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Preface

Los desastres naturales de origen geoldgico, metereoldgico o antropico (erupciones volcani-
cas, terremotos, inestabilidad e laderas, inundaciones, huracanes, tsunamis, incendios), no solo
suponen un serio riesgo para los habitantes de nuestro planeta, sino que representan una amena-
za real que influye de manera negativa en el desarrollo econdémico y social de una region. Su
conocimiento y estudio contribuyen a la mitigacion del riesgo y puede suponer un coste infimo
frente a las enormes pérdidas materiales y humanas de su no consideracion. La formacion en
materia de riesgos naturales de los residentes en zonas vulnerables, de los agentes sociales, de
la comunidad cientifica y de las autoridades, es fundamental para la reduccion y prevencion de
los efectos de estos desastres naturales.

La morfologia y estructura actual de La Tierra es el producto de multitud de procesos
dindmicos, desarrollados a lo largo de miles de millones de afios, entre los que se encuentran
las erupciones volcanicas, los movimientos corticales verticales y horizontales y otros procesos
geologicos e incluso extraplanetarios, que han modelado la superficie terrestre lentamente o
aceleradamente en ocasiones. En esta publicacion se presenta, con intencion de aportar a la
sociedad una herramienta mas para el conocimiento e intervencion ante este tipo de procesos

La actividad humana contribuye notablemente a la degradacion ambiental, provocando la
aceleracion de los fendmenos naturales adversos e incrementando los riesgos, especialmente
los relacionados con la estabilidad de laderas, inundaciones. Procesos como los incendios, la
deforestacion, la modificacion de cauces y cuencas, el uso intensivo del suelo, la urbanizacién
de llanuras de inundacion y canales hidricos naturales, etc, incrementan la intensidad y la prob-
abilidad de ocurrencia de los desastres naturales.




Entre los objetivos de esta publicacion se encuentran, por un lado, proporcionar habilidades
en la comunicacion social, ya que permiten el desarrollo de la conciencia, la difusion y la sen-
sibilizacion y el debate acerca de los riesgos presentes en una region; y por otro, proporcionar
informacion teorica y técnica en diferentes areas relacionadas con el tema de los riesgos natu-
rales, tanto en el ambito de la prevencién como en el de la intervencion.

El contenido aqui presentado va dirigido a un publico diverso, desde los especialistas en
ciencias sociales, a los expertos en ciencias naturales y exactas y tecnologos. Permite una vision
integral y no fragmentada, donde se combina la capacidad de interpretar los datos cuantitativos
con metodologias de evaluacion cualitativa, asi como la adquisicion de herramientas de analisis
e intervencion para el diagnostico y la definicion de lineas de accion en caso de desastres natu-
rales. También se consideran los aspectos juridicos y econdémicos, ya que son fundamentales en
todo el proceso de planificacion y ejecucion de acciones.

—
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Abstract

The best-known geo-hazards occur suddenly, such as earthquakes, tsunamis, volcanic eruptions,
landslides and floods. These can be catastrophic and cause great damage to people and objects. How-
ever, coastal and soil erosion, slow landslides, natural radiation or land subsidence are much slower
processes. These are difficult geo-hazards to discern because sometimes a lifetime is not a sufficient time
interval for them to take place. They rarely cause fatalities and therefore do not usually generate media
headlines, though they can cause important economic losses.
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1. Floods

The dictionary defines a flood as a great flowing or overflowing of water, especially over
land not usually submerged.

Floods are caused by sudden changes in water level, so the level exceeds its natural confine-
ment and covers a portion of land not previously covered.

This is a natural process that occurs in river systems on a regular basis by the melting of
snows, heavy rain or coastal storms, which can cause an increase in water level over a coastal
plain. These causes are often the product of other natural processes, such as hurricanes and cy-
clones accompanied by heavy rains, volcanic eruptions capable of melting the snow suddenly,
and so on. Apart from natural processes, human influence is in many cases the cause of floods
and other acute effects.

g i

Figure 1. Missouri River flooding (USA) on July 30, 1993 (Source: U.S. Geological Survey)

Floods are the main threat to humanity among the geological hazards. Every year millions
of people are affected, and for many countries they have become the most destructive geologic
process.

1.2 Factors involved in flood formation

The destructive power of a flood is mainly due to two factors. First, there is the power of ero-
sion and transport of material by the water when a rise in its level occurs. Secondly, there is the
fact that floodplains in their morphology and natural wealth provide very favourable conditions
for human settlements.

Flooding can happen anywhere, but certain areas are especially prone to serious flooding.
There are two types of factors involved in flood formation:

| 10 |
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a) Conditioning Factors

e Morphology of the land: The flat configuration of the ground facilitates the expansion of the
water layer; sudden changes in slope favour sudden increases in the velocity of water and its
concentration

e Terrain: The lithological composition of the soil determines its drainage and erosion capac-
ity, this determines whether rivers may carry more or less load during a period of overflow

e River Morphometry: River systems may have different morphologies: braided, meandering,
rectilinear, which can determine the velocity of water, overflow preferential areas, etc

b) Triggering factors

e Weather: The intensity of rainfall or melting snow may exceed the capacity of drainage sys-
tem and cause an overflow

e Seismic: Earthquakes can trigger tsunamis that can cause severe flooding in the coastal zone

e Deforestation: The lack of a well-developed vegetation cover increases water runoff on the
ground.

e Obstruction of the bed: This can occur when waste, trunks or tailings act as a stopper, ob-
structing the water and causing flooding. These blockages can also be caused by the passage
of lava flows

e Paving and bed confinement: These lead to an increase in the speed of runoff and reduce (or
cancel) the infiltration of water into the subsoil. Moreover, these favour the deposition of
materials on the channel bottom, which then fill and collapse over time thus increasing the
topographic level where water circulates

1.3 Flood effects
The primary effects of floods are those due to direct contact with the floodwaters. These are:

e Transport of particles due to higher water velocities, enabling them to transport larger parti-
cles as suspended load. Such large particles include not only rocks and sediment, but, during
a flood, could include large objects like automobiles, houses and bridges.

e Massive amounts of erosion can be accomplished by floodwaters. This erosion can under-
mine bridge structures, levees and buildings causing their collapse

e Water entering human built structures causing water damage. Even with minor flooding of
homes, furniture is ruined, floors and walls are damaged and anything that comes into con-
tact with the water is likely to be damaged or lost. Flooding of automobiles also results in
damage that cannot easily be repaired.

e More sediment carried as suspended load due to the high velocity of floodwaters. When the
floodwaters retreat, velocity is generally much lower and sediment is deposited. After the
retreat of the floodwaters, everything is usually covered with a thick layer of stream depos-

|11
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ited mud, including the interior of buildings

¢ Flooding of farmland resulting in crop loss. Livestock, pets, and other animals are often
carried away and drowned

e The water often drowns humans that get caught in the high velocity floodwaters

¢ Floodwaters can concentrate garbage, debris and toxic pollutants that can cause secondary
effects of health hazards

Secondary effects refer to those that occur as a result of the primary effects (tertiary effects
are the long-term changes that take place). Among the secondary effects of a flood are:

¢ Disruption of services

* Drinking water supplies may become polluted, especially if sew-
erage treatment plants are flooded. This may result in disease
and other health effects, especially in under developed countries

= Gas and electrical service may be disrupted

= Transportation systems may be disrupted, resulting in shortages
of food and cleaning-up supplies. In under developed countries,
food shortages often lead to starvation

Figure 2. Road blocked by floods (Source: Civil Defence, New Zealand [2007])

Long-term effects (tertiary effects) of floods include:

= Changes in the location of river channels as the result of flooding,
new channels develop, leaving the old channels dry

= Destruction of farmland by sediment deposited on farmland (al-
though silt deposited by floodwaters can also help to increase
agricultural productivity)

|12 |



Luis E. Hernandez-Gutiérrez Riesgos Naturales & Cambio Climdtico

= Job losses due to the disruption of services, destruction of busi-
ness, etc. (although jobs may be gained in the construction indus-
try to help rebuild or repair flood damage)

= Increase in insurance rates
= Corruption from misuse of relief funds

= Destruction of wildlife habitat

2. Earthquakes

One of the most frightening and destructive phenomena of nature is an earthquake. We can
define an earthquake as a shaking and vibration on the surface of the Earth resulting from un-
derground movement along a fault plane or from volcanic activity.

Frequently, earthquakes occur due to sudden, violent shifting of tectonic plates, which are the
earth’s outermost layer of crust and upper mantle. Due to the heating and cooling of the rock be-
low these plates, convection occurs. This results in the movement in the overlying plates, which
releases stress that accumulates along faults: a fault is a deep crack that marks the boundary
between two of these plates. The brittle outer part of the Earth crust fractures along faults. Most
earthquakes happen near the boundaries of tectonic plates, both where the plates spread apart
and where they grind together. In the process of breaking, vibrations called “seismic waves” are
generated. These waves travel outward from the source of the earthquake over the surface and
through the Earth at varying speeds. These vibrations cause the entire planet to quiver.

Figure 3. Earthquake shock wave preserved in rail tracks (photo from Civil Defence, New Zealand
[2010])

| 13 |
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Some common causes for earthquakes include volcanic eruptions, meteor impacts, under-
ground explosions and collapsing structures (such as a collapsing mine), rock falls, and land-
slides, but this section will discuss only the main cause: tectonic earthquakes.

Earthquakes are mostly generated deep within the earth’s crust, when the pressure between
two plates is too great for them to be held in place. The underground rocks then snap, producing
a fault and sending out shock waves called seismic waves.

The location where the earthquake starts is called the focus or hypocenter. From here, waves
start to spread out in all directions. The location above it is called the epicentre. The epicentre is
the point on the surface where the waves hit first and the earthquake is the strongest (the most
damage is done).

EPICENTER

* HYPOCENTER

Figure 5. Earthquake world map location (Source: U.S. Geological Survey)

| 14
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80% of the world’s earthquakes occur around the Pacific Ocean, near the east coast of Asia
and the west coast of America. Japan has over 2,000 earthquakes every year, and California and
South America are also very active earthquake zones. In fact, the edge of the Pacific Ocean is
known as the “Ring of Fire” because there are so many active volcanoes in this region.

2.1 Earthquake measurements

Earthquakes are measured by their magnitude and intensity. The magnitude indicates the
amount of energy released at the source (or epicentre) and is measured by the open-ended Rich-
ter Scale. The intensity of an earthquake at a particular area indicates the violence of the earth
motion produced there by the earthquake.

Table 1. Modified Mercalli Intensity Scale

I. Instrumental Generally not felt by people unless in favourable conditions.
Felt only by a few people at most, especially on the upper floors of buildings. Delicate-
II. Weak . .
ly suspended objects may swing.

Felt quite noticeably by people indoors, especially on the upper floors of buildings.
Many do not recognize it as an earthquake. Standing motor cars may rock slightly. Vibra-
tion similar to the passing of a truck. Duration estimated.

Felt indoors by many people, outdoors by few people during the day. At night, some
awaken. Dishes, windows, doors disturbed; walls make cracking sound. Sensation like
heavy truck striking building. Standing motor cars rock noticeably. Dishes and windows
rattle alarmingly.

IV. Moderate

Felt inside by most, may not be felt by some outside in non-favourable conditions.
V. Rather strong Dishes and windows may break and large bells will ring. Vibrations like a large train pass-
ing close to house.

Felt by all, many people are frightened and run outdoors, walk unsteadily. Windows,
VI. Strong dishes, glassware broken; books fall off shelves; some heavy furniture moved or over-
turned; a few instances of fallen plaster. Damage slight.

Difficult to stand; furniture broken; damage negligible in building of good design and
construction; slight to moderate in well-built ordinary structures; considerable damage in
poorly built or badly designed structures; some chimneys broken. Noticed by people driv-
ing motor cars.

VII. Very Strong

Damage slight in specially designed structures; considerable in ordinary substantial
buildings with partial collapse. Damage great in poorly built structures. Fall of chimneys,
factory stacks, columns, monuments, walls. Heavy furniture moved.

General panic; damage considerable in specially designed structures, well-designed
frame structures thrown out of plumb. Damage great in substantial buildings, with partial
collapse. Buildings shifted off foundations.

Some well built wooden structures destroyed; most masonry and frame structures de-
stroyed with foundation. Rails bent. Large landslides.

Few, if any masonry structures remain standing. Bridges destroyed. Rails bent greatly.
Numerous landslides, cracks and deformation of the ground.

| 15 |



Luis E. Hernandez-Gutiérrez Natural Hazards & Climate Change

Total destruction — Everything is destroyed. Lines of sight and level distorted. Objects
thrown into the air. The ground moves in waves or ripples. Large amounts of rock move
position. Landscape altered, or levelled by several meters. In some cases, even the routes
of rivers are changed.

The original scale for measuring the severity (intensity) of earthquakes (table 1) was com-
piled by the Italian Seismologist, Guiseppe Mercalli, in 1902. It has gone through a number
of revisions since then. The Mercalli Scale relies on how much damage is caused by an earth-
quake. It is determined from reported effects of the tremor on human beings, furniture, build-
ings, geological structure, etc. Many places have adopted the Modified Mercalli Scale (MMS),
which classifies earthquake effects into twelve grades.

