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I. INTRODUCTION 

1. The Fourteenth Session of the European Forestry Commission's Working Party on the 
Management of Mountain Watersheds was held in Torremolinos, Spain, from 1 to 11 October 1984, 
at the kind invitation of the Government of Spain. The working meetings took place in the 
Palacio de Congresos of Torremolinos from 1 to 5 October, and were followed by a study tour 
in the provinces of Malaga, Granada and Almer1a, from 6 to 11 October. The agenda and time
table of the session are given in Annexes A and B. 

2. The session was attended by 104 participants from 38 countries, including nine 
African, six Middle East, five Asian and nine Latin American countries. Nine member 
countries of the European Forestry Commission were represented: Austria, France, Federal 
Republic of Germany, Italy, Norway, Romania, Spain, Switzerland and Yugoslavia. There were 
also observers from countries not members of the EFC, Unesco (MAB) and IUFRO. The complete 
list of participants is given in Annex C. 

3. The discussions were chaired by the Chairman of the Working Party, Prof. Salvatore 
Puglisi (Italy), together with the Vice-Chairman, Prof. F. Lopez Cadenas de Llano (Spain) and 
Mr G. Kronfellner-Kraus (Austria). The Secretariat was composed of Messrs L. S. Botero 
and T. Michaelsen, of FAO's Forest Conservation and Wildlife Branch. Mr Antonio Perez-Saba 
was in charge of support services provided by the host government. 

At the opening session the Chairman of the Working Party invited Mr Angel Barbero, 
Director of ICONA~, representing the Spanish authorities, to take the chair and inaugurate 
the session, 

4. The Chairman of the Working Party, in welcoming the participants, outlined the history 
of the Working Party since its inception 32 years ago. He tribute to his 
and Honorary Chairman of the Working Party, Prof. S. Munteanu of Romania, who had taken 
special interest in getting the Working Party to consider the problems of the developing 
countries. He had insisted on the importance of promoting exchanges and organizing the 
work of the Working Party so as to give it new life, 

5. In extending a warm welcome to the participants, the Director of ICONA described the 
problems of degradation of forest lands and watersheds affecting Spain. He outlined the 
restoration action undertaken and referred to the process of regionalization in progress. 
He expressed his pleasure at seeing so many participants at the Working Party's session 
and wished it success. 

6. Mr Botero, Chief of the Forest Conservation and Wildlands Branch, representing FAO, 
referred in his to the secretariat's recommendation, endorsed by the European 
Forestry Commission, that the Working Party exte~d its field of discussion to the 
developing countries in order to enable them to play an active role in its discussions as 
observers. He emphasized that the forum provided by the host government and the presence 
of so many participants from developing countries provided an ideal framework for developing 
the process of cross-fertilization between the member countries of the Working Party and 
Third World countries, acting as a catalyst for the transfer of knowledge and making 
possible hybridization between the more sophisticated technology used in Europe and the 
simpler and less expensive technology required by the developing countries. On behalf of 
FAO he thanked the Spanish authorities for their welcome and ICONA and the provincial 
government of Andalusia for their hospitality. 

~ Institute for the Conservation of Nature 
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II. NATIONAL REPORTS 

7. Delegations of seven member countries of the European Forestry Commission submitted 
national reports: France, Federal Republic of Germany, Italy, Romania, Spain and 
Switzerland, The delegation of Austria made a brief verbal statement. In addition, the 
Mexican delegation gave a statement on the World Forestry Congress, to be held in Mexico 
from 1 to 15 July 1985, illustrating the talk with audio-visual aids. The delegation of 
Nicaragua also showed some audio-visual illustrations of the soil defence and restoration 
work being carried out in that country. A report on watershed management in Mexico was 
also distributed to the participants, 

8. The head of the German delegation, Mr E. PrBbstle, of the Ministry for Home Affairs 
of Bavaria, stated that in the Federal Republic of Germany torrent control was concen
trated in the Federal State of Bavaria and mainly took place along the northern rims of 
the Alps. The paper described the measures undertaken by the Federal State of Bavaria, 
with the financial assistance of the Federal Republic of Germany, to carry out the 
necessary control work effectively. 

After clearing up the immense backlog of the post-war years, a 10-year programme was 
drawn up for the period from 1973 to 1982 which aimed at tackling all critical points 
regarding torrents in a systematic manner. This 10-year programme had been successfully 
completed. More than 203 million DM had been spent on control measures along 250 
torr~ntial rivers. 

Meanwhile, a new 10-year programme had been worked out giving a prospect of the 
planning for the years 1983-1992. According to this programme an amount of 250 million 
DM had been earmarked for control measures along more than 400 torrents. Provision had 
also been made for a round sum to be spent on preventive measures which may become 
necessary in the event of a further acceleration of the rate of damage caused to forests. 

Since the beginning of 1980 there had been a considerable rise in forest damages 
the causes of which had not yet been clearly ascertained. In 1983, following a number of 
preliminary activities, the Bavarian State Forestry Authority had an inventory made of 
these forest 

This inventory showed that Bavaria's total forest area may be divided into the 
following five according to the degree of damage: 

not affected 
slight (ailing) 
moderate (ill) 
badly damaged (very ill) 
dying or dead 

54.8 % 
33.1 % 
10.6 % 
1.1 % 
0.4 % 

Unfortunately, particularly severe damages had been observed in the forests in 
higher mountain areas. In these areas forests were a form of natural protection against 
mudflows, rockfalls and avalanches, In addition, they exercise a retarding effect on 
runoff during intense rainstorms. The rapid aggravation of the state of damage in 
the mountain forests gave rise to great concern and this was the reason why in the 
years to come plans were going to be drawn up for all kinds of engineering and control 
measures that might become necessary at highly threatened sites. This would make it 
possible to take immediate action should the situation become critical. Yet, there could 
be no doubt that every effort must be made to intensify international cooperation with a 
view to conquering the causes of the gradual death of the forests. These causes were not 
yet known down to the smallest detail but it was safe to say that one of the main reasons 
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for the disease was the long-range transport of air pollutants, especially sulphur dioxide 
and nitrogen oxide. In this respect, a great deal of information was still required on the 
part of the responsible politicians. In fact, however, this matter admitted of no delay. 

In recent years, the people living in the Federal Republic of Germany had been 
displaying a most critical attitude towards engineering structures in their natural 
environment. Therefore, it was for those engaged in torrent control to come to a 
sensible combination between technology and nature. 

9. Mr G. Kronfellner-Kraus, of the Federal Institute of Forestry Research, briefly 
outlined the main events that had occurred in Austria during the last two years. He 
stated that since the last session of the Working Party, catastrophes had taken place in 
southern Austria, in Central Carinthia, Four people were killed by a mud and rock flow 
down the sides of a little torrential watershed. In comparison, 25-30 persons were killed 
by avalanches yearly, but these were mostly tourists, away from the official ski-slopes. 
The zo~ing of danger areas was one of the main problems in Austria. The Torrent and 
Avalanche Control Service of Austria, founded in 1884, celebrated its centenary in June 
1984. For this celebration a memorial book was published, which gave an overview of the 
history of the torrent and avalanche control service in Austria, as well as the work 
carried out in the different provinces, the progress of education at the University of 
Bodenkultur and the research activities done at the Federal Forest Research Station. The 
celebration of the centenary was followed by an International Symposium of Interprevent 
(International Society for Prevention of Floods) in Villach, Austria. fl. study tour 
showing new control constructions, of which new types of open dams may be mentioned in 
particular, was organized in the country. To summarize the activities numerically, the 
expenses for torrent and avalanche control were about $50 million per year. 

10. The head of the Spanish delegation, Mr F. Lopez Cadenas de Llano, Professor of the 
Higher Technical Forestry School of Madrid Polytechnic University, illustrated with the 
help of slides the floods that had affected the region of Valencia in 1983. ·The Spanish 
report gave a concise analysis of the relationship between the basic elements of the 
environment - agrarian, geological, edaphological, climatological and hydrographic - to 
illustrate the significance of the drought that had afflicted the country, particularly 
the part with a Mediterranean climate, during the previous five years, and of the catas
trophic floods of 1982 and 1983 in Levante, Cataluiia, Aragon and Norte caused by the 
torrential nature of the rivers. 

After analysing the rainfall, the intensity and frequency of the discharges and the 
speed of the stream, the report summarized the losses in human life and the damage 
caused to infrastructural works, buildings, farmland, etc. 

The magnitude of the catastrophes had led to the issuance of special legislative 
measures, in the form of royal decrees, laws and ministerial orders, to repair the 
damage caused, In addition, the national civil defence commission had carried out a 
study on the prevention and reduction of damage caused by floods. This made a countrywide 
analysis of flood risks and causes and types of damage, and discussed how to forecast and 
reduce such risks. The structural methods considered included forest hydrology watershed 
restoration and correction, the protection of torrent beds and some management activities, 
including soil conservation and afforestation work. 

Through the National Institute for the Conservation of Nature, the Ministry of 
Agriculture had conducted a project for the control of soil erosion and destabilization 
and the protection of water resources, as part of a programme for protection of the 
environment. 
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The area to be covered by biological measures for torrent control in the decade 
1980-89 amounted to 1 032 883 ha; torrent control structures will amount to 5 362 000 m3 . 

The work effected in 1983 and 1984 required an investment of about $70 million a 
year, including investments for the recuperation of zones affected by flooding. 

11. Mr L. de Crecy, of the National Forestry Board, submitted the French report. 

France's mountainous 
7% of the total population. 
for the country as a whole) 

zone covers 21% of the total land area and is inhabited by 
Thirty percent of the zone is wooded (as compared with 25% 

and produces five million m3 of coniferous wood. 

Of the eight mountainous areas, only the Alps (northern and southern) and the 
Pyrenees still presented serious natural risks due to erosion. Farming was giving way to 
industrial or tertiary activities, particularly tourism. Many of the people had become 
pluri-active; but under-grazing and abandonment of the old irrigation networks in the 
mountain zones posed new problems with regard to avalanches and landslides. 

Torrent control by engineering works accounted for two-thirds of the expenses on 
soil restoration in mountain areas. Serious accidents occurred in the Pyrenees on 
6 and 7 November 1982, following heavy rainfall (which coincided with tornados which blew 
down .11 million m3 of wood in central France). Technical torrent control work tended 
towards the development of procedures for renovating existing works (concrete veils, 
injection, projected concrete) and constructing permeable sedimentation works. Rational 
technical and economic programming of the work to be undertaken in individual watersheds 
had been achieved. 

