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I. INTRODUCTION 

1. The Fifteenth Session of the European Forestry Commission's 
Working Party of the Management of Mountain Watersheds was held in 
Innsbruck, Austria, from 23 September to 4 October, 1986 at the kind 
invitation of the Government of Austria. The working meetings took 
place in the Kongresshaus of Innsbruck from 23-27 September, and were 

. followed by a study tour organized by the Host Government illustrating 
torrent and avalanche control problems in several provinces of Austria 
from 29 September to 4 October. The agenda and timetable of the 
session are given in Annexes A and B. 

2. The session was attended by 65 participants from 18 countries, 
Ten member countries of the European Forestry Commission: Austria, 
Federal Republic of Germany, Israel, Italy, Norway, Portugal, Spain, 
Switzerland, and Yugoslavia, and observers from Cape Verde, Colombia, 
Ethiopia, Iran, Japan, Morocco, Nepal, and Venezuela. Also IUFRO was 
represented. The list of participants is given in Annex C. 

3. In the absence of the Chairman of the Working Party 
Mr. F. L6pez Cadenas de Llano (Spain), who sent his apologies, 
Mr. G. Krongfellner-Kraus (Austria) chaired the discussions together 
with the Vice-Chairman Mr. M. Djorovi~ (Yugoslavia). 
Mr. L6pez Cadenas was unable to attend due to changes in Spanish 
legislation which had advanced his retirement from government service. 
A letter fully explaining this situation was read to the Working 
Party. Mr. T. Michaelsen of FAQ's Forest Conservation and Wildlands 
Branch, as Secretary of the Working Party ensured coordination of the 
meeting based on the efficient arrangements made by the Federal 
Ministry of Agriculture and Forestry of Austria. Mr. H. Hattinger of 
the Ministry's Torrent - and Avalanche Control service coordinated the 
services provided by the host country as well as the organization and 
conduct of the study tour. 

4. The Mayor of Innsbruck, Mr. R. Niescher extended a warm welcome 
to the participants and underlined the relevance of Innsbruck as the 
venue of the meeting. The town has several red zones, i.e. high risk 
areas, and a permanent avalanche commission meets every year to 
discuss protection measures for the next season. Only last year the 
flood level of the river Inn reached the highest mark in the 400 years 
recorded history. However, the small torrents in the vicinity of the 
town are considered the most dangerous and every year damage is 
reported. 

There is therefore hardly a place where the meetings of the 
Working Party would be considered more relevant and it was hoped that 
the contacts and exchange of information with this international group 
will be of benefit to the Austrian professionals. Finally the Mayor 
invited the group to benefit from the stay in Innsbruck not only by 
talking about catastrophes, but also to enjoy the charming town and 
the beautiful landscapes of Tyrol. 
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5. Mr. T. Michaelsen, Forest Conservation Officer, Forest 
Conservation and Wildlands Branch, also welcomed the participants on 
behalf of the Director-General of FAO, and thanked the Austrian 
Authorities and the City of Innsbruck for hosting the meeting. He 
noted that also this time there had been widespread interest from 
countries outside Europe to participate as observers during the 
session and especially during the study tour where the participants 
would benefit from observing more than 100 years of progress in 
torrent and avalanche control. He mentioned the recommendation by the 
EFC Executive Committee that the Working Party may need to consider in 
its programme of work (i) the increase in the use of mountainous 
regions for environmental purposes and sporting activities, as well as 
the rise in the number of human settlements on steep slopes or in the 
vicinity of danger zones, and (ii) danger arising from forest damage 
such as that attributed to air pollution in protection forests. 
Management of mountain watersheds is not just a technical problem, and 
it is important to consider the socio-economic aspects which prevail 
in Europe at any given time. The attention of the Working Party might 
be needed on the development of a diversified mountain economy and on 
legislation related to rural development in mountain areas. Finally 
he conveyed messages received from the Chairman of the Working Party 
Mr. L6pez Cardenas (Spain) and former Chairman Mr. Puglisi (Italy) 
both of whom had been prevented from attending at the last moment. 

6. Mr. A.H. Redl, Division Director in the Federal Ministry of 
Agriculture and Forestry and Head of the National FAO Committee in his 
opening address concentrated on the long history of Austria's 
collaboration with FAO, and especially as a member of the FAO Council, 
the Committee on Agriculture and the Committee on Forestry. Austria 
had suggested the declaration of 1985 as the International Year of the 
Forest and the history of forest protection in Austria goes back to 30 
June 1884 when the Act concerning arrangements for the harmless runoff 
of mountain water laid the foundation for Governments involvement in 
~orrent and avalanche control. Austria therefore attached particular 
interest to this working party. Mr. Redl concluded by saying that 
Austria, as in the past, would continue to support within the 
country's capability, the work of FAO. 

1. Mr. R. Hattinger of the Torrent and Avalanche Control Service of 
the Federal Ministry of Agriculture and Forestry, welcomed the 
participants and drew the attention to the fact that two thirds of 
Austria is mountainous. This gives the country great natural beauty 
and at the same time, exposes its population to natural disasters. 
The Government had assumed responsibility for protection in 1884 
considering two basic principles: (a) Forests provide the best natural 
protection against torrents and avalanches, and (b) in critical areas 
forest cover is not enough and must be supplemented by structural 
engineering measures. The main developments in scope and orientation 
of this work in recent decades has been the incorporation of new areas 
such as the wine districts in Eastern Austria because of change in 
land management practices, and more emphasis on hazard zones mapping 
and planning. A major development in the design of structures was the 



increased use of open dams for specific purposes. Major tasks ahead 
include the maintenance of stable protection forests now being 
affected by air pollution and other man-made causes, with the 
unde~anding that structural works cannot replace the role of these 
forests; danger zones mapping and planning needs further refinements, 
and continuing training of staff is needed in order to meet their 
challenges. Finally, Mr. Hattinger reminded of the need to work with 
people and with nature rather than trying to control both. 

8. Mr. E. Plattner, Director-General, Department of Forestry in the 
Federal Ministry of Agricultur~ and Forestry, welcomed the 
participants on behalf of the Federal Minister of Agriculture and 
Forestry. In his address Mr. Plattner stressed the close relationship 
betweeen forest and man and the need for ecological as well as 
economic considerations in the maintenance and development of mountain 
settlements. Forests and in particular protection forests at higher 
altitudes are under stress .due to several causes and mountain 
ecosystems are, at the same time, being placed under increased 
recreational use and managed in larger unit by more specialized 
people. This leads to less attention to soil and site factors and to 
a dominance of short term economic over longer term ecological 
considerations. Man has turned out to be the worst enemy of the 
forest that he himself depends on. Mr Plattner ended his address with 
a call for a new orientation of forestry towards the reestablishment 
of long term, stable, forests in mountain areas. 

9. The Working Party adopted the.proposed agenda and timetable given 
in Annexes A and B. 

II. NATIONAL REPORTS 

10. Delegations of nine member countries of the European Forestry 
Commission submitted national reports: Austria, France, Federal 
Republic of Germany, Israel, Italy, Norway, Spain, Switzerland and 
Yugoslavia. In addition the participants from Iran and Colombia made 
presentations on the programmes in their respective countries, and 
Japan gave a verbal statement. 

11. Mr. H. Hattinger presented the national report of Austria. The 
countr~ has about 7,5 million inhabitants on a surface of more than 84 
000 km of which two thirds are mountains. ·For centuries catastrophes 
caused by torrents and avalanches have been occurring and therefore in 
1884 the Federal Forest Technical Service was created and a law 
concerning the harmless diversion of mountain brooks (torrent control 
law) enacted. It includes the basis for a control concept (used first 
by french engineers) which considers the experience that forests are 
the best protection on steep slopes. They reduce erosion, prevent the 
starting of avalanches and reduce flood peaks. Engineering works 
(contructions), however, are necessary to resist the huge forces in 
torrential waterways and avalanche tracks. The combination of forest 
and technical measures form the "forest-technical system" of torrent 
control. After the Second World War an enormous economic growth also 
in the Alps ~aused a shortage of available land and consequently the 
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use of endangered areas for buildings and infrastructural works. This 
created a demand for protection that could not be met. Land use 
planning was necessary. The basis for the authorities concerned are 
the danger zone plans elaborated by the Forest Technical Service. 
After the Second World· War also a territorial expansion of the 
activities of the Torrent Control Service took place: a change in the 
management of vinyards created torrents which had to be controlled at 
the cost of millions of dollars. In the period after the Second World 

·War a lot of new methods were developed. One example among many 
others: the use of open check-dams with the purpose to improve the 
management of bedload. 

Considering the future problems and tasks the menace to the 
existence of forests in the mountains caused by air pollution and game 
is one of the greatest. If the forests loose their function of 
protection whole valleys will have to be evacuated permanently and 
transit routes will become unusable. Great efforts are necessary to 
create and maintain stable ecologic systems, above all forests. The 
relevant work has just started. Other important future tasks will be 
a better compatibility of engineering measures in torrents with 
environment and ecology, the improvement of cost-benefit analysis, the 
adaptation of guides according to new developments, intensification of 
public relation work and, last but not least, training of personnel, 
because only a trained staff is able to solve the severe future 
problems. 

the most important principle for the activities, however, 
includes nature and human beings in planning, concept and work. only 
with this basis is it possible to reach the necessary permanent 
protection against torrents and avalanches, in Austria and all over 
the world. 