When a fault slips suddenly in an earthquake, it releases energy in the form of seismic
waves. Sensitive instruments capture these waves; a seismogram is a recording of the shakes
and jolts of these passing seismic waves. Seismology is the scientific study of earthquakes and
the propagation of elastic waves through the Earth.

A seismogram has patterns that can be matched and decoded to learn about how earthquakes
affect the world. A seismograph or seismometer is the measuring instrument that creates the
seismogram. Almost all seismometers are based on the principle of inertia: a suspended mass
tends to remain still when the ground moves. The relative motion between the suspended mass
and the ground will then be a measure of the ground’s motion.

On a seismogram from an earthquake, the P-wave is the first signal to arrive, followed by the
slower S-wave, then the surface waves, which produce the devastating effects. The arrival times
of the P- and S-waves at different seismographs are used to determine the location of the earth-
quake. Given that we know the relative speed of P- and S-waves, the time difference between the
arrivals of the P- and S-waves determines the distance the earthquake is from the seismograph.

surface waves

S-wave \

P-wave

LMF‘W“-—W%‘MWW#H Ill | ‘“ |l]|11 I“r l\n'r~| “’1“-1"1

Figure 6. Seismogram
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We know the earthquake’s magnitude from the height of the waves, and we can figure out
when and where the earthquake happened from the time the waves arrive at different places.
The individual earthquake shapes the exact pattern of the wiggles: how deep it was, which di-
rection the fault moved, and what kinds of rocks the waves travelled through.

The magnitude of the earthquake is measured on the basis of ground motion recorded by an
seismograph and is related to the amount of energy released by an earthquake. This i1s expressed
by the Richter Scale.

The Richter scale is a scale designed by A. Richter to measure the strength or magnitude of
the shock waves produced by an earthquake. The scale is measured in steps from one upward.
Each successive unit is ten times more powerful than the one before. Therefore, an earthquake
that measures 7.0 on the Richter scale is 1000 times more powerful than an earthquake measur-
ing 4.0. The severity of an earthquake can be evaluated on this scale as follows:

e Slight Magnitude up to 4.9 on the Richter scale
e Moderate Magnitude 5.0 to 6.9
e Great Magnitude 7.0 to 7.9

¢ Violent Magnitude 8.0 and more

However, the Richter magnitude is only accurate for measurements of earthquakes taken up
to about 500 km distance. Therefore, seismologists have developed a system called “moment
magnitude,” which takes into account the actual area of fault ruptured and gives a more consis-
tent measure of earthquake size across the spectrum.

2.2 Damage caused by earthquakes

Earthquakes can cause massive damage and destruction. Earthquakes strike suddenly, vio-
lently, and without warning at any time of the day or night. If an earthquake occurs in a popu-
lated area, it may cause many deaths and injuries and extensive property damage.

As for damage caused by earthquakes, the following aspects must be considered:
o The effects of an earthquake are strongest in a broad zone surrounding the epicentre

e Earthquake vibrations last longer and are of greater wave amplitudes in unconsolidated sur-
face material, such as poorly compacted fill or river deposits; bedrock areas receive fewer
effects

e The worst damage occurs in densely populated urban areas where structures are not built to
withstand intense shaking

|17
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e The waves can produce destructive vibrations in buildings and break water and gas lines,
starting uncontrollable fires

e Surface waves can seriously affect roads, bridges and other communication lines

e An earthquake can trigger mudslides, which slip down mountain slopes and can bury habi-
tations below

e A submarine earthquake can cause a tsunami, a series of damaging waves that ripple outward
from the earthquake epicentre and flood coastal cities

2.3 Prediction and prevention of earthquakes

Earthquakes cannot be predicted, although areas most at risk can be identified. The buildings
in these areas can then be modified to withstand earthquake shocks. Buildings constructed in
earthquake-prone areas have to meet extremely strict building regulations.

Scientists are continuously thinking of ways to try to reduce earthquakes’ power. Although
there are no guarantees of safety during an earthquake, identifying potential hazards ahead of
time and advance planning can save lives and significantly reduce injuries and property damage.

The risks that earthquakes pose to society, including death, injury, and economic loss can be
greatly reduced by:

e Better planning, construction and mitigation practices before earthquakes happen
¢ Providing critical and timely information to improve response after they occur

In earthquake-prone areas, populated areas need to take measures to protect themselves
against the effects of earthquakes and to reduce deaths and losses, such as the following ones:

e FEarthquake drills should be conducted frequently in earthquake-prone settlements, so that
people are familiar with emergency procedures during an actual earthquake, reducing death
tolls

e Adequate shelters, medicine and food should also be provided in the settlement to handle the
after affects of the earthquake

¢ Disaster plans and civil defence units should also be well maintained to ensure efficient res-
cue actions after a disaster strikes

e Seismographs, machines that can detect earthquakes, should be utilized to predict potential
earthquakes, alerting authorities to evacuate the people as soon as an earthquake threat is
reported

e Tsunami warning systems are also important in coastal areas prone to earthquake in order to
reduce great loss of life and damage to property when the waves roll in

e The earthquake risk can be reduced by micro-zonation, which is the identification of sepa-
rate individual areas having different potentials for hazardous earthquake effects

| 18 |
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e Architects are also designing earthquake-proof buildings, constructing on rock instead of
gravel, or on soft sand or clay. Large structures are made with strong frameworks of steel or
reinforced concrete, so that the frame stands firm even if the ground is shaking.

3. Tsunamis

Tsunamis are a series of enormous waves created by an underwater disturbance, such as an
earthquake, landslide, volcanic eruption, or meteorite. Tsunami is a Japanese word: ‘tsu’ mean-
ing harbour and ‘nami’ meaning wave.

A tsunami is generated by an impulsive disturbance in the ocean or in a small, connected
body of water. The waves sometimes inflict severe damage on property and pose a threat to
life in coastal communities. In the open ocean, a tsunami is less than a few centimetres high,
travelling at ~800 km/hour (the speed of a commercial jet airplane) with wave energy extending
from the surface to the ocean floor. As the tsunami approaches the coastline, the wave energy is
compressed into a much shorter distance, creating potentially large destructive waves that pose
a threat to life in coastal communities.

If the disturbance is close to the coastline, local tsunamis can demolish coastal communities
within minutes. A very large disturbance can cause local devastation and export tsunami de-
struction thousands of miles away.

Figure 7. An aerial view of Minato, Japan, a week after a 9.0 magnitude earthquake and subsequent
tsunami devastated the area (Source: NOAA/NGDC, Lance Cpl. Ethan Johnson, U.S. Marine Corps)

Since 1850 alone, tsunamis have been responsible for the loss of over 420,000 lives and
billions of dollars of damage to coastal structures and habitats. Most of these casualties were
caused by local tsunamis that occur about once a year somewhere in the world. For exam-
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ple, the December 26", 2004 tsunami killed about 130,000 people close to the earthquake that
caused it and about 58,000 people on distant shores.

3.1 Tsunami formation

A tsunami is different from a wind generated surface wave on the ocean. From the area where
the tsunami originates, waves travel outwards in all directions. Once the wave approaches the
shore, it builds in height. The topography of the coastline and the ocean floor will influence the
size of the wave. There may be more than one wave and the succeeding one may be larger than
the one before. This is why a small tsunami at one beach can be a giant wave a few miles away.

Tsunamis are caused by different reasons:
¢ Sudden movement of the ocean due to earthquakes
e Landslides on the sea floor and land slumping into the ocean
e Large volcanic eruptions

e Meteorite impact in the ocean

a. Earthquakes

The most destructive tsunamis are generated from large, shallow earthquakes with an epi-
centre or fault line near or on the ocean floor. The high seismicity of such regions is caused by
the collision of tectonic plates. Large earthquakes on the seafloor, when slabs of rock move past
each other suddenly, cause the overlying water to move. When a great earthquake ruptures, the
faulting can cause vertical slip that is large enough to disturb the overlying ocean, thus generat-
ing a tsunami that will travel outwards in all directions. The resulting waves move away from
the source of the earthquake event, spreading destruction along their path.

b. Landslides

Less frequently, tsunami waves can be generated from displacements of water resulting from
rock falls, icefalls and sudden submarine landslides or slumps. Such events may be caused
impulsively from the instability and sudden failure of submarine slopes, which are sometimes
triggered by the ground motions of a strong earthquake. Major earthquakes are suspected to
cause many underwater landslides, which may contribute significantly to tsunami generation.
In general, the energy of tsunami waves generated from landslides or rock falls is rapidly dis-
sipated as they travel away from the source and across the ocean, or within an enclosed or
semi-enclosed body of water, such as a lake or a fjord.
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c. Volcanic eruptions

Less common are tsunamis initiated by volcanic eruptions. Although relatively infrequent,
violent volcanic eruptions also represent impulsive disturbances, which can displace a great
volume of water and generate extremely destructive tsunami waves in the immediate source
area. These occur in the following ways:

e Destructive collapse of coastal, island and underwater volcanoes result in massive landslides

e Pyroclastic flows, which are dense mixtures of hot blocks, pumice, ash and gas, plunging
down volcanic slopes into the ocean and pushing water outwards

e A caldera volcano collapsing after an eruption causing overlying water to drop suddenly

d. Meteorite impact

No documented tsunami has ever been generated by an asteroid or meteorite impact. How-
ever, clearly, the fall of these bodies into the earth’s oceans has the potential of generating
tsunamis of cataclysmic proportions. Scientists studying this possibility have concluded that
the impact of a moderately large asteroid, 5-6 km in diameter, in the middle of a large ocean
basin, such as the Atlantic Ocean, would produce a tsunami that would travel all the way to the
Appalachian Mountains covering the upper two-thirds of the United States. On both sides of
the Atlantic, coastal cities would also be wiped out by such a tsunami. An asteroid of 5-6 km in
diameter impacting between the Hawaiian Islands and the West Coast of North America would
produce a tsunami which would wiped out the coastal cities on the west coasts of Canada, U.S.
and Mexico and would flood most of the inhabited coastal areas of the Hawaiian islands.

3.2 Effects of tsunamis

When a tsunami travels over a long and gradual slope, it has time to grow in wave height.
This is called shoaling and typically occurs in shallow water less than 100 m in depth. Succes-
sive peaks can be anywhere from five to 90 minutes apart. In the open ocean, even the largest
tsunami are relatively small with wave heights of less than one metre. The shoaling effect can
increase this wave height to such a degree that the tsunami could potentially reach an onshore
height of up to 30 m above sea level. However, depending on the nature of the tsunami and the
nearshore surroundings, the tsunami may create only barely noticeable ripples.

Some tsunamis can be very large. In coastal areas, their height can be as great as 10 m or
more (30 m in extreme cases), and they can move inland several hundred metres feet. All
low-lying coastal areas can be affected.

Areas are at greater risk if they are less than 10 m above sea level and within a kilometre of
the shoreline. Drowning is the most common cause of death associated with a tsunami. Tsuna-
mi waves and the receding water are very destructive to structures in the run-up zone. Other
hazards include flooding, contamination of drinking water, and fires from gas lines or ruptured
tanks.
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The force of some tsunamis is enormous. Large rocks weighing several tons along with boats
and other debris can be moved inland hundreds of feet by tsunami wave activity. Homes and
other buildings are destroyed. All this material and water move with great force and can kill or
injure people.

The largest tsunami wave ever observed anywhere in the world was caused by a rock fall in
Lituya Bay, Alaska on 10" July 1958. Triggered by an earthquake along the Fairweather fault,
an approximately 40 million cubic meter rock fall at the head of the bay generated a wave,
which reached the incredible run-up height of 525 m (~1750 feet) on the opposite side of the
inlet. An initial huge solitary wave of about 180 m (600 feet) raced at about 160 kilometres per
hour (100 mph) within the bay, debarking trees along its path. However, the tsunami’s energy
and height diminished rapidly away from the source area and, once in the open ocean, it was
hardly recorded by tide gauge stations. Only two people died and three boats destroyed in
Lituya Bay. In nearby Yakutat Bay, a 6.1 m run-up was measured and three people died.

One of the largest and most destructive tsunamis ever recorded was generated on 26™ Au-
gust, 1883 after the explosion and collapse of the volcano of Krakatoa, in Indonesia. This
explosion generated waves that reached 40 m, destroyed coastal towns and villages along the
Sunda Strait on both the islands of Java and Sumatra, killing 36,417 people. It is also believed
that the destruction of the Minoan civilization in Greece was caused by the explosion/collapse
of the Santorin Volcano in the Aegean Sea in 1490 B.C.

3.3 Prediction and prevention of tsunamis

Tsunamis can occur at any time, day or night. Predicting when and where the next tsunami
will strike is currently impossible. Once the tsunami is generated, forecasting tsunami arrival
and impact is possible through modelling and measurement technologies.

Although a tsunami cannot be prevented, the impact of a tsunami can be mitigated through
community preparedness, timely warnings and effective responses.

Tsunami warning systems provide warnings of potential tsunami danger in the oceans by
monitoring earthquake activity and the passage of tsunami waves at tide gauges. However,
neither seismometers nor coastal tide gauges provide data that allow the accurate prediction of
the impact of a tsunami at a particular coastal location. Monitoring earthquakes gives a good es-
timate of the potential for tsunami generation, based on earthquake size and location, but gives
no direct information about the tsunami itself. Tide gauges in harbours provide direct measure-
ments of the tsunami, but the tsunami is significantly altered by local bathymetry and harbour
shapes, which severely limits their use in forecasting tsunami impact at other locations. Partly
because of these data limitations, some tsunami warnings are considered false alarms because
the tsunami that arrives is too weak to cause damage.

