INTERCEPTION OF RAINFALL BY A HARDWOOD CANOPY')

by

Peter E. BLACK?)

THE PRIMARY OBJECTIVE of the study was to obtain interception
values including throughfali and stemflow for an old-field, cove hardwood
forest tvpe. A sccondary objective was to utilize the data and conclusions
to aid in the determination of an optimum method for sampling inter-
ception, and to proceed with obtaining interception values for the major
forest types at the Coweeta Hydrologic Laboratory in western North
Carolina.

Interception may be considered as a loss of rainfall from the stand-
point of soil moisture. This loss is estimated by subtracting the amount
of precipitation falling directiv through the crowns, plus stemflow, from
gross precipitation. The quantity of precipitation dripping from and
falling through, the crowns is termed throughfall. For purposes of this
study, a storm was considered to be a measurable quantity of rainfall
separated {rom consecutive rains by a length of time sufficient to permit
complete drving of the foliage.

Interception studies have been made under plantation, and natural-
grown coniferous stands, and under plantation - grown hardwood stands.
A search of the literature reveals that there have been very few published
studies of interception in natural - groun hardwood stands. Wood (°) and

(1) Adapted from the fhesis submitted in partial fulfillment of the require-
ments for the degree of Master of Forestry, School of Natural Resources, Univer-
sity of Michigan, February, 1958.

(2) Research Forester, U. S. Forest Service, Coweeta Hydrologic laboratory,
Franklin, N. C., U. S A.
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Beall (') carried out exploratory studies in hardwood stands and both of
these deal with some interesting problems. First, Wood reported that 18
gages were necessary for measuring throughfall «to obtain significant
results.» The results of the present study indicate that a ratio of nine
gages measuring throughfall to one measuring gross precipitation is more
than adequate in order to keep the associated errors of each parameter
roughly equal.

Second is the problem of how the gages should be located in the field.
Horton (2) had described the variation in interception in relation to dis-

‘tance from the tree stem. Utilizing Horton’s findings in a coniferous, or

even a hardwood plantation would undoubtedly strengthen the data. In
a natural stand of hardwoods, however, the random location of the trees
and the extensive overlapping of the crowns makes Horton's findings in-
applicable, as in the present study, which used random gage location.

Another problem is whether interception loss is greater in winter
than in summer. Beall reports virtually no difference whereas Wicht (7)
reports a 3 per cent loss during the dormant season and a 14 per cent loss
during the growing season in a hardwood plantation. Kittredge (*) peints
out that the various influencing factors may compensate for each ocher’s
cffect and resulting net precipitation (throughfall plus stemflow) may be
the same for both winter and summer. Other factors, such as storm size,
duration, and intensity, as well as vegetal factors do influence net vreci-
pitation, and these variations, which are generally related to season of
the year, may further the compensating effects. In the present siudy,
where gross precipitation is well distributed throughout the year,
throughfall per unit gross precipitation and stemlow are found to be
greater in the winter.

The forest type studied occurs on land which was cleared and farmed
in the early part of this century. It is presently a pole stand, some forty
years old, of yellow poplar (Liriodendron tulipifera) and hickory (Carya,
spp.) with a liberal scattering of about twenty other hardwood species
(Fig. 1). There is no understory of laurel and rhododendron as is typical
of the hardwood forest of the Southern Appalachian mountains. The study
arca is at an elevation of 3000 feet and receives an average of 77 inches
of precipitation per year. During the fourse of the study, one of the 67
storms was ice and one snow. Orographic and convectional type storms,
which vield high intensities but small amounts of precipitation, piedo-
minate»in the summer months, while the winter storms, which are ge-
nerally frontal or cyclonic, yield more precipitation per storm, but at
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lower intensities. The
days in length.

Gross precipitation was measured by four standard rain gages. Three
were located under vertical openings in the crown and one under a 45.
degree opening. There werc no consistant differences between these
gages, indicating that in this case, type of opening did not seriously
influence the catch. The four gages were averaged to obtain gross preci-
pitation, but were used separately, each in conjunction with a throuzhfall
plot, for purposes of analysis. A recording rain gage was used to study
time-lag relationships and to determine duration and intensity of the
storms. It was located under the 45-degree opening. “

Figure 1. — The cove hardwood forest type found on the study area. Note the
general lack of heavy understory vegetation.