12. Mr. L. de Crety of 
French national report. 
country with only 7% of 
mountain areas. 

the National Forestry Board submitted the 
In France mountains occupy one fifth of the 

the population. Forests cover 30% of the 

The Mountain Law of 9 January 1985 recognizes 7 mountain regions, 
each having its own Mountain Committee. This committee is responsible 
for the preparation of a management and development policy which best 
suites the special vocation of each mountain region. These vocations 
are very diversified and often contrasting. The Vosges form a 
forestry and industrial region, the Jura forestry and pastoral, the 
Massif Central has remained agricultural, the Alps and the Pyrenees 
has developed tourisme. 

In line with the decentralization policy of the Government, the 
Law assigns responsibility and allocates the necessary means to the 
local communities for the management of their territories and 
prevention of natural hazards. The Forest Law of 4 December 1985 
permits the declaration of communal land areas for mountain land 
restoration purposes. 



The State, however, maintains control over 380 000 ha on which 
extensive work has been carried out over the last 120 years at great 
expense. These include structural protection works (1 000 torrents 
and 50 avalanche zones treated) and reafforestation (250 000 ha). A 
study is in progress on the nature and importance of the protective 
role that these forests actually play. 

The needs for security created by the terribly rapid development 
of tourist oriented infrastructure in mountains areas cannot any 
longer be met by the Government stepping in with appropriation 
wherever works are needed and by providing all the necessary funds. 
As a first step "zoning" of areas exposed to natural hazards must be 
carried out following the procedures established in the urbanization 
act (article R.111.3) or according to the law of 13 July 1982 on the 
compensation of victims of natural catastrophes (P.E.R. maps - Plans 
d'Exposition aux risques naturels previsibles), in order to avoid new 
installations at risk. 

This then reduces the prevention works to cases where there is no 
other alternative. In such cases they are executed by the county 
(communes) with technical assistance from the state agencies. The 
financial burden is shared between nationa~ regional, departmental and 
local level. At present the amount of work programme carried out by 
the counties is considerably larger than that of the state on 
government land. 

The techniques utilized have varied only slightly: open checkdams 
are becoming more frequent in torrent control, just as in avalanche 
control more sophisticated prevention methods are being employed such 
as the preventive triggering of avalanches by cable systems earring 
explosives (CA.TEX). 

13. The national report of the Federal Republic of Germany was 
presented by Mr. E. Probstle.) In the Federal Republic of Germany 
torrent control is concentrated on the Federal State of Bavaria and is 
mainly carried out along the northern rims of the Alps. The presented 
report describes the efforts and measures undertaken by the Federal 
State of Bavaria with the financial assistance of the Federal Republic 
of Germany to support the necessary control work effectively. 

The annual expenditures on necessary development work and 
permanent maintenance for more than 400 torrents, comprising 
approximately 7% of the Bavarian State area, amount to 15 million DM 
for development measures and 15 million DM for maintenance and 
control. The sum contributed by the Federal Republic of Germany on 
these projects is 5 million DM. The parties concerned give 
approximately 10%. 

The alarming changes noticed in the forests of the Bavarian 
higher mountain areas due to the new state of forest damages, are 
probably sooner or later observable in torrents showing higher flood 
discharges and concentrated sediment transports up to mudrock flows. 



- 6 -

In the bavarian alpine region approximately 90 villages and about 100 
brook crossings with important traffic routes would be affected by 
this development. At present on the basis of hydrographic-morphologic 
maps, being drawn during the past years, scenarios were worked out 
which record in detail the endangered objects and show possible 
remedial measures. We all sincerely hope that we do not need such 
measures and that the forest recovers from its damages. 

Recently the population and the politicians have became more 
critical of technical structures in the natural scenery. Bound by 
vote of parliament in future all waters, even torrents, have to be 
trained under ecological aspects or appropriate maintenance measures 
must be applied to restore the earlier negative technical protection. 
On this basis design criteria is practiced to control only the 
necessary obligatory position of a water course and, moreover, to let 
it form its own bed. This principle conditions the availability of a 
sufficiently wide strip of waters. According to present experience 
the construction and maintenance costs for near-natural control 
measures will not be higher than for traditional engineering 
structures. 

14. The national report of Israel was presented by Mr. M. Cohen. 

Land use in Israel is classified as follows: 

Cultivated 0.75 - 1 million acres 
Pastures 0.5 II " 
Forests 0.25 - 0.5 " " 
Nature reserves and National 
Parks 0.125 II " 
Land reserved for the IDF 1. 75 " " 
Urban land 0.125 " " 
Engineering installations 
and unused marginal lands 0.125- 0.25 " " 
Since 1960 the autonomous Land Development Authority is 

responsible for all land reclamation and forestry in Israel. It 
should be mentioned that the agricultural soil of the country is 
scarce; reclamation has to be carried out on very bad land and rocky 
terrain through land reclamation in its various forms such as 
terrazing of hill slopes, gully correction, sand dune fixation, 
drainage of swamps, soil aggregation, watering, land levelling, 
opening of roads, improvement of saline soils, etc. Swamp drainage 
and reclamation in their various forms all taken together have thus 
increased Israel's agricultural potential by almost 30%. The 
activities of drainage work have been increased, especially in the 
hill region and Negev, by regulating the seasonal storm waterflow in 
gullies and storing the water for irrigation. 

The two Departments in cooperation with the Department for Soil 
Conservation of the Ministry of Agriculture are responsible for the 
management of watersheds in the country. This activity, includes also 
"water harvesting" by collecting and storing runoff water for the use 
in agriculture. After several years of drought, the water supply 
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system in Israel is in a state of acute crisis, when even the ground 
water resources are endangered. The L.D.A., considering the above 
situation, had undertaken several steps to develop additional water 
sources especially by utilizing flood water. For example, for this 
purpose 10 artificial lake~ are constructed in the Besor catchment 
area to store 30 million m of water, and 10 additional in the Arava 
Rift Valley. 

Combined soil conservation works are done with the Forest 
Department by planting of trees and shrubs along the water courses in 
the vadis in the Negev. In the area with annual rainfall from 50-100 
mm/year, the liman plantation was introduced. Some 300 "limans", 
covering about 50 ha, have established "green spots" in a treeless 
desert. 

Israel's afforested area covers almost 270 000 acres, of which 
some 100 000 are natural Mediterranean woodlands; more than 170 
million trees have been planted throughout Israel till now. Planted 
forests are predominantly pine woodland composed of Jerusalem, Brutzia 
and stone pines as well as cypress, widely rooted over barren 
hillsides and coastal plains. Eucalyptus, tamarisk and blue acacia 
are better suited to saline soils throughout the Negev and Arava. 
Trees hold the soil together, preventing water and wind erosion. They 
improve the quality of the environment, screening out urban noise and 
absorbing harmful industrial pollutants. Tree nurseries around the 
country prepare some 5 million saplings each year for new forests. 

The L.D.A. is in close contact with the academic research 
institution and with the University, Institute of Technology, and the 
Institute for Soil Conservation of the Ministry of Agriculture. The 
main subject of recent research is water resources in catchment areas, 
afforestation and ecological landscape planning in the Negev 
Mountains, assessment of maximal run-off in small catchments, 
development of soil conservation methods by the catchments, 
development of soil conservation methods by the construction of "mini 
dams", underground drainage, measurement of moisture balance and 
evapotranspiration under different forest cover on different bedrock, 
sand dune fixation, development of geotechnical standards for drainage 
systems, flood-water storage and so on. 

15. Mr. I. Novaco presented the national report of Italy dealing 
mainly with the fundamental importance of the hydro-geological 
problems of the orographic system in Italy. 

Within the existing diversity concerning geology, hydro-geology 
and socio-economic aspects, it is possible to distinguish between 
three categories of torrents i.e. Alpine, Appeninian and insular. 

As a consequence of this diversity caused by oro-hydrographic and 
other fundamental characteristics, the strategies and technics 
employed are oriented towards establishing a balance between the 
torrential phenomena and the affected region in each case. 
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The report calls for the state to promulgate a new comprehensive 
law for protection against natural disasters which, with due 
recognition of the autonomous regional administrations, establish 
guidelines for policies related to the safe occupation of land in each 
region. In particular it is desirable that the new law emphasises the 
following two fundamental principles: 

(1) minimum index of forest cover, i.e. a required existence of 
forests, for each watershed according to its particular 
characteristics. 

(2) increase of forest cover in watersheds defined as deficient 
together with prohibiting any further reduction of forest 
area. Any activity leading to a reduction of the forest 
area must be compensated for by establishing new areas. 

16. Mr. Baard Andersen presented the national report of Norway. In 
the period 1983-86 15 people were killed by avalanches in Norway, 
among them 13 soldiers on exercise. These accidents have caused 
increased activity in the struggle to inform the people of the 
avalanche danger. In 1985 heavy floods in West Norway, due to 
rainfall and snow melting in the autumn, have necessitated security 
works of approx. US$ 3 million. 

The construction and field studies regarding rockfill thresholds 
(small dams) in river streams have continued. Researches of the 
stability were made some years ago and a long-term study is in 
progress. 

