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SUMVARY

In recent years, serious die-back of forest trees has been
reported in western Europe and eastern North Anerica. One
presunmed cause of the forest decline is air pollution and acid
deposition. Concern has been expressed that adverse hydrol o-
gi c responses might occur in forested watersheds as the result
of reduced evapotranspiration and increased di scharge. Accor
ding to one hypothesis, elevated soil-water storage m ght

i ncrease peak flows and cause stream channel damage or down-
stream fl oodi ng. This hypothesis is explored by review ng the
literature, reconputing published data, and sinulating the
effects of forest renpval on streanflow This study suggests
that, although significant increases in water yield may result
forma reduction in forest cover, hydrol ogi c changes are un-
likely to be | arge enough to cause downstream damage. This
optimstic conclusion is based on the snmall increases that

m ght be expected with even the nobst abrupt reduction in
forest cover, and the l|ikelihood that changes will be gradua
and that pollution-intolerant trees will be replaced by nore
resistant plants through natural selection
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ZUSAMVENFASSUNG

I n vergangenen Jahren wurde in Westeuropa and 6stlichen

Nor daneri ka Uber schwerw egendes Absterben der Wal dbaune be-
richtet. Eine der Hauptursachen di eses Wal dsterbens ist die
Luftverschnut zung and sauer eAbl agerungen. Es ist der Beflrch-
tung Ausdruck gegeben worden, daP sich di e hydrol ogi schen

Ver hal tnisse in den bewal deten Ei nzugsgebi et en andern wer den.
Di es ergi bt sich aus der verm nderten Evapotranspiration und
dem anwachsenden Abflup. Ein Hypothese behauptet, dap die

er hoht e Boden- Wasser - Spei cherung di e Spitzenabfl iisse anhebt
und in den Gerinne Verwlistungen bzw. in den Unterl aufen Ober-
schwemungen verursacht wird. Die Hypothese ist untersucht
wor den durch Literaturiberblick, Wederverwendung von publi -
zierten Ergebni ssen and der Sinulation des Effektes der Ent-
wal dung auf das Abflupgeschehen. Diese Studie regt an, dap,
obgl eich es zu einemsignifikanten Anstei gen der Wassernenge
durch di e Verhinderung der Wal dbedeckung kommt, die hydrol o-
gi schen Ver anderung jedoch wahrscheinlich grop genug sind,
umin den Unterl daufen Verwistungen zu verursachen. Dieses
optim stische Ergebnis basiert auf dem geringen Anwachsen,
das zu erwarten ist, wenn es zu einer plotzlichen Reduktion
der Wal dbedeckung kommt and dap sich di e Wahrscheinlichkeit
des Wechsel s i m Abfl upBgeschehen in Mapen halten wird and dap
auf die Luftverschnutzung ansprechende Baune ersetzt werden
durch resistenteres Pflanzenmaterial im Zuge einer natirlichen
Sel ecti on.

2. | NTRODUCTI ON

Evi dence of forest dieback in Europe (PRINZ et al. 1982) and eastern
North America (JOHNSON and SI CCAMA 1983) continued to increase during

the |l ast decade. Although studies indicate nultiple causes,

at nospheric pollution is presuned to be a key factor (BACH 1985).
What ever the cause, the loss of tinber stand vigor and the death of
sone trees may have hydrol ogic effects. Are these effects
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sufficiently inportant to require considerati on when pl anni ng
strategies to respond to di eback? They mght be if the effects
included substantial increases in flood runoff. W consider such
increases unlikely. The discussion that follows will explain why we
hol d that opinion. Unfortunately, the data currently avail able
concerning forest dieback are not sufficiently quantitative or
extensive to permit a nore definitive analysis

When fornulating policies to deal with the problem at |east five
criteria nust be net before the hydrol ogic effects of forest dieback
shoul d receive serious consideration

[1] Major floods which threaten the values at risk nust occur
during the season of the year when the hydrol ogic effects of
forest dieback are nanifest.

[2] The dieback results in a substantial basin-w de reduction in
evapotranspi ration or ground cover

[3] The magnitude of the change is great enough, relative to the
pre-di eback condition, to nmake an inportant difference in
flood vol ume or peak flows.

[4] The probability is high that potentially flood-producing
precipitation will occur when soil-water deficits in di eback
areas are significantly less than those in unaffected basins.

