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MANFRED NASLUND

OM MEDELFELETS HARLEDNING
VID LINJE- OCH PROVYTETAXERING.

Inledning.

sannolikhetskalkylens hjdlpmedel fér bestimningen av noggrannheten
hos en objektiv taxering (Kommissionen for forsokstaxering etc. 1914),
ha ett flertal metoder fér hirledning av en taxerings medelfel framlagts.
‘ Tillférlitliga siddana berdkningsmetoder utgbra en viktig férutsittning for
en rationell planliggning av vara skogstaxeringar. De framkomna metoderna
ha tidigare underkastats kritiska granskningar (LINDEBERG 1923, 1926,
LANGSAETER 1926, 1927, 1932, NASLUND 1930), varav bl. a. framgatt, att
ett starkt behov av metodikens vidare utveckling f6reldg. Avsikten 4r hir:
att limna ett bidrag till denna fraga, som i samband med de férnyade riks-
skogstaxeringarna i de nordiska linderna erhillit 6kad aktualitet.

Den tidigare diskussionen av metodiken har huvudsakligen skett i anslut-
ning till linjetaxeringen, men vi skola nu dven beréra metodfragan for den
regelbundna provytetaxeringen, som tilldragit sig ett stort intresse, och for
vars objektiva bedoémande en tillfredsstillande metod vid medelfelets berik-
ning erfordras.

Den i det efterféljande framlagda metoden f6r medelfelets hirledning har
anvénts av mig vid vissa utredningar pa uppdrag av 1937 drs riksskogstaze-
ringsnimnd. Med nimndens benigna tillstdnd illustreras framstillningen av
exempel himtade frdn denna undersokning. For detta tillmétesgdende ber
jag att fi uttala mitt tack. .

Jégmistare E. OsTLIN har omhinderhaft den nirmaste ledningen av det
omfattande riknearbetet f6r nimndens. rakning, och forste skogsbitridet
K. SvENsoN har utfért riknearbetet vid det férberedande metodstudiet. Till
dessa medhjélpare vill jag rikta ett hjartligt tack.

Sedan vid viarmlandstaxeringen den tanken blivit vickt att anvinda

22. Meddel. fran Statens Skogsférséksanstalt. Haft. 31,
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Kar. I. DEN SENASTE UTVECKLINGEN AV METO-
DIKEN VID MEDELFELETS HARLEDNING.

Vi skola hir endast uppehalla oss vid den utveckling, foreliggande friga
haft, sedan jag forra gangen behandlade detta dmne (NASLUND 1930). -

LANGSAETER har utfért en omfattande unders6kning, vars syfte varit att
genom bearbetning av empiriskt taxeringsmaterial limna ett bidrag till fra-
gan om den noggrannhet, som uppnés vid linjetaxering av skogar av olika
storlek och sammansittning med anvindande av olika taxeringsprocenter
(LANGSAETER 1932). I denna avhandling diskuterar LANGSAETER ater ingdende
metodiken vid medelfelets hirledning. ‘

LANGSAETER framligger i avhandlingens teoretiska del bl. a. en ny metod
for medelfelets berakning (LANGSAETER 1932, s. 461, formel 21). I denna for-
mel ingé differenser av den observerade storheten fér linjeavstand 4nda ned
till 1o m. Utan ett extrapoleringsférfarande kan formeln ej anvéndas i prak-
tiken, och som st6d for denna extrapolering saknas ett entydigt, funktionellt
samband. Metoden har dirfér huvudsakligen ett teoretiskt intresse, vilket
LANGSAETER sjilv framhaller.

I samband med en allmin prévning av de vanligaste formlerna f6r medel-
felets berikning behandlar LANGSAETER dven en av mig framlagd metod ‘
(jfr NASLUND 1930, s. 330, metod D: 2). Vid tillimpningen av densamma an-
vinder LANGSAETER delvis ett annat forfaringssitt, 4n det jag anvisat. Till-
vigagangssittet 6verensstimmer ej med den ursprungliga tankegang, varpd
metoden vilar. Jag skall ddrfér ndgot uppehalla mig harvid.

Medeldifferensens utjimning avser i princip endast att eliminera den genom-
snittliga effekten av en ev. systematisk variation (tendens) fran linje till linje
hos den taxerade storheten. Nagon annan innebérd har ej givits at differens-
kurvans extrapolering till noll. Till grund f6r utjimningen skall d4rfér endast
liggas de medeldifferenser, som kunna bildas av i taxeringen ingdende linjer.

Nir LANGSAETER f6r mycket lagprocentiga taxeringar hirleder den aktuella
taxeringens medeldifferens med ledning av medeldifferenserna f6r 10 och
20 m:s linjeavstdnd, innebir detta i princip ndgot helt annat och tyder pa en
felaktig tolkning av metodens teoretiska underlag (LANGSAETER 1932, S. 483).
For vissa jamférelser har jag (NASLUND 1930, tab. 11, s. 335) berdknat 5-
och 2¥,-procents taxeringarnas medelfel med stéd av 10-procents taxeringens
medeldifferens. Detta dr emellertid ej nigon tillimpning av metoden utan ett
approximationsforfarande, som tillgripits i brist p4 andra utvigar och har
karaktiren av en relativt méttlig extrapolering.

LANGSAETER visar vidare, att min metod under vissa férutsittningar ger
samma resultat som hans metod C: 2 (jfr LANGSAETER 1932, s. 471), vilken
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da har férdelen att vara mindre arbetskrivande. Hirtill skall blott anmairkas,
att detta bl. a. forutsdtter medeldifferenskurvans utjimning med stéd av
endast tva punkter, vilket givetvis ej varit avsikten (jfr NASLUND 1930,
s. 332, fig. 6). '

Den ovan diskuterade metoden har framlagts av mig i anslutning till en
granskning av metodiken vid medelfelets hirledning och var i detta samman-
hang klarldiggande och av teoretiskt intresse. Metoden har emellertid en be-
gransad praktisk anvidndbarhet, vilket jag tidigare framhallit (NASLUND
1930, s. 330), varfér vi hir ej nirmare skola uppehdlla oss vid densamma.

I Sverige har OsTLIND f6r Doménstyrelsens rikning utfért en omfattande
utredning med samma syfte som LANGSAETERs ovannimnda undersékning
(OSTLIND 1932). Hiar diskuterar OSTLIND teorien for medelfelets harledning
vid linjetaxering och deducerar i anslutning till LANGSAETER en formel for
medelfelet, vilken kan betraktas som en modifikation eller variant av LANG-
SAETERs pad andra ordningens differenser uppbyggda formel (LANGSAETER
1926, 1927 och 1930).

I U. S. A. har den regelbundna provytetaxeringen varit féremal
for studier i hir avsett syfte (SCHUMACHER och BuLL 1932, MUDGETT och
GEVORKIANTZ 1934). Hirvid har medelfelets hirledning diskuterats i anslut-
ning till BErNoULLls, PoissoNs och LEXIs teorem, vartill vi dterkomma i
kap. III, s. 320. Vi kalla i det efterféljande den regelbundna provytetaxe-
ringen enbart f6r provytetaxering, och avse ddrmed en taxering bestidende av
ett antal mindre provytor, férdelade i ett visst, regelbundet férband.

Hirmed ha omnidmnts de viktigaste, kdnda arbeten, som efter ar 1930
behandlat frigan om metodiken f6r medelfelets hirledning vid regelbunden
s&vil linje- som provytetaxering. Det torde ha framgétt, att vi, da det giller
berikningen av medelfelet hos en aktuell linjetaxering, fortfarande dro hin-
visade till de metoder, som foreldgo vid min tidigare behandling av detta
dmne; vartill hinvisas for undvikande av upprepning (NASLUND 1930). Dar-
emot ha véra erfarenheter om linjetaxeringens noggrannhet visentligt 6kats
genom omfattande bearbetningar av empiriskt taxeringsmaterial (LANG-
SAETER 1932, Riksskogstaxeringsnimmnden 1932, OSTLIND 1932).

Kar. II. ALLMANNA SYNPUNKTER PA METOD-
FRAGAN.

Av de framlagda metoderna ir det huvudsakligen tva, som hos oss kommit till
allminnare, praktisk anvindning for berdkningen av medelfelet hos en aktuell
taxering. Dessa metoder ha i min féregdende uppsats bendmnts resp. metod A
och metod C (NASLUND 1930), vilka beteckningar bibehallas i det efterfljande.
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Metod A. Taxeringslinjerna eller delar ddrav indelas i grupper (deltaxe-
ringar), varefter medelfelet (e,,) berdknas enligt formeln:

/e T (40 (s — M)

ey = \/ (;=I_ . (Zﬁi)z e (1)

1=1I

x; betecknar ¢:te gruppens taxeringsresultat och p, dess linjelingd samt #»
antalet grupper. :

Metod C. Medelfelet beriknas med stéd av differenserna mellan taxerings-
resultaten frdn pa varandra féljande taxeringslinjer. Medelfelsformler enligt
denna princip 4dro framlagda av OsTLIND-HAGSTROM (1922), LINDEBERG
(1923, 1926) och LANGSAETER (1926, 1927, 1932). Ofta har hirvid LANGSAETERS
pa andra ordningens differenser uppbyggda formel féredragits (LANGSAETER
1932, metod C: 2). Medelfelet erhalles da enligt féljande formel:

/% TLE(:L%)z (i1 + %y — 2 %)?
&y = \// =2 . - .
62 (£ )

ddr «; ar taxeringsresultatet och p; taxerad lingd for i:te taxeringslinjen
samt # antalet taxeringslinjer. ¢ anger linjernas ordningsféljd.

Stundom har en kombination av dessa metoder kommit till anvindning
ddrigenom, att linjerna forst indelats i grupper, varefter formel (2) tillimpats
pa gruppresultaten. Vi skola med dessa metoder som bakgrund ndrmare dis-
kutera den foreliggande problemstillningen.

De beriknade medelfelen &ro i sin tur behiftade med medelfel pd grund av
det begrinsade antalet varianter (deltaxeringar, resp. taxeringslinjer). D. v. s.
om man gor om taxeringen med samma linjeavstand, men férldgger taxerings-
linjerna mellan de ursprungliga linjerna, erhélles icke endast ett avvikande
taxeringsresultat utan dven ett annat medelfel.

Vid tillimpning av metod A och formel (1) kan medelfelet pa medel-
felet (g,) erhdllas ur formeln:

dir # 4r antalet grupper (deltaxeringar). Formel (3) forutsitter, att avvikel-
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serna (x,— M) férdela sig enligt den normala sannolikhetsfunktionen (HEL-
MERT 1924, s. %75). Medelfelets relativa medelfel vid olika gruppantal (u)
framgar av nedanstdende sammanstillning:

n= 2 3 4 5 6 7 8 9
' SSM:7O«'7 %’ SO’O 0/0’ 40’8 0/0’ 35’4 %: 31:6 0/0: 28:9 %: 26)7 %: 25:0 0/0)

n = 10 15 20 25 '30 40 50
€6, =23,6 %, 18,9 %, 16,2 %, 14,4 %, 13,1 %, IL3 %, 10,1 %.

Ostkerheten i de beriknade medelfelen ar betydande for de gruppantal,
som hittills vanligen kommit till anvindning (8—=20 st.). Giller det att be-
rdkna medelfelet for en enskild taxering, maste denna saledes uppdelas i ett
relativt stort antal deltaxeringar (grupper). Hir komma vi till en allvarlig
begrinsning hos metod A. :

Vid en uppdelning av taxeringen i ett stérre antal grupper riskerar man ofta,
sdvida antalet linjer eller delstrickor ej ar mycket stort, att en syste-
matisk gang gor sig gillande i gruppresultaten (jfr LANGSAETER 1926,
NAsLUuND 1930). Under saddana férhdllanden ger formel (1) f6r héga medelfel.
Minskningen av det tillfilliga felet képes silunda med ¢kad risk for syste-
matiskt fel.

