
THE EFFECTS OF UNIFORM THINNING AND PATCH CUTTING ON SOIL �OISTURE STORAGE 
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Sandra Creaner 

Background: It is generally recognised that soil moisture storage plays an 

important role in the generation of surface water run-off (Mein et.al. 1988, 

Burch et al. 1987, Wheater and Weaver 1980). Following clearing on a forest 

watershed in West Virginia, Patrick and Reinhart ( 1971) attributed. yield 

increases to an increase in soil moisture storage. On the Coranderrk 

catchment's Victoria, Duncan and Heeps (1980) found that soil moisture also 

increased following clearfelling. Similarly thinning of a Eucalyptus 

marginata forest in Western Australia resulted in an increase in soil 

moisture storage and Stoneman (1986) attributed the lack of a substantial 

streamflow increase to this factor. In separate studies of forest to 

pasture conversion in California and Western Australia, both Hibbert ( 1969)

and Sharman et al. ( 1987) respectively observed an increase in soil moisture 

storage. Hibbert (1969) suggested that the greater availability of-

moisture in the upper soil layers following clearing, where it could be 

exploited by the shallow rooted pasture grasses, might result in a continued 

high evapotranspiration rather than the decrease which might be expected to 

1.-esul t. Sharma et .al. ( 1987) found that soil moisture storage following 

clearing increased beneath a depth of one metre and attributed this to 

exploitation by the transpiring grasses. Saxton ( 1983) suggests that as 

soil moisture storage is an important component of the hydrological regime 

of a catchment, it merits detailed analysis. This paper examines the 

effects of uniform thinning and patch cutting on soil moisture atorage in 

the Black Spur catchments, Victoria. 

The Study Area: The Black Spur catchments, Victoria, form part of the Nort� 

Maroondah Experimental Area (NMEA) 37
°

36 1 S and 145
°

36 1 E) (Figs 1 and 2). In

the summer of 1976/77 the Melbourne and Metropolitan Board of Works ( MMBW) 

carried out a series of treatments· in order to establish the effects of 

forestry operations on the catchments. Thirty percent thinning, 50% 

thinning and 50% patch cutting were carried out in the Black Spur 2, 3 and 1

catchments respectively, with Black Spur 4 remaining untreated as a control 

( Fig 3). 

A detailed physical description of the catchments is available in 

Langford and O'Shaughnessy (1979). Briefly, the geology of the catchments 

is described as quartz-biotite-dacite (Edwards 1932). The soils are 

described by Langford and O' Shaughnessy ( 1979) as consisting of typical 

kraznozem�. They have a high infiltration and storage capacity and are 



• MT. TMIGLEFOOT

NORTH MAROOND.C.H __ 
EXP ER I �-'1 E NT AL ARE A 

r--
•

LEOtt:.no 

\ 
I 

MT. MOHD,\/ 

·L

-

-
p.iroc•.1 

, · )--1 
Ll.lA00t10Atf 

n t :.. 

MT. JULI ET• 

COA>'HlOERRK 

I 
I 
I 
I 

VIC�cni:. 

; v-"--\ 
I ' 

�,r 
A;):; r O I. 

1�· t!.. 

&· If 
:.·i ; .: 
l< ::..-= 
,; . 
'";.!'i: 
.; I�• 

l 

II �· 2.5 0 
5 :9� ;1/ 

I 

! 

Figure 1 Regional Plan (Langford and 

O'Shaughnessy 1979) 
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typically 10-lSm in depth_ (Moran and O'Shaughnessy 1984). A high intensity 

bushfire swept the area in 1939 and the catchments are now vegetated by a 

regrowth mountain ash (Eucalyptus regnans) forest community. Scrub and 

gully ·communities occupy the stream valleys (Langford and O'Shaughnessy 

1979). Under the Koppen system, the climate of the region is classified as 

Cfa and Cfb subtypes, being warm, temperate (C) and rainy (f), with the 

summer months ._being warm ( b) to hot. (a).

BSl 8S2 8S3 8S4 

Area {ha) 16.97 9.63 7.73 9.81 

P�rimeter (in) 1620.0 1393.0 1100.0 1183.0 

Circularity Ratio 0.81 0.62 0.80 

Max.Elevn. (m) 72.3 72.9 67.8 

Drainage Density 1.38 3.63 3.76 

Main Channel 

Length (m} 219.0 279.0 291.0 

Relief ,(m) 30.0 34.0 33.0 

-Gradient (0) 7.7 6.9 6.4 

.Wett.ed Area {ha) 0.244 0.498 o. 260

TABLE 1 PHYSICAL ·CHARACTERISTICS OF THE BLACK SPUR CATCHMENTS 

'(LANGFORD AND O'SHAUGHNESSY 1979) 

A winter.dominated rainfall, with high summer evaporation losses 

0.88 

95.6 

2.67 

262.0 

45.0 

7.8 

0.109 

character.ise these catchments which fall within group 14 of the river regime 

described .by Haines et .al. ( 1988). This group is described as having a 

streamflow with .a broad winter and early to mid-spring peak, with a distinct

yet low summer fiow. The physical characteristics of the catchments are 

·sUJTimarised in Table 1.