Avalanche control accounted for a fifth of the annual budget. Few major avalanche 
accidents had been recorded. On 16 May 1983 an enormous avalanche submerged the entrance 
to the Mont Blanc tunnel, but fortunately there were no victims. 

Technically, double beam stands and steel cable nets anchored by resin or exploded 
blocks were used, with success. For preference, fixed cables to transport explosives were 
used to protect paths. 

Biological measures accounted for only 10% of the annual budget; but protective 
stands that needed to be renewed posed serious problems and called for serious reflection 
on appropriate protection forestry. In the humid mountainous zone as a whole, natural 
forest regrowth and reforestation for productive purposes had done much to reduce erosion 
and regularize the water regime. In the Mediterranean zone, European aid through the 
FEOGA programme had been of very great help in reducing erosion. The burning of 2000 ha 
of 80-year-old reforested pine stands, on 18 July 1982, immediately followed by the 
resumption of heavy erosion, had constituted a significant warning. 

The zoning of areas threatened by natural risks in mountain areas was increasingly 
necessary. A large programme had been undertaken to implement the law of 13 July 1982 on 
indemnities for the victims of natural catastrophes. 

France's budget for land restoration in mountain areas was modest, but from 1982 to 
1984 the aid given to communities for work they undertook themselves doubled. The trend 
was to associate local communities and even populations much more than hitherto in actions 
that could improve their own security. 
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12. The head of the Italian delegation, Mr Bazzea, of the General Directorate for 
Mountain Economy and Forestry, stated that the hydrological problem was of the greatest 
importance for Italy, because the country was completely conditioned by its orographic 
system. Mountainous and hilly zones account for 24 million ha of 's total land area 
of 30 million ha, forests occupying only 6 300 000 ha of this extensive area. A plan 
for the protection of Italy's mountain zone had been prepared by the Marchi Commission in 
1970, and was supposed to have a duration of 30 years. To date, 3 880 000 000 lire had 
been spent and only one quarter of the programme completed, exactly 15 years after the plan 
had come into operation. It was necessary to complete what had not been done during these 
first 15 years and to implement the programme for the next 15 years. For this purpose it 
was necessary to have: 

an exact picture of what still remained to be done, introducing a 
method for phased intervention by priority zones and a coefficient 
of aggravation; 

- the necessary financing; to guarantee exact implementation of the plan, 
a coordinated programme for management of all the mountain areas in the 
country must be made, and, in order to avoid an irrational division into 
autonomous actions that sometimes produce only modest local results 
and often fail completely, there must be a single agency. 

What should already have been done, and what still remained to be done in 
accordance with the Marchi Commission plan, should be completed within a period not 
exceeding seven years, in order to contain the existing degradation and prevent any 
further deterioration. 

Massive, coordinated and rapid action for the management of the Italian mountain 
areas by hydraulic and forestry measures was essential for the following reasons: 

- it was the first step in the economic recovery of the sector, since 
it would save the land from degradation and enable the resources 
to be used rationally to provide higher incomes; 

- repeated floods changed the land's normal physiognomy, sometimes 
because the defence structures were incomplete or non-existent. If 
care were taken to complete management works, the worst consequences 
of floods and expensive repair work could be largely avoided; 

- the quickest possible implementation of management works prevented 
more serious degradation deriving from the coefficient of aggravation; 

- large-scale management wo~ks would provide a way of attenuating the 
serious and growing problem of unemployment. 

This being said, the reduction of the time remaining for completion of the Marchi 
Commission plan from 15 years to seven inevitably raised the problem of financing. The 
Government, although always with the same objective difficulties, could partly meet the 
normal financial requirements for seven years of watershed management; but, as regards the 
larger commitment represented by advance financing of the remaining eight years, it was 
already obvious that the Government would have to ask for external aid. A solution might 
be closer than was thought. There were reasons to think that reimbursement of the capital 
sums advanced and of the interest would take place at a time when the economy had recovered 
and the operation would be counterbalanced either by the greater income available during a 
phase of expansion or by the reduction in losses resulting from rapidly implemented manage
ment, with priority for certain zones and phased interventions. 
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There was no doubt regarding the usefulness of such a large-scale investment in 
management. Italy's hydro-geological conditions were unique in Europe and in order to re
launch the economy a concentrated financial effort would be necessary for the defence of 
mountain zones. Financing in annual instalments over too long a period of time would not 
help the economy. 

There was no doubt about the political wisdom of a programme conducted as illustrated 
above, which would produce extremely concrete results in social and economic terms for the 
benefit of the country and enable Italy to make a greater contribution to the European 
community. 

13. Mr B. Andersen, of the Norwegian Water and Electricity Resources Council, in intro-
ducing the report of Norway, stated that nine people had been killed by avalanches and land 
slides in 1982. Heavy floods in 1983 in west Norway had necessitated security works at a 
cost of approximately $3 million. Sills made by blasted stones had proved to be a good 
supplement in the struggle to secure bottom erosion in rivers and to raise the water level 
in order to improve conditions for fishing, recreation and nature conservation. Important 
researches were under way on avalanches, river works, forest and agricultural problems. 

During the previous three years a search was carried out regarding the undeveloped 
water potential in 500 in Norway. The search was administered by the Ministry of 
Envir.onment and comprised the cost of the development in each river and the consequences 
for agriculture and forestry, erosion, ice, climate, fish production and various other 
environmental conditions. The result of the search will be submitted to Parliament in 
the spring of 1985. The extensive material will represent a worthy base for the 
selection of the last rivers to be developed for hydroelectric power. In the spring of 
1985 Parliament will also deal with a plan for a large number of rivers which will be 
permanently conserved in the natural state. 

14. The head of the Romanian delegation, Mr A. Costin, Head of the Torrent Control 
Service of the Ministry of Agriculture, introduced his country's national report. Invest
ments in torrential watershed management works in Romania had more than doubled since the 
previous period, owing mainly to the need to protect reservoirs and other structures from 
damage by torrents. Protection of works was the responsibility of the Forestry Research 
and Management Institute. Water control work was carried out by specialized units of the 
Ministry of Wood Industries and Construction Materials, and afforestation work by forestry 
units. 

During the period 1982-84, emphasis was put on the coordinated participation of all 
the beneficiaries of watershed management investments. Basic studies on technical manage
ment solutions were prepared and several working meetings organized with the participation 
of specialists in all the sectors concerned (forestry, hydrology, agriculture, electrical 
energy, etc.). 

In order to enlarge knowledge on modern torrent control methods and techniques, 
discussions were organized in the field: reports were presented by senior research workers 
and professionals responsible for designing and implementing control measures. Special 
attention had been given to inexpensive types of constructions. In recent years new types 
of torrent control dams, smaller and cheaper than the traditional ones, had been devised 
and constructed. 

Special emphasis had also been put on the hydrological basis of torrent control 
actions and on continuation of these actions until reliable effects had been obtained in 
decreasing the liquid discharge and the transport of solid matter, and in protecting 
structures threatened by torrent flows. 
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Torrent control in Romania was effected in conformity with the national programme 
for forest conservation and development, 1976-2010, adopted by law No. 2/1976, and various 
decrees issued by the State Council concerning the construction of public works, such as 
reservoirs for the production of electrical energy and the provision of drinking or 
industrial water. 

Under these legislative provisions, which included also the water law and the law 
on protection of the environment, forestry was responsible for the protection and, in 
cooperation with other sectors (water administration, electrical energy, land improvement, 
agriculture, etc.), the execution of torrent control works. 

Very important tasks in this field had been established by the 1982 programme for 
the coordinated implementation of land improvement work and by special programmes for 
watershed management, the provision of water for the population, industry and agriculture, 
and the conservation, improvement and development of soil fertility, drawn up in 1983. 

Scientific research had concentrated on torrent hydrology, forest hydrology, modern 
hydro-technical works and the afforestation of degraded land. 

15. Mr J.-P. Graf, of the Swiss Federal Board, introduced his country's 
national report. Of the total land area of Switzerland, 68.3% is mountainous. In 1983, 
after a rainy spring, an extraordinarily hot, dry summer led to the appearance of wood
borers. The spring rains and the storms caused mud-rock flows. In 1982 and 1983, hurri
canes overturned or broke more than 1.2 million m3 of wood. The withering of the forests 
started to become apparent in 1983 and a first statistical survey was undertaken. The 
results showed that 14% of the trees were affected - 4% being seriously affected or already 
dry. The survey will be repeated in order to judge the situation objectively. Avalanche 
and mudflow control and soil consolidation in mountain areas required a great deal of 
patience and money, 

III. TORRENTIAL EROSION 

16. Mr F. Lopez Cadenas de Llano (Spain), as Vice-Chairman of the Working Party and 
Rapporteur for item 4 of the agenda on torrential erosion, briefly introduced the various 
papers. He grouped them into three sub-items, the presentation of each sub-item being 
followed by a period of discussion: (i) erosion on slopes and its determination; (ii) 
sediment discharge; (iii) special erosion phenomena. Four papers were submitted for the 
first sub-item, three prepared by Spain and one by Mr Querini of Italy. For the second 
sub-item two papers were submitted, by Mr Gaspar of Romania and Mr Rojas of Spain, 
respectively. For the third sub-item there were also two papers, submitted by 
Mr Kronfellner-Kraus of Austria and Mr Graf of Switzerland. 

17. Mr Perez-Soba introduced the first two papers. The first, by Mr J. Aguilo Bonin, 
was entitled "Values of the K Factor in the Universal Soil Loss Equation". Using the data 
taken for the study on erosion landscapes in the Ebro, Tajo and Guadalquivir watersheds, a 
relationship had been established between the granulometic factors of the soil and the 
values obtained for the K factor (USLE), The coherence of the results semed to permit 
determinations of K as a function of the soil particle size. However, there was extreme 
variability for cases in which one of the three.fractions considered (2 - 0,02; 0.02 -
0.002; and less than 0.002 mm) constituted more than 90% of the soil sample used. 

18. The second paper introduced by Mr Perez-Soba, "Values of the C Factor in the 
Universal Soil Loss had been prepared by him together with Mr Lopez Cadenas 
de Llano. Using the data obtained in preparing maps showing the present situation 
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regarding soil degradation through sheet and gully water erosion, some average values of 
the plant cover factor C (USLE) were established for forest lands in the Ebro, Tajo and 
Guadalquivir watersheds. The results obtained made possible an average evaluation of this 
plant cover factor according to the type of vegetation and climate, which could be useful 
in certain general studies, such as land use planning studies and watershed surveys. 