Det systematiska felet kan emellertid nedbringas genom att pd deltaxe-
ringarna tillimpa formel (2), men inflytandet av den systematiska géngen
fran grupp till grupp kvarstar alltid. Risken fér ovannimnda systematiska
tendens ar dock betydligt mindre, om taxeringslinjerna uppdelas i delstrickor,
som kombineras efter ett visst system (jfr NASLUND 1930, metod A: 2, s.
321). Bortsett frdn ovanndmnda risk for ett systematiskt for hogt medelfel
ar metoden dven ur en annan synpunkt otillfredsstédllande.

Gemensamt for metod A &r, att man ur deltaxeringarnas medelavvikelse
berdknar den aktuella taxeringens medelfel (¢,,). En sddan extrapolation
stoter alltid pa svarigheter och méste betraktas som en svaghet hos metoden.
Vi 4terkomma hirtill i det efterfoljande (s. 315).

Metod C torde ha framtvingats av behovet att vid metod A uppdela den
aktuella taxeringen i ett flertal deltaxeringar. De i en taxering ingdende lin-
jerna uppgé niamligen ej sillan till ett sd ringa antal, att man ej ens kan upp-
dela dem i ett mindre antal deltaxeringar.

For metod C och formel (2) kan medelfelets relativa medelfel vid ett linje-
antal av omkring 10 och dirdver approximativt uppskattas till samma stor-
lek som for metod A och formel (1), varvid » (formel 3) nu betyder antalet
taxeringslinjer. Metod C limnar dirfér ofta ett med hinsyn till de tillfilliga
felen relativt sikert medelfel. For taxeringar av smdaskogar féreligger dock
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ett behov att kunna dela upp taxeringslinjerna i mindre enheter (jfrs. 320).
Metoden har emellertid en annan svaghet.

I regel kan man spara en systematisk gang i taxeringsresultaten f6r de en-
skilda linjerna (LANGSAETER 1926, NASLUND 1930, OSTLIND 1932, jfr dven
fig. 1—6, s. 308—13). Under sidana férhillanden ger formel (2) f6r hogt resultat,
emedan den systematiska tendensen fran linje till linje ej bortelimineras.
Enligt OsTLIND torde formel (2) betriffande kubikmassan per hektar skogs-
produktiv mark i genomsnitt ge omkring 20 procent for stora medelfel
(Riksskogstaxeringsnimnden 1932, OSTLIND 1932). LANGSAETER uppskattar
detta systematiska fel till 10 & 20 procent (Landsskogtakseringen 1938).

Fér vissa behov kan man givetvis bortse ifrdn en 6verskattning av denna
storleksordning och néja sig med att vara pa den sikra sidan. Giller det dar-
emot att berdkna medelfelet pa skillnaden mellan tva taxeringsresultat,
vilket f. n. i samband med den férnyade riksskogstaxeringen 4r en aktuell
friga, ¢kas kravet pad bestimningen av den enskilda taxeringens medelfel.
Vi skola nidrmare-exemplifiera detta.

Antaga vi, att exempelvis virkesférradet vid férsta taxeringen dr M och
vid den andra % - M, samt medelfelet vid bdda uppskattningarna ¢,, procent,
erhalles ett enkelt uttryck f6r differensens relativa medelfel (ep). Hirvid
skilja vi pa om férradet minskar eller dkar.

Tab. 1. Medelfelet pad differenser (€p).
The standard error of differences.

&, i procent.
in percentage.

k 111,5[2|2,513|3,5|4|4,5'5

€p i procent. Minskning.
in percentage. Decrease.

I

0,9 13,4 20,2 26,9 33,6 40,4 ’ 47,1 53,8 60,5 67,3
0,8 6,4 9,6 12,8 16,0 10,2 22,4 25,6 28,8 32,0
0,7 4,1 6,1 8,1 10,2 12,2 14,2 16,3 18,3 20,3
0,6 2,9 4,4 5,8 753 8,8 10,2 11,7 13,2 14,6
0,5 2,2 3,4 4,5 5,6 6,7 7,8 9,0 10,1 II1,2

€p i procent. Okning.
in percentage. Increase.

1,1 14,9 22,3 29,7 37,2 44,6 52,0 59,5 66,9 74,3
I,2 7,8 11,7 15,6 19,5 23,4 27,3 31,2 35,1 39,0
1,3 5,5 8,2 10,9 13,7 16,4 19,1 21,9 24,6 27,3
1,4 4,3 6,4 8,6 10,8 12,9 15,1 17,2 19,4 21,5
I,5 3,6 5,4 7,2 9,0 10,8 12,6 14,4 16,2 18,0
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Virkesforradet minskar (& < 1):

MiEac (4)

&p—= —~ —

e EEERERERERRERE
Virkesforradet okar (B> 1):

ey V1 + &2 B
N (s)

¢p
k—1 ’

dir ep och ¢, dro uttryckta i procent.

Formlerna (4) och (5) ha tabellerats fér vissa virden pd % och g, (tab. 1).
Hirav framgar med skirpa svarigheten att uppskatta sma for-
dndringar samt betydelsen av en god bestimning av de enskilda
taxeringarnas medelfel.

Den forda diskussionen torde ha visat, att man vid ett so6-
kande efter en limplig metod f6r medelfelets hirledning maste
uppstdlla som krav, att medelfelets sdvidl systematiska som
tillfalliga fel vid behov skola kunna nedbringas si langt
som mojligt.

Kar. III. TEORI OCH METODIK.
Linjetaxering.

De svérigheter, som dro férbundna med berikningen av medelfelet f6r en
regelbunden linje- eller provytetaxering, bero huvudsakligen pa att taxerings-
linjerna utliggas systematiskt och ej uttagas pa slump. Nir linjeriktningen,
taxeringsprocenten och liget av forsta taxeringslinjen bestimts, 4r dven be-
ligenheten av de Gvriga taxeringslinjerna angiven. Linjernas systematiska
utliggande sker uppenbarligen i syfte att 6ka taxeringsresultatens sikerhet.
Att s& dven 4r fallet framgir av OsTLINDs ovannimnda utredning (OSTLIND
1932, S. 45I).

Det har tidigare framhallits, att taxeringsresultatet ofta varierar systema-
tiskt fran linje till linje (jfr. s. 306), och vi skola hir i ndgra exempel ndrmare
analysera taxeringens struktur. For detta syfte har valts forra riks-
skogstaxeringen av Visternorrlands och Norrbottens lin, vilka ur taxerings-
synpunkt representera olika svarighetsgrader.

Vid riksskogstaxeringen ha taxeringslinjerna indelats i 2 km langa strickor.
Denna indelning 4r utford s, att strickor med samma 2-km nummer bilda
ett mot taxeringsriktningen vinkelrdtt filt (block). I det efterféljande ro 2-
kmna sammanslagna till 1-mil strickor. Fér 1-mil strickor med samma num-
mer inféra vi benidmningen taxeringsblock eller enbart block.
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Fig. 1. Kubikmassa per hektar f6r taxeringslinjer och block. Antal mil avser antalet

taxerade 1-mil strickor, som inga i resp. linje eller block. Tall: dimensions-
grupperna 15— 25— och 35—. Norbottens lappmark.

Cubic volume per hectare (m3/ha) of the lines and blocks. Number of miles refers to the number
of surveyed 1o km stretches, of which respective line or block consists. Pine: the diameter-
classes 15—, 25— and 35—. The Province of Norrbotten: Lappmark.
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Se texten till fig. 1. Gran: dimensionsgrupperna 15—, 25— och 35—. Norr-
bottens lappmark.

Cfr. caption to fig. 1. Spruce: the diameter-classes 15—, 25— and 35—. The Province of Norr-
botten: Lappmark,
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Fig. 3. Se texten till fig. 1. Tall: dimensionsgrupperna 15—, 25— och 35—. Norr-

bottens kustland.

Cfr. caption to fig. 1. Pine: the diameter-classes 15—, 25— and 35— The Province of Notr-
botten: Kustland.
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Fig. 4. Se texten till fig. 1. Gran: dimensionsgrupperna 15—, 25— och 35—. Norr-
bottens kustland.

Cfr. caption to fig. 1. Spruce: the diameter-classes 15—, 25— and 35—. The Province of Norr-
botten: Kustland.
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Fig. 5. Se texten till fig. 1. Tall: dimensionsgrupperna 15—, 25; och 35—. Vaster-
norrlands lan.

Cfr. caption to fig. 1. Pine: the diameter-classes 15—, 25— and 35—. The Province of Vister-
norrland.
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Kubikmassan inom bark per hektar landareal (Vasternorrland) eller landareal
exkl. indgor (Norrbotten) har utriknats fér varje linje och block inom de bada
lanen, varvid Norrbotten uppdelats pa kustland och lappmark. Kubikmassan
har redovisats pa tall och gran samt dimensionsgrupperna: 15 cm vid brésthsjd
och dirgver, 25 cm och dirdver samt 35 cm och dirdver. I fig. 1—6 har kubik-
massan per hektar upplagts grafiskt med linje-, resp. blocknumret som obe-
roende variabel. Linjerna dro numrerade fran sydost till nordvist och blocken
frdn sydvist till nordost. Linjeavstandet utgér f6r Visternorrlands l4n en
mil och fér Norrbottens tvd mil.

Figurerna visa tydligt, att f6r savil linjer som block en mar-
kerad systematisk gédng ofta gor sig gillande i taxeringsresul-
taten. Denna tendens 4r ej sillan mycket starkt utpriglad. Héartill bidrar
givetvis att tallens och granens kubikmassor angivits skilda at, vilket 4r mo-
tiverat ddrav, att det foreligger ett behov att kunna berdkna sikerheten hos
dessa uppskattningar-var for sig.

Betriffande arealbestimningar har LLANGSAETER pdvisat samma tenden-
ser (LANGSAETER 1926).

For Norrbottens lappmark har i fig. 7 férdelningen av granens kubikmassa
6ver 15 cm ndrmare askadliggjorts med ledning av taxeringsresultaten fran
1-mil strickorna. Av figuren framgdr, att kubikmassan 4 en linje-
stracka i viss grad dr en funktion av stridckans avstand till
tvd koordinataxlar. Det 4r uppenbart, att vid medelfelsmeto-
dikens utformning stor hinsyn méste tagas till férekomsten -
av hir illustrerade férdelningstendenser.

Innan vi 6vergd till att diskutera medelfelsberdkningens teori, skola vi ndgot
droja vid de metoder, som grunda sig pa att taxeringslinjerna eller delar
ddrav sammanféras i grupper (jfr NASLUND 1930, metod A: 1 och 2).

Vi forutsitta, att den utférda linjetaxeringen 4r en To-procents taxering,
och att den 4r uppdelad i 10 grupper, som var och en omfattar en 1-procents
taxering. Det efter denna metod beriknade medelfelet 4r dd approximativt
det riktiga medelfelet f6r den taxering, som erhélles, om man av de 100 styc-
ken méjliga 1-procents taxeringarna av skogen pa slump plockar ut 10 stycken
och dirav bildar en 10-procents taxering (jfr LANGSAETER 1932, S. 446).
Det 4r emellertid ej detta medelfel, vi 6nska veta, utan medelfelet pa
den systematiskt utlagda 1o-procentiga linjetaxeringen. .