The recent development of real-time deep ocean tsunami detectors and tsunami inundation
models have given coastal communities the tools they need to reduce the impact of future tsu-
namis. If these tools are used in conjunction with a continuing educational programme at the
community level, at least 25% of the tsunami related deaths might be averted.
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1. Introduction

Volcanism is the manifestation at the surface of a planet or satellite of internal thermal pro-
cesses through the emission at the surface of solid, liquid, or gaseous products. Volcanology is
the scientific study of volcanic phenomena. Strictly speaking, it refers only to the surface erup-
tion of magmas and related gases, and structures, deposits, and other effects produced thereby.
A volcano is an opening in the Earth’s crust through which magma or gases of magmatic origin,
or both, issue.

1.1 Types of volcanic eruptions

Volcanic eruptions are usually explosive in nature, producing fragmented rocks from erupt-
ing lava and surrounding local country rock. Some eruptions are highly explosive and produce
fine volcanic ash that rises many kilometres into the atmosphere in enormous eruption columns.
Explosive activity also causes widespread ash fall, pyroclastic flows, debris avalanches, land-
slides, pyroclastic surges, and lahars. Explosivity is usually the result of gases expanding within
viscous lava. Another mechanism for explosions from volcanoes occurs when surface water or
ground water enters a magma chamber. These eruptions are likely when a volcano occurs in a
wet area or in the sea.

The character of a volcanic eruption is determined largely by the viscosity of the liquid phase
of the erupting magma and the abundance and conditions of the gas it contains. Viscosity is, in
turn, affected by such factors as the chemical composition and temperature of the liquid, the
load of solid crystals and xenoliths it carries, the abundance of gas and whether the gas is dis-
solved or separated as bubbles.

Eruptions can be effusive, where lava flows like a thick, sticky liquid, or explosive, where
fragmented lava explodes out of a vent. In explosive eruptions, ash and gases may accompany
the fragmented rock; in effusive eruptions, degassing is common but ash is usually not.

Volcanologists classify eruptions into several different types. Some are named after particu-
lar volcanoes where the type of eruption is common; others concern the resulting shape of the
eruptive products or the place where the eruptions occur. Here are some of the most common
eruption types:

e Hawaiian Eruption

e Strombolian Eruption
e Vulcanian Eruption
¢ Plinian Eruption

e Lava Domes

e Surtseyan Eruption
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a. Hawaiian Eruption

In a Hawaiian eruption, fluid basaltic lava is thrown into the air in jets from a vent or line of
vents (a fissure) at the summit or on the flank of a volcano. The jets can last for hours or even
days, a phenomenon known as fire fountaining. The spatter created by bits of hot lava falling
out of the fountain can melt together and form lava flows, or build hills called spatter cones.
Lava flows may also come from vents at the same time as fountaining occurs, or during periods
where fountaining has paused. As these flows are very fluid, they can travel miles from their
source before they cool and harden.

Hawaiian eruptions get their names from the Kilauea volcano on the Big Island of Hawaii,
which is famous for producing spectacular fire fountains. Two excellent examples of these are
the 1969-1974 Mauna Ulu eruption on the volcano’s flank, and the 1959 eruption of the Kilauea
Iki Crater at the summit of Kilauea. In both these eruptions, lava fountains reached heights of
well over a thousand feet.

Figure 1. Hawaiian eruption. In a Hawaiian eruption, fluid lava is ejected from a vent as fire foun-
tains or lava flows. Kilauea Volcano, Hawaii, USA. (Source: D.A. Swanson, U.S. Geological Survey
[1969])

b. Strombolian Eruption

Strombolian eruptions are distinct bursts of fluid lava (usually basalt or basaltic andesite)
from the mouth of a magma-filled summit conduit. The explosions usually occur every few
minutes at regular or irregular intervals. The bursting of large bubbles of gas causes the explo-
sions of lava, which can reach heights of hundreds of metres. These bubbles travel upward in
the magma-filled conduit until they reach the open air.

This kind of eruption can create a variety of forms of eruptive products: spatter, or hardened
globs of glassy lava; scoria, which are hardened chunks of bubbly lava; lava bombs, or chunks
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of lava a few centimetres to a few metres in size; ash; and small lava flows (which form when
hot spatter melts together and flows downslope). Products of an explosive eruption are often
collectively called tephra.

Strombolian eruptions are often associated with small lava lakes, which can build up in the
conduits of volcanoes. They are one of the least violent of the explosive eruptions, although they
can still be very dangerous if bombs or lava flows reach-inhabited areas. Strombolian eruptions
are named after the volcano on the Italian island of Stromboli, which has several erupting sum-
mit vents. These eruptions are particularly spectacular at night, when the lava glows brightly.

Figure 2. Short bursts of glowing lava, created from the bursting of large gas bubbles at the sum-
mit vent of a volcano classed as a Strombolian eruption. Stromboli volcano, Aeolian Islands, Italy.
(Source: Andrew Hague, Istockphoto.com)

c. Vulcanian Eruption

A Vulcanian eruption is a short, violent, relatively small explosion of viscous magma (usu-
ally andesite, dacite, or rhyolite). This type of eruption results from the fragmentation and ex-
plosion of a plug of lava in a volcanic conduit, or from the rupture of a lava dome (viscous lava
that piles up over a vent). Vulcanian eruptions create powerful explosions in which material
can travel faster than 350 metres per second (800 mph) and rise several kilometres into the air.
They produce tephra, ash clouds, and pyroclastic density currents (clouds of hot ash, gas and
rock that flow almost like fluids).

Vulcanian eruptions may be repetitive and go on for days, months, or years or they may
precede even larger explosive eruptions. They are named after the Italian island of Vulcano,
where a small volcano that experienced this type of explosive eruption was thought to be the
vent above the forge of the Roman blacksmith god Vulcan.
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Figure 3. Vulcanian eruption. Relatively small but violent explosions of viscous lava create columns
of ash and gas and occasional pyroclastic flows. Santiaguito volcanic dome complex, Guatemala
(Source: Jessica Ball, Geology.com [2009])

d. Plinian Eruption

The largest and most violent of all the types of volcanic eruptions are Plinian eruptions. They
are caused by the fragmentation of gassy magma and are usually associated with very viscous
magmas (dacite and rhyolite). They release enormous amounts of energy and create eruption
columns of gas and ash that can rise up to 50 km (35 miles) high at speeds of hundreds of metres
per second. Ash from an eruption column can drift or be blown hundreds or thousands of miles
away from the volcano. The eruption columns are usually shaped like a mushroom (similar to
a nuclear explosion) or an Italian pine tree; Pliny the Younger, a Roman historian, made the
comparison while viewing the 79 AD eruption of Mount Vesuvius, and Plinian eruptions are
named after him.

Plinian eruptions are extremely destructive and can even obliterate the entire top of a moun-
tain, as occurred at Mount St. Helens in 1980. They can produce falls of ash, scoria and lava
bombs miles from the volcano, and pyroclastic density currents that raze forests, strip soil from
bedrock and obliterate anything in their paths. These eruptions are often climactic, and a volca-
no with a magma chamber emptied by a large Plinian eruption may subsequently enter a period
of inactivity.
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Figure 4. Plinian eruption sends columns of pulverized rock, ash and gases that rise miles into the
atmosphere in a matter of minutes. Mount St. Helens in Washington State, USA. (Source: Austin Post,
U.S. Geological Survey [1980])

e. Lava Domes

Lava domes form when very viscous, rubbly lava (usually andesite, dacite or rhyolite) is
squeezed out of a vent without exploding. The lava piles up into a dome, which may grow by in-
flating from the inside or by squeezing out lobes of lava (rather similar to toothpaste coming out
of a tube). These lava lobes can be short and blobby, long and thin, or even form spikes that rise
tens of metres into the air before they fall over. Lava domes may be rounded, pancake-shaped,
or irregular piles of rock, depending on the type of lava they are formed from.

Lava domes are not just passive piles of rock; they can sometimes collapse and form pyro-
clastic density currents, extrude lava flows, or experience small and large explosive eruptions
(which may even destroy the domes!) A dome-building eruption may go on for months or years,
but they are usually repetitive (meaning that a volcano will build and destroy several domes be-
fore the eruption ceases). Redoubt volcano in Alaska and Chaiten in Chile are currently active
examples of this type of eruption, and Mount St. Helens in the state of Washington spent several
years building several lava domes.
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Sl i s oo i
Figure 5. Lava domes are piles of viscous lava that are too cool and sticky to flow far. Mount St. Hel-
ens in Washington State, USA (Picture from: Lyn Topinka, U.S. Geological Survey [1985])

f. Surtseyan Eruption

Surtseyan eruptions are a kind of hydromagmatic eruption, where magma or lava interacts ex-
plosively with water. In most cases, Surtseyan eruptions occur when an undersea volcano has finally
grown large enough to break the water’s surface; because water expands when it turns into steam,
water that comes into contact with hot lava explodes and creates plumes of ash, steam and scoria.
Lavas created by a Surtseyan eruption tend to be basaltic, since most oceanic volcanoes are basaltic.

The classic example of a Surtseyan eruption was the volcanic island of Surtsey, which erupt-
ed off the south coast of Iceland between 1963 and 1965. Hydromagmatic activity built up
several square kilometres of tephra over the first several months of the eruption; eventual-
ly, seawater could no longer reach the vent, and the eruption transformed into Hawaiian and
Strombolian styles. More recently, in March 2009, several vents of the volcanic island of Hunga
Ha’apai near Tonga began to erupt. The onshore and offshore explosions created plumes of ash
and steam that rose to an altitude of over 8 km (5 miles) and threw plumes of tephra hundreds
of metres from the vents.

Figure 6. Lava erupting through water creates the dramatic plumes of scoria and billowing ash-and-gas
clouds of a Surtseyan eruption. Surtsey Island, Iceland. (Picture from: NOAA, National Oceanic and
Atmospheric Administration, USA [1963])
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2. Volcanic Hazards

Volcanoes can be exciting and fascinating, but also very dangerous. Any kind of volcano is
capable of creating harmful or deadly phenomena, whether during an eruption or a period of
quiescence. Understanding what a volcano can do is the first step in mitigating volcanic haz-
ards, but it is important to remember that even if scientists have studied a volcano for decades,
they do not necessarily know everything it is capable of. Volcanoes are natural systems and
always have some element of unpredictability.

Volcanologists are always working to understand how volcanic hazards behave, and what
can be done to avoid them. Here are a few of the most common hazards, and some of the ways
they are formed and behave. (Please note that this is intended as a source of basic information
only, and should not be treated as a survival guide by those who live near a volcano. Always
listen to the warnings and information issued by your local volcanologists and civil authorities.)

2.1 Lava Flows

Lava is molten rock that flows out of a volcano or volcanic vent. Depending on its composi-
tion and temperature, lava can be very fluid or very sticky (viscous). Fluid flows are hotter and
move the fastest; they can form streams or rivers, or spread out across the landscape in lobes.
Viscous flows are cooler, travel shorter distances and can sometimes build up into lava domes
or plugs; collapses of flow fronts or domes can form pyroclastic density currents (discussed
later).

Most lava flows can be easily avoided by a person on foot, since they do not move much
faster than walking speed, but a lava flow cannot usually be stopped or diverted. As lava flows
are extremely hot - between 1,000-2,000°C (1,800 - 3,600° F) - they can cause severe burns
and often burn down vegetation and structures. Lava flowing from a vent also creates enormous
amounts of pressure, which can crush or bury whatever survives being burned.

2.2 Pyroclastic Falls

Pyroclastic falls, also known as volcanic fallout, occur when tephra (fragmented rock rang-
ing in size from millimetres to tens of centimetres) is ejected from a volcanic vent during an
eruption and falls to the ground some distance from the vent. Falls are usually associated with
Plinian eruptive columns, ash clouds or volcanic plumes. Tephra in pyroclastic fall deposits
may have been transported only a short distance from the vent (a few metres to several kilome-
tres), or, if it is injected into the upper atmosphere, may circle the globe. Any kind of pyroclastic
fall deposit will mantle or drape itself over the landscape and decreases in both size and thick-
ness the farther away it is from its source.

Tephra falls are usually not directly dangerous, unless a person is close enough to an erup-
tion to be struck by larger fragments. However, the effects of falls can cause damage; ash can
smother vegetation, destroy moving parts in motors and engines (especially in aircraft) and
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scratch surfaces. Scoria and small bombs can break delicate objects, dent metals and become
embedded in wood. Some pyroclastic falls contain toxic chemicals that can be absorbed into
plants and local water supplies, which can be dangerous for both people and livestock. The
main danger of pyroclastic falls is their weight: tephra of any size is made up of pulverized rock
and can be extremely heavy, especially if it gets wet. Most of the damage caused by falls occurs
when wet ash and scoria on the roofs of buildings cause them to collapse.