19. Mr F. Lopez Cadenas de Llano, professor of the Higher Technical School of Forestry, 
then introduced the document "Study of the R index of splash erosion on Mediterranean 
slopes", of which he and Mr Perez-Soba were co-authors. The document investigated the 
relationship between the R factor calculated with data provided by the pluviographic net
work and the parameters provided by the pluviometric network. A study was made of various 
regression equations which adjusted the average annual value of R obtained in each pluvio
graphic station with rainfall parameters of the station obtained through pluviometric 
measurements with the help of zoning factors. 

20. The fourth paper under this sub-item, rainfall and torrential erosion 
phenomena in the southern Alps"-, was submitted by Mr R. Querini, Director of Forestry for 
Friuli Venezia Giulia at Udine, Italy. 

21. During the discussion on this first sub-item, Mr Querini was requested to be more 
specific regarding the nature of the event in the southern Alps. He stated that it 
occurred every 200 years. As regards landslides, they had affected forested land in the 
same way as farmland and pastures. 

22. The first document under the second sub-item, research on trans-
port of alluvial deposits in small torrential watersheds", was introduced by Mr R. Gaspar, 
of the Romanian Forestry Research and Management Institute, and co-authored with Mr E. Untaru. 
In torrent control projects in Romania, the average annual volume of alluvial deposits 
transported by the torrents was determined by indirect methods of calculation. In order to 
check to what extent the method for evaluating the amount of alluvial deposit transported 
annually - devised by Gaspar and Apostol and frequently used in the projects - diverged 
from the data obtained by direct measurements, systematic measurements were taken in seven 
torrential watersheds. The results showed that the data obtained by the method specified 
above differed on average by 11.5% from the data obtained by direct measurements, with 
maximum variation of 25%. 

In order to prepare torrential watershed management plans and check the effective
ness of the measures taken, it was necessary to know the average volume of the alluvial 
deposits transported from the watershed in question before and after management. To deter
mine this average annual value by direct measurements, a minimum period of 10 years would 
be needed, in accordance with statistical calculation. Since it was not possible to effect 
measurements of the volume of alluvial deposits over a period of 10 years before and after 
management for each watershed managed, in practice resort was made to indirect methods, 
such as that devised by Gaspar and Apostol (variants of the methods of 1964 and 1980), 
This method was applied in watersheds with an area of up to 2 000 ha and an average annual 
rainfall of between 600 and 1 100 mm (70 to 75% in the form of rain). 

23. Mr J. Rojas Rojas of ICONA then introduced a study entitled "The 'ramblas' of the 
Durcal watershed: contribution to a better knowledge of torrential phenomenon in the 
ramblas", of which he and Mr J. Soriano Sanchez were co-authors. The watersheds of two 
rivers that resembled each other as regards exposition, morphology, average slope, geology, 
etc., - the Durcal and the Torrente - were analysed. The dominant characteristic of the 
Durcal watershed was the existence of "ramblas 11 or dry ravines, while the Torrente was a 
classical mountain torrent. The "ramblas" were characterized by two factors: (a) the 
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bedload discharge was homogeneous in size and form; and (b) runoff was intermittent. What 
happened was that: 

(1) material was generated in the catchment area; 

(2) a ravine was formed by transport of this material. Since the material was 
homogeneous, all the particles moved simultaneously and deposited them
selves simultaneously. As infiltration diminished, the speed dropped 
until movement ceased completely, causing the materials to settle; 

(3) with intensive runoff the water shifted the existing deposits and 
carried them out of the catchment. Later, internal transport would 
regenerate the ravine. 

The slope of the "rambla" was constant and seemed to depend essentially on the average 
diameter of the sand particles, so that any dam built in it tended to re-establish the 
original slope. 

24. A third contribution on this sub-item was submitted by Prof. S. Fattorelli of the 
University of Padua, entitled "A new type of automatic station for measuring water dis
charge and sediment load". The basic principle of this new station consisted in the sep
aration of coarse bedload from the suspended sediment load. The automatic station that 
was under construction by the Experimental Centre of Arabba in a small defined watershed 
of the Veneta region, could be divided as follows: 

- a concrete upstream channel, that ended in a fall with a grill; 

- a stilling basin; 

- a downstream channel; 

- a basin sedimentation for the automatic and continuous measurement of 
bedload sediments; and 

- two automatic control stations connected to the upstream and 
downstream channels. 

When the water and sediment flow reached the fall, the fine sediment mixed with 
water crossed the grill to the stilling basin and from this to the downstream channel. 
The coarse material was separated from the flow and went down on the basin sedim~ntation. 
This was closed laterally by wells; on top of these were situated two rails that permitted 
the moving of a hoist structure with the ultrasonic sensors. 

25. Discussion of the second sub-item centred on the method perfected in Romania. 
Mr Gaspar was asked whether the method could be extrapolated to conditions outside 
Romania. He said that it could, provided the parameters for each situation were deter
mined. The Rapporteur stressed the importance of the model, and other participants 
congratulated Mr Gaspar, since the method proposed was a step forward in the calculation 
of sediment yield. Mr Gaspar gave additional explanations on determination of the 
various parameters. 

26. Presentation of the papers on the last three sub-items began with a statement by 
Mr G. Kronfellner-Kraus, of the Austrian Federal Forestry Research Institute, abundantly 
illustrated with slides. 

The paper "Extreme sedimentations and gullyings of torrents" pointed out that plan
ning of torrent control works, zoning of danger areas, watershed management purposes and so 
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on, all needed more and more exact quantitative fundamentals. Based on runoff and 
erosion measurements on plots and from whole torrential drainage basins, as well as 
the sampling and analyses of data of extreme floods and extreme sediment transports, it 
was possible to improve methods of control and forecasting. In this paper further investi
gations were described and discussed. These results enabled the specification of forecasting 
methods both for investigations of extreme sediment transports from or by torrents as well 
as for extreme depths of gullying on alluvial fans. 

27. Mr J.-P. Graf, of the Swiss Federal Forestry Board, then introduced his paper, 
"The recent landslide above Grone in the Vallais", also illustrated by slides. A land
slide occurred in spring 1978 in the midst of a forest. Since the urgent drainage works 
were insufficient, the causes had been analysed under a multi-disciplinary project 
carried out since 1980 by the Ecole Polytechnique Federale of Lausanne. The landslide 
was a deep one (39 m) affecting a zone of decomposed schist in a complex of old, more-or
less stabilized landslides. The volume moving was estimated at 11 to 12 million m3. The 
length of the landslide progressed by 40 ma year from 1981 to 1983. It was preceded by 
mudflows that facilitated the passage of blocks of stones. The work under way and planned 
to remedy the situation was described. 

28. "Torrential erosion"".(Lopez Cadenas): Torrentiality was a potential hydrological 
chara.cteristic of watersheds, a dynamic and static function of their geomorphology, 
vegetation and meteorology. Evaluation of the various erosion processes - sheet erosion, 
rill erosion, gully erosion, movements of masses in various forms and sediments that reach 
a given section of the channel-was the subject of study and research in all countries. 

The papers submitted were enriched during the discussions by excellent contributions 
from the participants and showed the need to continue to resort to evaluation methodology 
and models as regards sheet and gully erosion and sediments which reach the section of a 
channel. Methodologies for evaluating the complex phenomena of gully erosion and the 
movements of masses should also be studied. 

29. The French delegation showed a film on the 1981 floods in the Ravoire. Mr R. Mura 
of CEMAGREF, in introducing the film, stated that the origin of the problem was the urban 
development in the winter sports station of Ares, which risked being isolated because the 
road was endangered. The spectacular documentary showed with a wealth of detail how the 
mudrock flows originated and their sediment transport capacity. After the film had been 
shown, the FAQ representative suggested that elements from this documentary, the Spanish 
documentary on mudrock flows in the south-west, the film "The fragile mountain" and others, 
be combined to prepare a really arresting film that could be used by all the countries con
cerned to make politicians and decision-makers aware of the problem of torrential erosion 
and the necessity to control it. 

IV. FAO/IUFRO SEMINAR ON RESEARCH ON SMALL WATERSHEDS: MATHEMATICAL MODELS 
AND EXPERIMENTAL WATERSHEDS 

30. Mr G. Kronfellner-Kraus, as Vice-Chairman of the Working Party and the person 
responsible for subject group S.1.04.00, chaired the seminar, for which 13 papers had 
been prepared. Two of these were transferred to items 4 and 10 of the agenda. 
Mr Kronfellner-Kraus started by giving a report on the activities of the IUFRO subject 
group since the Working Party's thirteenth session. 

31. The first paper submitted to the seminar, "Runoff and erosion measurement in the 
Alpine region by means of artificial rainstorm tests", was by Mr J, Karl of the German 
Association for Water Research. For many years the action of heavy rains in causing soil 
and rock erosion had been investigated in a number of Alpine torrent watersheds under the 
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aspect of a quantitative determination of these phenomena. As a rule, the influence 
exercised by various parameters, such as vegetation, types of soils and rocks as well as 
topography in connection with this process, had been assessed in proportion to their 
occurrence in the respective area. It had become obvious that apart from the shape of 
the watershed and the bedrock foundation the prevailing vegetation played a decisive role 
in the process of runoff and soil erosion. To enable comparative measuring of these 
different parameters to be carried out under natural rainstorm conditions, a large number 
of test lots at different sites would be required together with gauging instruments along 
torrential rivers. These instruments, however, made very high maintenance demands or in 
some cases were simply unsuited for operation in Alpine regions. Furthermore, it was quite 
rare for them to be ready for service when torrents were in flood. Another requirement to 
be met in this connection was the evaluation of observation series over many years in order 
to obtain reliable statistical data. For all these reasons, permanent test lots had not 
been established in the Alpine nor had gauges been installed in Alpine torrents 
except in a few cases. 

Surface runoff from mountain pastures was accelerated substantially when these were 
periodically used as ski-runs. The same was true for levelled ski-runs where the original 
cover of grass had been restored by resowing. As was expected, soil erosion reached a 
maximum on eroded sites without vegetative cover. At these sites, bio-engineering control 
measures proved to be most effective in the sense of reduced erodibility. 

In summary, it could be said that, besides bedrock and soil type, vegetation was 
another decisive factor in the occurrence and magnitude of surface runoff and soil erosion. 

32. Mr M. Djorovic, Professor of the University of Belgrade, then introduced the paper 
written jointly by him and Mr V. Ve Research Network of Small Watersheds 
in the Republic of Serbia, Yugoslavia". A hydrology research network of small watersheds was 
set up in the Republic of Serbia, covering 55 000 km2 and consisting of seven representative 
small watersheds. It was planned that these hydrology investigations would have a duration 
of at least 10 years, starting from 1980. The primary purpose in most of the established 
basins was to determine the elements of the water budget as fully as possible for practical 
and economical reasons. Also, studies were directed to the factors affecting the runoff 
process and also to the differences in runoff between basins under similar climatic con
ditions. Though still at the beginning, those investigations pointed out the real 

icant role of forests and forest soil on runoff retention and retardation as the most 
important factors in flood prevention in hilly-mountainous regions. 