Among the ongoing projects at the Norwegian Institute for Water 
Research can be mentioned the Rain Project, in which the reversibility 
of acidification is studied by large-scale manipulations with natural 
headwater catchments. In April 1985 a Master Plan for Water Resources 
passed the Starting (parliament). The plan is based on 285 reports 
~overing 310 water courses and will form the basis for the water use 
planning in the years to come. 

17. The national report of Spain was presented by Mr. M. de Tuero y 
de Reyna. The report gives a brief overview of erosion processes in 
Spain a country which, according to the desertification map published 
by the United Nations, present the severest problem in Europe both in 
terms of area and degree. 

Geo-dynamic torrencial phenomena, water erosion, sediment 
transport and deposit are taking place in many areas of the country. 
However, it is mainly in the alpine type torrents in the Pyrenees and 
in the mediterranean "Ramblas" that these processes reach impressive 
dimensions. Some of the catastrophes caused by flooding during this 
century are also mentioned in the report. 
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During the last biennium the Institute for the Conservation of 
Nature (ICONA), in collaboration with the autonomous administrations, 
has developed a series of ~rojects on erosion control and protection 
of soil and water resources. These projects were identified by ICONA 
in 1978 in the "Study of the Erosion Problem which established action 
to be undertaken during the decade 1981-89 and which foresees 
activities on 1 032 883 ha of biological protectio~ works in 
torrential watersheds and a volumen of 5 362 000 m of structures for 
the stabilization of water courses and mountain slopes. 

A summary of results achieved during the last two years according 
to priority objective is given in the report. 

Special mention was made of the project "Struggle Against 
Desertification in the Mediterranean Area" (LUCDEME) and achievements 
during the first phase of this programme in the South-East of Spain. 

18. A brief overview of national programmes was received from some of 
the observers countries including Colombia, Iran, Japan, Nepal and 
Venezuela. 

III. WATERSHED SOIL MOVEMENT AND EROSION PROCESSES 

19. Mr. M. de Tuero y de Reyna (Spain) Rapporteur for Item 4, 
introduced the topic and announced the six papers. 

20. Mr. G. Kronfellner-Kraus presented the first paper entitled New 
Results and Experiences in the Quantitative Estimation of Torrents. 

Because flood discharges and sediment transports from small and 
steep torrents can vary extremely, the quantitative estimation of 
torrential phenomena is problematic. Therefore it is easier to 
estimate particular possibilities of extremes. On the basis of new 
investigations and in the light of new contributions in the latest 
literature, the fundamentals and range of application of a more 
universal function for the estimation of possible extreme sediment 
yields during single events from distinct torrents and torrential 
zones are discussed in this paper. The new findings have made it 
possible not only to examine the proposed formula in general, but also 
to improve the discussed method for hitherto ranges of borders. 

21. The second paper under Item 4 entitled Methodological Analysis of 
the Sedimentation in the Albujera de Valencia, was presented by 
Mr. J.A. Mintegui Aguirre. The document describes the practical 
application of an integated method of determination of sediment yield 
of a watershed. This method was introduced during the FAO/IUFRO 
symposium in relation with the 14th Session of the Working Party. The 
selected watershed is a contributor to the Albujera de Valencia, a 
unique ecosystem within the humid zones of Spain. The objective of 
the study is precisely to find a suitable solution for its 
preservation, both through measures on the catchment as well as the 
water regulation systems of the reservoir. 
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22. Mr. Buffa introduced the third paper prepared by him together 
with Mr. v. Villi, entitled Measurement and Correlations concerning 
Solid Transport in the Small Dolomitic Basin ''Rio Missiaga" Belluno, 
Italy. 

The paper describes the results of some sediment transport 
measurements in a small watershed of the Eastern Alps and 
particularity of the Dolomites. 

The observations began in the summer of 1983. 

The observations of sediment transport concern317 hydrological 
events, with maximum discharge in the 200 - 1,350 m /s range. 

These events have been subdivided into spring and summer-autumn 
events; the two types of events are characterized by a different shape 
of the hydrograph. 

The document presents some relationships between sediment yield 
and peak discharge, between sediment yield and quick flow volumes and 
between quick flow volumes and quick flow times. 

23. The fourth paper under Item 4 was prepared by Messrs. M. Crespi, 
S. Fattorelli, M. Lenzi, L. Marchi, and Mr. G.R. Scussel, entitled An 
Experimental Station for the Measurement of Water and Sediment ~ 
Discharge in a Small Alpine Watershed. 

It was introduced by Mr. Lenzi. Rating sediment transport 
processes is not only of remarkable methodological interest, but 
greatly contributes to the success of torrent control works. 

The importance of these processes is not matched by a 
corresponding amount of available experimental data on sediment 
transport and particularly on bedload. 

Detailed measurements made in experimental watersheds can help 
collect data on sediment transport in small mountain streams. In this 
connection, a small watershed, strongly affected by erosion in the 
Italian Alps, has been equipped with an experimental station for 
recording water and sediment discharge. 

The experimental station operates chiefly based on the separation 
of bedload from suspended load and the two fractions are measured by 
different devices. 

The station is also equipped with sensors for gathering water 
quality parameters, and with a device for the automatic sampling of 
discharge water. 

The contribution gave a detailed description of the experimental 
equipment, and a lively discussion followe~ on the establishment and 
running costs of this unique station, as well as on its many 
applications especially concerning instrumentation and their 
calibration. 
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27. Mr. L. Marchi introduced the fifth paper entitled Methodologies 
for the Analysis of Sediment Yield in Mountain Watersheds. 

An illustration was given for two different methodologies 
(multiple regression analysis and conceptual models) for the 
assessment of sediment yield, with reference to Italian watersheds. 

In some watersheds of Dauno Sub-appennine (Southern Italy), the 
relationships between annual suspended sediment and hydrological, 
morphological and land use characteristics of the catchments have been 
investigated with multiple regression models. The results have shown 
a strong correlation between annual suspended sediment and annual 
maximum discharge, while other variables have proved less significant. 

The conceptual model used consists of two elements: a watershed 
model (an improved version of the well-known Stanford Watershed Model) 
and an erosion model. 

The application described in this paper concerns the Cordevole 
watershed, located in the Eastern Italian Alps. 

The contribution described the results obtained for this case 
study and the problems regarding the development of this model in the 
alpine watersheds, due mainly to the inadequacy of existing sediment 
yield data. 

25. The last paper was introduced by Mr. c. Mannaerts and describes 
the Preliminary Results of an Experimental Watershed Study in the Cape 
Verde Islands. 

In order to evaluate the environmental and socio-economic impact 
of forest plantations as a new land use option of the Government for 
the marginal semi-arid inlands of Cape Verde, three small adjacent 
watersheds were selected in the semi-arid area of Santiago Island and 
equipped with the necessary meteorological and hydrological measuring 
devices. 

The three catchments were left under their original cover during 
an initial two-year period (1984-85) so as to permit a rough 
comparison of their hydrological behaviour. The second phase of the 
study was initiated in 1986, consisting of putting the catchments 
under their management schemes, respectively: forest plantation, 
natural cover and rainfed agriculture. 

The parameter (both hydrological and socio-economic) evaluating 
phase is presently ongoing and is foreseen to take at least three 
consecutive rainy seasons, 1986-88. 

The paper presents the background and aims of this Fontes 
watershed study, together with a summary of results obtained during 
its start-up phase (1984-85) and the first months (1-9.86) of the 
evaluation phase. 
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IV. VEGETATION COVER INFLUENCE ON EROSION AND WATER BALANCE 

26. Mr. G. Ublagger presented a paper under this Item entitled 
Judgement of Ecological Torrential Systems. 

The observance of ecological principles will decide the social 
and economical fate of the nations. The consciousness on that point 
was first formed where the natural limits of human land-use are narrow 
and where the consequences of a non-ecology-oriented behaviour are 
particularly dangerous: in the european alps. Since the torrent is an 
essential part of the alpine ecosystem, special models were looked 
for, which enable an intensified consideration of its relating 
systems. This should facilitate the preparation of prognosis of 
feared ecodisasters caused by pollution damaging the forest and the 
overprotection of the game and should enable a special planning and 
execution of preventive measures. It had to be indicated that in the 
positive feed-backs the increasing accumulation in the direction of a 
disaster is only moderated due to the long intervals between the heavy 
rainfalls. However, above all an ecoterm suitable for the planning 
had to be developed. 

V. FAO/IUFRO SUYMPOSIUM ON THE INFLUENCE OF DIFFERENT KINDS OF 
VEGETATION COVER ON EROSION; WATER QUALITY AND QUANTITY 

27. Mr. G. Kronfellner-Kraus as the person responsible for IUFRO 
subject group S 1.04.00 and Vice-Chairman of the Working Party chaired 
the symposium for which nine papers had been prepared. Mr. Kronfellner-Kraus 
started by giving a report on the activities of the IUFRO subject 
group since the Working Party's fourteenth session, and by announcing 
forthcoming events and recent publications. 

28. Mr. Iwamoto presented the first paper entitled Some Functions of 
Vegetation Cover on Soil Conservation in Sub-Alpine Forests of Japan 
prepared together with Mr. Yoshio Oozeki and Mr. Kazutoki Abe. 