Med taxeringslinjernas systematiska utliggande avses, att varje linje eller
del ddrav (exv. I-mil stricka) skall representera den parcell av skogen, som
ligger inom halva Jlinjeavstdndet pad vardera sidan om linjen (delstrickan).
Kinde vi resultatet (¥;) av en totaltaxering f6r varje sidan avdelning, skulle
linjetaxeringens medelfel (e,,) erhallas enligt formlerna:
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dir x; ar linjetaxeringens resultat for ¢:te linjen eller delstrickan och # &r
antalet linjer eller delstrackor, vilka alla férutsittas vara lika lénga.

Nu kidnna vi ej #; utan maste ersitta denna storhet med ett ndrmevirde.
Vid den fortsatta diskussionen tinka vi oss linjerna uppdelade i delstrickor
pa sitt, som tidigare ndmnts, varigenom linjetaxeringen blir omférd till ett
kvadratiskt eller rektanguldrt rutnit (jfr fig. 4). Samtidigt inféra vi beteck-
ningarna ¥, och x,, och avse dirmed den understkta storhetens verkliga,
resp. taxerade virde for den ruta, som ligger i linje u och block v.

Vi ha i det foregdende visat, att exv. kubikmassan {6r en ruta i stora drag
kan betraktas som en funktion av ytans beligenhet. Det enklaste antagande
vi kunna géra angdende detta samband 4r, att den undersokta storheten pa
en ruta kan betraktas som summan av tre storheter: 1) en del a, som &r lika
for samtliga rutor, 2) en del g, som 4r konstant f6r varje linje samt 3) en del
¥, som dr konstant f6r varje block. Harvid aro §, och y, sa valda, att sum-
man av alla f-virden 4r lika med noll, likasd summan av samtliga y-virden,
Under dessa férutsittningar blir kubikmassan fér en viss ruta: ¥, = a + £, + y,.
Det géller att ur taxeringsmaterialet hirleda de bista vardena pa a, 6, och y,.
Detta erhdlles tydligen, om man sitter: a=M, §, =m,— M, y,=m,— M,
dar M betecknar medeltalet av samtliga rutor, m, medeltalet fér linjen
u och m, medeltalet f6r blocket v. Héarav erhalles:

Xyp = My + My — M, ..o (8)

och alltsd avvikelsen mellan den undersokta storhetens taxerade och verk-
liga vérde: «,, —m, — m, + M samt avvikelsernas kvadratsumma:

3 (X — )2 = T (Fuo — My — iy - M2 .o (9)

%,V %,

Summationstecknet 2 betyder summering 6ver samtliga férekommande
%,V

virden pa u och v. Denna kvadratsumma ar séledes lika med de enskilda ru-
tornas avvikelser fran sstormedeltalety (M), sedan dessa korrigerats fér de
systematiska avvikelser, som hirleda fran beligenheten i olika linjer och
block. '

Det problem, som hir forelegat, 4r analogt med jordbruksforskningens
behov att vid faltférstken kunna borteliminera inverkan av olikheter i mar-
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kens bordighet. Den tankeging, som utvecklats i det ovanstdende har ocksa
gemensamma berdringspunkter med vid jordbruksforskningen anvinda be-
traktelsesitt (jfr BAcHER 1933). Det hdrledda uttrycket f6r avvikelsernas
kvadratsumma (ekv. 9) ar identiskt lika med »felens kvadratsumma» vid
tillimpningen av FISHERs variationsanalys pa jordbruksférsck. Betridffande
variationsanalysens teori och tekniska utférande hinvisas till FISHERs bok
Statistical methods for vesearch workers (1932) eller elementdra framstillningar
hiréver av bl. a. BACHER (1933), SNEDECOR (1934) och TIREN (1934).

Vi atervinda till ekv. (9). Harur erhdlles rutornas medelavvikelse en-

ligt formeln:
\/ Z(xuv_mu—mv+M)2
o = (n;—I)_(l'——I)—'(b—-I)’ .......... (IO)

dir # 4r totala antalet rutor och / betecknar antalet linjer samt 4 antalet block.
Uttrycket i nimnaren anger antalet frihetsgrader enligt FISHERs termino-
logi (degrees of freedom). Antalet frihetsgrader dr lika med antalet termer,
som ingd i kvadratsumman minskat med antalet av varandra oberoende rela-
tioner mellan dessa termer. Vi g4 hir ej nirmare in p4d den matematiska bety-
delsen av detta begrepp, utan hianvisa till FIsHERs ovannimnda bok.

Medelfelet pd medeltalet (g,) eller det sokta taxeringsfelet beriknas
sedan enligt formeln:

8M= i_
och alltsa:
\/ 2 (Xuy — My — my + M)?
&y = n[(rl——x)—(l—x)——(b——l)]’ ........ (1)

Vi ha hittills f6r enkelhetens skull antagit, att linjelingden i rutorna ir
konstant. Varierar linjelangden (p,,) méste avvikelserna vigas, samt
vigda linje-, block- och stormedeltal inféras i formel (11). I analogi med ett
av LINDEBERG (1923) anvint enkelt viktsystem erhélles foljande formel
for medelfelet:

\/ n £ v(?uv)z(xuu—— My — My -+ M)z
&y = n—1)—(@—1)—(b—1) : | (Z:vaf ,. . (12)

dar

Zpwx '

u,vﬁuv uv' e — Z i’u Xu.
z » u
u’vpuv

y — Z Pty

M= > e =5

23. Meddel. frin Statens Skogsfirsoksanstalt. Haft. 31.
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I formel (12) betecknar x,, taxeringsresultatet och p,, linjeldingden f6r den
ruta, som ligger i linje # och block v, #, och m, dro motsvarande vigda linje-
och blockmedeltal samt M det vigda medeltalet f6r samtliga rutor (stormedel-
talet). # anger totala antalet rutor, / antalet linjer samt & antalet block.

Av den f6érda diskussionen (s. 316) och formel (11) eller (12) inses rent arit-
metiskt, att mojligheten till elimination av systematiska avvikelser pd grund
av rutornas beldgenhet i olika linjer och block blir stérre, om linjerna och
blocken sinsemellan dro ungefir lika langa, 4n om stor variation féreligger,
d. v. s. en mera regelbunden skogsfigur 4r gynnsam.

Vid berikningen av medelfelet enligt denna metod fér en skog med en myec-
ket oregelbunden figur, bor skogen dirfér uppdelas i mera regelbundna
delar, som felberdknas var for sig, varefter medelfelet f6r hela skogen (e,,)
erhalles enligt formeln: ’

P\ - (P,\? 2
ey = \/<f>812+<§)822+<%> '832"'1 """ (13)

dar P betecknar totala linjelingden for hela skogen och Py, P,... etc.
motsvarande lingder for delarna samt ¢, &,... etc. delarnas medelfel.

P4 grund av ovannidmnda férhallande har i formel (12) ndgon hinsyn ej
tagits fill linje- och blockmedeltalens (, och m,) olika vikt.

Ett kriterium pa att det férefinnes en systematisk gang i x,,-virdena
erhdlles, om medelfelet dessutom berdknas enligt féljande formel, dir beteck-
ningarna betyda detsamma, som i formel (12).

V " > ( uv)2 (xuv——']ll)2
&y = . > (Z ?m})z RERLIREERERLEEE (14)

Lamnar formel (14) ett storre medelfel dn formel (12), foreligger det en syste-
matisk gang i x,,-virdena, som i motsvarande grad eliminerats vid medel-
felsberskningen. I annat fall har antingen nagon systematisk tendens ej fore-
funnits, eller ocksd har till'ampningen av metoden ej formatt eliminera den-
samma. Ar skogens figur mycket oregelbunden och erfordras en stérre nog-
grannhet i medelfelsbestimningen, bor i detta fall en uppdelning av figuren
provas, sdvida man ej pd annat sitt, exv. genom grafiska upplidggningar
(jfr fig. T—6), kan styrka, att taxeringsmaterialet ej foreter ndgra markerade
fordelningstendenser. ' '

Medelfelet enligt ovan angivna formler avser populationen,
och dr saledes ett matt pad medelavvikelsen mellan upprepade taxeringar,
lika omfattande, som den aktuella taxeringen. Vill man ddremot betrakta
medelfelet som ett matt pd avvikelsen mellan taxeringsresultatet och den
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understkta storhetens verkliga virde, kan en uppskattning hirav erhéllas,

om medelfelsformlerna multipliceras med faktorn _IO_:C_;_O‘ (jfr CzuBER
1924), dir o ir taxeringsprocenten. Denna korrektionsfaktor har endast for
hogprocentiga taxeringar nagon praktisk betydelse.

Vi skola nagot berdra frigan om rutornas storlek och form. Ju mindre
rutorna goras, ju mindre blir i princip pé grund av det 6kade rutantalet medel-
felets relativa medelfel. En uppfattning hirom limnar sammanstillningen
4 s.305, dir # nu betyder antalet frihetsgrader. Litt inses dven, att den mindre
rutstorleken 6kar mdjligheten att eliminera de systematiska tendenserna.

Vid den praktiska tillimpningen blir emellertid rdknearbetet betungande
med alltfér stora rutantal, emedan det taxeringsresultat, som skall medel-
felsberdknas, madste utriknas fér varje ruta. Sirskilt ‘betriffande kubik-
massan ir detta arbetskrivande, varfér rutantalet bér noga avvigas mot
den onskade precisionen i medelfelsbestimningen. Hirvid kan det ofta vara
lampligt att sammanféra taxeringslinjerna i grupper sa, att exv. linjerna
niris 1—3 bilda férsta gruppen och n:ris 4—6 den andra etc. Rutorna komma
saledes att innehalla flera linjer. Antalet block eller linjegrupper bér dock
¢j understiga tre utan helst vara betydligt storre.

Betraffande arealbestdmningar tillkommer en annan synpunkt, nam-
ligen att rutorna ej fi tagas si sm4, att variationen blir alternativ, dd meto-
den ej bér anvindas (jfr LANGSAETER 1926, s. 18.). Man fir hir av detta skail
ndja sig med den noggrannhet, som erhalles med relativt stora rutor. Vid
den praktiska tillimpningen torde i regel samma rutor kunna anvindas fér
savil arealbestimningar som kubikmassor och tillvixt etc:, v11ket ur- arbets-
synpunkt ir en stor férdel. :

Med hénsyn till rutornas form inses litt, att dessa béra ha sin minsta ut-
strackning i den riktning, som den systematiska tendensen starkast gor sig
gillande. For undvikandet av alternativ variation vid arealbestimningar,
kan dock avsteg f4 géras fran denria regel. Vet man ingenting om ev. for-
delningstendenser i materialet, ligger det g1vetv1s ndra till hands, att gora
rutorna kvadratiska.

Av det foregaende torde ha framgatt, att den hiar utvecklade
metoden fér medelfelets hirledning innesluter stora méjligheter
att berdkna ett med hinsyn till sdvidl systematiska som till-
falliga fel tillforlitligt medelfel. F6r hirledningen av areal-
bestidmningars medelfel bér metoden i regel endast anvindas
vid taxering av stérre skogar.