33. The Vice-Chairman having opened the discussion on this paper, Mr Djorovic was asked 
whether the three watersheds were experimental or representative watersheds. He replied 
that they had both purposes and were in a period of calibration. Since they were very 
small watersheds, only surface runoff from rainfall was considered. In reply to a question 
on the runoff coefficient, Mr Djorovic replied that it was very low. 

34. in the Real-Col of inter-
locking watersheds" was the a document submitted by Mr J. P. Cambon of CEMAGREF 
at Aix-en-Provence, France. The Real-Collobrier elementary watersheds observation system 
was installed in the Massif des Maures, a crystalline hill formation on the edge of the 
Mediterranean. It comprised nine adjacent or interlocking watersheds with areas of between 
1.4 and 70 km2. These watersheds had relatively homogeneous physical characteristics, so 
that they provided an excellent opportunity for studying the variation in rain-discharge 
relations according to area. Study of the runoff coefficient made evident differences in 
behaviour sufficiently important to modify the density of the drainage network. These 
differences in the distribution of the runoff coefficient seemed to be linked mainly to two 
factors, geology and vegetation, which were themselves inter-related through the soil factor. 
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This led to a query regarding the idea of homogeneity with regard to physical character
istics when contemplating extrapolation of the results of representative watersheds. 
The parameters used were usually not well known and it was therefore difficult to take 
them into account when extrapolating the results. 

35. Mr Kronfellner-Kraus introduced the paper prepared by Mr G. Ruf (Austria) entitled 
"Peculiarities of the flow regime of a small Alpine watershed". After four years' measure
m.ent of precipitation and discharge in a small central Alpine catchment of 0 .325 sq km 
above the timber line within the zone of grass and pioneer vegetation from 2 330 m to 
2 735 m above sea level, an interim evaluation was made. There the flow regime over a 
year appeared completely dominated by the course of the snow melt, with the maximum runoff 
coefficient at the end of the snow melt period and great equability from year to year. 
The climatic conditions of this elevation zone with frequent snowfalls in summer were 
demonstrated by the lack of heavy rainfalls among the events which caused a perceptible 
wave in the channel. More peculiarities gained by correlations and a coaxial graph 
from these 16 single events (for example, lower overland flow but higher "interflow" at 
higher rainfall intensity and especially soil moisture) could be referred to peculiar con
ditions of soils and vegetation, for which detailed geological mapping as well as extensive 
investigations on soils and vegetation by other authors were the basis. 

36. The following paper was introduced by Mr H. M. Brechtel (Federal Republic of 
Germany): "Hydrologic research areas in the Federal Republic of Germany and some results 
from small experimental watersheds". At the present time about 100 hydrologic research 
areas were under scientific investigation in the Federal Republic of Germany. Most of 
these areas were compiled in a catalogue published in 1983 by the national IBP-Secretariat 
at Koblenz. This publication gave detailed information on the institutions and scientists 
in charge, name and location of the areas, climate, geology and physiography, land use 
and cover conditions, instrumentation and data situation, and objectives of the investi
gations and also listed the reports already published. 

The investigations in small catchment basins dealt mainly with practical water 
management aspects, such as flood problems, situation of ground water recharge or water 
quality considerations. Only in about 25 watersheds was the influence of vegetative cover 
and land use studied. However, in most cases the traditional research method of comparing 
two or more watersheds without calibration and experimental treatment was still in use. 
Some of the "representative basins" were also still in operation, which were established 
after the stimulating effect prompted by the International Hydrological Decade. Along 
with "experimental basins", where the single-, paired- or multi-watershed method was 
applied, all the existing small catchments with sound long-term measurements on 
quantitative and qualitative components of the water balance were of growing importance 
as "benchmark basins". They allowed the evaluation of time trends on the large-scale 
anthropogenous impact on the natural hydrologic processes as was, for instance, the case 
in connection with the killing of the forest by air pollution. 

37. During the discussion on this paper, Mr Brechtel was asked how soil humidity was 
measured. He replied that a detailed soil study had been made and tubes introduced into 
each main type of soil. As regards the determination of transpiration, Peaman's formula 
a~d others had been used, because real evapo-transpiration was the same as potential 
evapo-transpiration during wet years. 

38. Mr S. Fattorelli, Professor of the University of Padua, introduced two papers, 
the first of which, "Hydrological modelling of mountain watersheds", was co-authored by 
Mr Costantini. ~pon definition of the types of hydrological models, the principles that 
should help select the proper model in relation to the problems to be solved were provided. 
The structural and functional characteristics of the most suitable models for mountain 
watersheds were considered, illustrating their use with reference to actual application. 
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39. Mr Fattorelli then summarized the application he had made with Messrs Ca'Zorzi 
and G. dalla Fontana of the model modified by the University of Padua. On the basis of 
specific cases, the paper "Analysis of the hydrologic behaviour of Alpine watersheds with 
conceptual models" illustrated some of the numerous possible hydrologic analyses through 
conceptual watershed models. The model used was a version of the Stanford Watershed 
Model modified at the University of Padua. As was known, it was a deterministic, con
ceptual, continuous model capable of simulating the complete range of land surface 
hydrology processes including snow accumulation and melt (LAND phase) and the routing of 
land surface runoff through a branching channel network comprising a variable mixture of 
open channels and reservoirs (CHANNEL phase). Since the parameters used by the model 
had a physical meaning which was based on the watershed features, it was possible to 
evaluate the influence of one or more parameters - and consequently of the corresponding 
characteristics - on the hydrologic regimen. 

Another application was employed to illustrate the model's ability to provide a 
detailed breakdown of the various components of the hydrological water balance. As regards 
the CHANNEL phase, some runs were reported that quantify the effect on floods due to the 
changes of cross sections. 

Finally, the possibility was considered of using this type of model for real time 
flow forecasting with reference to recent implementation in an Alpine watershed equipped 
with a telemetering network. 

40. Following the discussion on the above two papers, Mr Fattorelli proposed to the 
Working Party that a simple manual be prepared on the application of the models for 
planners and managers. The FAQ Representative recommended that this suggestion be con
sidered when the Working Party reviewed its programme of work, indicating that it might 
be handled jointly by FAQ and IUFRO. The Vice-Chairman, Mr Lopez Cadenas de Llano., 
pointed out that the manual should be confined to the field of forest hydrology, and not 
stray into the wider field of application of the models in hydrology. 

41. Mr M. Crespi, Director of the Research Station of Veneto at Arabba, submitted a 
paper entitled "The long-range measurement network for the River Piave". The Avalanche 
and Hydrogeological Experimental Centre of Arabba, which is under the Forestry Department 
of the Veneto Regional Government, had set up a network for long-range measurements in 
the Piave watershed (3 418 km2) for the purpose of forecasting high flows, studying the 
hydro-meteorology and climatology, sediment discharge, snow melt, water quality and torrent 
control. The peripheral stations measured discharge, rainfall, air temperature, humidity, 
wind and irradiation. Contact was maintained by radio, the entire network being controlled 
by a computer. 

42. At the end of his statement, Mr Crespi was 'asked whether the proposed network 
applied mainly to large watersheds', He replied that the Arabba Centre was interested in 
working in both small and large watersheds. 

43. The paper "An integrated methodology for determining the sediment from a watershed" 
was introduced by Mr J. A. Mintegui Aguirre, having been prepared jointly by Messrs 
F. Lopez Cadenas de Llano and A. Perez-Soba. The document described a methodology that 
harmoniously combined the use of the USLE (Universal Soil Loss Equation) with the MUSLE 
(Modified Universal Soil Loss Equation) runoff models (triangular stream rating curve, 
HYMO subroutine) and transport of materials models (WILLIAMS), to calculate the erosion 
occurring in the various zones of the watershed and the emission of sediments towards the 
exit section of the watershed. This methodology was summarized in an attached outline. 
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44. Mr R. Mura, of CEMAGREF in Grenoble, then introduced the paper~~~:.!:.!~~~~!::..:!:. 
watersheds of Draix, France", which was prepared jointly with Messrs Cambon, Combes, 
Narbonne and Olivier. The experimental watersheds of Draix had only recently been 
established; therefore, the authors were not in a position to present results but only to 
indicate the purpose of the research programme, the resources which had been made avail
able and the problems encountered in making the measurements. These watersheds were 
located in the southern Alps on black marl geologic formations which posed important soil 
erosion problem~. Thus, the experiments had as a main objective the quantification of the 
relationship between rainfall-discharge-sediment yield and also to estimate the results of 
revegetation work already undertaken on the hydrology and erosion in the watersheds. Three 
watersheds already had instrumentation; they presented similar characteristics from the 
point of view of geology, topography and size, The only important variable was vegetation. 
One of the watersheds was entirely reforested a century ago; the other two were practically 
non-revegetalized. Of the two later watersheds, one will be used as reference while the 
other one will be gradually revegetalized. 

The measurement devices had been adapted to important bedload. The limnigraphs 
being used were of the ultrasound type. It was also intended to test a device which 
measures the differential pressure. The system of recording rain and river gauges will 
be equipped with devices for automatic recording memory, a system which was preferred to 
the Argos beacon transmission system, taking into account the local conditions. The 
measurement of suspended load was being adequately conducted but the measurement of bottom 
load posed a number of problems still unresolved. Research is under way to find a solution. 

45. In .summarizing the papers that had been read, the Vice-Chairman drew attention to 
the very wide spectrum of the main topic of the symposium covered by the various papers. 
Within the different water cycles there were papers on the following topics: 

- studies on the water-plant-soil cycle; 

- analyses of hydrographs, on runoff coefficients under different conditions, 
particularities of experimental watersheds, land use conditions, etc.; 

- model systems, their purpose, election and application (treatment) and 
possibilities for forecasting and simulation; 

- equipment, measuring instruments and installations, computation methods, 
etc., and last, but not least, on remaining problems such as systematical 
errors or other possibilities of setbacks (which should be avoided from 
the beginning, taking into consideration all existing experience and 
know-how). 