Pyroclastic material injected into the atmosphere may have global as well as local conse-
quences. When the volume of an eruption cloud is large enough, and the cloud is spread far
enough by wind, pyroclastic material may actually block sunlight and cause temporary cooling
of the Earth’s surface. Following the eruption of Mount Tambora in 1815, so much pyroclastic
material reached and remained in the Earth’s atmosphere that global temperatures dropped an
average of about 0.5 °C (~1.0 °F). This caused worldwide incidences of extreme weather, and
led 1816 to be known as ‘The Year without a Summer’.

2.3 Pyroclastic Density Currents

Pyroclastic density currents are an explosive eruptive phenomenon. They are mixtures of
pulverized rock, ash and hot gases that can move at speeds of hundreds of miles per hour. These
currents can be either diluted as in pyroclastic surges or concentrated as in pyroclastic flows.
They are gravity-driven, which means that they flow down slopes.

A pyroclastic surge is a dilute, turbulent density current that usually forms when magma
interacts explosively with water. Surges can travel over obstacles like valley walls, and leave
thin deposits of ash and rock that drape over topography. A pyroclastic flow is a concentrated
avalanche of material, often from a collapse of a lava dome or eruption column, which creates
massive deposits that range in size from ash to boulders. Pyroclastic flows are more likely to
follow valleys and other depressions, and their deposits infill this topography. Occasionally,
however, the top part of a pyroclastic flow cloud (which is mostly ash) will detach from the flow
and travel on its own as a surge.

Pyroclastic density currents of any kind are deadly. They can travel short distances or hun-
dreds of miles from their source, and move at speeds of up to 1,000 kph (650 mph). They are
extremely hot, up to 400°C (750°F). The speed and force of a pyroclastic density current com-
bined with its heat mean that these volcanic phenomena usually destroy anything in their path,
either by burning or crushing or both. Anything caught in a pyroclastic density current would be
severely burned and pummelled by debris (including remnants of whatever the flow travelled
over). There is no way to escape a pyroclastic density current other than not being there when
it happens!

One unfortunate example of the destruction caused by pyroclastic density currents is the
abandoned city of Plymouth on the Caribbean island of Montserrat. When the Soufriére Hills
volcano began erupting violently in 1996, pyroclastic density currents from eruption clouds and
lava dome collapses travelled down valleys in which many people had their homes, and inun-
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dated the city of Plymouth. That part of the island has since been declared a no-entry zone and
evacuated, although it is still possible to see the remains of buildings that were knocked over
and buried, and objects that were melted by the heat of the pyroclastic density currents.

2.4 Directed Blast

The May 18, 1980 eruption of Mount St. Helens did not initially produce an eruption col-
umn. Instead, the initial eruption was a directed blast. This blast was a result of depressurization
triggered by an earthquake-initiated landslide on the north flank of the volcano. The area affect-
ed by the directed blast extended for over 19 miles from the volcano. Everything within eight
miles of the directed blast area was either swept way or destroyed. Topography in this area had
no affect on the movement of material in the directed blast cloud. Between 8 and 19 miles from
the volcano, trees were flattened and resembled toothpicks aligned in a uniform direction on
surrounding hillsides. Material in the blast cloud was somewhat channelized within this zone.
Over 19 miles from the volcano, trees were seared black due to hot gases. Material from the
initial blast cloud itself was very hot ranging between 100 and 300 degrees C.

Several people were killed by the directed blast of Mount St. Helens. Mount St. Helens is
not the only volcano that has erupted with a directed blast. Its twin, Bezymianny in Kamchatka,
Russia, also erupted in this way. Current research shows that directed blasts are not uncommon.
The eruption of Mount St. Helens alerted scientists to the warning signs and hazards of such an
eruption. Knowledge of directed blast eruptions would help in the future, so that warnings can
be given to people in areas that might be affected by such a blast. Monitoring of volcanoes with
seismographs and instruments that indicate ground deformation can help identify hazardous
zones and indicate areas of possible safety.

2.5 Lahars

Lahars are a specific kind of mudflow made up of volcanic debris. They can form in a num-
ber of situations: when small slope collapses gather water on their way down a volcano; through
rapid melting of snow and ice during an eruption; from heavy rainfall on loose volcanic debris;
when a volcano erupts through a crater lake; or when a crater lake drains because of overflow
or wall collapse.

Lahars flow like liquids, but because they contain suspended material, they usually have a
consistency similar to wet concrete. They flow downhill and follow depressions and valleys,
but they can spread out if they reach a flat area. Lahars can travel at speeds of over 80 kph (50
mph) and reach distances dozens of miles from their source. If they are generated by a volcanic
eruption, they may retain enough heat to still be 60-70°C (140-160°F) when they come to rest.

Lahars are not as fast or hot as other volcanic hazards, but they are extremely destructive.

They will either bulldoze or bury anything in their path, sometimes in deposits dozens of feet
thick. Whatever cannot get out of a lahar’s path will either be swept away or buried. Lahars
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can, however, be detected in advance by acoustic (sound) monitors, which give people time to
reach high ground; they can also sometimes be channelled away from buildings and people by
concrete barriers, although it is impossible to stop them completely.

2.6 Gases

Volcanic gases are probably the least showy part of a volcanic eruption, but they can be one
of an eruption’s most deadly effects. Most of the gas released in an eruption is water vapour
(H20), and relatively harmless, but volcanoes also produce carbon dioxide (CO2), sulphur
dioxide (SO2), hydrogen sulphide (H2S), fluorine gas (F2), hydrogen fluoride (HF), and other
gases. All of these gases can be hazardous - even deadly - in the right conditions.

Carbon dioxide is not poisonous, but it displaces normal oxygen-bearing air, and is odour-
less and colourless. As it is heavier than air, it collects in depressions and can suffocate people
and animals who wander into pockets where it has displaced normal air. It can also become
dissolved in water and collect in lake bottoms; in some situations, the water in these lakes can
suddenly ‘erupt’ huge bubbles of carbon dioxide, killing vegetation, livestock and people living
nearby. This was the case in the Lake Nyos in Cameroon, Africa in 1986, where an eruption of
CO2 from the lake suffocated more than 1,700 people and 3,500 livestock in nearby villages.

Figure 7. Geochemical monitoring station in El Hierro, Canary Islands, Spain (Source: Instituto Volca-
nologico de Canarias, INVOLCAN)

Sulphur dioxide and hydrogen sulphide are both sulphur-based gases, and unlike carbon di-
oxide, have a distinct acidic, rotten-egg smell. SO, can combine with water vapour in the air to
form sulphuric acid (H,SO,), a corrosive acid; H2S is also very acidic, and extremely poisonous
even in small amounts. Both acids irritate soft tissues (eyes, nose, throat, lungs, etc.), and when
the gases form acids in large enough quantities, they mix with water vapour to form “vog”, or
volcanic fog, which can be dangerous to breathe and cause damage to the lungs and eyes. If
sulphur-based aerosols reach the upper atmosphere, they can block sunlight and interfere with
ozone, which have both short and long-term effects on climate.
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One of the nastiest, although less common gases released by volcanoes is fluorine gas (F,).
This gas is yellowish brown, corrosive and extremely poisonous. Like CO,, it is denser than air
and tends to collect in low areas. Its companion acid, hydrogen fluoride (HF) is highly corro-
sive and toxic; it causes terrible internal burns and attacks calcium in the skeletal system. Even
after visible gas or acid has dissipated, fluorine can be absorbed into plants, and may be able to
poison people and animals for long periods following an eruption.

2.7 Volcanic Earthquakes

Earthquakes related to volcanic activity may produce hazards, which include ground cracks,
ground deformation, and damage to buildings and other structures. There are two general cate-
gories of earthquakes that can occur at a volcano: volcano-tectonic earthquakes and long period
earthquakes.

Earthquakes produced by stress changes in solid rock due to the injection or withdrawal of
magma (molten rock) is called volcano-tectonic earthquakes. These earthquakes can cause land
to subside and produce large ground cracks. These earthquakes can occur as rock moves to fill
in spaces where magma is no longer present. Volcano-tectonic earthquakes do not indicate that
the volcano is about to erupt, as they can occur at anytime.

The second category of volcanic earthquakes is long period earthquakes, which are produced by
the injection of magma into surrounding rock. These earthquakes are a result of pressure changes
during the unsteady transport of magma. When magma injection is sustained, a number of earth-
quakes are produced. This type of activity indicates that a volcano is about to erupt. Scientists use
seismographs to record the signal from these earthquakes. This signal is known as a volcanic tremor.
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Figure 8. Location of volcano-tectonic earthquakes in El Hierro, Canary Islands, Spain (Source: Insti-
tuto Geografico Nacional, Government of Spain)
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Figure 9. Volcanic tremor of La Restinga Volcano, El Hierro, Canary Islands, Spain (Source: Instituto
Geografico Nacional, Government of Spain)

People living near an erupting volcano are very aware of volcanic earthquakes. Their houses
will shake and windows rattle from the numerous earthquakes that occur each day before and
during a volcanic eruption.

Volcanic tremors warn of an impending eruption so that people can be evacuated to areas
of safety. The volcanic tremor signal has been used successfully to predict the 2011 submarine
eruptions of El Hierro, Canary Islands, Spain. Volcano-tectonic earthquakes can cause damage
to manmade structures and landslides. To prevent damage from being done, structures should
be built according to earthquake standards, building foundations should be constructed on firm
ground and not unconsolidated material, which may amplify earthquake intensity, and buildings
should be constructed on stable slopes in areas of low hazard potential.

2.8 Volcanic hazard prevention

The problem with volcanoes is that, though there may be similarities between volcanoes,
every volcano behaves differently and has its own set of hazards. This is why it is important for
scientists to study and monitor volcanoes. Many active volcanoes near populated areas have not
been sufficiently studied to assess their risk.

When scientists study volcanoes, they map past volcanic deposits and use satellites to look at
volcanic features, ash clouds, and gas emissions. They also monitor seismic activity, ground de-
formation, and geomagnetic, gravimetric, geoelectrical and thermal changes at a volcano. They
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study and monitor volcanic gases and monitor the temperature, flow rate, sediment transport,
and water level of streams and lakes near the volcano.

By studying volcanic deposits, scientists can produce hazard maps. These maps indicate the
types of hazards that can be expected in a given area the next time a volcano erupts. Dating of
these volcanic deposits helps determine how often an eruption may occur and the probability of
an eruption each year. Monitoring of a volcano over long periods of time will indicate changes
in the volcano before it erupts. These changes can help in predicting when an eruption may
occur.

UTM (e}

Figure 10. Hazard Map of basaltic lava flows of Tenerife, Canary Islands, Spain ( Source: Instituto
Geografico Nacional, Government of Spain)
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Figure 11. Hazard map of more than 10 cm ash covering of Tenerife, Canary Islands, Spain (Source:
Instituto Geografico Nacional, Government of Spain)
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1. Introduction

Landslides cost billions in monetary losses and are responsible for thousands of deaths and
injuries each year. Often, they cause long-term economic disruption, population displacement,
and negative effects on the natural environment.

Although gravity acting on an over-steepened slope is the primary reason for a landslide,
there are other contributing factors:

e [Erosion by rivers, glaciers or ocean waves creates over-steepened slopes
e Rock and soil slopes are weakened through saturation by snowmelt or heavy rains

o Earthquakes create stresses that make weak slopes fail. Earthquakes of magnitude
4.0 and greater have been known to trigger landslides

e Volcanic eruptions produce loose ash deposits, heavy rain, and debris flows

e Excess weight from accumulation of rain or snow, stockpiling of rock or ore, from
waste piles, or from man-made structures may stress weak slopes and other struc-
tures to failure

1.1 Types of movement

A landslide is a downslope movement of rock or soil, or both, occurring on the surface of
a rupture - either a curved (rotational slide) or planar (translational slide) rupture - in which
much of the material often moves as a coherent or semi-coherent mass with little internal de-
formation. It should be noted that, in some cases, landslides may also involve other types of
movement, either at the inception of the failure or later, if properties change as the displaced
material moves downslope.

Landslides can be classified into different types based on the type of movement and the
type of material involved. In brief, material in a landslide mass is either rock or soil (or both);
the latter is described as earth if mainly composed of sand-sized or finer particles and debris if
composed of coarser fragments. The type of movement describes the actual internal mechanics
of how the landslide mass is displaced: fall, topple, slide, spread, or flow. Thus, landslides are
described using two terms that refer respectively to material and movement (that is, rockfall,
debris flow, and so forth). Landslides may also form a complex failure encompassing more than
one type of movement (that is, rock slide-debris flow).
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a. Falls

Falls are landslides that involve the collapse of material from a cliff or steep slope (fig.1).
Falls usually involve a mixture of free fall through the air, bouncing or rolling. A fall type land-
slide results in the collection of rock or debris near the base of a slope. Separation occurs along
discontinuities, such as fractures, joints, and bedding planes, and movement occurs by free-fall,
bouncing, and rolling. Falls are strongly influenced by gravity, mechanical weathering, and the
presence of interstitial water.

Figure 1. Schematic of a rockfall (Source: U.S. Geological Survey)

b. Topples

Toppling failures (fig. 2) are distinguished by the forward rotation of a unit or units
about some pivotal point, below or lower down in the unit, under the actions of gravity
and forces exerted by adjacent units or by fluids in cracks. Topples can consist of rock,
debris (coarse material), or earth materials (fine-grained material). Topples can be com-
plex and composite.

