls fo rest: tree cover ±94 %. herb covc r 8 % and 6 0.05 13.32 

10 cm Il1can hcight 
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4. DisclIssion 

4.1. Rcsults ofcaJibration IlrOcedures ami thc inllucllcc offactors not considcrcd 

Final rcsults cf ca lib ra tion proccdurcs are giycll in Tnb. 7. In thc zero-insolation soi l, 
standard devia tion was rcduccd in air-tcll1pcraturc-cal ibratcd soi l tcmpcraturc TSCA 10 

±O.73 oe 0 1' 30.0 % orlhe pr imary, uncalibratcd va lucs. Thi s corrcs poncts 10 2.6 % or llle to tal 
range ofca libra tcd soil lcmperawres observed in all habitats in Gerlllany bCtWCCll 0 and 1500 
111 a.s.l. [7,35.5] oe. In thc fu ll -inso lat ion so ils . standard dev iat ion of'sullshinc-cnl ibraled soi l 
tcmpcratu rc TSeS was rcduccd 10 ± 1.97 oe or 34 'Xl of thc prill1ary, uilca libra lcd valucs for 
any wcathcr situation whieh corrcsponds to 6.7 % ofthe IOta l ra nge. 

Thc erro r 01' the TSCO va l lies cOli ld possibly be minimised when wind ve locity and soi l 
mois turc are cons idcrcd. High wind vc loc ity anel soi l moisturc arc cxpcctcd 10 rcduce soil 
tcmperaturcs part icula rly in open hab itat s with fü ll -insolat ion so il s. Thc innllcncc oi' wind 
ve loc ity was clearly dell1 0nstra lcc! - both lI nder thc cond itiollS 01' standard radiation days as 
we il as fo r any wcather silllatioll (Fig. 7). Wind ve locity was 3.18 ± 1.42 [0.08. 12. 18] l11/s on 
2589 standard radia tion da ys in 54 DWD stat ions. Whcn thc diflcrcncc i.lT bctwccll daily 
vallic allel the station I11can 01' TSCO was dcsc ribcd as a fll ll cti on 01' thc difference i.l W 
bctwccll the dai ly val lie and sta tion Illean of w ind vc loc il Y, thc best dcsc riptioll is ofTered by 
a quadrat ic fUllction with 

6T ~ - 0.0565 6 W' - 0.2858 6 W +0.092 (n ~ 2589, r ~ 0.259, P < 0.000 I) [48]. 
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Tab. 7 Daw or olle zero-insolation soil I May !O 3 1 August 2003 <lml or 54 full-i nsolation soi ls ) 
IVlay to I I August 2003. Givcn are air Icrnpcrmurc in 2 III hcigh t (TA) ami uncalibratcd 
primary sOl i tcmpcnltu rc (TS) for any wcathcr situation ami n station days ami sUllsh inc-
calibratcd maximum sO li tcmpcraturc TSCS 101' i days with SUN > 8.9 h. 

TA TS TSCO 
n 1II (' :l n SI) Ill l':ln sn IIl C:l n SO 

zero-insul at ion suil: 
Gör) itz- Lamlcskronc-N 123 1 S.51 3.64 14.62 2.43 12.:-\0 0.73 n.c. 
full-i nsolalion soils: 
Aue ----- 103 17.76 3.SS 25.59 5.80 30.24 1.98 41 
Augsburg 10] 18.32 3.95 3 1.1 3 6. 20 31.42 1.99 52 
Bad ;\!Iaricnbcrg 88 16.25 4 .99 26 .1 2 6.57 26.73 2.08 38 