[5] Downstream values are at risk that justify attenpts to reduce
adverse hydrol ogic effects of forest dieback

The first four of these criteria will be explored to better understand
the hydrol ogic threat posed by current and projected levels of forest
di eback. The fifth criterion is, of course, site-specific. In

general, in North America, streams draining areas affected by di eback
do not pose an imediate threat to |ife and property. On the other
hand, settlenents in many parts of Europe would be threatened if
forest dieback led to flooding
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3. ANALYSI S OF PROBLEM

3.1 Flood Threat

Hydrol ogi ¢ effects of forest dieback would be manifest as
decreased soil-water deficits resulting fromreduced transpiration.
In both Europe and in North America, the season of the year when the
hydrol ogi ¢ effect of forest die-back woul d be expected to be at its
maxi mum coi ncides fairly well with a period of high flood potential.
In the southern Appal achi ans, for exanple, the maxi mum soil -npoisture
deficit occurs in late sumer or early fall (HELVEY and HEW.ETT 1962),
and a high flood threat fromhurricanes typically occurs in Septenber
or Cctober. Throughout the east coast of the United States, nobst of
the 24-hour maximumrainfalls are reported during that season of the
year (TODD 1970). A similar circunstance prevails in Europe, although
orographi c sunmer precipitation rather than hurricanes is the origin
of floods. Maxi mum 24-hour precipitation (MOLLER 1982, RUDLOFF 1981,
WALLEN 1977) and maxi mnum fl ood run-offs (VAN DER LEEDEN 1975, | MHOF et
al. 1965) are typically found between May and Septenber.

Fl oods in both Europe and North Anerica may occur when reduction
in transpiration results fromforest dieback. It is inportant,
therefore, that the nagnitude of this potential threat be estimted as
wel | as possible with existing data.

3.2 The Extent of Dieback

Forest dieback represents an alteration of a natural ecosystem
For a substantial reduction in evapotranspiration or ground cover,
basi n-wi de di eback woul d have to be foll owed by a nmini mumresponse by
successi onal vegetation. Such a sequence of events seenms unlikely.
In both Europe and North Anerica, dieback affects tree species
selectively. In Europe, at least 11 species are affected -- including
4 important conifers and 7 broad-leafed trees (H NRI CHSEN 1987). On
both continents the synptons di splayed and the intensity of damage
differ widely anong tree species (H NRI CHSEN 1987, SCHUTT and COALI NG
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1985). In West Germany, stands of white fir (Abies alba) were the
nost seriously affected: 87 percent of the forest area in that species
showed synptoms in 1984. Two species of oaks (Quercus robur and Q
petraea) showed evidence of decline with 43 percent of their area

di spl ayi ng synptonms (SCHUTT and COALI NG 1985). It is unclear what
proportion of the difference between species is due to genetic

di fferences and what proportion is due to the sites which they
characteristically occupy. BERRANG et al. (1986) suggest that genetic
differences play a role in ozone tol erance. They subjected
seedl i ng-si ze clones of quaking aspen (Populus trenul oides) fromfive
national parks to 180 ppb ozone for 6 hr and found "a high negative
associ ati on between average injury and anbi ent ozone |evels" in the
parks of origin. These results are consistent with the hypothesis
that polluted air is a powerful selective force (SINCLAIR 1969) and
that ozone sel ects against sensitive genotypes of P. tremul oi des
(BERRANG et al. 1986)

In addition to the direct and indirect effects on trees
pol lutants may affect soil chemistry and microbiology. In sonme cases
these factors nmay hasten the senescence of an even-aged forest cohort
(MJELLER-DOVBO S 1987, ULRICH 1982). If the dieback is due to
mul tiple stresses, it follows that the absence of one or nore stress
conponents shoul d reduce stand damage. That phenomenon shoul d pronote
a nosaic-like response rather than a basin-wide unifornity of response
because many stress conmponents will be confined to particul ar
t opographi c facets. Forests do not seemto be uniformy vulnerable to
di eback. O der trees are nore likely to succunb than younger ones
(SCHUTT and COALI NG 1985); stands at high el evations are nore
susceptible than those at |ow el evations (SCHUTT and COALI NG 1985);
trees on exposed sites trees are nore susceptible to dieback than
those on sheltered sites (SCHUTT and COALI NG 1985, ULRICH 1982); trees
exposed to wind, fog, and rine ice are reported to be nore vul nerable
(PRINZ et al. 1982, SCHUTT and COW.I NG 1985, ULRI CH 1982). Less
vul nerabl e areas include "holl ows, basins, and gorges" which are not
exposed to prevailing winds (ULRI CH 1982).
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Al'l of the foregoi ng considerations suggest that dieback will form
a nosai c-on the | andscape, being nore intense in vul nerable sites, and
| ess intense or absent in protected areas. Such a pattern is not a
new phenonmenon in European forests (MJELLER-DOVBO S 1987). Forests
t hroughout the world experience periodic di ebacks from conbi nati ons of
natural causes. However, forest ecosystens contain species adapted to
the increased light, noisture, and nutrients made avail abl e by
di eback. Since dieback is not an abrupt change such as a forest fire,
pl ant succession can proceed with little alteration of the hydrol ogic
properties of the ecosystem In the Chia decline in Hawaii between
1954 and 1972, HODGES et al (1986) reported that "In areas of severe
decline, ninety percent or nore of the Ohia canopy may be dead. Such
areas are not denuded of vegetation however. Sub-canopy species and
litter provide ground cover for perhaps ninety-five percent of the
area." Unless air pollution beconmes so severe as to cause di eback of
al nost all plant species in the ecosystem it seens unlikely that
basi n-wi de reductions in transpiration or ground cover will occur. To
sum up, forest dieback occurs in heterogeneous, dynam c ecosystens
conposed of sites of varying stress and species with varying
susceptibility to the agents causing di eback. Extensive uniform
di eback woul d, therefore, require a highly inprobable set of
ci rcumst ances.