The different papers were partly overlapping, but they all gave a very good over
view of the work done in the different countries. The new methods of installation and 
calculation, which allow research by mathematical models, must be seen as an important 
step forward and all efforts should be made to accelerate new findings. Nevertheless, 
there remained some uncertainties because of the lack of some well-founded and well
known model parameters (concentration time, m2surface flow, etc.), This made it 
difficult to decide and plan changes in land use to date. Therefore, a lot of work still 
had to be done which would require further close cooperation. Further work should 
continue, possibly in more specialized groups, which would bring research results 
together periodically during individual workshops, etc. The Working Party would be 
kept informed of progress on new findings. Also, it was planned to publish all presented 
papers (hopefully in the official IUFRO and FAO languages). 

The Chairman thanked all speakers for their interesting and worthwhile papers and 
contributions. 
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V. INFLUENCE OF THE VEGETATION COVER AND RESTORATION TECHNIQUES 
ON THE HYDROLOGIC CYCLE AND THE TORRENTIAL PROCESSES 

46. Five papers were submitted under item S of the agenda. Three others were not 
introduced because their authors were unable to attend the meeting. Mr H. M. Brechtel 
(Federal Republic of Germany), Rapporteur of the group, introduced them, illustrating 
with the help of slid'es some general concepts and some results of forest hydrology 
research in the fields of interception, evapo-transpiration and other processes in 
which the vegetation influences the water balance. 

47. Mr Blanco Criado of the National Agricultural Research Institute at Valladolid, 
introduced the first paper, "Hydrological significance of the forests of Quercus 
Pyrenaica Wild 11

• Owing to the economic crisis affecting the forests of 
alternative ways of using the land, which would provide the owners with an acceptable 
return, were being sought. In view of the large-scale transformations that the 
,.;,_;,_:;..:t...;:.;_;_:..:....:..:....~ forests may undergo in the future, and since it was probable that on many 
occasions economic interests would conflict with ecological ones, it was essential to 
acquire a better knowledge of the ecological benefits provided by these forests in their 
present state and of how the likely changes would affect these benefits. The document 
studied the role of the Q. Pyrenaica forests in: 

- controlling direct runoff; 
- erosion control and soil conservation; 
- water resources. 

48. The second paper under this item was.that by Mr H. M. Brechtel, Forestry Research 
Institute of Hesse, Hann-MUnden (Federal Republic of Germany), "Precipitation input of 

in in forest stands of different tree sources". 
The situation of open field precipitation input of four anions and 13 cations sampled 
within a state-wide pilot study in Hesse·was reported on. The results of the two random 
time periods - August 1981 and February-March 1982 - furnished information about regional 
and locational differences of the impact due to emission, orography, exposition and 
elevation. Those differences had been found especially large with chloride, nitrate, 
sulfate and sodium. The concentration of dissolved lead in February-March 1982 was the 
average of all gauging stations in Hesse (about 150) in the magnitude of the tolerable 
highest concentration in drinking water (0.05 mg/l), Parallel continuous sampling of 
throughfall in forest stands of different tree species could prove the significance of 
the forest's trapping effect, especially as far as sulfate input was concerned. The 
yearly sum of deposition was in red oak and beech 120-160 kg/ha, in Scotch pine 179 kg/ha 
and in Norwegian spruce 318 kg/ha, but in the open area bulk precipitation only 60-70 kg/ha. 

49. Mr J, A. Mintegui Aguirre, of the Higher Technical School of Forestry Engineers, 
Spain, then introduced his paper, "Influence of the plant cover on soil protection in 
small watersheds on the occasion o'f torrential rainfall". The paper described the 
advantages afforded by an adequate forest cover in small watersheds above a town i~ the 
event of torrential rainfall, which in a short time produced such heavy runoff that the 
resulting discharge could cause serious damage in the areas around the town. It emphasized 
that such forest cover should not be undertaken as an isolated action, but as part of 
overall forest hydrology restoration of watersheds. The text was illustrated by 
reference to the erosion that occurred in the area.around Bilbao after the downpours in 
August 1983. The town had had to cope not only with the floods caused by the extra
ordinary rise in the river Nervion but also with refilling all the ravines in the hills 
around the town. 
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50. Mr M. Blanco Criado of INIA, Spain, then introduced his second paper, 
influence of scrub forests on runoff in south-east Spain". The Department of Agro
hydrology and the Torrent Hydraulics Station of Lanfaron, which belong to the National 
Agricultural Research Institute, had been working for the previous three years on a 
research project entitled "Methods of studying and techniques for the protection, restor
ation and correction of torrential watersheds in the south-eastern part of the Iberian 
Peninsula". 

The document submitted was a summary of a paper being published on a part of this 
project. After analysing different aspects of the influence of scrub on torrents, it 
evaluated the protection afforded by 56 different plant communities that were identified 
in the area studied. 

51. The last paper on the subject was that by Mr C. Martos Martinez, ICONA, 
"Influence of forest fires and plant cover on the October 1982 high flows in the lower 
reaches of the Jucar 11

• The paper studied a simulation of runoff and discharge in the 
river as a result of the rainfall recorded. The runoff and discharge that would 
have been produced had the zone still had the plant cover existing before the destruction 
caused by forest fires were also simulated. Finally, an analysis was made of the effects 
that could be produced in both cases by agrohydrologic management of the zone. 

52. During the discussion, and following the details given on the measurement of flow 
discharge made in the Bilbao torrents, the question was raised as. to the possibility of 
indirect calculation on the basis of flow traces on the bed. The Chairman of the Working 
Party thought that the subject deserved to be considered at the Workin·g Party's next 
session. As a result of a question on experience in the management of scrub forest, there 
was an animated discussion on the importance of management for multiple purposes, including 
the production of water. It was hoped that the Working Party would give attention to 
aspects connected with the influence of the forest cover on the hydrological and 
the sediment discharge. Interception and evapo-transpiration in particular deserved 
thorough study. Mr Gaspar drew attention, for example, to apparently contradictory 
results of measurements of interception by the crest for persistent rainfall in Romania, 
which may reach 20 mm. The discussion also touched on the subject of the comparative 
hydrological effectiveness of deciduous and coniferous species; it was that it was 
not possible to make generalizations, the choice of species depending on local conditions 
and management purposes. Mr Gaspar also stated that in Romania, as the maximum 
sediment discharge of high flows, evaporation was taken into consideration only when 
rainfall was negligible. 

VI. PROGRESS MADE ON HYDROTECHNICAL ASPECTS AND CALCULATION 
OF TORRENT CONTROL DAMS 

53. Two papers were presented under item 7 of the agenda, the Rapporteur for which 
was Mr Gaspar of Romania. Mr Gaspar introduced his paper, ive studies of 
various of torrent control dams in Romania" co-authored with Messrs S. Munteanu 
and A. Costin. Between 1950 and 1983, 20 types of dams were constructed in Romania 
to control torrents, Selection of the type used was conditioned by the purposes the dam 
was to serve and by the cost. This study was made in order to determine this latter 
parameter. The dam used at the beginning of the period (1950) was taken as a model with 
which to compare 11 types of dams most frequently used in practice. It was thus possible 
to ascertain the amount of concrete, cement and money saved, the amount of steel consumed 
and the proportion of prefabricated pieces. The results showed that very considerable 
savings were made with the new types of dams, which cost 31 to 58% less than the model 
dam. 
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54. The second paper, s rockfills 
gabions)",was introduced by Ms 
Italy. The design criteria of 

G. Trisorio~Liuzzi, Associate Professor, University of Bari, 
most conventional structural types of torrent check dams in 

loose materials were The dams were classified according to materials used for 
construction and to the method of placing them in (a) earthfill dams (gravels, sands, 
silts, clays placed in strata); (b) rockfill dams (cobbles, boulders, rock fragments of all 
sizes); and (c) gabions. 

After a brief introduction the rock and soil classification and their 
relevant engineering properties to stab calculations, the possible failure mechanisms 
were treated. In order to provide the essential requirements of the stable support and 
resistance, the criteria for the treatment of various foundation materials were shown. 
The foundations were grouped into three main classes: (a) foundations of rock; (b) found
ations in coarse grained materials; (c) foundations in fine grained materials. Moreover, 
the case of stratified foundation deposits was considered. 

The design of embankments, the method of ascertaining the stability, and the 
significant treatments, were shown for cohesionless dams on stable foundations, cohesive 
dams on stable foundations, dams on soft foundations, rockfills and gabions. It was 
recommended that rapid analyses (mainly chart solutions) be used for the stability 
assessment rather than the detailed ones, because of the usual uncertainty of the input 
data. In fact, as for most small projects, the achievement of highly detailed information 
on material conditions could exceed acceptable costs. 

The aim of the report was to show the importance of design criteria knowledge 
relating to the involved materials and pertinent failure mechanisms. The topic was 
important because in some areas the dam construction was realized by using available 
materials. The latter often need appropriate calculations because their mechanical 
behaviour was unknown and the experience of their implementation was not remarkable. 
Moreover, mention was made of the through-flow capacity of some of these structural 
types, Such types ensured the effective dissipation of pore pressure in the fills lying 
behind the dams, thus preventing the groundwater table rising in the slopes shaping the 
watershed. This was an all-important factor when the torrent control works were executed 
in watersheds susceptible to landsliding phenomena: the hydrographic system could become 
a natural trench drain network. 

55. During the discussion, the Vice-Chairman of the Working Party, Mr Kronfellner-Kraus, 
congratulated Mr Gaspar on his presentation and pointed out that in recent years research 
on dams had made great progress and many new designs had been tested, including horizontal 

led dams, dams with open grill, and dams "en corbeilles" for sites where the foundation 
was not reliable. He also pointed out that great progress had been made in dams with earth 
ballasting. This subject deserved more attention in order to assess advances. 

VII. SNOW AND AVALANCHE CONTROL 

56. The rapporteur for Item 9 on the agenda, for which there were two papers 
was Mr M. Sonnier, Head of the CEMAGREF Snow Research Division. Forest influence on the 
accumulation and melting of snow in mountain watersheds had been extensively studied, both 
in Europe and the United States, since 1900. The results had not always been uniform, at 
least at first glance. It was important, therefore, to specify clearly where the study 
had taken place: in a forest opening (diameter under tree height), in a clearing 
(diameter equivalent to or four times the tree height), in an open area. The practical 
interest in these studies was considerable, for forest snow can act as a reservoir to 
prevent sudden floods and provide water during the dry season. 
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57. The first paper, "Influence of forests on accumulation and melting of snow in 
mountain watersheds", was introduced by Mr H. M. Brechtel (Federal Republic of Germany). 
The main conclusions of this study were: 

- a reduction of snowpack accumulation occurred under spruce forests 
regardless of elevation and generally the maximum water equivalents 
from the north slopes were somewhat higher than those from the southern 
exposures: 

also, beech forest had a decrease in snowpack accumulation; however, it was 
getting smaller and smaller with increasing elevation; 

- snow accumulation and melt was not determined only by the forester's choice 
of tree species but also was dependent on the varying factors of the 
forest's morphology, for example age and stocking arrangement of the stands; 

- differences in weekly melting rates between open areas and forests did 
not occur at elevation above 400-500 m, a.s.l. Normally, the maximum 
and average weekly melt rates in forest stands, especially in spruce, 
were found to be lower than in open areas. 