Sekil 1. — Calisma sahasinda hulunan taban yaprakli orman tipi. Umumiyetle ke-
sif ikinci tabaka vejetasyonunun eksikligine dikkat et

Throughfall was measured on four one-quarter acre plots, one near
each gross precipitation gage. There were nine gages on each plot, and
these were moved at random every three months. The move-dates coinci-
ded generally with foliage development changes, and thus differen cs in
throughfall were confounded to a certain degree with plaéé—effects.'The

growing season at the above elevation averages 140
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plots were located on the siopes of a small bowl-shaped drainage area and
were situated so as to help eliminate any effects of aspect. Locations ot the
plots were selected, and orientation was in cardinal compass directions.

Standard rain gages measuring throughfall were wired to short sta-
kes and were seated directly on the ground. Gages were re-located at
random if obstacles prevented placement. One of the nine gages on plot
I was a recording gage and was not moved for the entire year of study.

Two formal analyses were worked on the throughfall data. The first
was an analysis of variance (°) between plots and between seasons. Since
gross precipitation was dilferent for each scason, the difference between
throughfall and gross precipitation for cach piot and adjacent gage for
each scason was tested. These figures were expressed as a per cent of
the secasonal gross precipitation. The disiribution of the degrees of free-
dom was three each for between-plot- and between-season-variance, and
nine for within-plot-variance or error. A standard F-test yielded a greater
value of F for between-season-variance than for beiween-plots, but neit-
her were significant. A test for least significant differences showed that
there was no significant difference between any two plots or any two
seasons. An additional analysis of variance, using an arcsin angular trans-
formation of the data (*), did show a significant difference between sea-
sons at the 5 per cent level, but not between plots. Thus, seasonal variati-
ons arc not Loo important, but thev probably should be taken into account
in future work at the Laboratory. It should be noted that a large amount
of variation was attribuied to error: part of this is due to the fact that
the arcal variation of precipitation is increased by the non-uniform ¢rown
canopy, and part due to the technique of measurement.

The second major analysis concerned the calculation of regression
equations. With the exception of the summer scason, the regression
equations of throughfall (T) on gross precipitation (P) follow the ex-
pected pattern (Table 1).7). The correlation coefficients are high undoub-
tedly due to the lact that the only data used lor the computations were
taken from storms that were isolated by measurement. The regression
equations agree slowely with those calculated by Trimble and Weitzman
(*), Loughead and MacKicken (unpublished), and Percira (*), the two
former investigators worked in similar forest types in the Appalc-hian
mountains, while Pereira reported on interception in a plantaticn of
bamboo in Kenva, Africa. Figure 2 shows the relationship of the average
regression of this study to those mentioned above.

() A heax}y wind storm at the beginning of the summer season removed about
15 to 20 per cent of the crown canopy.
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Table:I
Cedvel: I

Summary of regression equations, standard errors of regression, and
correlation coefficients for throughfall on gross precipitation, by seasons

Mevsimlere gore ara yagis ve briit yagisin regrasyon denklemlerinin hii-
lasasi, regrasyon, standart hatalar1 ve korrelasyon konfesyonlari

Mevsim Kullaoilabilen Regrasyon denklemleri |Regrasyon Stan-| Korrelasyon
yagmuriar adedi P ve T ing olarak dart hatasi koefesyon
Season | Numher of usable | Regression equations | Standard error Correlation
storms (P and T in inches? of regression crefficient
Fail 12 T=— .0351 4 .9118P 0.044 0.996
Wioter 12 T=+4 .0061 4 .902] Pa ,054 .999
Spring 12 T=—.0169 4+ 8333 P - .043 .998
Summer 12 T=— .0554 + .9338 P .051 .998

a) The positive value of «a» in this equation is within the limits of
error.

a) Bu denklemde olan «a» min pozitif kiymeti hata hududu icinde-
dir.
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Total gross precipitation for the year was 81.79 = 0,17 inches and
throughfall for the year was 73,24 = 0,15 inches (89,55 per cent of the
gross precipitation). The attached error statemenis are the standard error
of the mean of the observations and they inilicate that throughfall was
measured slightly more accurately than gross precipitation (the cirors
are 0,21 per cent of the total gross precipitation and 0,20 per cent of the
total throughfall). Thus, ninc gages arc sulficient in conjunction with
one gross precipitation gage to maintain aporoximately equal error in
both parameters. Using a high value of variance of throughfall, a test was
applied to determine if fewer gages would be satisfactory. The test was
to plot the value of the standard error of the throughfall value divided by

h
the square root of the number of samples —v— over the number of samp-
I

les (n), and determine the breaking point in the resulting J-curve. The
curve (Fig. 3) illustrates that 6 gages would maintain approximately the
same degree of error as 9 gages, and the future studies could be simpiified
by using fewer gages.
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Stemflow measurement was accomplished during the winter sezson.
The amount was small and highly variable, but is estimated to be about
8 per cent of the difference between precipitation and throughfall, on an
annual basis. Tests for relationships with tree  characteristics were
inconclusive.