I l3ambcrg_ 103 19.40 4.24 28 .83 4.87 27.94 1.85 5 1 
l3ilruth 103 IS.34 3.55 34.36 5.99 34)lS 2.75 44 
Braullla~ 102 15.30 4.45 20.68 4.76 19.4 7~ 1.66 42 
Cil rl sre ld 99 14.63 4.23 27. 1 S 5.S4 27. 76 2.02 41 
ChenmilZ 103 18.00 4.10 28.6-J 5.94 2S.5-J 1.68 45 
Erdinger Moos 100 19.45 4.14 ] 0. R4 647 29.17 2.20 5S 
Erfurt- Bi nderslcbCII 102 17.94 4.22 29.1 2 5.ö6 28.S8 1.55 49 
Fichlelbcrg 100 12.63 4.47 25.55 644 25.7S 2.-J4 41 
FgnkfurtlM:lill 101 20.49 4.55 33.14 6.76 32.9X 2.1 S 51 
FrcibuTU 103 21.96 4.S4 32.32 7.16 31.64 I. 75 54 
Freudenstadt 103 16.99 5.0 1 29.3 1 6.02 28 .26 2. 19 47 
Garmisch-Pancnkirchcnl 102 17.53 3.% 30.75 5.22 30.21 1.84 44 
Gcra-Lcumnilz 103 I S.24 4.11 26.57 4.97 25.78 1.30 51 
Goldberg_ 103 17.74 3.78 28.36 5.74 29.39 1.93 4S 
Görlitz 103 18AO 3.70 32.72 6.20 33.62 1.65 55 
Grünow 96 17.81 3.66 29.83 5.63 30.42 2.1 7 45 
Hah n 103 17.33 4.74 26.63 r 5.22 25.1\3 1.5 1 53 
I-Iart:gerodc 103 16.35 -J.05 25 .82 5.0 1 25 .-f 9 1.65 45 
Hof-1-IohCllsaß 103 17. 13 4. 26 25 .35 i 6.01 25.03 1.85 48 
Hohcnpcißcllbcrg 10] 17. 15 4.95 22 .35 4. 2 1 19.11 1.56 50 
Kah1crAslell 103 1-J.27 -J .S5 25.22 6.71 25.77 3.33 37 
K k iller Fchlbcrg 86 15,42 5.24 24.55 I 5.X4 24.3 1 2.05 39 
Klippt:lll!ek 97 17.00 5.03 24.52 5.-fO 22.45 1.53 46 
KonSlllllZ 103 20.31 4.51 28 .74 5.22 26.93 0.96 5S 
Le ipzig-Sc hkcudi lz 102 19.07 3.97 30.22 5.36 29.74 1.91 50 
Lindenbcrg 103 IK.83 3.77 29.78 5.35 30.25 1.53 50 
Manschnow 103 1X.33 3A I 29.94 4.X5 30.15 2.26 52 
Meiningf!! 103 17.84 4.57 28.73 6.71 28.-f4 1.67 48 
ivlcnz 101 IS .OI 3.68 31 .66 5.46 32.92 1.66 41 
Michclstadl- Vielbrunll 103 IS.45 4.76_ 29.56 6.29 29.09 -1- 1.80 56 ------l 
München \03 20.04 4.-f2 27.46 4.78 25.67 1.12 56 
Neuhaus a.Rcnllwcg 101 15.21 4.S9 28 .05 6.R6 28.25 2.85 48 
Obcrstdorf 103 16.52 4.02 25 .8S 5.05 25 ,46 1.17 44 
Öhrilll.!t:ll 103 19.93 4.50 32.89 6.98 32.58 1.65 57 
Osch,~z 103 -l- 19.00 3.79 30.37 5.88 30. 11 1.90 54 
Osterfcld 100 18.5 1 4.04 30.20 5.63 30.06 2.4 1 50 
Plaucll 103 17.78 3.94 32. 17 