Figure 2. Diagram of a topple (Source: U.S. Geological Survey)
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c. Slides

A slide is a downslope movement of a soil or rock mass occurring on surfaces of rupture or
on relatively thin zones of intense shear strain. Movement does not initially occur simultane-
ously over the whole of what eventually becomes the surface of rupture; the volume of displac-
ing material enlarges from an area of local failure.

Two slide movements can be distinguished, rotational and translational.

e Rotational landslide: This is a landslide on which the surface of rupture is curved upward
(spoon-shaped) and the slide movement is more or less rotational about an axis that is paral-
lel to the contour of the slope. The displaced mass may, under certain circumstances, move
as a relatively coherent mass along the rupture surface with little internal deformation. The
head of the displaced material may move almost vertically downward, and the upper surface
of the displaced material may tilt backwards toward the scarp. If the slide is rotational and
has several parallel curved planes of movement, it is called a slump

Figure 3. Diagram of a rotational landslide (Source: U.S. Geological Survey)

e Translational Landslide: The mass in a translational landslide moves out, or down and out-
ward along a relatively planar surface with little rotational movement or backward tilting.
This type of slide may progress over considerable distances if the surface of rupture is suf-
ficiently inclined, in contrast to rotational slides, which tend to restore the slide equilibrium.
The material in the slide may range from loose, unconsolidated soils to extensive slabs of
rock, or both. Translational slides commonly fail along geologic discontinuities, such as
faults, joints, bedding surfaces, or the contact between rock and soil. In northern environ-
ments, the slide may also move along the permafrost layer

| 44 |



Luis E. Herndndez-Gutiérrez Riesgos Naturales & Cambio Climdtico

Figure 4. Diagram of a translational landslide (Source: U.S. Geological Survey)

d. Spreads

A spread is an extension of cohesive soil or rock mass combined with general subsidence
of the fractured mass of cohesive material into softer underlying material. It may result from
liquefaction or flow (and extrusion) of the softer underlying material. Types of spreads include
block spreads, liquefaction spreads and lateral spreads. Lateral spreads usually occur on very
gentle slopes or essentially flat terrain, especially where a stronger upper layer of rock or soil
undergoes extension and moves above an underlying softer, weaker layer.

Firm clay

Soft clay with
water-bearing silt

Bedrock and sand layers

Figure 5. Diagram of a lateral spread (Source: U.S. Geological Survey)
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e. Flows

A flow is a spatially continuous movement in which the surfaces of shear are short-lived,
closely spaced, and usually not preserved. The component velocities in the displacing mass of
a flow resemble those in a viscous liquid. Often, there is a gradation of change from slides to
flows, depending on the water content, mobility, and evolution of the movement. There are five
basic categories of flows that differ from one another in fundamental ways:

e Debris flow: A form of rapid mass movement in which loose soil, rock and sometimes organ-
ic matter combine with water to form a slurry that flows downslope. They have been infor-
mally and inappropriately called “mudslides” due to the large quantity of fine material that
may be present in the flow. Occasionally, as a rotational or translational slide gains velocity
and the internal mass loses cohesion or gains water, it may evolve into a debris flow. Dry
flows can sometimes occur in cohesion less sand (sand flows). Debris flows can be deadly as
they can be extremely rapid and may occur without any warning

Figure 6. Diagram of a debris flow (Source: U.S. Geological Survey)

Figure 7. Debris flow deposit destroys houses in El Hierro, Canary Islands, Spain
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e Lahar (Volcanic Debris Flows): The word “lahar” is an Indonesian term. Lahars are also
known as volcanic mudflows. These flows originate on the slopes of volcanoes and are a
type of debris flow. A lahar mobilizes the loose accumulation of tephra (the airborne solids
erupted from the volcano) and related debris

Figure 8. Diagram of a lahar (Source: U.S. Geological Survey)

e Debris avalanche: Debris avalanches are essentially large, extremely rapid, often open-slope
flows formed when an unstable slope collapses and the resulting fragmented debris is rapidly
transported away from the slope. In some cases, snow and ice will contribute to the move-
ment. If sufficient water is present, the flow may become a debris flow and (or) a lahar

>~

Figure 9. Diagram of a debris avalanche (Source: U.S. Geological Survey)
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e Earthflow: It can occur on gentle to moderate slopes, generally in fine-grained soil, common-
ly clay or silt, but also in very weathered, clay-bearing bedrock. The mass in an earthflow
moves as a plastic or viscous flow with strong internal deformation. Susceptible marine clay
(quick clay) when disturbed is very vulnerable and may lose all shear strength with a change
in its natural moisture content and suddenly liquety, potentially destroying large areas and
flowing for several kilometres. Size commonly increases through headscarp retrogression.
Slides or lateral spreads may also evolve downslope into earthflows. Earthflows can range
from very slow (creep) to rapid and catastrophic. Very slow flows and specialized forms of
earthflows restricted to northern permafrost environments are discussed elsewhere.

Original
position

Figure 10. Diagram of an earthflow (Source: U.S. Geological Survey)

2. Effects of landslides

Landslide effects occur in two basic environments: the built environment and the natural
environment. Sometimes there is intersection between the two, for example farming land or
forestland that is being logged.

2.1 Effects of Landslides on the Built Environment

Landslides affect manmade structures whether they are directly on or near a landslide. Res-
idential dwellings built on unstable slopes may experience from partial damage to complete
destruction as landslides destabilize or destroy foundations, walls, surrounding property, and
aboveground and underground utilities. Landslides can affect residential areas either on a large
regional basis (in which many dwellings are affected) or on an individual site basis (where only
one structure or part of a structure is affected). Furthermore, landslide damage to individual
property’s lifelines (such as trunk sewer, water, or electrical lines and commonly used roads)
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can affect the lifelines and access routes of other surrounding properties. Landslides affect com-
mercial structures in much the same way as residential structures are affected. In such cases,
consequences may be great if the commercial structure is a commonly used structure, such as a
food market, which may experience an interruption in business due to landslide damage to the
actual structure and (or) damage to its access roadways.

2.2 Effects of Landslides on the Natural Environment
Landslides have effects on the natural environment such as on:

e The morphology of the Earth’s surface; mountain and valley systems, both on the continents
and beneath the oceans are the most significantly affected by downslope movement of large
landslide masses.

e The forests and grasslands that cover much of the continents
e The native wildlife that exists on the Earth’s surface and in its rivers, lakes, and seas

Landslides negatively affect forests; grasslands and wildlife, with forest and fish habitats
being the most easily damaged either temporarily or even occasionally destroyed. However,
because landslides are relatively local events, flora and fauna can recover with time. In addi-
tion, recent ecological studies have shown that, under certain conditions, in the medium-to-long
term, landslides can actually benefit fish and wildlife habitats, either directly or by improving
the habitat for organisms that the fish and wildlife rely on for food.

3. Prediction and prevention of landslides

Understanding the characteristics of the specific type of landslide hazard is vitally important
to consider when planning or adopting appropriate mitigation action to lessen the risk of loss
and damage. The type of landslide will determine the potential speed of movement, likely vol-
ume of displacement, distance of run-out, as well as the possible effects of the landslide and the
appropriate mitigation measures to be considered.

Vulnerability to landslide hazards is a function of a site’s location (topography, geology, and
drainage), type of activity and frequency of past landslides. The effects of landslides on people
and structures can be lessened by total avoidance of landslide hazard areas or by restricting,
prohibiting, or imposing conditions on hazard-zone activity. Local governments can accom-
plish this through land use policies and regulations. Individuals can reduce their exposure to
hazards by educating themselves on the history of past hazards of a desired site and by making
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inquiries to planning and engineering departments of local governments. They could also hire
the professional services of a geotechnical engineer, a civil engineer, or an engineering geolo-
gist who can properly evaluate the hazard potential of a site, built or unbuilt.

Although the physical cause of many landslides cannot be removed, geologic investigations,
good engineering practices, and effective enforcement of land use management regulations can
reduce landslide hazards.

There are various mitigation methods for various types of landslide hazards:

3.1 Soil Slope Stabilization
Stability increases when ground water is prevented from rising in the slide mass by:
¢ Directing surface water away from the landslide

¢ Draining ground water away from the landslide to reduce the potential for a rise in ground-wa-
ter level

e Covering the landslide with an impermeable membrane
e Minimizing surface irrigation

¢ Placing a weight or retaining structures at the toe of the landslide or removing mass (weight)
from the head of the slope

¢ Planting or encouraging natural growth of vegetation can also be an effective means of slope
stabilization

3.2 Rock fall Hazard Mitigation

Rock fall is common in areas of the world with steep rocky slopes and cliffs. Commonly,
these are mountainous or plateau areas, whether in coastal areas or among isolated rock forma-
tions. Rockall causes extraordinary amounts of monetary damage and death, the former mostly
by impeding transportation and commerce due to blocked highways and waterways and the lat-
ter as direct casualties from falling rocks. Diverting paths and highways around rock fall areas
is sometimes imple- mented but is not always practical. Many communities post danger signs
around areas of high rock fall hazard. Some methods of rock fall hazard mitigation include
catch ditches, benches, scaling and trimming, cable and mesh, shotcrete, anchors, bolts, dowels,
and controlled blasting.
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3.3 Debris-Flow Hazard Mitigation

Due to the speed and intensity of most debris flows, they are very hard to stop once they have
started. However, methods are available to contain and deflect debris flows primarily through
the use of retaining walls and debris-flow basins. Other mitigation methods include modifying
slopes (preventing them from being vulnerable to debris-flow initiation by using erosion con-
trol), revegetation, and the prevention of wildfires, which are known to intensify debris flows
on steep slopes.

3.4 Landslide Dam Mitigation

Many problems arise when landslides dam waterways. Dams caused by landslides are a
common problem in many areas of the world. Landslides can occur on the valley walls of
streams and rivers. If enough displaced material (rock, soil, and (or) debris) fills the waterway,
the landslide will act as a natural dam, blocking the flow of the river and creating flooding up-
stream. As these natural dams are frequently composed of loose, unconsolidated material, they
are often inherently weak and are soon overtopped and fail due to erosion. When breaching hap-
pens quickly, the backed-up water rushes down the waterway, potentially causing catastrophic
downstream flooding.
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1. Introduction

1.1. Concept and types of degradation

An area classified as degraded has been subject to alteration or modification of its natural
state due to either natural causes (fires, floods, storms or volcanic eruptions) or direct or indirect
human activity.

Two concepts should be bear in mind to classify an area as degraded (Goémez Orea D, 2004):

a. The conservation value of the space as a structure.

e Negative value with regard to different viewpoints, such as ecological, scientific, cultural,
scenic, productive, etc

e Inferior value compared to the ecosystem’s climax value
b. The function it serves for society.
e Absence of function due to degradation
e Unsatisfactory function

When it comes to designating a degraded area, thoughtfulness and flexibility must be used.
As to estimate degradation the following considerations must be taken into account:

e Different degrees of degradation presented: extensive or intensive.

¢ Different points of view that can be taken into account: ecological, scientific, cultural, sce-
nic, productive etc.

o The extent of the area affected: total or partial.

Figure 1. Hydrologic restoration at Negev Desert in Israel
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Restoration is an activity that begins or accelerates the recovery of an ecosystem. It can be de-
fined as the combination of actions carried out with the aim of reversing or reducing the damage
to an area. The restoration process is an attempt to reach a situation similar to the original state.
However, this does not consist of replacing the elements one by one, but of imitating these elements
in such a way that they work together in a similar manner to that of the original situation (it is more
important to discover the way the whole system works than to study each piece separately).

An ecosystem has recovered (and therefore has been restored) when it has sufficient biotic
and abiotic resources to continue its development without further help. Thus, the end of the
restoration process can be defined as the recovery of the essential ecological elements, and par-
ticularly by the state of soil processes that allow the maintenance of a stable biology in balance
with the climate.

The ecological restoration of a degraded area and the development of the required engineer-
ing methods should begin by achieving land stability and soil recovery.

2. Historical background

Ecological restoration actions have increased in recent years, as environmental policies have
slowed the rate of environmental degradation in many parts of the world.

Ecological restoration is a scientific discipline that has recently emerged due to the increas-
ing need to restore damaged ecosystems. Natural habitats across the world have been severely
impacted due to habitat destruction, urban sprawl and direct damage due to industrial contam-
ination of soils and aquatic resources.

2.1 Environmental impact

The environmental impact is the positive or negative effect on the environment caused by
the development of a specific project. It involves effects resulting from human actions, such as
construction projects, industrial, agricultural or transport activity, energy supplies, etc. The en-
vironment is often the main target of human impacts, meaning not only the physical-chemical
and biological components of the environment, but also visual, cultural and socio-economic
components. According to the International Association for Impact Assessment (IAIA), the
Environmental Impact Assessment (EIA) is defined as “the process of identifying, predicting,
evaluating and mitigating the biophysical, social, and other relevant effects of development
proposals prior to major decisions being taken and commitments made” [International Associ-
ation for Impact Assesment 1999]. The European Union [European Commission 2012] defines
EIA as “a procedure that ensures that the environmental implications of decisions are taken into
account before decisions are made.”
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It consists of predicting these effects, developing prevention and/or mitigation actions and
including them into the decision-making process as a new factor affecting the suitability of the
project studied. It is both a technical tool to study the effects of planned actions (projects, pol-
icies, plans and programmes) and unplanned events (natural disasters and conflicts) and a legal
and institutional procedure related to the decision-making process (International Association
for Impact Assesment, 1999).