Summary

The techniques used in measuring the difference between gross pre-
cipitaion and throughfall shcw that variation between plots was less than
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the variation between seasons. Neither between-plot nor betweenscason
differences were statistically significant at the 5 per cent level. in ap
analysis of variance on the originaldata. On transformed data there vwas
a significant difference at the 5 per cent level between seasons. Within.
plot-variance was high, indicating the improvement in teshniques ig

necessary to more fully assess the ditlerences between seasons. : " P
YAPRAKLI ORMAN ORTUSU TARAFINDAN TUTULAN YAG1$

From 0,01 inches in winter to 0,06 inches in summer of gross pre-
cipitation are necessary before throughfall starts in the forest type stu-
died. Throughfall for the year, which was about 73 inches, was measured
slightly more accurately than gross precipitation, which was about 82
inches. The regression equations of throughfall on gross precipitation are
in close agreement with other workers in both similar and dissimilar
forest types.

(Intersepsiyon)

M. Said KETENE P. E. BLACK

Bu etiidiin ana gayesi vadi tabanlainda metruk ziraat sahalarinda
yetisen bir yaprakli ormanin intersepsiyonu ara yagis (taclardan gegen
yagis) ve govdeden akan yagis miktarlarna ait kivmetleri elde etmekte-
dir. Tkinci gayesi de clde edilen bilgi ve sonuglart kullanarak tutulan ya-
g1s (intersepsiyon) olgmeleri icin bir orta metod bulmak ve bu suretle
tecriibe sahalarinin  ku'laniimasile bati- kuzey Karolina'da bulunan
Coweeta Hidroloji laboratuvar: ormanlarinin intersepsiyon degerlerini
hesaplamak idi.
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e II}I(i)llr(;:)rllal(l;)mgsclc de :vadmur (')']gerlerin arazide nasil yerlestirilecegi_
: ‘ln‘terseps1yon degismelerini agac gdvdesinden uzaklg
gore tavsif etmistir. Horton’un buluglart ibreli ve hatta vaprakh s lgi\
orman Mmesgerelerinde stiphesiz ki bilgimizi kuvvetlendirecekﬁr qunl
flh. t5_**1"“_.yaprakh ormanlarda agaglarin dagihsi ve agac taclarlnlﬁ b'a'?a-
Ierulnl “golgelemesi Horton'un buluslarini, bu ’gah§1nad1a da oldugu “'H-ﬂ-
yagis olgerlerin tesadiifi olarak yerlestirilmeleri hallerinde tatbiki 'glb}'
olmayan bir hale getirmektedir. e

Diger bir mesele de intersepsiyon k
biiyiik .Oldugudur. Beal'in dedigine gore, ¢ok biiyiik bir fark yoktur. 0
mukabil, Wicht’e gore (1), bir yaprakl plantasyonda uyku devresind; 0/na
ve tenebbiit devresinde % 14 bir kayip vuku >bu]maktad1r Kittred::- 033
ise, muhtelif miiessir faktorlerin birbirlerini vok ettigini ;r'c N
cesi olarak, net vagisin {ara yags + .

aybinin kisin, vazdan dabhg mi

bunun netj-
zovde akist) kis ve ayi olsabi
st olara : . ~ i aris1) Kis ve yaz ayni olabile-
Eegu}l gostcl:mektedn‘. Diger faktorler, mesela vagisin miktan, devam
esa etl Vye Y L J] r [N ) . - . _’ 2
; eza.bnkllsu taktorler, net yagisa teswr icra ederier. Umumi-
yetle yihn mevsimlerile alakalandirilan bu varvasvonlar
rini karsihivan tesirlere sahip olakilivler. Brijt
ca iyi bir sekilde dagilmis oldugu bu ctidde
herbir briit yagis birimi icin ara
olarak bulunmustur.

avrica birbirle-
yagisin biitin sene boyun-
a 3 (3 13 Y 21 T al o --"