58. The second paper, "The recent development of Swiss Avalanche Barrier Technology", 
was submitted by Mr J.-P. Graf, of the Federal Forestry Office. Mr Graf stated that the 
results of a preliminary survey had enabled the authorities to form a tentative scientific 
basis for the construction of effective avalanche barriers. Guidelines for the installation 
of these structures had gradually become more stringent; the theory, however, remained 
sound. Competition and ever-increasing costs had led to further research into ways of 
improving existing structures. Loose ground foundations were modified, with anchorage by 
explosion or expanding bolts replacing the sunken cortel; to do this, new machinery and 
anchoring techniques were needed, With regard to the superstructure, ways of modifying 
the support design had been looked into, with a view to reducing the steel weight. This 
research, however, had proved unsuccessful. A better conception of the structures, and of 
site and transport management, together with a modified anchorage, did, however, lead to 
lower costs, without jeopardizing safety. 

59. Mr M. Sonnier, CEMAGREF, presented a new model of a protector drifting 
snow or sand, the orientation of which changed according to the direction of the wind. 
This equipment presented the following characteristics and advantages: 

- it was always oriented perpendicular to the (variable) wind direction 
and accumulated, therefore, the greatest possible amounts of snow or sand; 

- it was light and easy to install; 

- it may be removed and reinstalled as required at less cost; 

- it was not more expensive than a normal (fixed) wind barrier. 

60-. During the discussion on the three papers, submitted, the accuracy of the calcul-
ations was questioned, given the differing flowmeter locations, Mr Brechtel explained 
that clearings for snow calculations needed to be two to three times the tree height and 
eight times the tree height in the case of rain calculations. He also pointed out that 
calculations varied monthly. The importance of avalanche barrier specifications and 
design was also discussed. It was pointed out that in both France and Switzerland 
structures had to meet official requirements. In addition, in Switzerland, where 75% of 
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the work was subsidized, the Federal Service could impose specifications and designs on 
constructors. Mr de Crecy stated that explosive-induced avalanches were an economic and 
effective solution, when there was no risk of material damage. 

VIII. SOCIO-ECONOMIC AND INSTITUTIONAL ASPECTS AND PLANNING 

61. The rapporteur for this item was Mr L. S. Botero, Chief of the Forest and 
Wildlands Conservation Branch of FAO. Mr Botero drew attention to the magnitude of 
the subject and to the growing importance the Working Party was attaching to the socio
economic factors, which were of great interest both to EFC member states and observer 
countries. The five papers submitted under item 10 of the agenda bore this out, 
After his introduction, Mr Botero submitted a on FAO activities. In order to 
provide a global picture, the report covered both FAO activities during recent years 
and those planned for the immediate future. These activities included community 
participation, planning, economic appraisal of projects, policy and strategy deter
mination, institutional reinforcement and horizontal cooperation between developing 
countries. 

62. Mr R. Mura, Chief of the Division of Protection against Erosion (CEMAGREF), 
presented his paper "Methodology for programming restoration action in mountain areas. 
Preparation stage of technical specifications to assist decision-making: the case of ' 
Maurienne 11

• The planning method presented by the author was applied in a very specific 
field characterized by: 

a dominant natural phenomenon - torrential erosion - considered as a 
natural risk threatening the security of people and property, but also 
as a menace to the quality of the environment; 

- a very decentralized political and administrative system. 

The planning process must be conducted within a politically and physically unified 
framework. This would make it possible to develop a prevention policy, sensibilize local 
populations and officials and make the best possible use of the actions undertaken. This 
process was characterized by: 

- a technical phase of preparing a file for assistance in decision-making; 

- a political phase of negotiation and decision; 

- a technical phase of preparing implementation files. 

The method had been applied in the Valley of the Maurienne in the northern Alps, 
where socio-economic activity was seriously threatened. The results of the first phase in 
the process were presented in the form of: 

- a map of the physical environment showing the existing risks, the suscept
ibility of the soils to erosion and the quality and dynamism of the vegetation; 

- a socio-economic map; 

- a set of tables drawn up along the lines of a rationalization of 
budgetary choices, but easily accessible to the protagonists and enabling 
political decision-makers to ensure the necessary choices and define 
priorities in the action to be undertaken. 
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63. There was considerable interest in Mr Mura's talk and a large number of questions 
followed. In his reply he pointed out that the introduction of data on avalanche risks 
presented numerous problems for the methodology applied, The cost/benefit evaluation 
was restricted to the more dangerous torrential waters capable of causing serious damage 
(roads, railway lines). A purely economic approach was inadequate when assessing ESC 
operations. A more suitable criterion was that of land management. Criteria for 
grading the stakes and establishing intervention priorities were also discussed. In 
answer to a question from the Chairman of the Working Party concerning pollution prob
lems preventing vegetation cover use, Mr Mura confirmed that effluents from the aluminium 
works had further harmed an area which was already prone to erosion, He stressed the 
importance of studying the vegetation cover in such cases. In reply to another question 
from Mr Puglisi, he stated that the construction of torrent control darns in Fontana Frei 
had helped reduce the risk, which the rural population, in particular, had caused by 
abandoning drainage maintenance, 

64, Mr G. Monaco, from the Calabria Forest Service (Italy), then submitted his paper, 
"Economic, Social and Institutional Aspects, including an Economic Evaluation of Manage
ment Activities of Mountain Watersheds. 

65. Mr C. Corrao, Regional Director of Forests, Region of Sicily (Italy), introduced 
briefly his paper "The Sicilian Region's mountain watershed management policy in the light 
of recent legislation". The Sicilian Region had embarked on a land use planning study, 
coordinated by the three Sicilian universities, This constituted a significant example of 
active participation by university scientific organizations in the complex problems posed 
by the management of mountain watersheds. 

The Government of the Region had paid particular attention to the management of 
mountain watersheds, allocating considerable funds for this work. It was believed that 
a planning tool like the one described would ensure effective implementation of measures, 
which would in turn make it possible to develop the resources so as to achieve socio
economic stability in the mountain watersheds. 

66. The last paper on the item was presented by Mr J. J. 
Forest Conservation, Subsecretariat of Forestry of Mexico. 
objectives of natural resource management", was illustrated 

Reyes Rodriguez, Director, 
The paper, "Multiple use 
with diagrams and filmstrips. 

67. Prof. E. H. Blum, of the Agricultural University of Vienna, submitted a paper 
entitled "The use of satellite images to monitor soil erosion in the larger mountain 
watersheds". Slides were also shown to illustrate how the technique had been applied 
during a German bilateral assistance project in Algeria. 

IX. BIOLOGICAL MEASURES IN WATERSHED MANAGEMENT 

68, The only contribution under item 8 of the agenda was by Mr Francisco Rojo Saiz, 
ICONA, on the "Use of mechanized terraces for reforestation in the province of 
Guadalajara". Infiltration terraces had always been used for agricultural purposes; their 
extension to forestry made it necessary to plant between terraces. The way in which the 
soil was worked in the impluviurn between terraces must be decided by what was needed to 
make the terraces stable in the face of erosion and to achieve the rapid establishment of 
trees that would be able to ensure total protection of the terrace in a few years. The 
document endeavoured to resolve the problem of calculating the separation between terraces 
so that the impluvium, deep-ploughed with a "ripper" along the line of maximum slope, and 
hence also the terr'ace, would be stable in the face of heavy rains in the province of 
Guadalajara and central Spain. Clearing work carried out with a bulldozer before deep 
ploughing seemed to be the system most favourable for reconstruction of the degraded 
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residual vegetation by stool and root shoots, which was needed in any reforestation 
work. This type of preparation made it possible to establish plantations with deep 
ploughing on regularly distributed soils. 

69. The participant from Nicaragua, Mr R. Araquistain Cisneros, showed a series of 
slides on the restoration of mountain lands in his country. Similarly, two participants 
from Chile, Mr R. Rodriguez and Mr S. Huaicanao (CONAF), showed slides to illustrate 
restoration work carried out in the San Jose and de la Ligera watersheds. 

X. PROGRAMME OF WORK OF THE WORKING PARTY 

70. The Secretary presented, for delegates' approval, proposals for the programme of 
work of the Working Party. The proposals were discussed and the programme of work, 
covering the activities of the Working Party over the next two years, was adopted. These 
activities will constitute the agenda items for the Fifteenth Session of the Working Party. 

1. Watershed soil movements and erosion 

- cartography 
- research results 
- evaluation 
- mathematical models 

torrential and sediment erosion 

2. cover influence on erosion and water balance 

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

3. Application of mathematical models for hydrologic and sediment studies 

4. Snow and avalanche control 

5. Biological means of watershed restoration 

6. methods of torrent control 

7. of insecure watersheds 

8. Planning and socio-economic aspects 

- planning methodology 
- socio-economic development and intersectorial relations 
- economic evaluation 

71. The Working Party also reached agreement on the implementation of a number of 
specific issues, namely: 

a) the organization of a FAO/IUFRO symposium, during the Fifteenth Session, 
on the influence of differing kinds of vegetation cover on water quantity 
and quality. The symposium should look closely at the problems of the 
effects of reservoirs on eutrophication; the way acid rain interferes with 
interception effectiveness and water quality; and the various kinds of land 
use and vegetation cover from the Alpine forests to the Mediterranean maquis; 
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b) the Working Party's participation in the Ninth World Forestry Congress 
(Mexico, July 1985) where it would be represented by Mr Puglisi and 
Mr Lopez Cadenas de Llano, who had been invited by the Organizing 
Committee and who would prepare papers for the Congress; 

c) the organization of support for Japanese colleagues to participate in the 
following international meetings: 

Fourth International Conference and Field Workshop on Landslides 
23-31 August 1985, 

International Symposium on erosion, bed-load and disaster prevention 
1-5 September 1985; 

d) the preparation of a handbook dealing with the application of mathematical 
models on hydrologic, erosion and sediment studies in mountain watersheds. 
Mr S. Fattorelli, from the University of Padua, was requested to put 
forward a proposal on this matter during the Fifteenth Session of the 
Working Party; 

e) the production of a film on mountain watershed management, in particular 
with the help of the CEMAGREF which had already produced several films 
in this field, together with assistance from, among others, Spain and 
Norway. 