On mountain side research, the effects of vegetation cover in 
sub-alpine forests show that the existence of vegetation controlled 
landslide snow-erosion and soil erosion as follows: In a heavy snow 
area, a stump density of more than 100 No./ha was effective in 
controlling avalanches and snow-erosion. In the mountain where the 
hillside works were made, vegetation cover played the most important 
role in controlling surface erosion because the coverage ratio of 
vegetation was proportional to preventing soil discharge. In 
addition, the vegetation distributed roots into the soil and so 
promoted soil formation. In a rainy season, the existence of tree 
vegetation could also control landslides because of the tree root 
strength. From the results of both soil shear strength and root 
tensile studies, it is clear that roots can reinforce the soil shear 
strength by at least 13% against landslides. 
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29. The second paper was presented by Mr. Yoshinori Tsukamoto: 
Evaluation of Tree Roots' Effect on Landslides by the Upper Bound 
Theorem. 

The upper bound theorem was applied for slope stability analysis. 
The computation and explanation were carried out as in the following 
three steps: 

a} Conceptual model of mechanism of tree root reinforcement. A 
conceptual, schematic model of the mechanism of tree root 
reinforcement of soil is explained as the net effect for 
lateral roots and anchor effect for vertical roots; 

b} Classification of forested slopes. The writer classified 
forested slopes into four types taking soil stability, 
function of vertical roots, and lower soil conditions into 
consideration. 

c} Slope stability analysis by upper bound theorem. The upper 
bound theorem was applied to the stability analysis of the 
above four slope types. This theorem makes possible the 
evaluation of the effect of lateral roots and vertical roots 
simultaneously. Evaluation was carried out with a safety 
factor which is computed by dividing the rate of dissipation 
of energy on the surface of the velocity discontinuity with 
the rate of work done by the external force. The results 
indicate that the effect of lateral roots becomes larger as a 
sliding mass becomes smaller and the contributing ratio of 
lateral roots to the whole root reinforcement exceeds sixty2 percent in case of a small sliding mass with area of 100 m • 
The results of sensitivity analysis are shown. 

30. The third paper presented by Mr. Masanori Suyama was entitled 
Experimental Study on Biotechnical Slope Stability by Plant Root 
Systems. 

Recently in Japan, investigators have recognized the correlation 
between timber cutting and increased frequency of landslides with time 
after logging. In order to determine the mechanism on biotechnical 
slope stability by plant root systems, the tensile strength of 
individual tree roots was tested with a modified root specimen. 
Because the tensile strength of roots may be closely related to the 
root diameter and even to the tree species, the variety of tensile 
strength of roots between several species was discussed by comparison 
for hillside revegetation works. On the other hand, the mechanical 
behaviour i.e., the characteristics of load-extension curves of root 
specimen and the root morphology were also discussed. 

Additional key words: Modified root specimen, Tensile strength of 
individual root, Mechanical behaviour of root, Classification of root 
types, Hillside revegetation works. 
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31. The fourth paper was by Mr. Hiroshi Omura and entitled Resistance 
Index of Various Forests in the Gamma Distribution Model Applied to 
Forecast Rapid Shallow Landslides. 

In order to estimate the effect of forests on the frequency of 
landslide occurrence, landslide area ratio occupied in various forest 
district was surveyed through the stereoscope on aerial photographs of 
7 areas, where many rapid shallow landslides were caused by heavy 
rainfall during 1976-1983 in Japan. 

By application of the Gamma distribution model as follows, 
) C-1 j 

p(j=C) = 1 - ')'" (0.0lr) Exp(-0.0lr) 
FD j I 

resistance index C, that is the shape parameter, was estimated from 
the relation between successive total rainfall r and landslide area 
ratio P in various forest. The higher value of C means the lower 
probability P of landslide occurrence. 

As a result the resistance index of young thin forest was 2% 
lower than the mature thick forest. Clearcut slope also had a 
tendency similar to young forest. The resistance index of natural 
broadleaved forest composed of mainly Quercus was 3% higher than 
artificial coniferous forest of Criptomeria, Chamaecyparis and Pinus. 
These differences are due to the state of surface soil, shear 
resistance of root systems and geomorphological conditions of forest 
stands. The direct impact of rain drops on top soil disturbed by 
logging operations may cause the initiation of rapid shallow 
landslides on clear cut slope. In addition the decrease of shear 
resistance of roots through the unbalance between its growth and 
rottenness may be important factor in the occurance of shallow 
landslides in young forests. 

The relative estimation of resistance index of different forests 
will lead to more precise forecasts of landslide area ratio in each 
forest district by the applied Gamma distribution model. 

32. The fifth paper by Mr. Hans Samp!, Klagenfurt, Austria, was 
entitled The Impact of Land Use, Crop Species and Run-Off on the 
Quality of Streams. 

The relationship between run-off catchment areas characterized by 
different types of vegetation and land use, on the one hand, and the 
amount of run-off, on the other, has been the subject of numerous 
studies. The impact of the type of soil, land-use and crop as well as 
of the amount of run-off from precipitations on the quality of the 
draining stream has been studied - in the course of extensive series 
of measurement - in the framework of a project entitled "The Impact of 
erosion of nutrients and soil particles on the eutrophication of 
waters". The publication is part of the cited project. The eroded 
nutrients and soil particles are part of the total nutrient load of 
stagnant waters. Within the context of the restoration of the quality 
of lakes, the magnitude of that factor has become a matter of 
interest. 
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The removal of substances from a catchment area occurs in three 
different ways: 

- leaching of dissolved substances out of the soil and 
into the ground water; 

removal of substances deposited on the ground (animal 
excretions, waste materials of all kinds, liquid manure, 
sludges from cesspools, mineral fertilizers, waste waters); 

erosion of solid soil particles. 

The following rates of erosion of nutrients have been determined 
for particular catchment areas: 

- uncultivated catchment areas (forests, waste lands, swamps): 
0,06 kg p /ha year 

total 

- catchment areas under various types of cultivation 
0,20 kg p /ha year 

total 

In the course of singular events like snow meltings and heavy 
rainfalls, however, substantially higher amounts of nutrients are 
carried away: 

- on frozen ground with spreaded manure: up to 3 kg/ha per event; 

- average erosion in the course of snow melting and heavy 
~ainfall. 7 kg/ha year. 

The nutrient removal of up to 3.2 kg/ha year which was determined 
downstream of a swamp drained in great depth (Bleistatter Moor, 
Carinthia), constitutes rather an exceptional case. 

The most significant factors influencing the removal of nutrients 
are: 

- type of soil; 
- type of land-use (type of cultivation and fertilization); 
- type of crop (vegetation); 
- precipitation and run-off. 

Whereas the loss of phosphorus is very small in comparison with 
that of nitrates when leaching into the underground takes place, the 
loss of phosphorus becomes significant when erosion and removal occurs 
on the ground surface, particularly, when the top soil layer has been 
enriched with phosphorus and made more erodible due to cultivation 
practices. 
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The significance of the type of crop is demonstrated by the fact 
that the removal of substances and the rate of run-off are highest on 
fallow land. The amount of precipitation is of greatest importance in 
the removal of substances because of its effect of surface erosion and 
transport; in fact, surface run-off and consequently nutrient loads in 
the streams increase with the magnitude of heavy rainfalls. 

33. Mr. Sam Kunkle and Ms. Nancy Cowdin had submitted the sixth paper 
prepared in collaboration with Juliette Wilson, Jerry Grondin, Tom 
Ricketts and Mark Flora entitled .Field Survey of Giardia in Streams 
and Wildlife of the Glacier Gorge and Loch Vale Basins, Rocky 
Mountains National Park. 

Two popular, high-elevation watersheds in Rocky Mountain National 
Park, the Glacier Gorge and Loch Vale basins, were surveyed in the 
summer of 1984 for Giardia and indicator bacteria. Stream water was 
pumped through a filtering mechanism designed for use in the study and 
was analyzed for Giardia cysts. Water samples were collected and 
analyzed for fecal coliforms, total coliforms, and fecal streptococci. 
Hikers were interviewed to determine patterns of water use, water 
purification methods used in the backcountry, and any prevalence of 
gastrointestinal illness. 

Baterial counts were low overall, with fecal coliforms being 
mostly under 10 colonies per 100 ml. Giardia was found at elevations 
up to 3365 m (11,040 feet) in concentrations of between 3 and 11 cysts 
per 1000 1 in 7 of the 35 stream pumpings done during August, 
September, and October. Thirty-six scat samples from the typical 
high-country fauna (marmots, pikas, deer, elk, bears, coyotes, 
mountain sheep, and snowshoe hares) were collected, and all were 
negative for Giardia. 

Interviews of 556 hikers showed that 13.7 percent of all hikers 
drank water directly from the streams without treating it in any way. 
This 13.7 percent of recreationists drinking raw water containing an 
average of 9 Giardia cysts per 1000 l theoretically have a 2 percent 
chance of ingesting a cyst for every 2 1 of raw water they consume in 
the high country. 

Since all wildlife scat analyzed were negative for Giardia, and 
because the three highest concentrations of Giardia cysts occurred in 
samples taken from stream sites located below camping and bivouac 
areas, the possibility exists that the Giardia that is present is 
brought in by the estimated 9,800 recreationists using the area each 
year. However, further research would be needed to definitively 
confirm whether the Giardia found in the study area is of human or 
animal origin. 

34. Mr. I.E. Merwald had submitted the seventh paper entitled 
Hydrobiological Criteria in Stream Engineering. 

Flood protection works should be designed not only with a view to 
their protective function, but allowance should be made also for 
hydrobiological criteria. Eight hydrobiological criteria that are 



- 17 -

important for the design of flood protection structures are described 
in detail and associated with the respective stream types. It is 
recommended that allowance be made for these criteria in stream 
engineering. 