Instrumentation Network and Data Collection: Langford and O'Shaughnessy

("1979) describe the installation of the Black Spur borehole network, shown

in Fig 4. Selection of sites was made after a detailed survey of the

catchments I physical characteristics. The number of boreholes was·

restricted by economic considerations but every attempt was made to ensure

that the measurements obtained from the borehole network would closely

approximate catchment soil moistur� conditions.

In the 3lack Spur catchments soil moisture has been measured using two

Troxler neutron probe moisture meters. The neutron moisture meter technique

is outlined ir. detail in Greacen (1981). It relies on the ability of

I 14 



hydrogen to slow high energy neutron levels. The number of slow energy 

neutrons· counted is related to the amount of water present in the soil 

(O'Connell 1976). A calibration equation is required to convert the neutron

count to a given· soil moisture content (Williamson and Turner 1978). 

Calibration of the Troxler Neutron Probe moisture meters used by the MMBW is 

described in O'Connell (1976) and Fiske (1983). 

Soil mois,tu.re shield counts in the Black Spur catchments are converted 

to a volumetric moisture content (millimeters per metre) by means of the 

regression equation (.Langford and O I Shaughnessy 1979): 

Y = 589.3X 193.l r = 0.994 

Where Y = ·moisture content (mrn/m) 

-X = shield count ratios 

(counts in soil/counts in shield). 

These values are then averaged over the catchment and accumulated to 5.2
metres. 

Soil moisture has been. monitored on these catchments to a maximum

depth of 5.2 metres at thirty-three boreholes throughout the study area

{Fig 4) • Measurements have,·_been. -made on a fortnightly to monthly-· basis .. ·over 

a ten-year period from 1973 to 1983. 

Anomalous Values: During the- analysis o-f the soil moisture da-ta, it. bectame 

apparent that a few readings (<2%.)�·were· anomalous0 (Fig- 5). These readd.ng.s 
were identified where the suspect value was incons·istent with the· rer:na'imder
of the soil moisture values for· no apparent -reason f i .e,. they· c.ould not b_e:
explained by a storm or dry peiriod;) ... Checking of the original data-.f.i•1es,_
failed to explain the reason- fo1r the,se anomc;1-lo.us values. It appe_ai;s, - -:
therefore, that they arose through recording e-rror. or equipment:. f·?\i.l.u·r�.r

In order to retain as many soil mo.is.ture measurements: a.s p0ssj.ple·., it wa.s:
decided to adjust these figures rather than to discard them. In the

Pre-treatment period, this was· d_one. b¥ using· the regression e<:µiatiens, ._- '
derived for the catchments from measl;lrements taken over- the same- p.�.r,iod._ �m-

.. th , e control catchment Black Sptlr 4.. The pre-treatment regressio.n �q:\,l.at,t�ns

are: 

1 15 



BSl 

and 

BS3 

Where 

y 

y 

y 

X 

= 

= 

= 

= 

0.86X + 490.43 

0.85X + 182.67 

2r 

p 

2r 

p 

= 

< 

= 

< 

0.92 

0.001 

0.55 

0.001 

soil moisture in the treatment catchment 

soil moisture in Black Spur 4. 

2 The r value for Black Spur 3 is not particularly high and therefore the 

model is less strong than for Black Spur 1. It is apparent that this is due 

to the anomalous values already mentioned which are having a biasing 

influenGe on the equations. The removal of these values results in the 

following regression model: 

y = 

Where 

y = 

X 

l.06X 267.14 

soil moisture in Black Spur 3 

soil moisture in Black Spur 4. 

2r 

p 

= 

< 

0.90 

0.001 

'Where no reading had been taken in Black Spur 4 on a coincident date the 

,anomalous :value :was .abandoned and the figures averaged over the longer 

period. This latter procedure was also followed in the post-treatment 

period. 

During the analysis of data, it- became apparent that the effects of 

treatment in Black Spur :2 (30% thinning) wer.e less significant than those of 

·Black Spur l or 3. In a comparison of the results of the respective

forestry practices these could add little to the study. For this reason

they were not included; although a comp1ete analy.sis has been made of these

.results.