l 
6,48 32.66 2.89 46 

Potsdam 100 19.02 3.94 32.44 5.20 31.97 1.55 49 
Rcgcnsburg 103 19.76 4.21 27.44 4.31 25.33 1.25 52 
Schlciz 99 17.74 4.16 27.53 5.55 26.92 1.98 49 
Schnükkc 10 1 14.40 4.88 - 20. 75 5. 16 19.52 1.96 42 
Sonnebcrg liD 17.12 4.80 26.60 5.80 25.53 1.86 51 
Sti)tt cn 103 17.85 5.01 28 .94 7.25 28.23 3.1 0 49 
Ulm 103 18.76 4.-f9 24 .80 3.74 22.51 1.50 53 
Umll1cndorf 89 18.01 4.13 31 .38 6.36 32.33 2.44 39 
Wasscrkuppc 103 14.98 4.99 25.49 5.98 24.62 3.03 45 
\Vcmige@..dc 103 18.16 4.01 32.61 5.57 32.95 2.51 46 
\Vicsenburg 103 17.98 4. 23 29.21 5.97 30.25 1.91 46 
Wiltenbcrg 103 19.1 8 4.01-; 30.43 5.43 30.29 1.63 44 
\Vürt:burg 103 19.96 -J .56 37.06 8.24 37.38 3.04 55 
Zinnwa l d-Gco rg~fl!ld 103 14.39 3.99 28.09 6.59 29.40 2.06 47 
lul :tl mc:lII 17.72 4.3 1 2H.59 5.79 27.75 1.97 
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Trans forming Ihis fUll ction 10 dircclly asscss the inllucncc 01' w ind ve loc it y, thc tcmpcraturc 
dccreasc tlT be law thc situation in a w indlcss day is dcscribcd as a fUllcti on ofwind vcloc ity 

IV by 

ß T ~ - 0.0565 W'+0.073 7 IV - 0.0009 (n ~ 2589, r ~ 0.259, P < 0.000 I ) [49]. 

Compared 10 ealm wealher, wi nd veloei lies of 5 m/s would deerease TSCS by only 1.0 °C 
but olle c f 10 m/s by as l11uch as 4.9 oe . Whcll subtracti ng thc valucs of this fUl1ctioll [rol11 
TSCO data orlhe 54 DWD stations for 2589 radiation days, TSCO is rcduccd from ± 1.97 oe 
to ±1.90 oe. This moderate effee! 01' corrcction against wind is ll1i.linl y cxplaincd by thc 10w 
average wind ve loc ity du rillg radiation days. Dcspitc thc signific<l ll t innucncc 01' wind 
velocity on thc maximulll soiltcmpcratu rc, this fac tor wns not introduccd into thc calibra tion 
system because of severe praetieal problcms. Natural habi tats have no standardised position 
- they may be situated in surface depressions slieh as troughs or river vallcys, at thc food of 
a siope, bchind or in frollt of a wood verge, within dense woodland or at the top of a slopc or 
on a mountai n. HCllce, thcre are ext rcme deviat ions frol11 ovcrall wind vcloeity Illcasurcd by 
I11 cteorological stations. Thc position 01' these stations is choscn, as !;lr as orography allows, 
on a planc surfacc arca in sumcient distancc from structurcs that cOlild anccI I11casurcmcnts 
01' wind. tcmpcralurc a11(1 sUll shinc. Wc havc so far no system 10 compensate für this 
eomplicated orographie and vegctaliona l factor whell mcasuring in natural habi tats. A way of 
solving this problcm eould bc to cst imatc for caeh habitat spot thc avcrage seasonal wi nd 
speed. This eO l1sideration must include the ave rage rcgiona l wind vcloc ity withi n thc 
spcetfUI11 of obscrvcd wind diree tions and must assess ho\V thc wind is serecned ofT by 
orographie or vcgctation stflicturCS in thc environlllcnt of lhe habitat SP01. Thcn, an <lcwal 
l11CaSUfell1ent ofwind \le loeity at the spot of soi! tcmpera turc mcasurcmenl must bc rcla tcd 10 
Ihc seasonal background. 