35. Mr. J.S. David presented the eighth paper prepared together with 
Mr. M.O. Henriques and Mr. z.c. Rego, entitled Short Term Responses of 
Streamflow Following Clearcutting in Eucalyptus globulus stands in 
Central Portugal. 

To study the hydrological influences of Eucalyptus globulus, two 
experimental catchments were set up in Central Portugal. The results 
have so far shown that, after clearcutting in stands of this fast 
growing species, there are significant increases in water yield, in 
peak flows and in the volume of the slow components of streamflow. 
These results suggest that Eucalypt.usplantations, compared to shorter 
vegetation, tend to reduce the magnitude of floods as well as the 
total amount of water available to other users. The results also show 
that the hydrological behaviour of catchments covered with even-aged 
E. globulus stands, repeatedly harvested by extensive clearcut 
techniques at short time intervals (10/12 years), may oscillate 
strongly in time. Proper forest management practices should thus be 
recommended to avoid this problem. 

36. Mr. Milan Jarabac and Mr. Alois Chlebek had submitted the ninth 
and last paper entitled The effect of Forests on the Hydrological 
Budget. 

A 31-year long series of forestry-hydrological measurements in 
two small experimental watersheds in the Beskydy mountains collected 
from the gauging period (1953-65) and from the period of continuous 
felling (1966-84) did not establish any differences in the volume of 
annual water run-offs as a result of the fellings. The climate had 
the decisive influence on run-offs regime. The hydric effect of 
forests was presumably substituted by the effect of low-level 
vegetation. 

37. The Chairman, Mr. Kronfellner-Kraus concluded by recalling that 
the theme of the Symposium was very complex and widespread. Many 
branches were engaged in Research, investigations and control of the 
different subjects in these fields. The various branches have their 
own exchange of experiences, own symposia and so on. On the 
IUFRO-Congress in Ljubljana the Subject group Sl.03-00 also discussed 
parts of the theme regarding the water quality as an example. So, in 
the frame of this meeting only some papers on small parts of the whole 
subject had been presented. 

Unfortunately not all speakers had had the opportunity to attend 
the meeting personally. The presentation of their papers nevertheless 
was very much appreciated because they contributed to the illumination 
of relevant questions. 
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38. Following the FAO/IUFRO Symposium time allowed for a presentation 
of risk-zoning in France by Mr. L. de Crecy based on a display of 
thematic and zoning maps, and a presentation based on slides on 
protection works against torrential phenomena in Norway by 
Mr. B. Andersen. 

VI. HYDROTECHNICAL METHODS OF TORRENT CONTROL 

39. Mr. G. Fiebiger presented the only paper submitted under this 
Item entitled Bedload Management in Torrent Control by Functional 
Check Dams. 

Modern dynamic debris management requires various functions of 
torrent control constructions. Functional check dams are described 
according to function and construction. The acquired experience 
demonstrates, that the special types of check dams respectively their 
combinations satisfactorily fulfill the functions taken as a basis. 
The oblique gratings against wood are superior to the verticals. In 
contrary to the oblique respectively crestfallen structures even small 
wood gets stuck in the vertical beams and decreases the effect of 
debris sizing. There is little experience on separated debris flow 
breakers and, in check dams, integated mudflow dividers and wedges. 

The dosing of debris depends on the water/debris ratio and the 
gravel distribution. A well founded planning and research programme, 
including, if necessary, the use of model experiments, is needed for 
the construction of debris-dosing dams. 

Water-dosing dams allow us to control the means of transportation 
of debris. A requirement therefore is the existence of enough large 
reservoirs in front of the erosion track. These types.of construction 
are the quintessence of debris management, because by reducing the 
means of transport and its dosing to a harmless dimension the 
transported material (= Debris) is of secondary importance. 

Finally it will be mentioned, that an uncontrolled transformation 
of types of check dams and special constructions is impossible. Each 
type of check dam must be developed of the individual characteristics 
of a debris management unit which is identical with a watershed. 
This means that the type of construction is the result of the analysis 
of the special basin and its developed interrelations and debris 
dynamics. 

40. Following Mr. Fiebiger's presentation Mr. Kronfellner-Kraus 
further illustrated the use of functional check dams with a slide 
presentation on open check dams in Austria. 

VII. SNOW AND AVALANCHE CONTROL 

41. The rapporteur for this Item was Mr. J.P. Graf who announced that 
five papers had been submitted upon which he invited the first 
speaker. 
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42. Mr. Joseph Hopf presented the first paper entitled Erosion by 
Snow and Avalanches. 

The document makes a distinction between erosion caused by 
stationary snow on steep slopes and moving down in the form of 
avalanches. Erosion by snow may be direct or partly indirect 
depending on whether it is caused by the snow itself or by meltwater 
and avalanches. Avalanches may be classified as surface - or 
full-depth avalanches. The condition of the snow is indicated in the 
terms dry-snow or wet-snow avalanches, and the nature of the path 
followed is shown by the designations sheet - and gully avalanches. A 
further differentiation exist between powder avalanches (whirling 
through the air) and flowing avalanches (moving over the ground). 

The prevention of snow and avalanche erosion involves: 

(a) controlling the distribution of snow in mountain areas in 
such a way that it is made more even and that the spring thaw 
occurs as uniformly as possible; 

(b) preventing the snow from sliding on smooth and steep slopes; 
and 

(c) preventing dangerous avalanches from breaking away in the 
mountains. 

43. Mr. F. Dragosits presented the second paper entitled The Practice 
of the Foundation by Blast Bolts used in Avalanche Control. 

The paper dealt with the foundation by blast bolt used in 
avalanche control, developed by B. Eliskases, Wildbach- und 
Lawinenverbauung, Gebietsbauleitung Ausserfern, and brought up-to-date 
by practicing 10 years. The reasons for the development and the 
fundamentals of this method were described. The process of building 
in blast bolts was explained: The tricks found out by practicing many 
years were given. The different phases were illustrated by slides. 

44. The third paper under item 8 was a Report about Avalanches in the 
First Half of the Winter 1985/86 by Mr. H. Schaffhauser. As in the 
previous year in the time before winter and in the early winter 
unfavourable weather conditions created a very dangerous starting 
point to the winter snow-cover. Already in the middle of December 
snow grains affected by the temperature-gradient metamorphism were 
observed in the basis layers. The balance of victims resulted in 44 
people killed catastrophically. The avalanche activities culminated 
in the high-winter period between 12 - 17 January (17 avalanches in 
Vorarlberg alone) and in the beginning of February in North and East 
Tyrol. Also in this winter period the trend of the last decade, that 
relatively more and more skiing tourists were killed by avalanches, 
was confirmed. An average 32 people annually met with an accident in 
Austria during the last 40 years (1946/47 - 1985/86, including the 
catastrophic-winters 1951 and 1954). During the last decade 29 people 
were killed annually. 
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45. The fourth paper entitled A Method to calculate Snow Depth in 
Dependence on Sea Level, was presented by Mr. P. Holler. 

The paper shows a simple method to calculate snow-depth in 
dependence on sea-level. In order to obtain a greater applicability 
one can change factor f, which characterizes a special region in the 
Austrian Alps. 

21,5 < < 
A: x = c1n-;;r:r2- • [sin (0,225Y- 135) + 1] + 23 200 = y = 

(-f +Vf2 +: 
43 40 y - 1000 2 > 

B: x = (~:-;;r:r2-
+ 23 + (--------) ) y = 

f 2 100 

x ••••••••• snow-depth (cm) 
y ••••••••• altitude above sea-level (m) 

1000 

1000 

f ......... factor, which characterizes a special region 
f = 4 (leesides), f = 2 (normal positions) 
f = 1,5 (windwards) 

46. The fifth and last paper was presented by the rapporteur 
Mr. J.P .. Graf: The Avalanches of the Valley of Ormonts. 

The paper describes a study by the forest service on the 
protection of an Alpine valley against avalanches. This study, placed 
on the shelf for 15 years, became highly relevant following the 
catastrophy of February 1984. The special weather conditions at that 
time caused more than 300 avalanches in the Swiss Alps and in 
Ormont-Dessus in particular. In this valley the damages were 
considerable, 86 buildings destroyed or dammaged, 31 ha of forests 
Jcstroyed. The affected population who were in no hurry, nor 
completely convinced of the need for protection works previously, now 
have to implement these as fast as possible. This example confirms 
once again the humoristic title that the former Chairman Prof. 
St. Munteanu had given the Working Party i.e. "The birds of ill-omen". 

47. Mr. J.P. Graf ended the presentations by showing a video film on 
avalanche control in Switzerland. 

VIII. BIOLOGICAL MEANS OF WATERSHED RESTORATION 

48. The rapporteur for this item was Mr. H. Hattinger who, after a 
brief introduction to the subject, announced that four papers had been 
received. 