I anslutning till den i det féregdende behandlade metoden for medelfelets
bestimning torde béra omnidmnas en annan berikningsmetod, som kan be-
traktas som en variant av metod C (jfr. s. 304). Metoden bygger pd
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samma block- och rutindelning som i det féregdende. Medelfelet berdknas
med ledning av differenserna mellan taxeringsresultaten frdn pa varandra
foljande rutor i samma block, varvid savil foérsta (formel 15) som andra
ordningens differenser (formel 16) kunna anvindas. Medelfelet f6r v:te blocket
(¢,) erhdlles enligt foljande formler (LINDEBERG 1923, LANGSATER 1927):

/ r—1

4 'Er(p"" + Dt 0)? (B — Fu+1)0)%

/
&, = \/ > 2 s sees e (IS)
2(r—1) (2 > pw>

r—1
7- 2 (?uv)z (x(u——z) v+ Xurn)o—2 xm})z
u=2

. (16)

v =

6 (r—2) ( éf,,,,)z

\U=

I dessa formler betecknar x,, taxeringsresultatet och p,, linjelingden f6r
den ruta, som ligger i linje # och block v, samt 7 antalet rutor (linjer) i v:te
blocket. Hirefter berdknas medelfelet fér hela skogen (g,,) i analogi med
formel (13) s. 318.

Av dessa formler 4r den férsta i princip fordelaktigare med avseende pa
det tillfilliga felet & medelfelet, emedan antalet differenser blir stérre, och
den senare med hinsyn till det systematiska felet. Foreligger en systematisk
ging 1 taxeringsresultaten ge bada formlerna f6r héga medelfel, och formel
(15) hogre virde 4n formel (16). Metoden formar ej borteliminera den genom-
snittliga tendensen fran ruta till ruta (jfr. s. 306).

Denna metod synes tillimplig, nar stérre noggrannhet efter-
strivas, och den férra huvudmetoden (formel 12) ej kan komma
till anvindning samt vid mindre fordrande berikningar, da
linjeantalet 4r f6r ringa f6r en direkt tillimpning av LANGSAETERS
formel (formel 2, s. 304). Betriffande rutornas storlek och form giller, vad

~som sagts under huvudmetoden.

Provytetaxering.

Den i det féregiende angivna metodiken for medelfelets harledning vid lin-
jetéxering gﬁllerﬁven fér den regelbundna provytetaxeringen. Harvid méta
inga sirskilda svirigheter. Provytetaxeringens resultat utriknas fér varje
ruta, varefter medelfelet erhdlles ur formel (12). For arealbestimningar synes

emellertid ej sillan en annan berikningsmetod vara att foredraga. Vi skola
- ndrmare diskutera denna metod.
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Vid den regelbundna provytetaxeringen gores i regel den enskilda provytan
relativt liten, for att den endast i undantagsfall skall behova férdelas pa olika
markslag eller andra arealbestimningar. Det pa sina hall tillimpade
forfaringssdttet att i sddana fall flytta ytan, sd att den endast
omfattar ett markslag, a4r ur statistisk synpunkt oriktigt och
bér ej komma till anvdndning. Under ovan nimnda férutsittningar
blir variationen i princip alternativ, d. v. s. antingen finns egenska-
pen & ytan, eller ocksa finns den ej. Det ligger d4 ndra till hands att soka hir-
leda arealbestimningarnas medelfel med stéd av den alternativa eller
homograda statistikens klassiska satser.

Sadana forsok ha gjorts av SCHUMACHER och BULL (1932) samt av Mub-
GETT och GEVORKIANTZ (1934). Harvid har principiellt hela taxeringen hin-
forts till ett visst urnschema, varvid de forra tillimpat BERNOULLIs och de
senare Po1ssonNs eller LEx1s schema (CHARLIER 193I). LANGSAETER har visat,
att férdelningen av olika markslag har samma tendenser, som vi hir funnit
hos kubikmassan (jfr. s. 315). Det ar for Gvrigt helt naturligt, att s& skall vara
fallet. En tillimpning av det enklaste urnschemat (BERNOULLIs) pi hela
taxeringsobjektet maste dirfoér betraktas som alltfér schematisk, vilket dven
framgatt av de ovanndmnda understkningarna. MUDGETTs och GEVORKIANTZS
anviandning av Poissons eller LEx1s teorem dr darfér en utveckling i ritt
riktning mot verklighetens komplexa urnschemata.

En ndrmare anpassning av berdkningsmetodiken till de faktiska férhal-
landena kan ske pa tva sitt. Antingen genom kombinationer av Poissons
och LeEx1s schemata eller ocksd genom uppdelning av taxeringen i mindre
enheter, for vilka BERNOULLIS schema approximativt ar tillimpligt. Jag har
1 anslutning till metodiken f6r hirledningen av kubikmassans medelfel valt
den senare vigen.

Vi atervinda till den i det féregdende (s. 316) anvinda indelningen av skogen
irutor. Dessa rutor betrakta vi som urnor med approximativt regelldst (slump-
vis) férdelade svarta och vita kulor. Kulorna utgéras av de provytor, vari
den enskilda rutan kan tinkas uppdelad. Hirvid betecknar exv. de svarta
kulorna det markslag, vars medelfel skall hirledas. Taxeringen av rutan sker
visserligen stringt systematiskt, emedan provytorna utliggas i ett visst for-
band. Men om arealens férdelning inom rutan ej visar nagra systematiska
tendenser, kunna vi approximativt betrakta provytetaxeringen som drag-
ningar ur en urna, varvid den for varje gdng dragna kulan ej ligges tillbaka i
urnan. Antalet dragningar motsvaras hirvid av antalet provytor, som vid
taxeringen utfalla i rutan. Under sidana férutsdttningar kan provytetaxe-
ringens medelfel {6r den enskilda rutan litt beriknas.

Lat NV beteckna totala antalet provytor, vari ¢:te rutan kan tinkas uppdelad
(rutans areal: provytans areal) och $; antalet vid taxeringen utfallande
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provytor i denna ruta, varav x; procent ligga pd det markslag, vars medelfel
skall bestimmas. Detta medelfel (¢;) erhalles da enligt féljande formel (Cra-

MER 1926):
(N — p5) x; (100 — x;)
& = B P S PUNPUP USRI I
\/(N — 1) i (x7)
100p; .. . : .
Men N = , dir a betyder taxeringsprocenten. Formel (17) kan déarfér
aven skrivas: ,
S P N o
I00p; — o

Pa detta sitt (formel 18) kan medelfelet beriknas fér varje ruta, varefter
medelfelet pa taxermgsresultatet for hela skogen (g,,) erhalles enligt

formeln:
\/< ) <¢> +<i>s) e, (%) &t (10)

ddr P anger totala antalet ytor (X4;) och # betecknar antalet rutor.

Faktornx pi uppgar ofta till s& obetydliga virden, att den kan for-

summas. Harv1d far formel (19) féljande enkla form:

\/_E pixi (100 — %;) »
&y = =1 (P)2 ................ (20}

Den ovan angivna metoden fér hirledningen av medelfelet
pa arealbestimningar 4r féga arbetskrivande och synes ej
sallan kunna ersidtta huvudmetoden (formel 12). Forutsitt-
ningen harfoér d4r, att det ej férekommer ndgon mera markerad,
systematisk tendens inom rutorna. Denna risk minskas givetvis ju
mindre rutorna goras, men & andra sidan bér inom rutan provyteantalet
for det arealslag, vars medelfel skall beriknas, ej vara alltfér ringa (jfr
YULE 193%).

Kar. II. METODIKENS TILLAMPNING VID LINJE-
' TAXERING.

Jag har, som tidigare nimnts (s. 301), anvint den hir utvecklade metoden
fér medelfelets berdkning vid viss ﬁtredning for riksskogstaxeringsnamndens
rakning. Vi skola i det féljande diskutera ndgra ur metodsynpunkt intres-
santare resultat frdn denna undersékning.
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Materialet utgores av den forra riksskogstaxeringen av Visternorrlands och
Norrbottens 14n samt Ljungans flodomrade. Taxeringsmetoden var som be-
kant linjetaxering med en mils linjeavstdnd i Vasternorrlands 14n och Ljungans
flodomrade samt tv4 mils avstdnd i Norrbottens lin. Baltesbredden utgjorde
10 m. Den utférda bearbetningen begrinsades till att gilla medelfelet & kubik-
massan inom bark med hansyn till grundytans osidkerhet, varvid kubikmassan

1 rutorna beriknades med hjilp av for taxeringsomrddet genomsnittliga
kuberingstal i de olika diameterklasserna. I tab. 2z limnas nagra uppgifter
foér att ur taxatorisk synpunkt karakterisera materialet. '

Tab. z. Areal- och kukikmasseuppgifter fér taxeringsomridena.
Area and cubic volume of the survey districts.

4 Linje-
I-?érﬁv av]- T o 3 Kubikmassa i tusental m?
LaI;d- T111]er:310f stand g g § g Volume in thousands of cubic metres
Di-
Taxeringsomrade areal | Jbove | stances 9 § = ~;
Sutvey district Land the !between b E = I5— 25— 35—
. area | comi- the ¥ oEie &
ferous | survey [2 1] é’ ]
tl;{lber lines Z| Tall |Gran | Tall | Gran| Tall | Gran
km? klrrrl; km Jm? Pine |Spruce| Pine |Spruce| Pine |Spruce
Norrbottens lappmark. ...|72 232| 34 646 20 |19,15|225 (41 ‘679 24 488|22 941|10 596| 6 367| 2 895
Norrbottens kustland ....[26 428 — 20 | 12,34| 162 |34 130[16 260(13 049| 4 42I| 1 952 607
Viasternorrlands lan .24 128 — 10 | 23,94| 291 |24 80137 527|111 324| 9 716| 2 446| 1 280
Ljungans flodomrade : .
Vasternorrlandsdelen...| 5388 — 10 5,01| 74| 6700 9697| 3150 2823] 780 465
Ljungans flodomrade:
Jamtlandsdelen ........ 7 433; I 295| 10 6,02/ 89| 9302| 9869| 4501| 3037 061 384
Hela I.jungans flodomrade|12 821 1295 10 |1II,03]|163 |16 002|19 566| 7651 5860| I 741| 849

Vid medelfelets berdkning enligt formel (12) bér lampligen anvindas ett
rikneschema av den form, som framgar av tab. 3. Denna tabell utgér endast
ett brottstycke, omfattande tre taxeringslinjer, ur en av de utférda medel-
felsberdkningarna.

Medelfelet har berdknats for tall och gran skilda 4t samt dimensionsgrup-
perna: 15 cm vid brésthéjd och daréver, 25 cm och ddréver, 35 cm och diréver.
Fér Visternorrlands lin och Ljungans flodomride giller medelfelet kubik-
massan per hektar landareal samt fér Norrbotten kubikmassan per hektar
landareal exklusive indgor. Resultaten av berikningarna #ro sammanférda
i tab. 4, s. 326.