Thc influcncc of prcvious rain fall on soil tcmpcraturc is most cxtrcmc in open sandy soils 
but lI sually wcak in soi ls 01' zero-i nsolation habitats irrespcc tive of their water re tcntion 
capacity. Maximum soil tcmpcratures of a barc, fuH y sUIl -exposccl sandy river bank near 
Görl ilz wcrc measured on I Junc 2003 . The füllowing TSeO was 111casured in sand patchcs 
of othcrwisc completely similar structurc: 22.82 oe at 19 CI11 above the water table wi th 
completely wel sand at thc measuring depth 01' 35 Illlll , 32.42 oe at 38 elll abovc thc watcr 
!able with moist sand at ll1easuring deplh and 37.39 oe at 55 CI11 above the watcr !able alld 
complelcly dry sand al l11 easuring depth. This cnormous llloisturc-dependcnt tempcrature 
var iation 0 1' sandy so ils is accompanicd by anolher ext rclllc - the rapid loss of this cncct 
during dry ami warm weather in sandy soils nOI exposed 10 ground water. Barc clay soi ls in 
similar situation would probably show a similar dependcncy of temperalure from 11l0isture, 
but thc Illllch highef water rctention of this matcrial wi ll strongly retard the loss ofthis effeci 
during xcrothermous periods. Soils immcdiatc!y abovc thc water table will show yct ;'\I1other 
behaviour. As a conscqllcncc there is a vcry di fTc rcntiatccl dynamics 01' dl)'ing out from soil 
10 soi! , which complic;lIcs asscssing the cfTects of prcc ipi tal ion history. Thcrc is no system 10 
corrcct against Ihis factor. 

4.2. ProspcclS: Applicabil ity in Ihc contcxt 01" global wnrming :md within olhcr 
countries 

Aeeording 10 JONES & MOUERG (2003) and SMITH & REYNOLDS (2005) average global 
tcmperaturc over land and ocean has ri scil 0.07 °e / lo years from 190 1 10 2000 but 
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0.13 °C/ IO yea rs frolll 1965 - 2005. Long-tc rm trcnds in Gennuny above land are 
significalllly corrclated 10 thc global situation but show a much stronger incrcasc during thc 
last 40 years : ave rage annual air tcmpcraturc rose 0.06 °C/ I 0 years from 190 I to 2000 but as 
much as 0.40 °C/ I 0 ycars in thc period 1965 - 2005 (MÜLLER-W ESTERMEIER 2002, daln after 
2001 Ii'om DWD dala se rvice). Th is obvioLlSly much accelc rated global warming will 
inevitably havc enccts on thc future applicabi lit y of thc TSCO/T SCM sys telll. To keep thi s 
system rea listic , me teorologieal standard data must be adjusted to e limatic devclopmcnt after 
rcasonably short intervals. At thc moment a 20-ycar interval sec rns sunic icnt. The 
TSCOrrSC M sys tem prescnted he rc is ca libratcd with thc average climatic s ituation 01' the 
years 1977 - 2006 instead with data 01' the C U NO rere renee per iod 1961 - 1990. 

The TSCOrrSC M systcm dcvc10pcd for lhe lerrilOry 01' Genn<lny is most probably al so 
app licablc unchanged or with minor ehangcs to adjaccllI cOlllllrics. To ensure its functio n, at 

least thc prcdictions for air tcmpera ture standards sholild bc adjustcd 01' checked cOllnt rywisc. 
It would be 1110st valuable ir same alpi ne countries eOlild providc flIrther data to check thc 
altitudinal gradicnt o flllaxillllllll so il lemperalure presellled here. lt is also possiblc that bettcr 
J11athemalical soilitions ror eSl illlating ;tir-t cmperaturc hi slory or influc ll ce of sunshinc could 
be dcvelopcd. A software program guicling through the proccdurcs neccssary 10 calculate 
TSCOrrSCM da la is in prcparation. The authors current ly ll SC dBA SE and Excel programs. 
OfTers for eooperation of programming specialists and mathemati c ians to transform these to 
sys tems morc widely lI sed arc WCIcOIll C. 
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7. Appendix - synopsis 01' equations 

TAS,~d = - 0.694 LAT +0.078 LON - 0.0066 1 ALT +52.20 

TSß = - 0.694 LAT +0.078 LO N - 0.0066 1 ALT +51.70 

'IN = 1 +0.00005 c M' IMYI 

15 15 
TAA = I (IV, • TA,) / I W, 

i I i 1 

TS = 0.8446 TAA - 0.927 (r = 0.954, 11 = 123, P < 0.0000 I) 