72. The heads of delegations met in order to elect the officers of the Working Party, 
since it was established practice that the Chairman must be elected at each session. 
The delegates unanimously elected Mr F. Lopez Cadenas de Llano (Spain) as Chairman. 
Mr G. Kronfellner-Kraus (Austria) was elected First Vice-Chairman and Mr M. Djorovic 
(Yugoslavia) Second Vice-Chairman. 

73. The heads of delegations examined the various possible venues to be selected for 
the Fifteenth Session of the Working Party and asked the Secretary to explore with the 
various member countries concerned their interest in hosting the next Session, taking into 
account the following order: 

- Austria 
- Venice (Italy) 
- Calabria (Italy) 

The Fifteenth Session would take place, tentatively, in September 1986. 

74. During the closing ceremony of the Fourteenth Session the Secretary read the report 
of the meeting, which was adopted. The Chairman of the Working Party, Mr Puglisi, 
expressed to the Spanish authorities his appreciation of the efficient way in which the 
Session had been organized. 
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ANNEX A 

AGENDA 

1. Opening of the oession 

2. Adoption of the Agenda 

3. National reports 

4. Torrential erosion: Study of processes and evaluation methods for the. programming 
of watershed management activities 

5, Influence of vegetation cover and restoration techniques on the hydrologic 
cycle and the torrential processes 

6. FAO/IUFRO Symposium: Research on small watersheds: mathematical models and 
experimental watersheds 

7. Progress made on hydrotechnical aspects and calculation of torrent control darns 

8. Biological measures in watershed management 

9. Snow, avalanches and their control 

10. Economic, social and institutional aspects, including the economic evaluation of 
watershed management activities 

11. Programme of the Working Group 

12. Election of Group officials 

13. Date and place. of the Fifteenth Session and special symposia 

14. Other matters 

15. Adoption of the Report 

16. Closing of the Session 

17. Study Tour to the Provinces of Almeria, Granada and Malaga 
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ANNEX B 

TIMETABLE 

Monday 1 October 

10.00 
11.30 
12.00 
13.00 
16.00 
18.00 

Opening of the 14th Session of the Working Party 
Adoption of the Agenda - Secretariat information 
National reports 
Lunch break 
National reports 
Torrential erosion (Rapporteur: F. Lopez Cadenas de Llano, Spain) 

Discharge and erosion measurements in the Alps by means of artificial rain 
simulators (J. Karl, Federal Republic of Germany) 

- Studies on the application of the USLE in torrential watersheds 
i) Study of factor R of rainfall erosion in Mediterranean watersheds 

(F. Lopez Cadenas de Llano, A. Perez-Soba, Spain) 
ii) Value of the K factor of USLE for soil in Spain (J. Aquila Bonin) 

iii) Values of factor C of the USLE for the types of forest cover in Spain 
(L. Lopez Cadenas de Llano, A. Perez-Soba, Spain) 

Tuesday 2 October 

09.00 

10.00 

13.00 
16.00 

18.00 

Torrential erosion. Presentations and summary 
- The recent landslide upstream of Grone, Valais (J.-P. Graf, Switzerland) 
- High-intensity rainfall and erosion in the Carnie Alps (R. Querini, Italy) 

FAO/IUFRO Symposium: Research on small watersheds: mathematical models and 
experimental watersheds 

Hydrological modelling and watershed research (S. Fattorelli, Italy) 
- Hydrological research projects of FRG and some results from selected 

small/exnerimental watersherls (H. M. Brechtel, Federal Republic of Germany) 
- The influence of forests on the water regime (M. Jarabac and A. Chlebec, CSSR) 

- The role of northern research basins at high altitudes (Ch. W. Slaughter, USA) 
- Analysis of the hydrologic behaviour of Alpine watersheds with conceptual 

models (F. Ca'Zorzi, G. dalla Fontana and S. Fattorelli, Italy) 
- Peculiarities of the flow regime of a small Alpine watershed (G. Ruf, Austria) 

Lunch break 
FAO/IUFRO Symposium 
- New research results from Yugoslavian experimental watersheds 

(M. Djorovic, Yugoslavia) 
- The Draix watershed : installation and first results (J. P. 
- Research in small experimental watersheds in Austria, 

selected results (G. Kronfellner-Kraus, Austria) 
aims, 

Cambon, France) 
methods ~nd 

Landsat imagery for soil erosion control in 
(E. H. Blum, Austria) 

mountain watersheds 

Wednesday 3 October 

09.00 Influence of vegetation cover and restoration techniques on the hydrologic 
cycle and the torrential process (Rapporteur H. M. Brechtel) 
- Assessment of the effect of afforestation with conifers on soil fertility 

and on the hydrological balance of small watersheds (C. Dupraz, France) 
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12.30 

13.00 

16.00 
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- Prevention of hydrogeologic degradation through land use management 
(V. Margiotta, Italy) 

- Improved hydrologic conditions in watershed for reducing sediment yield 
(S, Fattorelli, C. Marchi, Italy) 

- Quantitative and qualitative aspects of the forest's interception 
(H. M. Brechtel, Federal Republic of Germany) 

- Hydro~ogical effect of the soils in Norwegian spruce stands of different 
age classes (I.,Raev, T. Dimitrov, Bulgaria) 

- Influence of vegetation cover on torrential rainfall (J. Mintegui Aguirre, 
Spain) 

- Influence of forest fires and vegetation cover in the floods of October 1982 
in the lower reaches of the Jucar river (C. Fernandez Martos, Spain) 

Progress made on hydrotechnical aspects and calculation of torrent control dams 
- Calculation of dams. Progress on calculation of dams and new designs 

(R. Gaspar, Romania) 
- Dams made of loose materials (G. Trisorio-Luizzi, Italy) 

Design of selective retention dams in the Remsacario torrent, Esera river 
(Maria Angeles Soria, Spain) 

Biological measures in watershed management 
- Use of mechanized terraces for afforestation in the Province of 

Guadalajara (F. Rojo Saiz, Spain) 

Lunch break 

Touristic prograrrnne offered by host country 

Thursday 4 October 

09.00 

11.15 

13.00 
16.00 
17.15 

Progress made on snow management techniques and avalanche control 
(Rapporteur: M. Sonnier, France) 

Influence of forests on accumulation and melting of snowback in mountain 
watersheds (H. M. Brechtel, Federal Republic of Germany) 

- Recent evolution of avalanche control engineering in Switzerland 
(J.-P. Graf, Switzerland) 

Economic, social and institutional aspects, including the economic evaluation 
of watershed management activities (Rapporteur: L. S. Botero, FAO) 
- Methodology for progr~mming restoration action in mountain areas, Preparation 

stage of technical specifications to assist decision-making (R. Mura, France) 
- The Sicilian Region's mountain watershed management policy in the light of 

recent legislation (C. Corrao et at., Italy) 
Economic, social and institutional aspects, including the economic appraisal 
of watershed management activities (Battaglia and Monaco, Italy) 

Lunch break 
Programme of the Working Party 
Watershed Management in Spain - Introduction to the Study Tour (A. Perez-Soba) 

Friday 5 October 

09.00 
11.00' 

11.30 
12.30 

Presentation of films, filmstrips and slides 
Election of Group officials 
Date and place of the 15th Session and special symposia 
Approva\ of the report of the 14th Session of the Working Party 
Closing of the 14th Session of the Working Party 
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ANNEX C 
ANNEXE C 
ANEXO C 

LIST OF PARTICIPANTS 
LISTE DES PARTICIPANTS 
LISTA DE PARTICIPANTES 

Chairman 
President 
Presidente 

Vice-Chairmen 
Vice-Presidents 
Vicepresidentes 

Secretary 
Secretaire 
Secretario 

MEMBERS OF THE WORKING PARTY 
MEMBRES DU GROUPE DE TRAVAIL. 
MIEMBROS DEL GRUPO DE TRABAJO 

AUSTRIA/AUTRICHE 

G. Kronfellner-Kraus 
Forstl. Bundesversuchsanstalt 
Institut ftlr Wildbach- u. Lawinenverbauung 
A-1131 Wien-SchBnbrunn 

FRANCE/FRANCIA 

J. M. Bagontetieur 
Chef du Bureau de la protection et de 

l'amenagement 
Direction des Forets 
Ministere de l'Agriculture 
lter Avenue de Lowendal 
75007 Paris 

L. de Crecy 
Office National des Forets 
22 Avenue Albert ler de Belgique 
38000 Grenoble 

J. P. Cambon 
Ministere de l'Agriculture 
CEMAGREF 
B.P. 92 
13603 Aix-en-Provence 

R. Mura 
CEMAGREF 
B .P. 76 

S. Puglisi 
(Italy/Italie/Italia) 

F. Lopez Cadenas de Llano 
(Spain/Espagne/Espana) 
G. Kronfellner-Kraus 
(Austria/Autriche) 

L. S. Botero 
(FAO) 

38402 Saint Martin-d'Heres 
(Grenoble) 

GERMANY (FEDERAL REPUBLIC OF)/ 
ALLEMAGNE (REPUBLIQUE FEDERALE D') 
ALEMANIA (REPUBLICA FEDERAL DE) 

Horst-Michael Brechtel 
Professor, Hessian Forest Research Station 
Prof. Oelkerstr. 6 
D-3510 Hann. Mtlnden 

Edwin PrBbstle 
Ministerialrat 
Karl Scharnagl Ring 60 
D-8000 Mllnchen 

ITALY/ITALIE/ITALIA 

M. Arrigo 
Azienda Foreste Demaniali della 

Regione Siciliana 
Via Liberta 97, 90143 Palermo 

A. Bazzea 
Corpo Forestale, Ministero Agricoltura 
Via Ugo Foscolo 1 
Padova 
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ITALY/ITALIE/ITALIA (cont.) 