Formel (14) har genomgdende limnat hégre medelfel 4n formel
(12). I genomsnitt uppgar medelfelet enligt formel (14) f6r de
olika dimensionsgrupperna till resp. 116, 112 och 109 procent av
medelfelet enligt formel (12). Detta visar, att systematiska tendenser
férelegat i materialet och i motsvarande grad eliminerats vid medelfelets berik-
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Tab. 3. Rikneschema
Calculating-scheme
# = (m%ha) - 100;  p = linjelangd
length of line
Linje nir 1 Linje nir 2
Line no. ILine no.
Bl M= PE—
Block x—mv + x—moy +
no P % | px |%—my | M—mu| pw | (pw)? P x px | x—my | M—mu| pw | (puw)?
* = w £33 skekk * = W k% kg
1| 2800|2010 563— 114|— 158|— 44 194 i400 2 351 329|+ 227/+ 33|+ 5 3
2 | 9990| 2 122| 2 120|— 515|— 559|— 558| 31 136 9745|3639 3546+ I 0oz2|+ 808|+787| 61937
3 |10 000| 3 148| 3 148|+1 688|+ I 644|+1 644|270 274|| 8 840| 759 671|— 01| — 895 [—791| 62 568
4 | 9800 996 976|— 2|—  46|— 45 203/ 9795|1155 I131|+ 157— 37|— 36| 130
5| 8915 632 563]— 28— 72/— 64 4I0| 9915 477 473|— 183|— 377 |—374|13983
6 | 8930 336 300— 248|— 292— 261| 6812| 9405 644 606|+4 60| — 134 |—I26| I 588
7 | 9330, 696| 649|— 25— 69|— 64|  4I0| 6400| 895/  573|+ 1I74/— 20|— I3 17
8 | 9990| 518 517|— 932|— 976|— 975| 95063| 9960|2276| 2267|+ 826/ -+ 632 |+629|39 564
9 | 9830 679 667+ 13— 3I|— 30 90l 9240| 4062\  427— 204|— 398 |—368| 13 542
| — | —| —| — - — — |l 731511363 997|+ 118 — 76|— 56| 314
21795851 — | 9503 82015 — |11 020
Medeltal | 1 194 I 344
Average | "u mu
Sifferreduktioner : * px-o0,000I
Digitreductions ** pw-+ 0,000

**% (pw - 0,0001)%+ 0,1

ning enligt formel (12) (jfr. s. 318). P4 grund av det stora rutantalet (tab. 2) 4ro
medelfelen enligt formlerna (12) och (14) hirledda med en betydande sikerhet.

For Norrbottens och Visternorrlands 14n har en jamférelse gjorts mellan
LANGSAETERs formel (formel 2 s. 304) och formel (12). De enskilda medelfelen
enligt LANGSAETERs formel dro med hdnsyn till det ringa linjeantalet behif-
tade med avsevirda medelfel. Vi kunna dirf6ér endast diskutera den genom-
snittliga tendensen fér hela jimférelsematerialet. Tab. 5 visar, att

‘medelfelet enligt LANGSAETERs formel i genomsnitt &4r 114 pro-

cent av det enligt formel (12) berdknade medelfelet.

Av fig. T—7 och tab. 4 framgir, att systematiska tendenser férefinnas
i materialet. Under siddana foérhallanden har tidigare visats (jfr. s. 306),
att LANGSAETERs formel ger f6r hogt resultat. Enligt andra erfarenheter
(Riksskogstaxeringsnimnden 1932, OSTLIND 1932, Landsskogtakseringen 1938),
skulle denna &verskattning i genomsnitt uppgd till o a 20 procent, vilket
ganska vil motsvarar den hir funna skillnaden mellan LANGSAETERs formel och
formel (12). Den hir framlagda metoden synes sidledes mé6jliggdra en
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im; n=28;, [l=3; b=10
in m.
Lm]'e nr 3 Summa, och medeltal
- Line no. M — my = + 305 Sum and average
x¥—my +
P % px x—my | M—my pw (pw)? > px > 2 My > (pw)?
* = w *k eokok

— —_ — — —_ —_ — 892 4 200 2 124 197

2 045 383 78 | —2254| —I949 | — 399 | 150920 5744 21 780 2 637 108 993
9750 364 355 |—1096| — 79I | — 771 | 59 444 4174 28 590 I 460 392 286
9945 845 840 | — 153| + 152 | 4+ 151 2 280 2 947 29 540 998 2 613
9 700 874 848 | + 214| 4+ 519 | 4+ 503 | 25301 1 884 28 530 660 39 699
9 540 757 722 |+ 173| + 478 | + 456 | 20794 | 1628 | 27875 584 29 194
9530 629 599 |— 92| + 213 | + 203 4 121 I 821 25 260 721 4 548
9 960 1559 1553 |+ 109 4+ 414 | 4+ 412 | 16974 || 4337 | 299I0 | I450 | I5I60I
I 900 I 590 302 |+ 924| + 1229 | 4+ 234 5476 1396 20 970 © 666 19 108
I 450 645 94 |[— 600 — 295 | — 43 185 || 1091 8765 | 1245 499
63 820 _ 5391 25914 |225 420 - 748 738

845 ’ I 150
My M
\/ 28 748 738 - (10)°
&y = .
(27—2—9) (225 420)*

€y = 160,6 eller i % av M =14,0

noggrann uppskattning av medelfelet, 4ven nir systematiska
férdelningstendenser féreligga i taxeringsmaterialet.

Relativa medelfelet; da taxeringslinjerna omfatta 100 ha land (e, 4a),
kan betraktas som ett jimférelsemdtt pd variationen och dirmed ocksi
pa taxeringssvarigheten. I fig. 8 har detta medelfel upplagts grafiskt Gver
kubikmassan per ha. Hirav framgar, att medelfelet sjunker med sti-
gande kubikmassa, vilket dven andra undersSkningar visa (jfr LaNG-
SAETER 1932, OSTLIND 1932). Vidare synes, att granen i Norrbotten utgér
en fran de 6vriga grupperna skild variationstyp (population) med storre taxe-
ringssvarighet. Av HESSELMANs karta (HESSELMAN 1935) framgar ocksi, att
granen har en mycket oregelbunden férekomst i Norrbotten. De noggranna
medelfelsbestimningarna i tab. 4 (formel 12) utgéra ett empiriskt material
av betydande virde. En mera taxatoriskt betonad diskussion av det-
samma har dock ansetts falla utom ramen fér denna uppsats.
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Tab. 4. Medelfelet & kubikmassan per hektar
The standard error of cubic volume per hectare

Dimensions-
Diameter-
I5—
Medelfel i procent
Standard error in percentage
Taxeringsomrade Tradslag Kol. 4 .
o X . o Kubik-
Survey district Tree species |3 taxeringsresultatet VI.d tax- i% massa
enligt ering av av h
per ha
The actual survey |10Ohektar| kol. 3 Cubic
accord. to enligt for- 901.04. volume
mel 12 in fﬁ per
Surveying cocl’ 5 hectare
formel 12 | formel 14 |100 hectares :
formula 12 | formula 14 | 3ccord. to
formula 12
I 2 3 4 5 6 7
Tall 4,15 5,34 18,2 129 10,58
Norrbottens 1 k Pine
orrbottens lappmark................ Gran 5,54 6,07 24,3 1o 6,15
Spruce
Tall 3,28 4,21 II1,5 128 13,77
Norrbottens kustland | T
orrbottens kustland ................ Gran 7,28 7,60 25,6 106 6,55
Spruce
Tall 3,17 3,63 15,5 115 10,32
Vasternorrlands 13 ' Fine
sternorrlands lan................ .. Gran 2,65 3,08 13,0 116 15,64
Spruce .
Tall 5,31 6,53 II,9 123 13,20
Ljungans flodomrade: Visternorrlans- Pine
delen ... i i Gran 5,41 5,97 12,1 I10 18,07
Spruce
Tall 5,73 5,77 14,1 101 13,35
Pine
Ljungans flodomrade: amtlandsdelen
jung J Gran 5,99 7,46 14,7 125 14,31
Spruce )
Tall 3,96 — 13,2 —_ 13,28
Hela Lj flodomrad - Pine
ela Ljungans flodomrade............ Gran 4,02 . £3.4 . 16,02
Spruce
Medeltal — — — — 116 —
Average
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med hidnsyn till grundytans osdkerhet.
accord. to uncertainly of the basal area.
grupp
class
25— 35—
Medelfel i procent Medelfel i procent
Standard error in percentage . Standard error in percentage
. 2 o | %9 | Kubik- ‘ @ o | o | Kubike
4 taxeringsresultatet | V14 tax- i% massa || taxeringsresultatet | Vid tax- 17 massa
enligt ering av av per ha enligt ering av av per ha
The actual survey 100 hektar| kol. 8 Cubic The actual survey 100 hektar| kol. 13 Cubic
accord. to enligt for- Col. ¢ volume accord. to enligt for-| col 4 volume
mel 12 in f% per mel 12 mofA, per
O!
Surveying hectare Surveying hectare
formel 12 | formel 14 |1oo hectares|  °" & formel 12 | formel 14 |roo hectares| O 3
formula 12 |formula 14 | 2ccord. to formula 12 | formula 14 | 2ccord. to
formula 12 formula 12
8 9 10 II 12. 13 14 15 16 17
4,41 5,46 19,3 124 5,81 6,77 7,04 29,6 104 1,61
7,06 7,46 30,9 106 2,67 8,95 9,82 39,2 I10 0,73
5,55 6,17 19,5 ITI 5,27 8,92 10,78 31,4 121 0,79
11,55 12,10 40,6 105 1,79 17,63 18,00 61,9 102 0,25
4,29 4,74 21,0 110 4,71 6,80 7,43 33,3 109 1,02
4,15 4,62 20,3 111 4,04 7,72 8,29 37,8 107 0,53
7,18 8,34 16,1 116 6,24 9,75 12,05 21,8 124 1,54
9,22 9,58 20,6 104 5,06 14,30 15,38 32,0 108 0,82
7,16 7,22 17,6 I01 6,47 12,14 12,12 29,8 100 1,37
8,27 II,01 20,3 133 4,24 14,60 16,65 35,8 114 0,55
5,10 — 16,9 —_ 6,37 7,83 —_ 26,0 —_ 1,45
6,19 —_ 20,6 - 4,61 10,30 —_ 34,2 — 0,67
— — —_ 112 — — — — 110 —_
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Tab. 5. JamfSrelse mellan enligt formel (2) och enligt formel (12) beriknade medelfel.
Comparison between standard error computed accord. to formula (2) and formula (12).

Antal Medelfel i pro- | Kol. 6
Number of Di cent enligt i9%
. Trad- MRS | Standard error in av
Taxeringsomrade tax- slag SIONS- | percentage accord. to
Survey district inos- grupp kol. 7
?lpr}g S| rutor s;;‘:izs Diam.- Col. 6
Sul:i :; squares class | formel 2 |formel 12 nzf%
lines formula 2 |formula 12| col. 7
T 2 3 4 5 6 7 8
Tall I5— 3,77 4,15 91
Pine 25— 5,84 4,41 I32
35— 8,68 6,77 128
Norrbottens lappmark)| 11 225
. Gran 15— 5,11 5,54 92
Spruce 25— 5,81 7,06 82
35— 8,44 8,95 94
Tall 15— 5,43 3,28 166
Pine 25— 7585 5,55 I4X
35— 13,34 8,92 150
Norrbottens kustland,| 12 162
Gran 15— 8,96 7,28 123
Spruce 25— 12,57 11,55 109
35— 23,03 17,63 131
Tall 15— 3,19 3,17 10T
Line 25— 3,34 4,29 78
35— 6,77 6,80 100
Vasternorrlands lan .. 27 291
Gran 15— 3,19 2,65 120
Spruce 25— 4,37 4,15 105
° 35— 8,77 7,72 114
Medeltal - — 114
Average

Kar.IV. OM VALET AV METOD FOR MEDELFELETS
HARLEDNING.

Vid valet av metod f6r medelfelets hirledning giller den allmédnna regeln
att anpassa metoden efter det foreliggande behovet. I vissa fall 4r det néd-
vandigt att arbeta med den stdrsta noggrannhet, som kan &stadkommas,
i andra fall dro enklare metoder fullt tillfredsstillande, varfér de for kost-
nadernas nedbringande béra dga féretride.