49. The first presentation was given by Mr. F. Ciria Parras. The 
document entitled Rehabilitation of degraded arid Mediterranean 
ecosystems was prepared together with Mr. E. de Sim6n Navarrete. 
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The spanish southeastern province of Almeria has many mountain 
basins, where the low annual rainfall, and the extreme temperatures in 
some periods of the year, are responsible for the depressed economy of 
the zone. In order to increase the income of the inhabitants of these 
basins, as well as to prevent the advance of the desertification, 
afforestation plans have been developped. The experience acquired in 
previous programmes has been used to select the different plant 
species, xerophilous trees and shrubs, to be introduced, and in some 
cases, re-introduced in these basins. Water is the most important 
limiting factor of growth and maintenance of plants, therefore both 
the rain and runoff waters have to be fully utilized in the area. 

SO. The next paper was presented by Mr. L. Rojo-Serrano and entitled 
Incidence of air pollution in relation to forest areas in Spain. 

The report presents the general situation of Spanish forests 
related to atmospheric contamination. In Spain damage caused by 
atmospheric contamination is not very important in comparison to other 
damaging agents such as pests and forest fires. 

Only two forest areas have shown important damage: In Barcelona 
province (26 000 hectares, affected) and in Teruel, Caste116n and 
Tarragona provinces (200 000 hectares affected). In both areas the 
contaminating agent is so2. 

The loss of growth has been of 27% in the first case and 12% in 
the second. 

It appears that the Mediterranean area is more sensitive to 
atmospheric contamination. It is clear that the problem cannot be 
solved only by silvicultural measures. 

Surveying will continue in the future. 

51. Mr. M. Jedlitschka presented the third paper on The influence of 
vegetation cover on the stabilization of slopes in flysch. 

2 First of all the 2,8 km source area of a mudstream in the 
boundary zone of limestone and "flysch" (tertiary sediment) is 
characterized. The investigations and findings undertaken until 1982 
are mentioned as a known state. Subsequently the applied methods of 
investigations are described and the influence of the different types 
of vegetation on the slope stability is demonstrated. The cyclic 
recurrence of slope failures is explained by a causal connexion of the 
successive development of the vegetation cover. Finally conclusions 
for stabilizing measures are discussed. 

52. Mr. W. Rachoy presented the last paper entitled Treatment of 
forests in watersheds and avalanche areas. 

The european problem of "forest decay" has not stopped in front 
of the Austrian forests. The damages are spreading especially in the 
mountain regions in an alarming extent, which fully concerns the 
catchment-areas of torrents and avalanches. In these areas the forest 
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stands are very important for the protection against forces of nature 
and so the Forest engineering service for torrent and avalanche 
control must take intensive steps to stabilize the forests. Because 
of that, in the next three years there will be a forest exploration 
survey in the catchment areas, which will list the forest conditions 
in form of random tests and sample areas. These exploration areas 
will be spread out in the catchment areas in such a way, that the 
entire site spectrum will be covered. The prepared field instruction 
conforms with the field instruction of the Austrian forest condition 
survey, respectively the forest survey and contains both silvicultural 
and site characteristics as well as torrent- and avalanche specific 
characteristics. The conversion ·models, which must be worked out on 
the basis of this condition survey shall guide the projecting work at 
comparable sites and optimize it in connection with the contents of 
the projects. The Forest engineering service for torrent and 
avalanche control expects to make its contribution to solve the 
environment problems with these priorities. 

53. Mr. Hattinger closed the session by thanking the speakers and, 
once again, underlined the importance of the establishment and 
maintenance of stable vegetative cover in sensitive areas. 

IX. APPLICATION OF MATHEMATICAL MODELS FOR HYDROLOGIC AND SEDIMENT 
STUDIES 

54. The rapporteur for this item was Mr. S. Fattorelli. Because of 
the recommendation made by the Working Party during its 14th session 
that Mr. Fattorelli should present a proposal foi the preparation of a 
practical manual on the subject the occasion was utilized not only to 
introduce the papers to be presented but also to make a more thorough 
introduction and present the proposal. 

A great number of hydrological models has been developed in the 
last 25 years, both with stochastic and deterministic approaches, and 
with various degrees of complexity. 

As a result of the proliferation of models there is now a jungle 
of models in the hydrological litterature. The greatest pleasure of 
the researcher seems to be to develop a new (personal), model! 

Of course the development and the refinement of models are very 
important for the progress of hydrology, but a similar effort towards 
model application, not only in experimental watersheds, is also highly 
recommended. 

For planners and land managers the models are important tools for 
estimating and organizing quantitative information for water resources 
planning, design and operation. 

Among the large number of models available, the question is to 
choose the best modelling approach for every different use in mountain 
watersheds. 
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In our opinion the deterministic models are better than others 
because they allow a hydrological analysis with reference to the 
physical processes. 

The main advantage of conceptual models with a strong physical 
basis are: 

1. Accurate mathematical representation of a watershed increases 
the probability of adequately predicting future events; 

2. Parameters based on conceptual considerations can sometimes 
be altered to reflect changes made or to be made to the 
physical characteristics of the watershed; 

3. It is possible with the new results of the experimental 
watersheds to go on to refine the physical meaning of the 
principal parameters and to improve some algorhythms for a 
better simulation of the corresponding hydrological 
processes; 

4. A conceptual model can be extended to problems other than 
simulating catchment stream flows. 

To sum up, a model that is physically based is an effective tool 
for future research and modification. 

The use of hydrological models allows for quantitative analysis 
of hydrological processes. In relation to the mountain watersheds 
these models can be employed for: 

water balance 
land use management 
channel alteration 
reservoir design and control 
design flood frequency 
soil erosion and sediment yield 
water quality assessment 
river flow forecasting 
snowmelt analysis. 

As already illustrated during the Torremolinos workshop, we have 
gained good experiences, successfully applying some different 
deterministic models in many mountain watersheds both in the Alps and 
in South America. 

In Mr. Fattorelli's opinion the only way to make models suitable 
for practical utilization is to use them in many watersheds in order 
to accumulate experiences on effective model reliability to solve 
problems. 

The various applications of models were illustrated by research 
work carried out on the Upper Piave and on the Boite watersheds in 
Italy and on the Divisadero Largo torrent in Mendoza province, 
Argentina. 
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A critical point in modelling is the effective translation of the 
results into a form and a level of detail readily understood by 
planners or managers having little scientific background. 

Thus, it would be advisable to prepare a technical handbook on 
model applications in mountain watersheds. 

The technical manual should be a practical tool to help apply 
models to solve problems in water resource assessment and watershed 
management. 

It cannot therefore contain a full review of the most modern 
models and modelling techniques (a lot of books give this information 
very clearly), but it will show how to use some models to achieve some 
purposes. 

The main items of the handbook will be: 

1. A clear identification of the problems in watershed 
management in which the models can be employed to solve them 

2. To indicate for each kind of problems the most suitable 
· model; 

3. To describe the models selected; 

4. To illustrate some applications of the models in different 
environments to show the practical problems met (data 
requirements, data storage, parameter estimation, 
calibration); 

5. Model availability and computer requirements (the name of the 
Center that can supply the computer tape). 

Simulation models are not an alternative to traditional 
experimental approach, but they are an important means to study and 
test the proposed solutions for problems of natural resources in 
mountain watersheds. So a combination of field experiments, modelling 
and practical experience is needed to solve successfully the problems 
of watershed management. 

The Working Party agreed with the proposed outline and offered 
support for the preparation of the draft document to be prepared by 
Mr. Fattorelli and his co-workers. 

55. Following the introduction, Mr. Fattorelli invited Mr. M. Tayaa 
to present the paper prepared by himself and Mr. K.N. Brooks entitled 
A model to predict stormflow and sediment yield. 

The paper presents a model to predict runoff and sediment yield 
for a storm event. To apply the model, the watershed is subdivided 
into overland and channel elements. Rainfall excess is computed on a 
storm basis, neglecting interception, depression storage and 
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evapotranspiration. Overland and channel flow are routed using the 
kinematic wave approximation. Soil detachment by rainfall and runoff 
and the transport by overland flow are simulated. Deposition 
represents the difference between sediment availability and transport 
capacity when the latter is limiting. When the transport capacity 
exceeds sediment availability, the former is filled from any available 
sediment that has been stored since the beginning of the storm. 
Sediment moved from the uplands, which constitutes the supply to the 
channel, is routed using sediment continuity and channel transport 
equations. Data input required include storm intensity, antecedent 
daily precipitation and watershed characteristics. The model w2s 
evaluated using 11 storms of different magnitudes from a 3.6 km up
land watershed in northwestern Morocco. The ratios of simulated to 
observed values of runoff volume, peak, and time to peak were 1.0 
(S.D. = 0.08), 0.89 (S.D. = 0.19), and 1.0 (S.D. = 0.10), 
respectively, for five test stormflow events. Ratios of storm 
sediment volume, peak, and time to peak were 0.95 (S.D. = 0.30), 0.82 
(S.D. = 0.28) and 1.2 (S.D. = 0.2), respectively, for the same storms. 
These results suggest that the model can be used to quantify both 
stormflow and sediment delivery from this watershed. Because of the 
generalized nature of the model, it can be applied to other, similar 
watersheds in the region. Additional model testing on other watershed 
is recommended. 

56. Mr. D. Zedlacher presented the following document entitled 
Hydrological investigations in "Triebenbach" Styria, Austria. 

Triebenbach in Styria is one of the most dangerous torrents in 
the country. The geological situation is unfavourable (schists of 
graywacke zone). Especially in the canyon (called "Wolfsgraben"), in 
the immediate mountainside vicinity of the town "Trieben". Here you 
can find active mountainside creep. 