3.3 Magnitude of Hydrologic Effects

The maxi mum possi bl e effect fromforest dieback would occur with
conpl et e basi n-wi de di eback and no regrowth of any type. Two Anerican
pai r ed- wat er shed experinments have reproduced this condition ( HORNBECK
1973, LYNCH and CORBETT 1982). In both studies, virtually all of the
treated watershed was clear-felled and regrowmh was prevented with
her bi ci des. Substantial streanflow increases were reported. The
maxi mum post-treatnment peaks in the two studies were 200% and 300% of
their predicted values, respectively. In the Hubbard Brook experinment
(HORNBECK 1973) stormrun-off volunmes were al so reported. The maxi mum
summer quick flow increase was about 160% the maxi mum sunmer peak
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flow increase was about 250% |f these two experinents reflect what
may occur as the result of forest dieback, then increased flooding
woul d likely result, at least in small basins of 40-50 ha

The precedi ng studi es suggested the potential for significant

hydrol ogic effects. Are the necessary drastic reductions in
transpiration likely to occur as the result of dieback? W think

not. In Section 3.2 of this paper, we reported evi dence agai nst
substanti al basin-w de di eback. ULRICH (1982) contrasted basal -area
growt h of beech and spruce during the period 1969-1973 with the period
1973-1977. Hi s data suggest approximately a 60 percent reduction in
growth. Conceivably, this growth translates to a conparabl e reduction
in water use. Estimates of hydrol ogic effect based on such a
reduction are probably closer to what nmay be experienced as the result
of forest dieback. The killing of Japanese bl ack pine (Pinus
thunbergii) in the 22.6-ha Mnamitani Watershed on the

Tat sunokuchi yama Experinental Forest near Kyoto, Japan is probably a
close analog to the dieback effect (ABE and TANI 1985). Pine forests
covering 69% of the watershed were conpletely killed by the pine-wood
nemat ode. No difference in peak flows which were larger than 4 nmi hr
wer e found, even though there were both wi nter and summer increases in
base flow. W digitized ABE and TANI'S (1985) data for the nonths of
June through August and reconputed the "before" and "after" treatnent
regressions. The two regressions were not statistically significantly
different (P=0.37) based on CHON S (1960) test. Presumably conpeting
veget ation quickly invaded the sites nmade avail able by the death of
the forest cover and negated any possible soil-noisture | osses

For the hydrologic effects of dieback to be inportant, they nust

be evident during potentially large floods. The data cited above
strongly suggest that they will not be. That concl usion conforms to
conventional hydrologic thinking that the effect of watershed

condi tion dimnishes as flood size increases
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3.4 The Probability of Significant Soil-Water Deficits
Coi nciding Wth Large Summer Storns

We could find no research addressing the issue of significant
soil-water deficits coinciding with |arge sunmer storns. Qur analysis
of data taken from ABE and TANI (1985) suggests that the probability
of the joint occurrence of large soil-water deficits and | arge storns
is low Further investigation did, however, seem warranted

To estimate the |ikelihood of |arge stornms occurring when there
were |large soil-water deficits we devel oped a sinple Markov conputer
nmodel based on data that were readily available to us and that
approxi mated the conditions where the dieback threat is greatest.
Precipitation data came fromweather stations in Austria (MILLER
1982). Conceptually, the conputer simulation reproduced sets of the
two summer nonths in which serious flood threats exist. The
sinmul ation included a total of 10,000 sumer days, about 160 years
We created a hypothetical site at which the probability of rainfall on
any day during the two rainiest sumrer nonths was 0.55. The nean
rainfall was 8mmon rainy days. Daily precipitation amobunts were
log-normally distributed with a 75mmdaily rainfall amount having a
return period of 1000 summer days. The maxi numdaily precipitation in
the simulation was 150mm A set of conditional probabilities was used
to simulate the clustering of dry and rainy days typical of summrer
weat her. The best data available to us for those probabilities were
precipitation records of four sites on the east slopes of the Sierra
Nevada in California (NATI ONAL OCEANI C AND ATMOSPHERI C ADM NI STRATI ON
1985a, 1985b, 1986)