Det 4r givetvis oméjligt att ange nagra generella regler, nir den ena eller
andra metoden bor anvidndas. Detta beror dels pa det behov, medelfelsberak-
ningen skall tillfredsstilla, dels p& taxeringsmaterialets inre struktur. Vi
kunna dirfor endast anligga ndgra allminna synpunkter pa frigan. Harvid
behandla vi linje- och provytetaxeringen var fér sig.
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Fig. 8. Sambandet mellan relativa medelfelet (€, p,), da taxeringslinjerna omfatta

100 hektar, och kubikmassan per ha. Tviarstrecken pa kurvorna avskilja de
olika dimensionsgrupperna.

Relation between the relative standard error, when the survey lines contain roo hectares (s140 hg)
and cubic volume per hectare. The cross-lines on the curves separate the different diameter-classes.

Linjetaxering. Erfordras stérre precision i medelfelsbestimningen, bor
den i det féregdende utvecklade huvudmetoden (formel 12, s. 317) komma till an-
vindning,om systematiska tendenser med avseende pa taxeringsobjektets
fordelning foérefinnas. Detta torde ofta vara fallet. Saknas sddana tendenser,
eller 4ro de mindre utpriglade, kan LANGSAETERs formel (formel 2, s. 304)
tillimpas, sdvida ej linjeantalet 4r ringa, d4 den hir angivna varianten av
den linjevisa differensmetoden (formlerna 15 och 16, s. 320) bor tillgripas.
Erfordras ej ndgon stérre precision i medelfelsbestimningen, kunna som all-
minna berikningsmetoder anvindas de sistnimnda, mindre arbetskri-
vande formlerna (2, 15 och 16). Harvid erhalles systematiskt ett f6r hogt
medelfel, om tendenser féreligga i taxeringsmaterialet.

Provytetaxering. Med undantag for arealbestimningar gilla samma
regler som for linjetaxeringen. Vid berikningen av medelfelet 4 arealupp-
gifter torde, om den enskilda provytan ir sa liten, att variationen blir alter-
nativ, den i det féregdende hirledda specialmetoden ej sillan vara att
foredraga (jfr. s. 322).

Under diskussionen av metodiken vid medelfelets hirledning har det fram-
gétt, att vi med de metoder, vilka f. n. std oss till buds, ej alltid kunna berikna
ett medelfel, som har nagot verkligt virde f6r den aktuella fragestdllningen.
Taxeringsmaterialet kan vara av f6r ringa omfattning eller i andra avseenden
sd extremt, att de grundliggande forutsittningar, varpid metoderna vila, €j
foreligga i tillricklig grad. I sidana fall bora vi givetvis avsta ifrdn medel-
felsberakningen och séka beddéma taxeringens tillf6rlitlighet med stéd av
andra indicier.
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Kar. V. SAMMANFATTNING.

Vid sannolikhetskalkylens tillimpning pd praktiska fragestillningar &r
det ofta svart att bevisa tillimpningens berdttigande. Sannolikhetskalky-
len i har avsedd bemirkelse vilar pa rent matematisk grund och bygger séle-
des pd vissa bestimda férutsdttningar, som endast med stérre -eller
mindre approximation kunna &terfinnas i ett konkret material. Graden av
approximation blir avgérande fér kalkylens virde. For sannolikhetskalky-
lens praktiska anvindning dr det siledes av visentlig betydelse, att tillimp-
ningsmetoder utvecklas, som ej bygga pd ndgra speciella férutsittningar
utan endast pd mera allmingiltiga sidana. Varje framtringande mot detta
mal maste betraktas som ett framsteg.

Avsikten med denna uppsats har varit att limna ett bidrag t111 en sadan

. utveckling av metodiken fér medelfelets hirledning vid linje- och provyte-
taxering. Den hir framlagda huvudmetoden (formel 12, s. 317) innebar
ett nytt grepp p4 denna frdga och giller i princip 4ven om
éystematiska tendenser féreligga med avseende pa taxerings-
objektets foérdelning, vilket 4r ett ofta féorekommande fall.

Metoden har anvints av mig fér berédkningen av medelfelet & virkesforradet
vid den forra rlksskogstaxermgen av Visternorrlands och Norrbottens lin
samt Ljungans flodomrade (tab. 4, s. 326). Denna bearbetning utgor ett
empiriskt material av betydande virde fér b'elysandet av linje-
taxeringens noggrannhet. Undersskningen har dock hir endast utnytt-
jats i syfte att jamfora olika metoder fér medelfelets hirledning, under det
att en mera taxatoriskt betonad diskussion av detsamma ansetts falla utom
ramen f6r denna uppsats

Fér hirledning av medelfelet a arealbestamnlngar vid provyte-
taxerlng har dessutom utvecklats en specialmetod (s. 322). Metoden
ar foga arbetskriavande och synes e€j sillan vara anvindbar.
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RESUME.

On computing the standard error in line and sample plot
surveying.

Introduction.

Since the Viarmlandian survey has proved the application and suitability of
the probability-computation for determining the degree of accuracy in an objective
survey (the Commission for an experimental survey etc., 1914), several methods
have been suggested for computing the.standard error in a survey. Reliable
methods of calculation of this kind are an important condition for planning our
forest surveys on rational lines. The methods proposed have previously been sub-
jected to critical scrutiny (LINDEBERG 1923, 1926, LANGSAETER 1926, 1927, 1932,
NAsLUND 1930), which revealed, inter alia, the fact that it was highly necessary
to develop the methodics of the subject still further. The object here is to make
a contribution to this question, which has become an increasingly urgent one in
conjunction with the renewal of the national forest surveys in the Northern
Countries. -

The method proposed in the following article of computing the standard error
has been employed by me in certain inquiries made on behalf of The National
Forest Survey Commission of 1937.

The most recent development of the methods of computing the
standard error.

‘We shall here merely confine ourselves to the development which the question
under discussion has undergone since I last dealt with the subject (NASLUND 1930).

LANGSAETER has carried out a far-reaching investigation, the aim of which was
by compiling empirical survey material to contribute towards solving the question
of what degree of accuracy is attained in the linesurveying of forests of various
size and composition (evenness) with the use of different survey percentages
(LANGSAETER 1932). In this paper LANGSAETER again discusses at length the
methodics of computing the standard error.

In the theoretical section of his paper LANGSAETER gives, among other things,
a new formula for calculating the standard error (LANGSAETER 1932, P. 461,
formula 21). This formula contains differences of the second order in the observed
quantity for distances between the lines right down to 10 m. The formula cannot
be used without a process of extrapolation, and there is no definitly known func-
tion in support of this extrapolation. The method is therefore, as LANGSAETER
himself points out, only of a certain theoretical interest.

In making a general trial of the most common formulae for calculating the
mean error, LANGSAETER discusses, among others, a method suggested by me
(cf. NASLUND 1930, p. 330, method D: 2). When employing it LANGSAETER uses,
in part, a method of procedure different from the one given by me. His procedure
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is not in accord with the original train of thought on which my method is based.
I shall therefore dwell on this point briefly here.

In prmmple the purpose of smoothing out the mean difference is merely to
eliminate the average effect of any systematic tendency there might be from
line to line in the actual survey. No other meaning has been given to the extra-
polation of the difference-curve to zero. As the basis of the smoothing out process,
therefore, we shall only take those mean differences which may arise from lines
included in the survey.

‘When for very low-percentage surveys LANGSAETER calculates the mean differ-
ence of the actual survey with the guidance of the mean differences for 1o and 20
m line distances, this implies in principle something quite different and indicates
an erroneous interpretation of the theoretical grounds on which the- method is
based (LANGSAETER 1932, P. 483). For certain comparisons I have calculated
(NAsLuND 1930, tab. 11, p. 335) the 5 and 2 % 9, surveys’ standard error on the
basis of the 10 9, survey’s mean difference. This is however not an application
of the method but a process of approximation resorted to for lack of other means,
and has the character of a relatively moderate extrapolation.

LANGSAEBTER further shows that under certain conditions my method gives
the same results as his method C: 2 (cf. LANGSAETER 1932, p. 471I), which has the
advantage of requiring less labour. We need only add 'the observation that this
presupposes, inter alia, a smoothing-out of the mean-difference curve with the
aid of only 2 points, which of course was not the intention (cf. NASLuND 1930,
p. 332, fig. 6).

The method discussed above has been proposed by me in connection with an
examination of the methodics used in computing the standard error and was then
explanatory and of mainly theoretical interest. However, it has a limited practical
utility, as I have pointed out previously (NASLUND 1930, p. 330), so that it is not
necessary to dwell on that point here.

In Sweden, OstLiND has carried out a comprehensive investigation on behalf
of the Royal Board of Domains with the same object in view as LANGSAETER’S
above-mentioned enquiry (OsTLIND 1932). OsTLIND discusses here the theory
of computing the standard error in line surveying and deduces a formula for the
standard error, which formula may be regarding as a modification or variant of
LaNGsAETER’s formula based on differences of the second order (LANGSAETER
1926, 1927 and 1930).

In the U.S. A. an opportumty has been afforded by the regular sample
plot survey to make a close study of the object aimed at here (SCHUMACHER
and BULL 1932, MUDGETT and GEVORKIANTZ 1934). For this purpose the question
of computing the standard error has been discussed in conjunction with the
theorem of BerNoULLIS, PoissoN and Lex1, to which we shall revert in p. 34I.
In the following pages we shall call the regular sample plot survey merely the
sample plot survey, meaning thereby a survey consisting of a number of fairly
small sample plots in a certain regular formation.

The above observations cover the most important known works which have
. been published since 1930 and deal with the question of the methodics used in
computing the standard error in regular line and sample plot surveying. It will
have been gathered that for calculating the standard error in an actual line survev
we still have to take recourse to those methods which were employed when I
dealt with this subject in my former paper, to which the reader is referred in order

24. Meddel. fran Statens Skogsforséksanstalt. Hifte 31.
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to avoid unnecessary repetition (NASLUND 1930). On the other hand, our experiences
in regard to the accuracy of the line survey have become greatly widened as a
result of the considerable amount of work expended on compiling empirical survey
material (LANGSAETER 1932, OSTLIND 1932, The National Fovest Survey Commis-
sion 1932).

General ‘views on the question of method.

Of the methods proposed there are principally two that in Sweden have been in
practical use for calculating the standard error in an actual survey. In my previous
paper on the subject these methods were denoted by method A. and method C.
respectively (NASLUND 1930), and these letters will serve the same purpose in the
following discussion.

Method A. The survey lines or parts thereof are divided into groups (partial
surveys), after which the standard error (gj) is calculated according to the formula
(1), p. 304, in which #; denotes the survey results of the ¢-th group, p; its total
length of line and # the number of groups.

Method C. The standard error is calculated with the aid of differences
between the survey results derived from succeeding survey lines. Standard error
formulae according to this principle are given by OsTLIND—HAGSTROM (1922),
LINDEBERG (1923, 1926) and LANGSAETER (1924, 1932). For this purpose LANG-
SAETER’s formula based on differences of the second order has often been prefer-
red (LANGSAETER 1932, method C:2). The standard error is then obtained by
means of the following (2), p. 304, in which x; is the result survey and p; the
surveyed length for the ¢-th survey line, where ¢ indicates the sequence of the
lines. #» denotes the number of survey lines.

Sometimes a combination of these methods has been used, the lines being
first divided into groups and formula (2) being then applied to the group results.
Taking these methods as our background we shall discuss in detail the problem
as it now presents itself.

The calculated standard errors are in their turn liable to standard errors owing
to the limited number of variants (partial surveys, survey lines, as the case may be).