The EIA concept arose in the 60s because of the increased awareness by developed countries
regarding the impact of human activities on health and the environment. The adoption of legal
and institutional procedures to include environmental impact in the decision-making process
occurred later on in that decade. The first legal development of this idea was the National En-
vironmental Policy Act (NEPA) in the USA on 1% January, 1970. After this date, many different
developments were made in most countries around the world and at different scales (national,
federal and regional levels). In 1985, the European Union (EU) approved a Directive on EIA.
As a first step, EIA addressed only impacts that result from specific actions, such as projects.
However, taking into account the influence of policies, plans and programmes on the develop-
ment of these projects, EIA was also applied to this strategic level of decision-making. This
change in perspective led to the development of the Strategic Environmental Assessment (SEA)
to ensure the sustainability of strategic decisions. The EU adopted this change and developed
environmental assessment of plans and programmes in 2001.

The main objectives of EIA are [International Association for Impact Assesment 1999]:

e To provide information about the effects of a specific action or unplanned event
¢ To ensure that this information is incorporated into the decision-making process
e To improve public participation and information in the decision-making process
e To develop prevention and mitigation strategies to avoid or reduce environmental impacts

e To promote the sustainable development and preservation of the environment

| 56 |



Juan C. Santamarta, Jonay Neris, Jesica Rodriguez-Martin Riesgos Naturales & Cambio Climadtico

Figure 2. Forest restoration at Athens (Greece)

2.2 Restoration techniques

Before carrying out an environmental restoration project, two key questions should be an-
swered on which the success or failure of the project will depend: the first question is to in-
vestigate what the causes were that led to the degradation and the second is how to repair this

degradation.

Good planning is achieved based on knowledge from different sources of information, such
as the ones mentioned below:

e Topographical survey of the area to be restored and its surroundings
e Environmental valuation of the area: climate, soil and landscape, etc

e Project consequences: finding out the impact of the project on the environment regarding
existing activities, legal restrictions, etc

e Needs of future users

¢ Function of the restored area

e Time period for the development of the restoration project and its duration (useful lifespan)
¢ Cost of investment to determine the viability or if necessary, the funding required

e Maintenance: the restoration does not end with the completion of the works, maintenance to
avoid future problems must also be considered
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The main uses of human-induced degraded lands after restoration are the following:

1. Agricultural or forest use

Agricultural use has been the most common use for restoration of mining sites when the
land has a gentle topography. The limiting factors for this use are the drainage and the chemical
pollution of the soil.

Forest use is an alternative to agricultural use when the steepness of slopes is higher and the
soil quality is poor. The critical factors for this use are the physical characteristics of the soil,
availability of nutrients and the existence of toxic substances.

i1. Nature conservation and wildlife parks

When land has been abandoned for long periods of time, natural colonisation is very ad-
vanced and it is then that society puts pressure to begin restoration. In these cases, it is essential
to carry out botanical and faunistic studies to determine the evolutionary state of the area, its
quality and fragility and, thus, be able to decide what the final use of the area will be.

1il. Industrial and urban use

These uses are highly suitable for degraded areas close to urban areas which can cater for
urban and commercial activities. Before beginning to draft a restoration project in these areas,
local council offices should be contacted and existing planning programmes consulted in order
to check their compatibility with potential uses. An important aspect to be considered is the
existence of good access to the area, as urban or industrial use implies a high traffic density.

1v. Recreational use

Abandoned land located in residential areas of natural or cultural interest can be suitable for
recreational activities associated with the enjoyment of nature and education. The objectives
that need to be achieved to ensure the success of a restoration project for recreational uses are
exclusivity, environmental responsibility, a balanced integration, economic feasibility and flex-
ibility.

V. Sanitary environment uses
The most common sanitary uses include:

e Landfills and rubbish dumps

Any activity involving excavations can restaurated to install controlled landfill sites. In these
cases, it is important to consider the permeability of the soil and subsoil.

| 58 |



Juan C. Santamarta, Jonay Neris, Jesica Rodriguez-Martin Riesgos Naturales & Cambio Climdtico

e Water reservoirs and supplies

Previous excavation activities involving deep hollows, these can be restored as water
reservoirs for a variety of uses (fire extinction, water supplies, etc.) depending on their char-
acteristics.

Figure 3. Landfill restoration in La Gomera (Canary Islands, Spain)

3. Restoration models in different types of spaces

First, a study should be carried out into the approach for each restoration project, as the final
appearance of the space to be restored depends on this. The main approaches that can be adopt-
ed when restoring a degraded space are listed below:

1. Rehabilitation: on occasions, this term is confused with restoration. There is a key differ-
ence; rehabilitation does not imply achieving the original state of the land.

2. Restoration: the recovery of the initial ecosystem before degradation took place.

3. Replacement: an economic alternative through which a balance is sought without eliminat-
ing the elements that have led to the degradation.

4. Reform: only nature acts on the degraded area by natural succession.
5. Revegetation: attempts to establish stable vegetation cover (native or foreign species).

When choosing one of these approaches for a restoration project, it is worth noting that none
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of them are better or worse than the others, rather it depends on the circumstances of each space.
The fact that they could also be complementary should not be ruled out, above all in large spac-
es and ones that require separation.

3.1 Restoration of landfills

One of the oldest methods to manage waste has always been to dump it at various sites
without any kind of control, not far from the populated areas where it was generated (near to
roads, abandoned quarries, etc.). This uncontrolled waste disposal leads to a range of problems:
presence of rats and insects, risk of fires, presence of unpleasant smells, water and air pollution,
lack of aesthetics and environmental degradation.

These spaces, in the same way as controlled landfills, need to be restored to improve the
environmental quality of the area.

The basic restoration actions for these sites involve:

e Removal of waste and earthworks to mitigate the impacts of the previous excavation activi-
ties on the topography of the area

e Provision of vegetation that facilitate landscape integration
e Revegetation using species suitable for the environment of the site

¢ Fencing off the perimeter to avoid new dumping

T T e T e
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Figure 4. Quarry restoration
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3.2 Restoration of areas affected by civil works
The construction of linear infrastructures in any area generates impacts on the components
that modify that area and its surroundings. Thus, it is necessary to carry out a programme to be

able to restore lost components.

When dealing with these kinds of infrastructures, it is important to bear in mind that new
constructions should get integrated into the landscape where they are built.

Linear structures are defined as ones that possess some of the following characteristics: join
two or more fixed points, cross a range of areas, are artificial and their construction responds to
a need as they provide a public service.

Linear infrastructures are classified into:

e Roads

¢ Oil and gas pipelines
e Railway lines

e Power lines

e Irrigation channels

e Telephone lines

Roads play an important role in landscapes; this is why the current chapter focuses on this
kind of infrastructure.

Roads present a series of environmental problems that are described below:
e Barrier effect
e Land use modification and occupation
e Noise
e Construction of new infrastructures and buildings

When faced with these alterations, the main measures for environmental restoration in these
affected areas are:

e Installation of sound barriers
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¢ Slope stabilisation
e [Landscape integration

o Wildlife paths

Figure 5. Debris resulting from the excavation of a mine in Tenerife (Canary Islands, Spain)

3.3 Restoration of quarries
The main environmental problems caused by the exploitation of mining resources are:

e The effects on the landscape, such as hollows formed and rubble present in artificial shapes
which contrast with the original landscape. The colour of the mine waste contrasts with other
tones present. The landscape is deeply visually impacted and are sometimes interrupted due
to variations in topography

e The land use change and soil properties with the removal or occupation of fertile soil. The
alteration of the soil properties is due to the construction of infrastructures and land occupa-

tion and to the compaction caused by heavy machinery passing over.

e Water pollution due to the increase in solids in suspension and the dumping of waste

| 62 |



Juan C. Santamarta, Jonay Neris, Jesica Rodriguez-Martin Riesgos Naturales & Cambio Climdtico

The main operations that should be considered when beginning the restoration of quarrying
sites are:

e Dismantling and demolition of buildings and facilities

Filling hollows

Stabilizing rubble heaps and tailing dumps

Earthworks to restore the original landscape topography

Planting vegetation covering
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1. Overview of erosion processes

The majority of erosion processes are the result of a combined action of various factors, such
as heat, cold, gases, water, wind, gravity and animal and plant life.

Soil erodibility is an estimate of the ability of soils to resist erosion, based on the physical
characteristics of each soil. Generally, soils with faster infiltration rates, higher levels of organic
matter and improved soil structure have a greater resistance to erosion.

The erosion process depends on the following factors:

ER=f(R,G,S,V)

o R =Factor that depends on the quantity and intensity of rainfall
o G =Factor that depends on the slope and topography of the ground
o S =Factor that depends on the physical and chemical properties of the ground

oV =Factor that depends on the characteristics of the vegetal cover

Soil erosion may be a slow process that continues relatively unnoticed, or it may occur at an
alarming rate causing serious loss of topsoil. The factors that cause erosion in an area are:

e Torrential rainfall

e Overgrazing

e Over-exploitation of water resources

e Change of land use, urbanisation and civil infrastructure
e Surface mining

e Salinization of ground

Figure 1. Surface erosion and soil loss
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1.1 Torrential rain

On occasions, torrential rainfall occurs: this rainfall leads to important erosion processes. Both
rainfall and runoff factors must be considered in assessing a water erosion problem. Runoff can
occur whenever there is excess water on a slope that cannot be absorbed into the soil or trapped
on the surface.

The main factors that are involved in the generation of solid and liquid runoff that reach
rivers, and are then transported by them, are related to the characteristics of the precipitation
and the area affected (slope, vegetation), the water erosion and the dynamics of the runoff. The
amount of runoff can be increased, if infiltration is reduced due to soil compaction and crusting.

1.2 Overgrazing

Another key aspect is overgrazing, especially when the carrying capacity of grazing land is
exceeded. The carrying capacity i1s defined as the number of animals that can graze by hectare or
the number of hectares required by each animal so as not to overgraze.

We can simply state that overgrazing is subjecting the land to a greater number of livestock
than it can support, leaving livestock to graze for longer than is recommended or allowing
livestock to graze at unsuitable times, which does not allow the grass or bushes to reproduce.
This eventually leads to erosion and on a large scale to desertification. Another problem is the
removal of soil by the trampling of livestock. Overgrazing facilitates desertification in semi-
arid areas.

The solution to this problem is regulation of livestock grazing, as well as the demarcation of
areas and zones sensitive to erosion, such as slopes, always within the established limit of the
grazing land s carrying capacity.

1.3 Overexploitation of water resources

The immediate consequence of the overexploitation of water resources is the salinization
of these resources; this fact significantly affects the land and its processes, with the result
being erosion. In addition, the overexploitation of coastal aquifers leads to marine intrusion
and worsens the quality of the water extracted, which in many cases is used to irrigate crops
producing soil problems.
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1.4 Changes in land use, urbanisation and civil infrastructure

The change of land use or the abandonment of tradition farming practices are important
factors in the acceleration and increase in erosion. Furthermore, certain infrastructure projects,
such as building of roads, airports, tourist resorts, among others have contributed to the
frequency and development of erosion processes leading to barrier effects of the infrastructure
and sealing impermeabilization effects on the ground. The loss of vegetation, more roofs,
paving and clearing of woodland and grassland without proper conservation management
create erodible land areas, speed up runoff and remove areas available for rainfall infiltration.
Vegetation removal from land areas further accelerates erosion and siltation.

1.5 Forest fires

Forest fires are one of the main causes of erosion and destruction of the soil, especially when
the first autumn or winter rains are torrential.

During a fire, the undergrowth disappears, allowing elements that were fixed to be moved,
so much large-diameter necromass, stones and, above all, rolling pine cones are able to create
secondary flashpoints normally beyond the first line where human efforts are trying to control
the fire.

Figure 2. Preventive actions in the forest after a wildfire

One of the most serious and immediate consequences that occur after a forest fire is the
dragging of ash and bare soil towards rivers. This can be catastrophic for populated areas and
towns near the forest.
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In addition, forest fires generate an important distortion in the accumulation of carbon in
soil. This element, the main component of organic material, plays a key role in soil fertility,
water retention, and resistance to erosion.

As for hydrological implications, a forest fire generates a significant reduction in infiltration.
Thus, when the first rains arrive following a forest fire, the runoff on burnt soil can double or
even triple as a result of the volume of solids in suspension, and the impermeability and lack of
infiltration capacity of the soil surface.

Erosion and soil effects of a forest fire can be classified as follows (Contreras et al, 2007):

e Less soil aggregation

e Reduction in organic material
e Loss of nutrients

¢ Reduction in surface roughness

e Increase in surface runoff

1.6 Surface mining

Mining activity removes soil or leaves it unprotected from water, as well as changing the
dimensions and shape of the land. Aggregate extraction also causes great environmental and
landscape impact.

Figure 3. Erosion caused by surface mining works
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1.7 Soil salinization

Salinization is the accumulation of soluble salts of sodium, magnesium and calcium in soil to
the extent that soil fertility is severely reduced. This soil problem leads to an excessive increase
of water-soluble salts in the soil. The accumulated salts include sodium, magnesium, potassium
and calcium, chloride, sulphate, carbonate and bicarbonate.