TSCA i = TS - DIF 

DEV = - 0.1554 DI F +0.43 (r = - 0.507. 11 = 123) 

TSCA = TS - DIF - (- 0. 1554 DI F) 

TSCA = TS - 0.8446 DI F 

AST = 0.004242 LAP - 0.29606 LAT + 19.405 

AST80 = 0.8 (0.004242 LAT' - 0.29606 LAT + 19.405) 

AST80 = 0.003394 LAP - 0.23685 LAT + 15.524 

SUN = RSV (0.003394 LAT' - 0.23685 LA1' + 15.524) 

l\1'S = - 0.01 88 SUN' +0.8378 SUN (11 = 5774, r = 0.736. p < 0.0001) 

l\ 1'S = 0.404 SUN +0.002 (11 = 2592, r = 0.330, P < 0.000 I) 

l\TS = 0.431l\SUN +0.814 (11 = 2569. r = 0.555, P < 0.000 1) 

TSCS = 1'S - DIF - 0.413 (SUN - AST80) 

TSß , = TSB + DI F2 

H = l\TS / SUN 

H = 0.00025618 SRU" - 0.6830 (r = 0.4423. 11 = 43. P < 0.01) 

H = 0.0003 1527 SRU" - 0.8523 (r = 0.9987. n = 4. P < 0.0 I) 
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TS ~ (0.0002 56 18 SRUI, - 0.6830) * SUN + TSß ; 

INSTR ~ (0.000403 1 LAT' - 0.05 178 LAT +0.4242) * TRC + I 

TSCS ~-3 . 5083 In(HEI-I) +28.44 (n ~ 18, r ~ 0.925, P < 0.000 1) 

Ii SHEH ~ -O.235456In(HEI-I ) + 1 (n ~ 18. r ~ 0.925. p < 0.000 1) 

EXTI-I EI-I ~ I - INSI-IEII 

EXTOV ~ EXTI-I EH * I-I EC 

INS I-I E ~ I - EXTOV 

SRUM, ~ - 0.4957 LA I" +29.8532 LAT +7784.9 

INS IN ~ SRU,/SRUM, 

INS HA ~ INSTR * INS I-I E * INS IN 

TSß , ~ TS8 + (Oll' I + DIF2) 1 2 

DEV ~ (TS - TS8 ;) 1 SUN 

INS I-IA ~ 0.5339 DEV +0. 196 (n ~ 226. r ~ 0.868, p < 0.0001) 

INS ~ ( INS I-I A + INSTE) 1 2 

TSCO ~ TSCA * ( I - INS) + TSCS * INS 

123 L23 
SUN R ~ l: SUN I l: 0.96 AST 

I I I I 

TSCM ~ TSCO * SUN R + TSB ' (I - SUN R) 

TSCSpre ~ - 0.293 LAT +0.2 14 LON -0.00868 ALT +44.662 

C(O) ~ TSCO 1 (- 0.694 LAT +0.078 LO N - 0.0066 1 ALT +5 1. 70) 

DIF;" ~ 0.000256 18' AST80 ' (S RU, - SRU' h''') 

TSCO ho, ~ TSCO - 011'", 

C( I) ~ TSCOho, 1 (- 0.293 LAT +0.2 14 LON - 0.00868 ALT +44.66) 

TSCG ~ mCO *( I - I NS)* 15. 18+ mC I * INS *29.4 7 

TSCS inc = TSCSprc + DIFll1 

TSCOpred ~ mCO' ( I - INS)' TS B + INS' (mC I * TSCSpre + DIF",) 

18 1 
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1\ T ~ - 0.0565 1\ W' - 0.2858 1\ W +0.092 (n ~ 2589, r ~ 0.259, P < 0.000 I) [48] 

I\T ~ - 0.0565 W' +0.0737 W - 0.0009 (n ~ 2589, r ~ 0.259, P < 0.000 1) [49] 
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