By employing method A and formula (1) the standard error in the stan-
dard error can be obtained from formula (3) p. 304 where % is the number of
groups. Formula (3) assumes that the deviations (#;—IM) are distributed in accord-
ance with the normal function of probability (HELMERT 1924, p. 75). The
relative standard error in the standard error (ssM) by using different numbers
of groups (x) will be seen from the table on p. 305.

The uncertainty in the calculated standard errors is considerable-in the case
of those numbers of groups which have hitherto been customarily used (8—20).
If, then, the standard error is to be calculated for an individual survey, it must
be divided up into a relatively large number of partial surveys (groups). This
brings us to a serious limitation inherent in method A.

In dividing up the survey into a considerable number of groups there is often
the risk, provided the number of lines is not very large, ofa systematic variation
(tendency) appearing in the group results (cf. LANGSAETER 1926, NASLUND 1930). .
Under such circumstances formula (1) produces too high standard errors. Conse-
quently the reduction of the accidental error is made at the cost of an increased
risk of a systematic error.
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The systematic error can however be reduced by applying formula (2) to the
partial surveys, but the influence of the systematic variation from group to group
is always present. Nevertheless the risk of a systematic variation, as mentioned
above, is far less if the survey lines are divided up into partial sections, which are
combined according to a certain system (cf. NASLUND 1930, method A: 2, p. 321).
Apart from the above-mentioned risk of a systematically too high standard error,
the method is also unsatisfactory from another point of view.

A common feature of method A is that the standard error (gz;) of the actual
survey is calculated from the standard deviation of the partial surveys. Such an
extrapolation is invariably fraught with difficulties and must be regarded
as a weakness in the method. We shall revert to this point later on.

Method C has apparently arisen out of the necessity, when applying method A,
for dividing up the actual survey into a number of partial surveys; for not infre-
quently the lines included in a survey are so few in number that one cannot even
divide them up into a smaller number of partial surveys.

In respect of method C and formula (2) the relative standard error in the standard
error if the line-number is about 10 and over can be approximately estimated at
the same size as in respect of method A and formula (1), #» now meaning the number
of survey lines. Frequently, therefore, method C produces a standard error which,
if account is taken of the accidental error, is relatively certain (cf. p. 305). In
surveying small forest areas, however, one must be able to divide up the survey
lines into smaller units (cf. p. 340). However, the method possesses a further
weakness.

It is generally possible to trace a systematic variation in the survey results of
the individual lines (LANGSAETER 1926, NASLUND 1930, OSTLIND 1932; cf. also
figs. 1—6, p. 308). Under such circumstances formula (2) produces too high a
result because the systematic tendency from line to line is not eliminated. Ac-
cording to OSTLIND, in regard to the cubic volume per hectare offorestland, formula
(2) should yield on an average about 20 %, for large standard errors (The National
Forest Survey Commission 1932, OSTLIND 1932). LANGSAETER estimates this
systematic error at ro—20 9, (The Norwegian Forest Survey 1938).

The discussion so far will no- doubt have brought out the fact that in our search
for a suitable method of computing the standard error we must make it an essential
condition that we shall be able, if necessary, to reduce not only the systematic
but also the accidental error of the standard error as far as possible.

Theory and Methodics.
Line suvveying.

The difficulties associated with the calculation of the standard error in a regular
line or sample plot survey are chiefly due to the fact that the survey lines are laid
out systematically and not taken at random. When the direction of the line, the
survey percentage and the position of the first survey line have been decided upon,
the position of the other survey lines is indicated. The object of laying out the
lines systematically is obviously to enhance the certainty of the results of the
survey; and OsTLIND’s abovementioned investigation clearly shows that it does
so (OSTLIND 1932, P. 45I).

24%
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It has previously been pointed out that the result of the survey often va-
ries systematically from line to line (cf. p. 334), and we propose here to take a
few examples and make a detailed analysis of the structure of the survey. We
have chosen for this purpose the earlier national forest survey of the provinces
of Vasternorrland and Norrbotten, which represent different degrees of difficulty
from the survey point of view.

In the national forest survey the survey lines have been divided up into 2-kilo-
metre stretches (sections). The method of dividing them up is as follows: stretches
having the same 2-km numbers form a field perpendicularly to the line-direction
(block). In the following account the 2-km stretches are combined into ro-km
stretches. We shall introduce here the term »survey blocks», or simply sblocks»,
for 1o-km stretches bearing the same numbers.

The cubic volume per hectare of land area has been worked out for every line
and block within the two provinces, Norrbotten being divided up into »Kustland»
(coast district) and »Lappmark» (lapp district). Records have been taken of the cubic
volume of pine and spruce and of the diameter-groups: 15 cm at breast height
and over, 25 cm and over, and finally 35 cm and over. In figs. 1—6 the cubic
volume per hectare has been expressed in graphs, the line-, respectively the
block-number being taken as independent variables (p. 308—313).

The figures clearly demonstrate that in respect of both lines
and blocks a marked systematic variation is often observable in
the survey results. Not infrequently this tendency is strongly emphasized.
A contributory factor is, of course, the cubic volumes of the pine and of the spruce
being given separately, this being justified by the fact that it is necessary to be
able to judge of the degree of certainty in these estimates each severally.

LANGSAETER has shown the existence of the same tendencies in regard to area
determinations (LANGSAETER 1926).

As far as the »Lappmark» of Norrbotten province is concerned, the distribution
shown in fig. 7 p. 314 of the cubic volume of spruce in diameter-group 15 cm and
over has been further illustrated with the aid of the survey results taken from the
10-km stretches. It is clear from the figure that the cubic volume is in a
certain degree a function of the distances to two coordinate axes.
Manifestly, when working out the method of calculating the standard error, due
account must be taken of the existence of tendencies of distribution which are
illustrated here.

Before passing on to discussing the theory of standard error calculation we
shall dwell a little on those methods which are based on the idea of combining the
survey lines or parts thereof into groups (cf. NASLUND 1930, method A: 1 & 2).

Let us assume that the line survey that has been carried out is a 10 9%, survey
-and that it is divided up into 10 groups, each comprising a 1 %, survey. The standard
error calculated by this method is then approximately the correct standard error
for that survey which is obtained if, out of the 100 possible 1 % surveys of the
forest, we pick out at random 10, and form of them a 10 9 survey (cf. LANGSAETER
1932, P. 446). It is however not this standard error we want to ascertain, but the
standard error in the systematically laid-out ten-percentage line survey.

The idea of systematically laying-out the survey lines is in order that each line
or part thereof (e. g. 10-km. stretch) shall represent that parcel of the forest which
lies within half the line-distance on either side of the line (the partial stretch).
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If we knew the result (#;) of a total survey in respect of each one of these parcels
the standard error of the line survey (gj) would be obtained by means of the for-
mulae:

where x; is the result for the ¢-th line or partial stretch and » is the number of
lines or partical stretches, all of which are assumed to be of equal length.

Now, we do not know #;, but must substitute for this quantity an approximate
value. In our future discussion we shall imagine the lines to be divided up into
partial stretches in the manmner previously indicated, with the result that the
line survey will be converted into a quadratic or rectangular system of squares
(cf. fig. 7). At the same time we introduce the terms x,, and x,, by which we
shall denote respectively the true and the surveyed value of the quantity under
investigation in respect of that square which lies in line # and block v.

We have shown in the foregoing that e. g. the cubic volume in respect of a
square may be regarded roughly as a function of the position of the plot. The
simplest assumption we can make regarding this association is that the investigated
quantity of a square may be considered as the sum of three quantites: 1) one part
a which is the same for all squares, 2) one part f3,, which is constant for each line,
and 3) one part y,, which is constant for each block. For this purpose 8, and y,
aré chosen in such a way that the sum of all the f§ values is equal to o, as is also
the sum of all the ¢ values. On these hypotheses, the cubic volume of a given
square works out at: ¥,, = a + B, + y,. The problem is how to get from the
survey material the best values of a, §, and y,. This is clearly obtained if we make
a=M, B, =m,— M, y, = m,— M, where M denotes the average for all the
squares, m,, the average for the line #, and wm, the average for the block v. From
this we obtain:

and consequently the difference between the surveyed and the true value of the
quantity investigated: x,, — m, — m, 4+ M; further, the sum of the squared
deviations: :

> (Fuog—Hy)2 =2 (Hyy— oy —my +M)% .o (9)
u,v u,

<

This sum of the squared deviations is thus equal to the individual squares’
deviations from the »great mean» (M) after they have been corrected for the
systematic deviations that originate in the different lines and blocks.

The problem confronting us here is analogous to the need, when carrying out
field experiments in the sphere of agricultural research, to be able to eliminate
the effect of differences in the fertility of the soil. The trend of thought developed
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in the above discussion has, moreover, common points of contact with the mode
of thinking employed in agricultural research (cf. BACHER 1933). The derivative
expression for the sum of the squared deviations (equ. 9) is identically the
same as »the sum of the squares of the errors» in the application of FISCHER’S
analysis of variation in agricultural experiments. For the theory and technical
carrying-out of the analysis of variation the reader is referred to FiscHER’s book
»Statistical Methods for veseavch workersy (1932).

To return to equation 9; This gives us the standard deviation of the squares
according to the formula:

/ 2 (g — My, — my - M)2

0‘=\/(;’”_I)_(l_l)_(b__1) e (10)

where # is the total number of squares and / denotes the number of lines and &
the number of blocks. The expression in the denominator indicates the number
of degrees of freedom (to use FISHER’s terminology). We shall not dwell further
upon the mathematical significance of this idea but refer the reader to FISHERs’
book.

The standard error of the mean (gy), or the survey error we are seeking, is then

calculated according to the formula: gy = <z
thus we get: * )
T (g — My — my £ M)?
ear 2\/n [1(;;_ T o= (1)

So far we have for simplicity’s sake assumed that the length of the lines in the
squares is constant. If the line-length varies (p,,), the deviations must be weighted,
and weighted line, block and great mean values must be introduced in formula
11. On the analogy of a simple weighting system used by LINDEBERG (1923), We
get the following formula for the standard error.

/ n 2 (Puv)? Fyp — my — my 4 M)2
£M=\/(n_x>—(z_1)—(b~z>’ ’ (ZPu) (x2)
| Rt T butu.. T bt

Tt T Tte T St

In formula (12) the sign x,, denotes the result of the survey and p,, the length
of line for that square which lies in line # and block ; m, and m, are weighted
line and block mean values, and 2}/ the weighted mean value forallsquares (the great
mean). 7 indicates the total number of squares, / the number of lines and b the
number of blocks.
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The discussion on p. 337 and formula 11 (or 12) demonstrate that the possibility
of eliminating systematic deviations on account of the position of the squares
in different lines and blocks becomes greater if the lines and the blocks are of
approximately equal length than if there is wide variation, For the purpose,
therefore, of calculating by this method the standard error in regard to a forest
with a very irregular figure, the forest should be divided up into more regular
sectors (sub-areas) and the error calculated for each one separately, after which
the standard error in respect of the entire forest (g;;) is obtained from the formula:

P.\2 P.\2 P.\2
w VG G e @

where P denotes the total length of line for the entire forest, P, P,... etc. the
corresponding lengths for the sectors, and ¢, &,... etc. the standard error of the
sectors.

In view of the circumstances mentioned above, no account has been taken in
formula (12) of the different weighting of the line and block mean values (m,,
and m,).