S. Butera 
Direzione Foreste - Sicilia 
Palermo 

C. Corrao 
Direttore-Foreste 
Regione Sicilia 
Palermo 

B. Costantini 
Direttore, Dipartimento delle Foreste 
Via Torino 110 
Mestre-Venezia 

M. Crespi 
Centro Sperimentale Arabba 
32020 Arabba (Belluno) 

S. Fattorelli 
Titolare della Cattedra di Idrologia 

Foresta le 
Universita di Padova 

G. Giusto 
Direzione Azienda, Foreste Demaniali 
Regione Siciliana 
Palermo 

G. Monaco 
Coordinatore Forestazione-Assessorato 
Regione Calabria 

I. Novaco 
Ispettorato Regionale Foreste 
89100 Reggio Calabria 

A. Palmieri 
Direzione Regionale Foreste 
Dirigente Tecnico 
Palermo 

S. Puglisi 
Professore Ordinario di "Sistemazioni 

Idraulico-Forestali" 
Universita di Bari 
Via Amendola 165/A 
Bari 

R. Querini 
Direttore Foreste, Regione Friuli Venezia 
pirezione Regionale Foreste Giulia 
Piazzetta Belloni 14 
Udin~ 

G. Trisorio Liuzzi 
Associate Professor of 11Defence & Conser-

vation of Soil" 
University of Bari 
II Trav. Capruzzi, n.5 
70126 Bari 

NORWAY/NORVEGE/NORUEGA 

Baard Andersen 
Head of Department of River Management 
Norwegian Water Resources and Electricity 

Board 
NVE, Postboks 5091 
Oslo 3 

ROMANIA/ROUMANIE/RUMANIA 

A. 
Inspecteur-general, Chef du Service de 

Correction des Torrents 
Ministere de la Sylviculture 
Strada Radu Calomfirescu, Sectorul 3 
Bucarest 

R. Gaspar 
Ingenieur princ 

Scientifique 
clans la Recherche 

Saseana Stefanesti 128, Sector 2 
Bucarest 

SPAIN/ESPAGNE/ESPAf.IA 

M. Alvarez Calvente 
Jef e Provincial del ICONA 
Jefatura Provincial del ICONA 
Avenida de la Aurora s/n 

C. J. Alvarez Fernandez 
Tecnico Forestal 
Oficina Comarcal Consejeria Agricultura y 

Pesca del Principado de Asturias 
Avenida Galicia 27-3° Luarca 
Asturias 

A. Alvarez Payan 
Jefe de la Division de Aprovechamientos 

Hidraulicos de la Companfa de del Sur 
Almeria 

M. Arenas Cuevas 
Empresa Nacional ADARO 
Serrano 116 
28006 Madrid 
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SPAIN/ESPAGNE/ESPA~A (cont.) 

F. Barrientos Fernandez 
Jefe de Coordinacion y Relaciones, ICONA 
Gran Via de San Francisco 31-35 
Madrid 

F. Basurco 
Director Adjunto de Investigacion Forestal 
INIA 
Jose Abascal, 56 
28003 Madrid 

M. Blanco Criado 
Servicio de Investigacion y Desarrollo 

Agrario del Puero 
Valladolid 

J. A. Carrera 
Inspector Regional del ICONA 
Malaga 

M. T. de Miguel Michelena 
Ingeniero de Montes, ICONA 
Avenida de la Aurora s/n 
Malaga 

E. de Simon Navarrete 
Servicio Provincial del IARA 
I CO NA 
c/o Hermanos Machado 4 
Almeria 

C. Fernandez Martos 
Inspector Regional del ICONA 
Plaza Alfonso El Magnanimo 3 
Valencia 

G. Fernandez Tomas 
Subdirector de Proteccion de la Naturaleza 
ICON A 
Gran Via de San Francisco 35 
Madrid 

J. Garcia Salmeron 
ICONA 
Gran Via de San Francisco 35 
Madrid 

J. M. Gandullo 
Escuela Tecnica Superior de Montes 
Madrid 

M. Gonzalez del Tanago del Rio 
Dpt. Hidraulica y Hidrologia 
Escuela Tecnica Superior de Ingenieros 

de Montes 
Ciudad Universitaria 
28040 Madrid 

A. Hernandez Aldea 
Ingeniero Superior de Montes, ICONA 
Avenida de la Aurora s/n 
Malaga 

M. Lara Flores 
Ingeniero Teen. Industrial 
Comisaria de Aguas del Sur 

L. Linares Girela 
Empresa Nacional ADARO 
Paseo Maritimo 23 
Malaga 

F. Lopez Cadenas de Llano 
Jefe, Dpt. Hidra~lico-Hidrologia 
Escuela Tecnica Superior de Ingenieros 

de Montes 
Universidad Politecnico 
Madrid 

A. Lozano Hernandez 
Doctor Ingeniero de Montes, ICONA 
Avenida de la Aurora s/n 
Malaga 

J, A. Mintegui Aguirre 
Profesor de la Escuela Tecnica Superior de 

Ingenieros de Montes 
Ciudad Universitaria 
Madrid 28040 

A. Perez-Saba Baro 
Jefe, Seccion Hidrologia, ICONA 
Gran Via de San Francisco 35 
Madrid 

C. Revuelta Salinas 
Ingeniero Jefe de la Tercera Brigada 

de ICONA de Huesca 

E. Rodriguez Paradinas 
Comisario Jef e de Aguas del Sur de Espana 
Paseo de Reding 6 
29016 Malaga 

J. M. Rojas Rojas 
Ingeniero de Brigada, IARA 
Granada 

F. Rojo Saiz 
Jefe Regional, ICONA 
Constitucion No. 2 
Guadalajara 

F. Vazquez Sell 
Ingeniero de Montes 
Paseo de Reding 6 
29016 Malaga 
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SWITZERLAND/SUISSE/SUIZA 

J.-P. Graf 
Adjoint scientifique a l'Office 

federal des forets 
Case Postale 1987 
3000 Berne 14 

YUGOSLAVIA/YOUGOSLAVIE 

M. Djorovic 
Professor, Forestry Faculty 
Belgrade University 
K.Viseslava 1 
11000 Belgrade 

v. Velasevic 
Professor, Forestry Faculty 
Belgrade University 
K.Viseslava 1 
11000 Belgrade 

OBSERVERS/OBSERVATEURS/OBSERVADORES 

AFGHAN1STAN/AFGANISTAN 

Mirza Ali Nazim 
Vice-President, Forest Department 
Ministry of Agriculture & Land Reform 
Kabul 

ALGERIA/ALGERIE/ARGELIA 

B. Kamel 
Sous-Directeur des Forets de Tlemcen 
Algeria 

B. Trabelsi 
Sous-Directeur de la Mise en valeur 

des terres 
Ministere de l 'Hydraulique, de 

l'environnement et des Forets 
Kouba 

ARGENTINA/ARGENTINE 

R. Falcone 
Tecnico Profesional en Hidrologia Forestal 

de Investigaciones Forestales 
Instituto Foresta! Nacional (IFONA) 
Avda. Pueyrredon 2446, C.P. 1119 
Buenos Aires 

A. v. Gustin 
Direccion de Rec. Naturales - CHACO 
Casilla de Correo 401 
3500 Resistencia - CHACO 

J. L. Menendez 
Tecnico Profesional en Hidrologia Forestal 
Departamento de Investigaciones Forestales 
Instituto Foresta! Nacional (IFONA) 
Avda. Pueyrredon 2446, C.P. 1119 
Buenos Aires 

BOLIVIA/BOLIVIE 

G. Angulo Gutierrez 
Gerente General 
Domingo Paz 0-556 
Tarija 

P. Brozovich Farfan 
Gerente Tecnico 
Domingo Paz 0-556 
Tarija 

R. Guzman Gutierrez 
Docente de UMSS 
Av. Ramon Rivero E-0278 
La Paz 

CAPE VERDE/CAP-VERT/CA.BO VERDE 

F. Barbosa 
Directeur Service Forestier 
Ministere du Developpement Rural 
B.P. 21 
Praia 

CHAD/TCHAD 

Mahamat Ali 
Chef de la Division Forets et Conservation 

des sols au Ministere du Tourisme, 
Eaux et Forets du Tchad 

B.P. 447 
N'Djamena 

CHILE/CHILI 

F. s. Alvarez Gonzalez 
Ingeniero Foresta! 
Corporacion Nacional Forestal 
Serrano 529 
Concepcion 
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CHILE/CHILI (cont,) 

S. Huaiquinao Quenpum11 
Encargado Regional del Programa de Manejo 

de Cuencas y Dunas, CONAF V Region 
3 Norte No. 541 
Vina del Mar 

J. Lanzarotti Abuin 
Ingeniero Forestal 
Corporacion Nacional Forestal 
3 Norte No. 541 
Vina del Mar 

R. Rodr1guez Leiva 
Jefe, Departamento Tecnico 
Corporacion Nacional Forestal 
I Region, Tarapaca 
Casilla 1484 
Arica 

CHINA/CHINE 

L. Wang 
Professor, Beijing Forestry College 
Beijing 

COLOMBIA/ COLOMB IE 

A. Patino 
Subdirector de Desarrollo de la 

Corporacion Autonoma Regional del Cauca 
Apdo. Aereo 23-66 
Cali 

DOMINICAN REPUBLIC/REPUBLIQUE DOMINICAINE/ 
REPUBLICA DOMINICANA 

T. E. Familia C. 
Encargado de Investigacion y Proyectos 
Plan Sierra 
Apt. 1152 
Santiago 

ETHIOPIA/ETHIOPIE/ETIOPIA 

Berhe Aregay 
Head of Revegetation in Soil & Water 
Conservation Dept., Ministry of Agriculture 
P.O. Box 62202 
Addis Ababa 

GAMBIA/ GAMB IE 

F. Bojang 
Assistant Director, Forestry Department 
5 Marina Parade 
Banjul 

GUINEA/GUINEE 

s.-B. Conde 
Directeur National, Projet RAF/31/060 
Secretariat d 1Etat, Eaux et Forets 
Conakry 

HAITI 

J. R. Emmanuel 
Directeur, Centre de Formation en 

Amenagement des Bassins Versants 
Limbe 

IRAN 

Hossein-Ali-Aladdini 
Sefid-Rud Watershed Management, Ministry 

of Agriculture, Forest & Range Orgn. 
Tehran 

Morad Ali Ardeshiri 
Director General of Soil Conservation 

& Watershed Management, Ministry of 
Agriculture, Forest & Range Orgn. 

Bureau of Soil Conservation & Watershed 
Management 

Tehran 

JAPAN/JAPON 

H. Marui 
Faculty of Agriculture, Kyoto University 
Kyoto 606 

MADAGASCAR 

R. Rakotinindrina 
Direction Eaux et Forets 
Antananarivo 

MEXICO/MEXIQUE 

J. B. Cardena Rodriguez 
Director General de Proteccion y 

Fomento Forestal, Secretar de 
Agricultura y Recursos Hidraulicos 

Subsecretar{a Forestal 
Netzahualcoyotl 109 
Mexico D.F. 

J, J, Reyes Rodriguez 
Director de Conservacion Forestal 
Secretaria de Agricultura y Recursos 

Hidraulicos 
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