Evapotranspiration (ET) was nodel ed to produce a 400- nm nean
annual difference between di eback and non-di eback sites, with 37%
(150m) occurring in June and July. The annual figure is based on
typical water yield increases fromworl dw de catchment studies (BOSCH
and HEWLETT 1982) in the first 5 years after clearcutting coniferous
forests. The annual distribution was inferred frompotentia
evaporation data fromthe Austrian weather stations (MOLLER 1982). To
produce the 150-nmtarget, the average daily difference in

— 58 —



evapotranspi ration between a di eback site and a non-di eback site on
dry days was set at 4nm while on rainy days the evapotranspiration
difference was an inverse function of the daily precipitation. (ET

was distributed normally with a nean of 4/ppt nmand a standard
deviation of 2/ppt mm)
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Figure 1. Simul ated effect of forest dieback on daily sumrer runoff.
Abb. 1: Si mul ati on des WAl dst er bens auf den téaglichen Ab-
flup i m Somrer

The nodel allowed 75% of any surplus water to run off the same day
it was generated. This high value was chosen to avoid dimnishing the
flashy effects of intense storms in small basins. In nobst cases, we
bel i eve detention due to flow routing would be nmuch greater, thereby
reducing the effects of dieback on runoff.
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As noted in Section 3.2, dieback is nore likely to occur on ridges
and exposed areas and less likely to occur in swales. This
t opogr aphi ¢ arrangenment would nmean that the run-off increases from
affected areas would tend to be upslope and tributary to unaffected
areas. A likely ecol ogical response to this circunstance is increased
wat er use by the vegetation in the unaffected areas. However, this
nodel simul ates 100% di eback, as in clear-felling, thus creating the
optimal scenario for increasing flood peaks.

On 6.8% of the rainy days, the dieback area produced an additional
| Omm or nore of sinulated runoff. Increases of nore than 20mm
occurred only about 1% of the time. The maxi mumincrease was 40mm
In only three cases did increases of 20mmor nore result in total
runof f greater than 40mm (Fig. 1). The nunber of runoff days with
40mMm or nore runoff increased from 18 to 27, but the nunber of days
with 75nm or nore renmined constant at 3. Generally as the size of
the runoff event increased, the additional contribution due to dieback
decreased.

To the extent that the simulation is a satisfactory approxination
toreality, it suggests that nost of the on-site run-off increases
woul d be minor. Large increases during |arge events apparently would
be rare, even with 100% per manent di eback in the flashi est of basins,
such as that nodel ed here. Were dieback is tenporary or inconplete,
and in catchments of nmore than a few square kiloneters, the
expectation of large increases would be dimnished further.

4.  CONCLUSI ONS

This review of the literature and conputer sinmulation suggests
that inmportant hydrologic effects as the result of forest dieback are
very unlikely, although weather patterns favor the occurrence of
serious dieback effects. In both Europe and eastern North America,
maj or flood threats coincide with the season when di eback effects on
hydrol ogy are likely to be greatest. Qur conputer sinulation suggests
that the probability of a |large stormrunoff increases resulting from
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di eback- caused differences in evapotranspiration is insufficient to
war rant nmuch concern. However, our conclusion is based prinarily on
the expected responses of the affected forests. It is unlikely that
there will be substantial basin-w de di eback because the magnitude of
effects varies with el evati on, topographic position, resistance of
tree species, and genotypes within tree species. A nosaic of dieback
pat ches seens nore probable. Patterns of dieback observed to date
suggest that affected el ements of the nobsaic will often be tributary
to unaffected elenents. This condition will tend to cause

di eback-rel ated increased runoff to replenish soil-water deficits
downsl ope, dimnishing any contribution to increased streanflow

G ven that dieback occurs as a nobsaic, its hydrologic effects will be
simlar to those observed as a result of Iogging. Consequently, the
concl usions of LULL and REI NHART (1972) and HEW.ETT (1982) that
"forest operations do not seriously increase flood flows in major
streans" can be applied to dieback effects.

Al'l of the above does not nean that hydrol ogic effects of forest
di eback can be conpletely ignored. Rather it argues that such effects
shoul d not figure prom nently when planning strategi es to conbat
forest dieback. Only in circunstances of nearly basin-w de di eback
whi ch pose an inmmediate threat to human life and property shoul d
careful analysis of the hydrologic effects of dieback be required.
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