Evidence that there is a systematic variation in the x,, values is obtained
if the standard error is, besides, calculated according to the following formula,’
where the signs mean the same as in formula (12):

/ n Z ('Puv)z (xuv - M)z
EM = \/ 7 — 1 .2 (Z Puv)z ........ (14)

If formula (14) produces a greater standard error than formula (12), there exists
a systematic variation in the #,, values, which have been eliminated to a corres-
ponding degree in the calculation of the standard error. If the contrary is the
case, either no systematic tendency has existed or else the application of the
method has not succeeded in eliminating it. If the figure of the forest is very
irregular and a greater degree of accuracy is required in determining the standard
error, then dividing up the figure should be tried, provided it is not possible by
some other means, e. g. by graphs (cf. figs. 1—6), to confirm that the survey
material does not exhibit any marked distribution-tendencies.

According to the formulae given above, the standard error relates to the popu-
lation and is thus a measure of the standard deviation between repeated surveys
as comprehensive as the actual survey. If, on the other hand, we should desire
to regard the standard error as a measure of the deviation between the result of
the survey and the true value of the quantity under investigation, we can obtain
an estimate thereof if the standard-error formulae are multiplied by the factor

100 —
\/—a (cf. Czuber 1924), where ¢ is the survey percentage. This correction
100

factor is only of any practical significance in the case of high-percentage surveys.

We propose to say something about the size and form of the squares.
The smaller the squares, the smaller will also be, in principle, the relative standard
error in the standard error owing to the increased number of squares. Some idea
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of this is given by the summary on p. 305, where #» now means the number of de-
grees of freedom. It is moreover easy to realize that the smaller the size of square
the greater the possibility of eliminating the systematic tendencies.

In practice, however, the task of working out the calculations becomes arduous
if there are too many squares, as the result of the survey for which the standard
error is to be computed has to be worked out for each square. This is particularly
laborious in regard to the cubic volume, so that the number of squares should
be carefully weighed against the desired degree of precision in determining the
standard error. For this purpose it may often be expedient to combine the survey
lines into groups, so that e. g. the lines Nos. 1—3 form the first group, Nos. 4—6
the second, and so on. The squares will thus contain several lines.

In regard to determinations of area, there is a further point of view,
namely, that the size of the squares may not be so small that the variation be-
comes alternative, in which case the method should not be used (cf. LANG-
SAETER 1926, p. 18). For this reason one must here be content with the degree of
accuracy obtained with relatively large squares. In the practical application of
the method it is generally possible to use the same squares for determinations
of both area and cubic volumes as well as growth, etc., which is a great advantage
from the point of view of labour.

As to the form of the squares, it will readily be understood that they should
have their smallest extent in the direction in which the systematic tendency
is strongest. In order, however, to avoid alternate variation in determining the
area, it is possible to make deviations from this rule. If nothing is known of the
existence of any systematic tendencies in the material, the simplest way, of course,
is to make the squares quadratic.

It will no doubt have been gathered from the above that the
method expounded here for calculating the standard error affords
considerable possibilities of computing a standard error that is
reliable in regard to both systematic and accidental errors. For
deducing standard errors in determinations of the area, the method
should, as a rule, only be used when the survey comprises ex-
tensive forests.

In connection with the method dealt with in the foregoing it should perhaps
be mentioned that there is another method of calculation which may
be regarded as a variant of method C (cf. p. 334). This method is based
on a division into blocks and squares similar to that in the preceding method.
The standard error is computed with the aid of the differences between the survey
results taken from successive squares in the same block, it being possible to make
use of differences both of the first order (formula 15) and of the second order
(formula 16). The standard error of the v-th block (g,) are obtained by means
of the following two formulae (LINDEBERG 1923, LANGSAEIER 1927):

/ r—1
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In these formulae x,, denotes the result of the survey and p,, the line-length
of the square lying in line # and block v, and # the number of squares (lines) in
the v-th block. Then the standard error of the entire forest (gj) is calculated
analogous to the formula (13) p. 339.

Of these two formulae the first is in principle more favourable in regard to the
accidental error in the standard error because the number of differences becomes
greater, and the second formula in regard.to the systematic error. If a systematic
tendency runs through the results of the survey, both formulae give excessively
high standard errors and formula (15) a higher value than formula (16). The method
is not able to eliminate the average tendency from square to square (cf. p. 334).

This method is apparently applicable when a greater degree of
accuracy is required and the former method (formula 12) cannot
be employed, as well as in calculations that need not be so exact,
when the number of lines is too small to permit of LANGSAETER’S
formula (formula 2, p. 304) being directly applied. In regard to the size
and form of the squares, the same observations apply as those made on the pre-
ceding method.

Sample plot surveying.

The method indicated in the foregoing section for computing the standard error
in line surveying likewise applies to regular sample plot surveying. There are no
peculiar difficulties in the way of its employment. The results of the sample plot
survey are worked out in respect of each square, after which the standard error
is obtained from formula (12). For determining the area, however, it is not in-
frequently preferable to employ another method of calculation.. We shall now
discuss this method in detail.

In regular sample plot surveying the individual sample plot is, as a rule, made
relatively small so that only in exceptional cases will it be necessary to divide it
up into different kinds of soil or other areal determinations. The method of proce-
dure employed in certain quarters, namely that of moving the plot in such cases
so that it only comprises one type of ground, is from a statistical point of view
incorrect and should not be used. Under the conditions mentioned above the vari-
ation will in principle be alternate, i. e. the characteristic is either to be found
in the plot or else it is not. The obvious thing, then, is to try to trace the standard
error in the area determinations by means of the classic principles of alternate
statistics. '

Attempts along those lines have been made by ScHUMACHER and BuLL (1932)
and also by MuDGETT and GEVORKIANTZ (1934). For this purpose the entire survey
has in principle been refered to a certain urn scheme, the former authors
having applied BERNOULLI's scheme and the latter Poisson’s or LEXI’s. LANG-
SAETER has demonstrated that different types of area determinations have the
same distribution-tendencies as we have found here in the cubic volume (cf. p.
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336). Indeed it is only natural that this should be so. MUDGETT’s and GEVORKIANTZ’
use of PoissoN’s or LEx1’s theorem may therefore be described as a development
in the right direction towards the complex urn schemes of reality.

It is possible to adapt the method of calculation more or less exactly to the
actual circumstances in two different ways; either by combinations of PoissoN’s
and LEXI’s schemes or else by dividing up the survey into smaller units for which
the simplest urn scheme (BERNOULLI’s) is approximately applicable. Following
the method employed in computing the standard error of the cubic volume, I
have chosen the latter alternative.

'~ We shall now revert to the method which we have employed in the foregoing
(p. 337), of dividing up the forest into squares. These squares we regard as urns
containing black and white balls spread about more or less irregularly (at random).
The balls represent those sample plots into which the individual square is imagi-
narily divided. For this purpose e. g. the black balls denote the type of ground
in respect of which the standard error isto be computed. The survey of the square
is carried out on strictly methodically, but provided the distribution of the area
within the square does not exhibit any systematic tendencies, we can approxi-
mately regard the sample plot survey as if it were drawings from an urn, none
of the balls when drawn being put back into the urn. The number of drawings
here correspond to the number of sample plots in the square that fall out in the
course of the survey. Under such circumstances it is easy to estimate the standard
error in the sample plot survey for the individual square.

Let N denote the total number of sample plots, in which the i-th square can
be imagined to have been divided up (the area of the square: the area of the sample
plot) and p; the number of sample plots in this square that fall out in the course
of the survey, and of which #; per cent lie on the type of ground in respect of
which the standard error is to be determined. This standard error (g;) is then
obtained by means of the following formula (CRAMER 1926):

— \/ - 7” galreo—x) (17)

Pi

100 p;
But N =——-, where ¢ means the survey percentage. Formula (17) can
a
also, therefore, be written:
100 — @) ¥; (100 — x;

6 = \/( %) % ( Do (18)

100 p; —

By this means (formula 18) the standard error can be calculated for each square,
after which the standard error in the survey result for the whole forest (M) is
obtained from the formula:

ey = \/<p1> <p2> &? + (%)2 2R <%>2° e (19)

where P denotes the total number of plots (Xp;), and # the number of squares.
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N—p; '
The factor N i frequently amounts to such trifling values that it may be

disregarded. Formula (19) then acquires the following simple form:

\/Zn P %; (100 — ;) |
ey = = FE (20)

The method outlined above of finding the standard error in area-determinations
does not involve much work and. can not unfrequently be employed, but only
provided that there is no very marked systematic tendency in the squares. The
risk of this is of course less the smaller the squares are made; on the other hand,
the number of sample plots within the square should not be too small.

The employment of methodics in Line surveying.

As previously mentioned (p. 332), I have employed the method developed
here for calculating the standard error in the course of a certain enquiry made
on behalf of the National Forest Survey Commission. In the following pages we
shall discuss some of the results of this investigation that are of particular interest
from the point of view of method.

The material consists of the former National Forest Survey of the provinces
of Vasternorrland and Norrbotten and the watershed of the river Ljungan. The
width of the belt was 10 metres. The compiling of the results was confined to cal-
culating the standard error in the cubic volume per hectare according to the
uncertainty of the basal area. Table 2 (p. 323) gives some data intended to illu-
strate the nature of the material from the survey point of view.

‘When the standard error is worked out by means of formula (12), a calculation
table of the form given in Tab. 3 p. 324 may suitably be used.

The standard error has been calculated for pine and spruce separately and for
the diameter groups: 15 cm. at breast height and over, 25 cm. and over, 35 cm.
and over. The results of the calculations are combined in Table 4 p. 326.

Formula (14) has throughout given higher standard errors than
formula (12). The standard error accord. to formula (14) in respect
of the different diameter groups on an average comprise 116, I12
and 109 per cent respectively of the standard error accord. to
formula (12). This shows that systematic tendencies have occurred in the material
and have been eliminated in a corresponding degree when the standard error has
been calculated according to formula (12) (cf. p. 339). In view of the large number
of squares, the standard errors calculated according to formulae (12) and (14)
have been found with a considerable measure of certainty.

For Norrbotten and Visternorrland provinces a comparison has been made
between LANGSAETER’s formula (formula 2), and formula (12), Tab. 5 p. 328).
The uncertainty of the calculated individual standard errors according to LaNG-
SAETER’s formula are considerable in view of the small number of lines. We can
therefore only discuss the average tendency in respect of the whole comparative
material. Table 5 shows that the standard error according to LANG-
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SAETER’S formula on an average comprise 114 per centof the accord.
to formula (12) computed standard error.

It will be seen from figs. 1—7 and tab. 5 that systematic tendencies occur in
the material. Under such circumstances it has previously been shown (cf. p. 334)
that LANGSAETER’s formula gives too high results. According to the experiences
of others (The National Forvest Survey Commission 1932, OSTLIND
1932, The Novwegian Forest Survey 1938), this over-estimation amounts
on an average to 10—2o0 per cent., which quite fairly corresponds to the difference
found here between LANGSAETER’s formula and formula 12. It would appear,
therefore, that the method expounded here enables an accurate
estimate of the standard error to be made even when the survey
material exhibits systematic distribution-tendencies.

Summary.

When applying the calculation of the laws of probability to practical problems
it is often difficult to produce evidence to justify its application. The calculation
of probabilities in the sense intended here is based on purely mathematical grounds
and consequently depends on certain definite hypotheses, which can only exist
in a concrete body of material with a greater or less degree of approximation.
It is this degree of approximation that determines the value of the calculation.
It is therefore essential, if the calculation of probabilities is to be of any practical
use, that methods of application should be worked out which are not dependent
upon any special hypotheses but only on assumptions of more or less universal
applicability. Any step made in this direction must be regarded as an achievement.

The aim of this paper has been to make some contribution towards the deve-
lopment along these lines of the methodics used in finding the standard error
in line and sample plot surveying.