2 The large watershed area (about 100 km ) produces again and again 
devastating flood-waves. These are able to rip up the unstable slopes 
in the canyon. Twice in this century (1907, 1938) Triebenbach has 
produced a disaster for the town because of the enormous quantities of 
water, debris and drift-wood. 

To bring this torrent under control, an important aspect has 
been, to clear the rising course of different forms of flood-waves, 
considering their maximum quantity, and recurrence interval. The 
method of planning is demonstrated, especially the derivation of a 
practicable calculation in the difficult case of snow-melting, 
overburdened by heavy rain ("melting-flood"). 

57. Mr. S. Fattorelli thanked the speakers and proposed that people 
interested in the application of mathematical models should establish 
contacts prior to the next session of the working party in order to 
report as an informal sub-group on this item. 

58. A special presentation was made by Mr. F. Combes on the 
Revegetation of eroded marls. 
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The South-east of France is very rich in marls: about half of the 
geological strata. These marls· are practically impermeable, compact 
and without fissures. Exposed to the air the parent material weathers 
into a fine material which seals the surface and increases the 
torr!ntial behaviour. The loss of surface material is of the order of 
70 m /ha/year. This continuing loss does not allow the formation of 
top soil and a natural succession of vegetation. The document 
describes the revegetation techniques using tree planting, grass 
barriers and a combination of terracing and planting. Revegetation is 
possible on slopes up to 80% inclination. In the gullies protection 
is achieved through a combination of small check dams and revegetation 
by resistent indigenous species. 

X. PLANNING AND SOCIO-ECONOMIC ASPECTS 

59. Mr. T. Michaelsen was rapporteur for this item and introduced the 
four papers to be presented. 

60. The first document was presented by Mr. M. Lenzi entitled 
Watershed management and development in the high Andes. 

The interest in the programming and implementation of development 
strategies on a watershed basis is increasing in the Andean Region. 
However, the motives and scope of this interest are highly variable 
and only few cases exist where these strategies have been 
institutionalized and implemented in an integrated manner. Originally 
the interest in integrated watershed management was based on the need 
to protect large investments such as hydro-electric dams against soil 
erosion and sedimentation. Subsequently, however, the scope widened 
to include socio-economic and environmental aspects directed mainly at 
the rural population living in the watersheds. The interest in 
avoiding institutional conflict and the implementation of 
contradictory progammes in the same watershed has also led to the 
realization of the necessity to plan first according to the 
integrated use of water resources. This in turn led to the need for 
integrated development of all the natural resources of a watershed. 
This progress towards integrated development has taken place at two 
levels: the theoretical i.e. in the definition of political, legal, 
financial educational, institutional and methodological concepts of 
integrated watershed management, and the practical i.e. in the 
implementation of these concepts. 

61. The second document Watershed Management and Torrent Control in 
Venezuela prepared by Mr. Jesus M. L6pez, Mr. Edgar Hernandez and 
Mr. Gustavo Ramirez, was presented by Mr. Edgar Hernandez. 

Based on the recent first national round table on watershed 
management is it possible to draw the conclusion that this discipline 
slowly moves towards a clear, practical and well defined profile. 
Progress is made on project formulation, torrent control, conservation 
extension and public awareness and on the incorporation of the 
hydro-electric sector. However, the aspects of people's 
participation, agricultural productivity and water quality are showing 
signs of weakening. Little action is taken place in monitoring and 
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evaluation of physical impacts or in economic evaluation. These weak 
points together with the preparation of technical manuals, and the 
cooperation between neighbouring countries should receive more 
attention by national institutions and international cooperation. 

62. Mr. H. Hattinger presented the third paper entitled Proposals for 
a concept on an integrated protection against torrents. 

In mountainous regions all over the world torrential watersheds 
with floods, excessive erosion, landslides, mudflows, inundations and 
sedimentation (torrential processes) cause again and again 
catastrophes in rural and urban regions. Nowadays a lot of methods 
and measures for torrent control exist, but often it is difficult to 
select the best ones. To make the solution of these problems easier, 
it seems to be useful to bring the whole complex into a system and to 
use principles and methods of systems science. 

In one example a torrential watershed is considered as a system 
which includes two sub-systems, the ecologic system and the 
socio-economic system. These two systems can be considered as 
particular systems which include various other sub-systems. All 
systems can be presented in models to simplify explanations and 
calculations. In another example an attempt is made to unify all 
measures of torrent control or protection against torrents into an 
integrated system, including two main groups. One group consists of 
measures with the purpose to control the torrential processes, the 
other group is built by measures with the purpose to influence and 
steer the socio-economic activities. 

63. The fourth and last document Report on FAO's activities was 
presented by Mr. T. Michaelsen. 

The document describes FAO's support to watershed management 
during the period 1984-86. This can be classified as formulation of 
strategies and planning, support to regional cooperative networks, 
organization of training sessions, publication of technical guides and 
extension material, and support to national projects. Major issues 
emerging from this work and which need further analysis and 
strengthening include people's participation in upland conservation, 
evaluation and monitoring of watershed management, economic analysis 
of watershed projects, and training at various levels. 

64. The rapporteur closed the session by thanking the speakers and by 
noting that on the topic of institutional aspects of watershed 
management and people's participation there was scope for a productive 
two way exchange of experiences between EFC member countries and 
observers, as many developing countries because of their particular 
socio-economic conditions had made good progress in these fields. 

XI. PROGRAMME OF WORK OF THE WORKING PARTY 

65. The Working Party agreed on the following programme of work and 
agenda for rhe 16th session: 
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1. Watershed soil movements and erosion processes 

- cartography 
- research results 
- evaluation 
- mathematical models 
- torrential and sediment erosion 

2. Vegetation cover influence on erosion and water balance 

cartography 
evaluation 
research results 
mathematical models 
the effects of acid rain and forest fires on the 
hydrologic role of vegetation cover 

3. FAO/IUFRO Symposium: The effects of dying forests on 
watershed management and torrent control 

4. Biological means of watershed restoration 

5. Hydrotechnical methods of torrent control 

6 •. Snow and avalanche control 

7. Prevention and control of landslides 

8. Planning and socio-economic aspects 

planning methodology 
- socio-economic development and intersectorial relations 

economic evaluation 
- legislation 

9. Risk zoning and warning systems 

10. Preparation of films and manuals 

It was recommended that national reports, and in particular 
country statements by observer countries should concentrate more on 
case studies rather than give a general overview of national 
programmmes. 

66. The head of delegations met in order to elect the officers of the 
Working Party following the established practice that a new Chairman 
must be elected at each session. The delegates unanimously elected 
Mr. G. Kronfellner-Kraus (Austria) as Chairman. 
Mr. L. de Crecy (France) was elected First Vice-Chairman and Mr. J.P. 
Graf (Switzerland) Second Vice-Chairman. 
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67. The heads of delegations examined the various proposals for 
hosting the 16th Session and agreed to accept the offer made by the 
French delegation to hold the Session in Aix-en-Provence, France. The 
tentative date for the meeting is June 1988. 

68. During the closing ceremony the Chairman and the Secretary of the 
Working Party expressed their appreciation for the efficient way in 
which the Austrian authorities had provided host facilities for the 
meeting. The Working Party tentatively approved a reduced version of 
the report consisting of the Agenda, Programme, List of Participants, 
Group Officials, Date and Venue of next session and ~rogramme of Work. 
The final version of the report should be sent to heads of delegations 
for final approval before printing. 
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Annex A 

AGENDA 

1. Opening of the Session 

2. Adoption of the Agenda 

3. National reports 

4. Watershed soil movements and erosion processes - cartography, 
research results, evaluation, mathematical models, torrential and 
sediment erosion 

5. Vegetation cover influence on erosion and water balance -
cartography, evaluation, research, mathematical models, the 
effects of acid rain on the hydrologic role of vegetation cover 

6. FAO/IUFRO Symposium: The influence of different kinds of 
vegetation cover on erosion, water quality and quantity 

7. Application of mathematical models for hydrologic and sediment 
studies 

8. Snow and avalanche control 

9. Biological means of watershed restoration 

10. Hydrotechnical methods of torrent control 

11. Stabilization of insecure watersheds 

12. Planning and socio-economic aspects - planning methodology, 
socio-economic development and intersectorial relations, economic 
evaluation 

13. Programme of the Working Party 

14. Election of officers of the Working Party 

15. Date and place of the Sixteenth Session and special symposia 

16. Other matters 

17. Adoption of the Report 

18. Closing of the Session 

19. Study Tour on torrent erosion and torrent control 
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Annex B 

15th Session of the EFC Working Party on the 
Management of Mountain Watersheds 

Innsbruck, Austria, 23-27 September 1986 

TIMETABLE 

Tuesday, 23 September 

09.00 

10.00 

11.00 

11. 30 

12.30 

14.00 

15.00 

Registration 

Opening of the 15th Session of the Working Party 

Adoption of the Agenda - Secretariat Information 

National Reports 

Lunch Break 

National Reports 

Watershed Soil Movements and Erosion Processes 
(Rapporteur: M. de Tuero y de Reyna, Spain) 

New Results and Experiences in the Quantitative 
Estimation of Torrents (G. Kronfellner-Kraus, Austria) 

Methodological Analysis of Sedimentation in La Albufera 
de Valencia (J.A. Mintegui Aguirre, Spain) 