> . elde edilen neticelere gore,
vagrs ve gévde akisy, kisin daha viiksek

' Arastirma yapilan orman tipi, bu asrm basinda traslama kesilmis ve
ziraat yapilnus bir arazide bulunmaktadir. Halen Lir’iodendron *u.l'ipi-
f?rz‘il, Carya spp. ve daha dagmik bir halde olan 20 kadas vaprakhh agag
tiriinden miirekkep 40 vaslarmda ve sinklik devresinde bir mcsccrecdir
(Resim: 1). Giiney Appalachian daglarinin vaprakh ormanlarmci?: bulu-
nan tipik defne ve Rhododendron alt Iabakusﬁ voktur. Etiid sahas; 00}0 m
rakiminda olup, ortalama villik yagis miktar 1925 mm. dir vc\ cal.zsma'
stresinde diisen 67 vagistan biri dolu ve digeri kar olmustur Ya,7 ”1’ la-
rmda en fazla orografik ve konveksivonel tipv\'aélslar '\'uku; bu].ur ‘%ucn)lar
miktar itibarile az, siddet itibarile viikscktir. Buna mukabil kis.\'-iwbislzl-
rt umumiyetle sikloniktir ve herbir yagis daha diisiik siddette f:{kﬁt 115118
uzun strebilir. Tenebbiit devresi ortalama ofarak ,!40 ;g‘tindtir. Briit vagis
dort standart yagis dlcei ile olctilmitstiir. Ucti tac’ta olan sakuli a(;J»kh’k’-
larin altinda ve biri 45 dercceli bir actkitkia ycr]cﬂjrilmisti;z Bunlar ara-
sinda devamli farklar kayit cdilmemistir. Bu demektir I;i bu tecriibede
aciklik tipi yagisin tutumu iizerinde ciddi bir tesire malik degildir D(S;'t'
olgegin rasatlar briit vagist clde etmek igin vasatileytirilmis fakat 'ar"!VIiZ
maksatlar icin ara vais &leme parsellerinin (tecritbe sahalarr) her ‘{7iri

ile ayr1 ayri kullamilmistir. Yagis stire ve kesafetini tayin icin, bir mukay-
5 Kdy

YAPRAKLI ORMAN ORTUSU TARAFINDAN TUTULAN YAGIS " am

yit yagmur dlceri kullaniimistir. Bu da 45 derecelik aciklik icine konmus-
tur.

Ara yagis dort adet 1011 m?. lik parsellerde 6lciilmiistiir. Herbir 8-

in yaninda bir briit yagis 6lcegi bulunuyordu. Boylece her parselde 9

et dlger vard: ve bunlarin yerleri ti¢ ayda bir tesadiifi bir sekilde de-

rgistirilmekte idi. Degistirilme zamani umumiyetle yaprak inkisafi devre-

lerine tetabuk etmekte olup bu suretle ara yagislara ait farklar mevki te
sirlerile bir dereceye kadar bertaraf edilmistir. Parseller kase sekilli kii-
¢lik bir havzanin yamaglarinda ve maaraz tesirlerini yok edecek sekilde
konulmuslardir. Parsellerin mevkii secilmis ve yonleri pusula ile tevcih
edilmistir.

Ara yagis1 Olcen standart yagis Slcerleri kisa kaziklara telle baglanip,
topraga oturtulmuslardir. Bu arada méanilere martiz kalan 6lcerler tekrar
tesadiifi olarak baska bir yere konmuslardir. 9 6lcerden biri olan mu-
kayyit yagis Slcerin etiidiin sonuna kadar yeri degistirilmemistir.

Ara yagis kayitlan iizerinde iki analiz yapilmistir. Birincisi (%), par-
seller ve mevsimler arasinda varyans analizi idi. Briit yagisin mevsimlere
gore degisik olmasi dolayisile her mevsim icin her parsel ve civaritdaki
Olger de ara yagis ve briit vagis arasindaki fark kontrol edilmistir. Bu ra-
kamlar mevsimlik briit vagisin % si olarak ifade edilmistir. Serbestlik
derecelerinin dagilis1 ise parsel arasi ve mevsim arasi varyans: icin 3 ve
parsel arasi yahut hata icin 9 idi. Standart F testi mevsim arasi varyans-
lar1 i¢in parsel arasindakinden daha biiviik bir F kiymeti vermis ise de
bunlarin higbirisi ehemmivetli degildir. En az ehemmiyet faktorleri testi
de gostermistir ki herhangi iki parsel vahut iki mevsim arasinda mithim
bir fark yoktur. Varyansin Arcsin angular usulii kullanmak suretile ana-
lizi (®), mevsimler arasinda % 5 lik sevivesinde de bir fark gdstermis,
fakat parseller arasinda gdstermemistir. Boylece goriilityor ki mevsimle-
re ait varyasyonlar pek miihim degildir. Fakat ileri calismalarda libora-
tuvarda bunlarin nazar itibare alinmas: muhtemelen icap edecektir. Yal-
niz unutulmamalidir ki varvasvonlarin biiviik bir kismu hataya atfedil-
mektedir. Bu da kismen tac ortiisiiniin muntazam olmamasi dolaysile
yagisin sahavi varyasyonun artmasi ve kismen de 6lcme teknigi sebebile-
dir.