Salinization on the soil surface occurs where the following conditions occur together:

e The presence of soluble salts, such as sulphates of sodium, calcium and magnesium in the
soil

¢ A high water table
¢ A high rate of evaporation

e Low annual rainfall

One of the effects of salinization is that salts in the soil increase the efforts required by
plant roots to take in water. High levels of salt in the soil have a similar effect as droughts by
making water less available for uptake by plant roots. Salty groundwater may also contribute to
salinization. When the water table rises, the salty groundwater may reach the upper soil layers
and, thus, supply salts to the rootzone.

1.8 Water erosion

The process of water erosion begins with rain that falls on the soil breaking it up, subsequently
runoff is formed, a laminar flow from the land higher up the slope is created, which flows
downwards in small rills that transform quickly into large gullies that are difficult to correct and
deal with.

The appearances of gullies are closely connected to inappropriate land use practices. Gulley
erosion is a reflection of surface erosion and is the most extreme result of this erosion. This type
of erosion is preceded by other processes (sheet and rill), due to the increase in runoff volume
and speed.

The erosion process is considered to be one of the most serious worldwide environmental
problems, associated, to a large degree, with the loss of forest cover. The way erosion works is
by detaching material, transporting it (by water, wind...) and finally depositing it. Water erosion
can also occur at depth; this effect is related to large displacements of land by the hidden
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action of water filtering down. Water lubricates land and creates the conditions necessary for
displacement by gravity. Materials slide by shearing when a certain angle of slope is reached

Another effect of water erosion, especially when caused by torrential rainfall, is when the
soil becomes saturated with water after many days of rain. This ends up provoking landslides
on slopes: the consequences and size of these depend on the angle of the slope on which they
occur.

Figure 4. Surface water erosion

1.9 Wind erosion

Wind erosion is the loss of the soil surface layer by the wind action. This is a selective
process because it affects only particles on the soil surface and depends on grain diameter.
Wind erosion is a major geomorphological process in arid and semi-arid areas. The rate
and magnitude of soil erosion by wind is determined by factors such as particle sizes: very
fine particles can be suspended by the wind and then transported great distances; fine and
medium-size particles can be lifted and deposited. Other factors are regional climate and
wind. The speed and duration of the wind has a direct relationship with the extent of soil
erosion. Vegetation cover is also important, as the lack of permanent vegetation cover in
certain locations has resulted in extensive erosion by wind.

Climatic factors lead the erosion process, but other factors such as deforestation, bad
agriculture practices, urbanisation, etc. also affect wind erosion. It is a recurrent and
progressive process that occurs constantly and its effects increase over time. It has three
different stages:
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e Detachment: The soil surface particles are picked up from the bulk soil. Grain size diameter
and wind velocity play an important role in this phase, which is selective depending on these
parameters

e Transport: Detached particles are carried from their original place by the wind. As in the
detachment stage, transport depends on the wind velocity and grain size. It may occur by:

» Surface creeping: when larger particles roll along the ground, which
is responsible for 50-70% of particle transport

= Saltation: when intermediate-sized particles are lifted a short height
and then dropped and bounce across the surface, which causes 30-
40% of wind erosion

= Suspension: when small particles are lifted by the wind and carried
for long distances, only 5-25% of particles are carried this way

e Deposition: particles transported are sedimented due to the loss of wind power

2. Erosion control measures

Remedial actions consist of site control to prevent off-site migration of surface water,
sediments and contaminants. Land disturbed by construction activities requires precautionary
measures to reduce soil erosion and sedimentation. A construction site, for example, must be
investigated for a wide range of conditions, including ground water level, surface drainage and
subsurface ground conditions.

Conservation measures can reduce soil erosion by both water and wind. Tillage and cropping
practices, as well as land management practices, directly affect the overall soil erosion problem,
although other measures might be necessary. For example, contour ploughing, surface water
works, land grading can be used to reduce water ponding, erosion and to promote vegetation.
Dry dams, strip cropping, or terracing may also be considered. To manage surface drainage at
construction sites other methods can be used. The aim of these methods is to reduce erosion, water
ponding and runoft of sediments and pollutants onto downslope land and downstream water or
streams. It is necessary to understand the application of interception or diversion methods, such
as ditches, berms, down pipes, flumes, terraces and benches and sediment and detention basins.
Practices for surface stabilization are also useful and include synthetic membranes, vegetation,
and land grading and soil bioengineering for slope protection.
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The design of structures to control erosion combines various disciplines; surface hydrology,
geotechnics and structural design. These disciplines provide the basic information that is
required to determine the conditions for the foundations and the magnitude of the forces that
are going to act on the planned structure.

The structure, itself, does not present many technical problems. Its complexity lies in
its location within an area, this is why it is absolutely essential to carry out a hydrological
study (hydromorphology, flow and slope...) of the area to determine the water erosion and
estimate approximately the amount of sediment that the river transports to obtain the optimum
compensation slope.

Furthermore, the great velocity that torrents of water can reach complicates the management
and mitigation of water erosion effects even more.

2.1 Control of water erosion by civil works

Civil works carried out in forest areas have the aim of improving the water regime of ravines
and watercourses, the appropriate maintenance and design of water infrastructure, such as dams
and reservoirs, the fight against erosion, the conservation and protection of land, as well as the
increase in infiltration of the land.

The design of appropriate structures in each micro watershed should be carried out after
knowing the results of hydrological and geomorphological studies of the stretch that will be
affected by such hydrotechnical works. The results of these studies will predict the future
development of the water current. They provide estimates of the magnitude of average, minimum
and flood flows, minimum, maximum and average levels, potential floodplains, speed of flows,
sediment transport capacity, undermining and accumulation of sediments. Without this prior
information, the remedial measures will not be designed and properly constructed.

Figure 5. Gabion drop structure to reduce erosion
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Contention dikes for surface sediments are basically small gravity dams whose function is to
keep back sediments that flow along the beds of ravines or gullies when these carry water. Their
design is very straightforward, but their contribution to the maintenance of other hydraulic
infrastructures, downstream, such as soil/land conservation is crucial in areas with steep slopes
and torrential rainfall.

a. Transverse structures to control torrential flows

These structures operate like small dams. Their main purpose is to reduce the speed of
water flow in a specific stretch, upstream from the construction. They act as control structures.
However, they can fail due to bad foundations or because of undermining generated immediately
downstream. This is why there is often an absorption basin built of the same material as the
dike.

In general, gabion dikes and hydraulic masonry are the best structures to achieve the
objectives mentioned above. It is worth highlighting their easy structural calculation and design,
as a gravity dam (useful height, drop height, stability verification, energy dissipation, etc). The
gabion drop structure is a very useful way to stabilise the dam spillway.

b.  Linear hydraulic structures

Linear hydraulic structures complement the previous ones, for example, walls and breakwaters
placed on the sides of ravines prevent material being dragged by runoff from the sides and to a
certain degree channels the ravines and gullies. Longitudinal structures in ravines are generally
used at the intersection of two streams with the aim of reducing the energy of both at this
critical point, where flows and material are added together. Poor construction or inadequate
maintenance of surface drainage systems, uncontrolled livestock access and farming too close
to both stream banks can also lead to bank erosion problems.

Channelling of ravines, even when applied to torrential flows are more related to civil
engineering works than environmental or forestry ones. It is used to channel water mainly in
areas where the river flows through populated areas or near the mouths of ravines. In Denmark,
these types of structures are carried out from a bioengineering perspective, substituting the
concrete wall with plantations and green covering supported by breakwaters in a fairly natural
way and without a noticeable scenic or environmental impact.

Finally, small hydraulic structures should be mentioned, small dikes made of stone or
biological material, such as logs or faginas, are crucial for restoration following fires.
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2.2 Erosion control after wildfires

Erosion control that is normally carried out following a wildfire aims at having a double
effect. First, the scenic aesthetics need to be restored, and second the burnt fuel needs to be
removed through collection by small dikes or log erosion barriers that help limit soil erosion.
For this reason, living trees should never support small hydraulic structures in order to prevent
horizontal continuity between live and dead fuel.

Figure 6. Use of ordinary material to reduce soil loss after wildfire

Regarding the aesthetic effect, more political than technical criteria are often applied.
However, it should be borne in mind that the traces of a fire are not easily removed and therefore
adequate planning and a detailed description of the actions that need to be taken should be
made. This can ensure that any actions that are carried out will be less harmful than the forest
wildfire itself.

2.3 Erosion control by forestry restoration

Site-specific conditions must be considered when using vegetation. Success of vegetation
depends on the climate characteristics, slope gradients, site preparation and the compatibility
of vegetation with these conditions. Vegetation is one of the most commonly used methods for
stabilization. It protects a slope with roots, exposed branches and stems. Surface flow velocity
is reduced and the capacity for infiltration and water retention from the soils is increased.
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When it comes to developing a restoration project when faced with degradation of this kind
of area, a choice can be made between three alternatives:

e Natural regeneration: This refers to there being no human intervention and through which
new biomass is obtained from natural seed dispersion from nearby adult mass

e Repopulation: This is the introduction of forest species in an area through sowing seeds or
planting. It can be forestation or reforestation

= Forestation: The repopulation through seeds or planting
of an area that was agricultural land or was not used as
forestland

= Reforestation: The reintroduction of forest species through
seeds or planting in areas that were populated until recent
times but which were laid bare due to logging, fires, gales,
plagues, diseases or other reasons

e Other plants

Figure 7. Forest restoration

Of all these solutions, repopulation (forestation or reforestation) is the most appropriate
option as it is the quickest way to introduce vegetation in the area, thus slowing down erosion
processes. In these kinds of areas, the general aim of forest repopulation is protection from which
indirect benefits are obtained, such as atmospheric improvement, promotion of biodiversity,
etc., but the most important is the protection of the soil against erosion. In protected repopulated
areas, studies are carried out into the state of erosion of the land, where the current soil loss
and the predicted soil loss if repopulated is determined. The studies are based on the USDA
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equation, and inadmissible values are considered to be those that exceed 12 Tm / ha /year.

Repopulation, regardless of its objectives, has a dual importance: an ecological importance
that includes improving species diversity; forming habitats for fauna; soil fixing and slowing
down erosion. There is also an economic importance from forest products, such as timber,
aromatic plants, beekeeping products, livestock, fruits and mushrooms as well as providing
social wealth by providing jobs in repopulating, forestry work, forest product industries, fire
prevention and extinguishing, etc., and indirect work from tourism and livestock farming.
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Resumen

Los incendios forestales de 5* Generacion, también llamados “mega-fuegos”, son una de las amenazas
actuales y futuras para nuestro patrimonio natural e intereses economicos. Su desarrollo simultdneo esta
vinculado a los Fenomenos Meteorologicos Adversos y a los Dias de Altas Temperaturas, dos variables
con una estrecha relacion con el Cambio Climatico. Por ello, evaluarlo y predecirlo son elementos clave
para minimizar los dafios asociados a estos incendios

Abstract

Sth generation wildfires, also called “mega-fires”, are one of the present and future threats for our
natural environment and economical interests. Their simultaneous developement is linked to Adverse
Weather Events and High Temperature Days, two variables with a strong bond with Climate Change.
Therefore, its evaluation and prediction are key elements for minimizing the harm associated with this
fire events.
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1. Introduccion

1.1. El concepto actual de incendio forestal.

La presencia del fuego en nuestro entorno es un fendémeno que se remonta de forma
generalizada al Carbonifero, hace 359 millones de afios. Su presencia natural ha formado parte
de los procesos que han configurado nuestro entorno, y la larga historia de incendios recurrentes
justifica que se atribuya al fuego un papel clave en los patrones actuales de vegetacion. De hecho,
los modelos de simulacion de la vegetacion a escala global, similares a los que se emplean para
predecir los cambios climaticos, no reproducen los biomas terrestres a menos que se considere
la interaccion recurrente de los incendios (Pausas J.G., 2010).

Pero ademas, su utilizacion por parte del ser humano con fines utilitarios, ha dado forma al
paisaje y a las masas forestales que nos rodean en incontables ocasiones, hasta convertirse en
algo mas que un mero accidente antrdpico puntual. Se han identificado registros de hogueras en
el este de Africa con 1,5 millones de afios de antigiiedad, y en Oriente Medio de 800.000 afios.
El fuego fue ya utilizado desde el Paleolitico para facilitar la caza y la recoleccion de vegetales,
y hay claras evidencias de su uso en la cuenca mediterranea durante el neolitico (Naveh, 1975),
donde su empleo estd incuestionablemente vinculado a la expansion de la agricultura (Keeley,
J.E., Pausas, J. G., 2009). De esta forma, ha condicionado, redirigido y consolidado muchos de
los ecosistemas que nos rodean. De hecho, buena parte de dichos ecosistemas so6lo se explican
por una presencia recurrente del fuego (Martinez et al, 2004, citando a Moreno, 1989). El
desarrollo de la Arqueologia del Paisaje, como técnica pero sobre todo como concepto, nos
estd permitiendo tomar auténtica conciencia de la penetracion pre y protohistdrica del fuego
como factor de influencia. El caso del Pinus canariensis, tan proximo a los que redactan, es
un ejemplo paradigmatico de como las perturbaciones trascienden el concepto de agresor para
convertirse en modelizadores.