Results - Soil Moisture Profiles: Catchment soil moisture profiles for the

average summer minimum in the pre-treatment period were plotted against

those of ·the po:st-treatment period. The drought year ( 1982) was excluded

from these calcul�tions in an effort to avoid bias introduced by extreme

climatic .conditions. In Black Spur i ( 50% patch Gutting) the average soil

moisture increase was 54.35 millimetres. Increases were greatest beneath

2. 5 metres ( Fig 6). These increases were uniform throughout the lower soi 1

profile and continued to the maximum depth of measurement ( 5. 2 metres) ·

This indicates that the above figure derived for change in soil moisture is

116 
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probably under-estimated in this catchment. In Black Spur 3 (50% uniform 

thinning) soil moisture increased by an average of 70.68 millimetres (Fig 

7). In this catchment increases were greatest betw�en 1.5 and 4.5 metres. At 

a depth of 5.2 metres in Black Spur 3 there is little fluctuation of soil 

moisture as a result of forestry practices, indicating that the soil 

moisture change figure obtained for this catchment is possibly a more 
realistic estimate than that of Black Spur 1. 

Soil Moisture Variations·aver Time: The soil moisture stores show a 

distinctly seasonal fluctuation (Fig 5). The greatest soil moisture values 

are attained during the winter/spring months, witp values as high as 2600 

millimetres, and the lowest during the summer/autumn months when values can 

be as low as 19 millimetres. Fig 8 shows the mean soil moisture difference 

between wet and dry conditions in the pre- and post-treatment periods for 

each of the catchments. Again, the drought year was excluded from these 

calculations. Black Spur 3 (50% uniform thinning) shows the greatest 

differentiation between wet and dry soil moisture conditions. In both 

catchments the difference decreased in the post-treatment period. The 

ma:-:imum difference over the 5.2 metre profile, between field cap9-city and 
permanent \•Jilting point, is 320- millimetres for Black Spur 1 and� 410 
millimetres for Black Spur 3-. ,; · � ..,. 

Persistence of Soil Moisture Change: In order to determine the effects of 

forestry practices on soil.moisture storage, observed soil moisture was 

plotted against the predicted values obtained using the regression equations 

described (Figs 9 and 10). Soil moisture has increased in both catchments 

since treatment with the greatest increases occurring. during the 
summer/autumn months. 

To determine the relative_ importance of the increases the change in 
soil moisture ( as defined by the difference between predicted· and observed. 

values) was plotted as a percentage of predicted soil moisture. A. five 

point moving average was added to smooth the variability and to g.ive some 
idea of the data trend (Figs 11 and 12). 

Soil moisture in Black Spur 1 was higher during the summer/spring -
months for the first two years after treatment but rapidly returned to

Pre-treatment values (Fig 10). In winter, soil moisture values showed
little change; In Black Spur 3 ( 50% uniform thi.nning ( Fig 11) soil
moisture increases were greater and much more persistent than those of Black

spur 1. Like Black spur 1, the increases are higher in the surnmer/autwnn

months, al thm,1gh, in B.lac:k Spur 3., there was also some increase apparent in
the winter·months. This increase was not reflected in the soil moisture

Profiles and :nav be du.e to an under-estimation by the regression model
. , -~ .. � 
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rather than~ other factors. 

Discussion and Conclusion: The differential increase of soil moisture ovei� 

depth and time suggests that the role of regrowth and remaining vegetation 

·is important in determining the effects of forest treatments on soil

moisture storage:. A comparison of the results of both catchments suggests

that the underst6rey vegetation exploits the top 1.5 metres of the soil

profile for water.· This is supported by the findings of Moran and Ronan

(1978), in a study of vegetation rooting depths in the Black Spur

catchments. The- authors noted that the bulk of the root mass is to be found

within the first 1.5 metres of the soil profile. It appears that in Black

Spur 1, the regene·ra,ting overstorey vegetation is able to exploit soil

moisture to a depth of 2. 5 metres. However, in Black Spur 3 the removal of

the deep rooted overstorey vegetation resulted in a greater increase in soil

moisture beneath 1.5 metres.

Soil moisture increases are· greatest in the surruner/autumn months- in 
both the pre- and post-treatment periods, probably due to the soil befng at 

field capuc i. ty in the winter/spring months. The increased surmner so-il -

moisture ::;tore results in a decrease :n the summer/winter soil moisture 

di f ferencc. The g1�cater volume and persistence of soil moisture change in-. 

B l.uck Spur 3 supports the findings of Langford { 1976), that regrowth.. 
vegetation, such as that of the regenerated p�tch cut areas on Black;Spur l, 
lltilises more water than an older forest. 

The L·emoval of deep-rooted overstorey vegetation by uniform thinning: 
results in the greatest and_ mos,t persistent soil moisr.ure storag_e increases. 

In patch cutting soil moisture increases are smaller and less persistent due. 
to the rapid regrowth of both understo�ey and overstorey vegetation species. 

These utilise more water and can exploit the soil moisture storage to 

i�creasingly greater depths .. 

This study has dem0.n·strated that vegetation rooting depths have a 

major influence on soil moisture storage following uniform thinning and

- �atch, cutting.

surch, G J h 
,. 

Com : ..• _ , Bat . , R . K . ,
Patat1v� hydrologicalsouth-ea�tern.Au�t��lii. 
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