Measurements and Correlations Concerning Solid 
Transport in the Small Dolomitic Basin "Rio Missiaga" 
Belluno (Italy) (V. Villi and F. Buffa, Italy) 

An Experimental Station for the Measurement of Water 
and Sediment Discharge in a Small Alpine Watershed (M. 
Crespi, s. Fattorelli, M. Lenzi, L. Marchi, G.R. 
Scussel, Italy) 

Methodologies for the Analysis of Sediment Yield in 
Mountain Watersheds (L. Marchi, Italy) 

Preliminary Results of an Experimental Watershed Study 
in the Cape Verde Islands (C. Mannaerts, FAO, Cape 
Verde) 



17.00 

19.30 
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End of Day's Session 

Cocktail Offered by the Federal Ministry of Agriculture 
and Forestry 

Wednesday, 24 September 

09.00 

10.00 

12.30 

14.00 

16.30 

17.00 

19.30 

Vegetation Cover Influence on Erosion and Water Balance 

- Judgement of Ecological Torrential Systems 
(G. Ublagger, Austria) 

FAO/IUFRO Symposium: The Influence of Different Kinds of 
Vegetation Cover on Erosion, Water Quality and Quantity 
(G. Kronfellner-Kraus, IUFRO) 

Lunch Break 

FAO/IUFRO Symposium (cont'd) 

- Risk-Zoning in France (Maps) (L. de Crecy, France) 

- Protection Works in Norway (Slides) (B. Andersen, 
Norway) 

Hydrotechnical Methods of Torrent Control 

- Bedload Management of Torrent Control by Functional 
Check Dams (G. Fiebiger, Austria) 

- Slide Show on Open and Flexible Dams (G. 
Kronfellner-Kraus, Austria) 

End of Day's Session 

Cocktail Offered by the Mayor of Innsbruck and the 
Governor of Tyrol 

Thursday, 25 September 

09.00 Snow and Avalanche Control 
(Rapporteur: J.P. Graf, Switzerland) 

- Erosion by Snow and Avalanches (J. Hopf, Austria) 

- The Practice of the Foundation by Blast Bolts Used in 
Avalanche Control (F. Dragosits, Austria) 

- Report About Avalanches in the First Half of the Winter 
1985/86 (H. Schaffhauser, Austria) 



11.00 

13.30 

- 33 -

- A Method to Calculate Snow-Depth in Dependence on 
Sea-Level (P. Holler, Austria) 

- Avalanches in the Ormonts' Valley (J.P. Graf, 
Switzerland) 

Biological Means of Watershed Restoration 
(Rapporteur: H. Hattinger, Austria) 

- Rehabilitation of Degraded Arid Mediterranean Ecosystems 
(E. de Sim6n Navarrete and F. tiria Parras) 

- Incidence of Air Pollution in Relation to Forest Areas 
in Spain (L. Rojo-Serrano, Spain) 

- The Influence of Vegetation Cover on the Stabilization 
of Slopes in Flysch (J. Jedlitschka, Austria) 

- Treatment of Forests in Watersheds and Avalanche Areas 
(W. Rachoy, Austria) 

Lunch Break - Afternoon Open 

Friday, 26 September 

09.00 

10.30 

12.30 

14.30 

Application of Mathematical Models for Hydrologic and 
Sediment Studies 
(Rapporteur: S. Fattorelli, Italy) 

- Application of Mathematical Models for Hydrologic and 
Sediment Studies (S. Fattorelli, Italy) 

- A Model to Predict Stormflow and Sediment Yield 
(M. Tayaa, Morocco) 

- Hydrological Investigations "Triebenbach", Styria, 
Austria (D. Zedlacher, ~ustria) 

National Reports: Colombia, Iran 

Revegetation of Eroded Marls (F. Combes, France) 

Lunch Break 

Planning and Socio-Economic Aspects 
(Rapporteur: T. Michaelsen, FAO) 

- Watershed Management and Development in the High Andes 
(M. Lenzi, CEPAL) 

- Torrent Control in Venezuela (E. Hern&ndez, Venezuela) 



16.00 

17.00 

19.00 
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- Proposals for a Concept on an Integrated Protection 
Against Torrents (H. Hattinger, Austria) 

- Report on FAQ's Activities (T. Michaelsen, FAO) 

Programme of the Working Party 

End of Day's Session 

Cocktail Offered by_ ~AO 

Saturday, 27 September 

09.00 

10.30 

11.00 

12.00 

Presentation of Films, Filmstrips and Slides 

Election of Group Officials 

Date and Place of the 16th Session of the Working Party 
and Special Symposia 

Approval of the Report of the 15th Session 

Closing of the 15th Session of the Working Party 
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Presidente a cargo 
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Vicepresidentes 

Secretary 
Secretaire 
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MEMBRES DU GROUPE DE TRAVAIL 
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AUSTRIA/AUTRICHE 

H. Andiel 
Bundesministerium filr Land- und 

Forstwirtschaft 
Stubenring 12 
1010 Wien 

H. Aulitzky 
Universitat filr Bodenkultur 
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1180 Wien 

* F. Dragosits 
Wildbach-u-Lawinenverbauung 
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·6600 Reutte (Tyrol) 
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M. Djorovic 
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Director-General 
Department of Forestry 
Fed. Min. of Agriculture and 

Forestry 
Stubenring 12 

* H. Geyer 
Chief of District Office 
Wienerneustadt 

* M. Flachberger 
Chief of District Office 
T & A.C. Service 
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* O. Tautscher 
Chief of District Office 
T & A.C. Service 
Vienna 

'!:_/ Participated as technical guides and organizers in the Study Tour. 
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Federal Ministry of Agriculture 

and Forestry 

- 36 -

* E. Hanausek 
Chief Provincial HQs 
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* G. Hagen 
Chief of District Office 
T & A.C. Service 
Inst. 
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Annex D 

STUDY TOUR ITINERARY 

September 29 - October 4 1986 

Monday, September 28 

8.30 

10.15 - 11.00 

11.00 - 13 .oo 

13.00 - 14.30 

14.30 

14.55 - 16.30 

16.30 - 18.30 

20.00 

Departure to the PAZNAUNTAL, visit of avalanche 
control measures (by bus). 

Explanations about the map of endangered zones in the 
village ISCHGL. 

Visit of defence structures in the 
PISCHGRABEN-avalanche (supporting structures) and in 
the MADLEIN-avalanche (deflecting bank), explanation 
about the foundation method by blasting. 

Dinner in ISCHGL. 

Departure to the village GALTUER. 

Explanations about protective measures against 
avalanches (defence structures and map of endangered 
zones). 

Return to INNSBRUCK. 

Supper. 

Stay in INNSBRUCK. 

Tuesday, September 30 

8.30 - 13.00 

13.00 - 14.30 

14.30 - 17.30 

Trip INNSBRUCK - GERLOS - KRIMML - ZELL AM SEE 
Visit of the Waterfall of KRIMML. 

Dinner in ZELL AM SEE or in THUMERSBACH. 

Visit to the reforestation area in the 
SCHMITTENBACH-torrent; (problems with reforestations 
in ski-areas) 
Trip ZELL AM SEE - SCHMITTENH~HE - SONNKOGEL -
ZELL AM SEE. 



18.30 

20.00 
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Supper. 

_Explanations on National Park ROHE TAUERN 
Stay in ZELL AM SEE. 

Wednesday, October 1 

8.30 

9.30 - 12.00 

12.30 - 13.30 

13.30 

15.00 - 18.30 

18.30 

20.00 

Departure to the valley of GASTEIN by bus. 

Visit of structures for torrent control in the 
RASTETZENBACH-torrent (BAD HOFGASTEIN) and in the 
LUGGAUERBACH-torrent (DORFGASTEIN). 

Dinner in DORFGASTEIN. 

Departure to SALZBURG. 

Visit of SALZBURG. 

Departure to GMUNDEN. 

Supper. 
Stay in GMUNDEN. 

Thursday, October 2 

8.00 

9.00 - 12.00 

12.00 

13.00 - 14.30 

14.30 - 15.00 

15.00 

18.00 

18.30 

Friday, October 3 

8.15 

10.30 

Departure to the valley of the OFFENSEE-torrent near 
EBENSEE. 

Visit of check-dams in the GIMBACH-torrent and in the 
SCHWARZENBACH-torrent; visit of the OFFENSEE-lake. 

Return to GMUNDEN. 

Dinner in the Forest Training Centre in ORT in 
GMUNDEN. 

Visit of the Forest Training Centre. 

Departure to DUERNSTEIN. 

Arrival in DUERNSTEIN. 

Supper. 
Stay near DUERNSTEIN. 

Departure to ST. MARGARETHEN (province of BURGENLAND) 

Arrival in ST. MARGARETHEN, visit of an ancient Roman 
quarry. 



11.30 

12.30 - 14.00 

14.00 - 16.30 

Friday, October 3 

16.30 - 18.00 

20.00 
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Arrival in RUST; visit of the town. 

Dinner. 

Visit to control structures in LOESS-areas 
(HOTTERROHRE, UMRISSGRABEN) 

Boat trip on th~ lake of NEUSIEDL. 

Visit to a wine-cellar in MORBISCH. 
End of the official study tour. 
Stay in MORBISCH. 

Saturday, October 4 

9.00 Transfer to VIENNA. 
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