ikinci mithim analiz ise, regrasyon denklemlerinin hesaplarile alaka
lidir. Yaz mevsim miistesna ara vafdisin (T) briit yagis (P) Yizerine regras-
yon denklemi beklenen modeli vermistir (Tablo: 1) *). Korelasyon
koefisyonlar: yiiksektir ve hic siiphesiz ki bu da hesaplarda kullanilan

(*) Yaz mevsimi basinda vuku bulan siddetli bir riizgar ta¢ 6rtiisiiniin % 15-20

" - sini yok etmistir,
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malamatin yalniz 6lgmelerde tefrik edilen yagislardan olmasi sebebiledir.
Regrasyon denklemleri Trimble ve Weitzman (¢) Loughead ve MacKicken
(yayinlanmamis) ve Pereira (*) tarafindan yapilan hesaplara uymakta-
dir. ilk iki arastirici Appalachian daglarindakine benzer orman tipinde
calhismuslardir. Pereira ise Kenya (Afrika) nin Bamboo plantasyonlarinda
olan intersepsivon hakkinda bilgi vermistir. Yukarida bahsi gecen ¢alis-
malar ile bu ¢alismanin vasati regrasyonu arasmdaki miinasebet Resim :
2 de gosterilmektedir. Total briit yags, vil icin 204475 -+ 4.25 mm idi ve
ara yags yil icin 1431,00 = 3,75 mm. idi. (Briit yagisin % 89,55) Ilisikte-
ki hatad beyanlar rasat vasatilerine ait standart hatalardir, ve bunlar da
gosteriyor ki ara yagis briit yagistan bivaz daha sthhatli = 6lglilmiistiir.
(Hatalar total brit yagisin 2% 0,211 ve total ara yagisin % 0,20 dir). Buna
gore her iki parometrede takriben miisavi hatiyr muhafaza etmek icin
bir briit yagis olgeri ve buna ilaveten 9 Sleer kafidir. Ara yagisin yiiksek
varyans kiymetini almak suretile daha az miktarda 6lcer kullanabilrenin
tatmin edici olup olmadiginin tavini hususunda da bir tecriibe yapilmis-
tir. Bu arastirma ara vags standart hatd kivmetinin niimune adedinin
kare koki ile boliintistinden clde edilen kiyvmetlerin ntimune sayist {ize-

s
rine olan grafigini ¢izmek V* ve hasil olan J egrisinde kirilma noktasini
n

tayin etmek surctile vapilmistir. Egri (Resim: 3) gistevivor ki 6 Olcer
takriben 9 olcerdeki hata derecesint muhafaza edecektir. Bovlece misstak-
bel calismalarda daha az savida vagmur diger kullanmak suretile is ba-
sitlestirilebilir.

Govde- akisi dlemesi kis mevsiminde icra edilnistir. Govdeden akis
miktart az, ve fazla miktarda degismektedir. Tahmin edilmektedir ki wil
esasi tizerinden vags ile ara vags arasindaki farkin takriben ©% 8 1dir.
Agac vasiflar ile alakali tecriitbeler ikna edici degildir.

Hiilasa : Briit vajis ve ava vads arasinda olan farklan  6lemede
kullamilan teknik gostermistir ki, parseller aras:nda olan varyasyvon mev-
simler arasinda olan varvasvondan daha aszd-v. Rosat rakamlarina aiv var-
vanslarin % 5 sevivedeki analizde ne parselley wrast ve ne de moevsim ara-
s1 farklar istatistik olarak mithimdir. Parsel ici varyonst vitksektir. Bu da
gosteriyor ki, mevsimler arasindaki farklarm iam olarak tAvini icin 1ek-
nik bir islabat vapmak zarurcti vardir.

Etiid edilen orman tipinde ara vagisim baslamas: icin kg 025 v,
ve vazin 2,10 mm. bir briit vadisa lizum vardw. Takriber 1685 mm. oian
vila ait ara vagist takriber 1570 mm o olan britt vagma novoan hivars doho

sthhatli élciitmiistiie. Ava vooean biirt vaoes Geovindeki reerasson denk

lemleri misabih o milsabih olmavan orman iiplerind ko
larin bulduklarina pek fazla uymaktadr.

arastrict-