Deigual manera, es importante recalcar un concepto conocido pero no siempre suficientemente
ponderado: no todo fuego es un incendio. La Ley de Montes lo define con claridad:

“Incendio forestal: el fuego que se extiende sin control sobre combustibles
forestales situados en el monte”

Especialmente relevante es su vinculacion al control, elemento definitorio de la existencia de
un incendio frente a otros usos y naturalezas del fuego. Forma parte de un arduo pero necesario
camino que ha de llevarnos a eliminar el estigma que el fuego tiene en nuestra sociedad actual,
y que poco a poco abre la puerta a la generalizacion del uso técnico del mismo, y a la aceptacion
de conceptos como la existencia de un régimen de perturbaciones compatible (y necesario) con
cada ecosistema, incluyendo a las llamas como uno de los factores implicados.
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Dispuestos a contextualizar, podemos ir ain mas alld, y enfocar la relevancia de aquellos
incendios que afectan a valores destacados, econdémicos o monetarizables, sean bienes
materiales o patrimonio natural. Esta circunstancia genera un especial marco de atencion para
lo que podriamos denominar, fruto de una simplificacion Util aunque cuestionable, “incendios
del Primer Mundo”, y que representan el 99% de nuestra percepcion mediatica.

Lo cierto es que el nimero de incendios forestales que se producen en el mundo en un
momento dado es enorme, pero nuestra atencion se centra en aquellos asociados a entornos
nacionales afines: el arco mediterraneo, Australia, EEUU, Canada, Chile, etc, copan nuestras
coberturas informativas en medios tradicionales y digitales. Los cientos de miles de incidentes
que afectan regiones remotas para nosotros, como el anillo africano de Angola, Zambia y
Mozambique, los incendios en el Mato Grosso brasilefo, o el arco nororiental chino, pasan
totalmente desapercibidos en nuestro dia a dia.

Iustracion 1: incendios en el mundo entre el 10 y el 19 de junio de 2014. Fuente: MODIS NASA.

Incluso en lo que llamamos “Primer Mundo”, muchos de los incendios forestales son objeto
de una aproximacion diferente. Algunos de los grandes fuegos que recorren los bosques boreales
de Canada, o las similares taigas rusas, arden durante dias, semanas, e incluso meses, sin que se
produzca intervencién activa para su control y extincion. A lo sumo, son sometidos a vigilancia
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preventiva para confirmar que no amenazan infraestructuras importantes en su desarrollo, y se
les permite avanzar libremente hasta su extincion natural.

Es decir, a cierta escala, nuestro enfoque del concepto de incendio forestal es similar al que
se produce con las plagas de insectos: no basta la existencia de una proliferacion demografica
descontrolada de una especie que prede sobre recursos vegetales para definirla como plaga, es
necesario que se produzcan ademads dafios economicos directos y elevados, afectando a intereses
de las personas, o bien una amenaza veraz de dicha posibilidad.

Andlogamente, no todos los fuegos forestales son incendios, y no todos los incendios nos
afectan. Es del pequefio y reducido grupo de incendios forestales que amenazan nuestros valores
naturales y, frecuentemente, bienes e infraestructuras, del que nos ocupamos en realidad; un
subconjunto cuantitativamente pequeio pero cualitativamente relevante.

Este breve recorrido para contextualizar aquello a que denominamos incendio forestal, y
a quienes afecta, es fundamental para entender en ambito en el que definimos las llamadas
generaciones de incendios, un concepto secuencial muy descriptivo, pero que solo cobra sentido
cuando se limita su &mbito de aplicacion a los eventos a los que hemos hecho referencia.

2. Las Generaciones de Incendios

Desde que se divulgara el concepto de “generacion de incendios” para describir aquellos
producidos en los tltimos 50 afios (Castellnou et al, 2007), su desarrollo ha permitido establecer
un analisis evolutivo de la problematica de los incendios forestales que nos afectan. Su caracter,
amplio y generalista, no impide su empleo con precision para diagnosticar el devenir de un
fenomeno dindmico y cambiante, y replantearnos los mecanismos de prevencidon y respuesta
que decidimos implantar.

En este documento nos basaremos en la definicion descrita por Castellnou y Miralles
en Crisis Response (2009), que asigna a las diferentes décadas un modelo de incendio, su
justificacion, y la respuesta tipo implementada.

Tabla 1: Generaciones de Grandes Incendios, clasificados por década desde 1950 en adelante. Marc
Castellnou y Marta Miralles (Crisis Response, 2009).

Generacion Explicacion Tipo de Incendio Respuesta contra incendios
La continuidad del combustible Incendios que queman Respuesta tradicional contra
sobre el terreno permite grandes de 1.000 ha a 5.000 ha. incendios, basada en recursos locales,
1%, 1950s y perimetros. Ya no existen superficies Incendios de superficie, y reforzada con personal estacional. Se
1960s agricolas que interrumpan el dirigidos principalmente por construyen puntos de agua, cortafuegos,
combustible, privando a la extincion de el viento. y estructuras lineales como anclaje, y
zonas de anclaje carreteras para aumentar la accesibilidad.

| 84 |



Néstor Padron Castarieda, Jestuis Barranco Reyes

RiesgosNaturales & Cambio Climdtico

Velocidad de avance. La
acumulacion de combustible permite
incendios mas rapidos y focos

Incendios de 5.000 ha a
10.000 ha. Dirigidos por el
viento y la topografia

Densa red de vigilancia y extincion,
para asegurar una rapida y potente
llegara de autobombas y helicopteros.

la informacion se mueve a través de la
cadena de mando

a
198 025' 1970s y secundarios. La velocidad del fuego Mas recursos para un ataque directo
supera a la de las lineas de control contundente. El agua parece ser la
herramienta ideal. Aumenta el nimero de
recursos aéreos implicados.

Intensidad del fuego. La Incendios de copas Se introducen los modelos de riesgo,
acumulacion del combustible permite y abundantes focos para adaptar la disponibilidad de recursos
continuidad con la copa, resultando en secundarios. Incendios de a la probabilidad de grandes incendios.
incendios de copas activos, y grandes 10.000 ha a 20.000 ha. Las  Se identifica el analisis de incendios
columnas convectivas, fuera de la olas de calor extremo sirven como una herramienta para planificar de
capacidad de control. Cada incendio de apoyo a incendios de alta antemano, y no solo para reaccionar a
ofrece escasas oportunidades de control. intensidad. posteriori al fuego. Se mejora la eficiencia
El fuego cambia de comportamiento usando un abanico de oportunidades

3% 1990s mas rapido que la velocidad a la que mas grande, ampliando las técnicas de

extincion: se reintroduce el fuego y las
herramientas mecanicas y manuales,
reforzando el ataque aéreo, y mejorando la
eficiencia con herramientas combinadas.
Se introducen unidades logisticas y se baja
el nivel de decision para una respuesta
mas veloz frente a los cambios en el
comportamiento del fuego.

4*. Desde 2000

El Interfaz Urbano-Forestal (WUI
por sus siglas en inglés) se ve afectado
por los incendios forestales Las areas
residenciales e industriales se ven
cada vez mas afectadas por incendios
forestales.

Fuegos que pueden
comenzar y terminar
dentro del Interfaz Urbano-
Forestal, quemando mas de
1.000 ha.

Las nuevas circunstancias obligan
a cambiar el modelo, de atacar el fuego
a defender personas y casas, en una
nueva situacion defensiva. El analisis
de incendios crece como herramienta.
Los simuladores, GPS y sistemas de
informacién geografica se emplean para
seguir los recursos en tiempo real.

5% Desde 2000

Mega-Incendios. Las zonas en
riesgo se enfrentan a grandes, veloces
y extremadamente intensos incendios
simultaneos.

Incendios de copa
simultaneos, que implican
zonas de interfaz urbano,
principalmente durante las
olas de calor

Situacion actual. Se requieren nuevas
habilidades para responder a grandes
incendios simultaneos. La respuesta es la
comparticion de recursos, pero también se
requieren nuevos tipos de conocimiento,
cooperacion e intercambio de informacion
y experiencias.
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En la actualidad, como se puede apreciar, nos vemos afectados por dos generaciones de
incendios: los llamados generalmente “incendios de interfaz” (IUF o WUI) y los Mega-
Incendios. Es este tltimo tipo el objeto de nuestra atencion. Los incendios de 5 generacion son
fruto de la combinacion de las debilidades estructurales de nuestros modelos de combustible
forestal, y del aumento de fendémenos meteorologicos adversos, especialmente olas de calor y
advecciones de masas de aire sahariando. Por extension, afectan también al interfaz urbano-
forestal, como los de 4* generacion. Estos incendios se desarrollan durante gran parte de su
tiempo de existencia fuera de la capacidad de extincion de nuestros medios convencionales
y, para aumentar la complejidad de su combate, su vinculacion a condiciones meteoroldgicas
extremas, que siempre tienen un caracter cuanto menos regional, provoca que su aparicion
pueda ser simultdnea en todo el territorio afectado.

Esta simultaneidad implica una dispersion de medios de extincion, que facilita que dichos
fendmenos permanezcan mas alla de cualquier posibilidad de control, y que sus efectos sean mas
devastadores que nunca. Los grandes incendios forestales (GIF, LWF) son responsables de la
mayor parte del area quemada a pesar de su pequefio peso cuantitativo en las estadisticas totales
de incendios producidos (Cardil, 2013, citando a Molina et al., 2010), y las consecuencias de su
crecimiento y sincronizacion son tan desastrosas como cabria esperar.

Frente a la idea de un régimen sostenible de perturbaciones, con incendios controlados y
de baja intensidad, los incendios de 5* generacion representan a su antagonista, la faceta mas
destructiva y descontrolada de su desarrollo. Y nuestra respuesta ante ellos se cimenta sobre el
empleo masivo de medios y recursos, con una efectividad minima y una eficiencia desastrosa,
una version ampliada de las soluciones que llevamos empleando desde los incendios de 3?
generacion mas allé de su asintota de efectividad.

3. El Cambio Climatico
3.1 El clima como factor

Son diversos los factores que explican el desarrollo de estos mega-incendios. Ajeno al
proposito de este documento esté la estructura del combustible, fruto del abandono de labores
selvicolas y agrarias, asi como la recuperacion intensiva de coberturas arboreas, la exclusion
del fuego de los entornos naturales, y las restricciones a los aprovechamientos tradicionales.
Algo similar sucede con la vinculacién del desarrollo urbanistico a los espacios forestados.
También podria ser objeto de debate la logistica sistematica de nuestros servicios de extincion,
en su politica de vigilancia y primera ataque, que conlleva la préctica extincion del 99% de los
incendios en su fase inicial; este gran éxito operativo, sostenido en el tiempo, ha complicado la
gestion de las zonas no quemadas cuando se produce ese 1% de incendios no controlados, en
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lo que se ha dado en llamar la paradoja del fuego, aspecto ampliamente discutido en ambitos
académicos, y que fue objeto de un programa paneuropeo de estudio y divulgacion bajo el
amparo del proyecto Fire Paradox.

Cualquiera de estos factores podria ser objeto de modificacion, intervencion o alteracion por
parte del ser humano. Sin embargo, el clima, fundamental en los incendios de 5* generacion,
escapa a nuestro control. Su influencia en el desarrollo de estos incendios es determinante,
y tanto los fendmenos meteorologicos adversos (FMA) como los dias de altas temperaturas
(HTD) marcan nuestro calendario frente a ellos: no podemos evitarlos ni minorarlos, por lo que
solo nos queda preverlos y actuar en consecuencia.

Es justo aqui donde el Cambio Climatico se erige como un factor afiadido. Los extremos
climaticos, mas frecuentes en la actualidad (Founda y Giannakopoulus, 2009; Tolika et al.
2009), se estan convirtiendo en un factor mas critico para el control del comportamiento del
fuego que la propia acumulacion del combustible (Cumming, 2001). Las multiples olas de
calor registradas en Europa del Sur en los ultimos afos siguen el patron de 2003, cuando se
alcanzaron valores extraordinarios en los ultimos 500 anos (Luterbacher et al, 2004). Los
estudios muestran un aumento sostenido de los HTDs en ¢l arco mediterraneo (Cardil, Molina,
Kobziar, 2014), hipotéticamente asociado al incremento generalizado de las temperaturas
resultante del Cambio Climatico, y empiricamente vinculado al desarrollo de grandes incendios
forestales. Este ultimo lazo es tan relevante que se ha estimado que un elevadisimo porcentaje
de la superficie quemada al afio en Espana se produce durante estos dias (Cardil et al, 2013,
2014), que representan un creciente pero aun pequeio porcentaje de los dias del afo.

Regiones como Catalufia han desarrollado estudios recientes acerca de los fendmenos
de adveccidén de masas de aire sahariano, infrecuentes hace apenas unas décadas, y que se
generalizan en la actualidad, modificando el marco meteorologico al que se enfrentan los
operativos de extincion.

Ademas de estos fenomenos puntuales, es importante sefalar que todo incremento medio de
las temperaturas, en entornos como el nuestro, conlleva una modificaciéon de las condiciones
fenologicas y de humedad de nuestros combustibles forestales, asi como una xerificacion de las
formaciones vegetales afectadas. La aparente disminucion de las precipitaciones primaverales
en nuestro pais (Calabuig y Moreno, 2007) tendran un efecto similar. Estos factores afectaran,
de forma general, al desarrollo cualitativo y cuantitativo de los incendios en nuestro pais.

3.2 El caso de Canarias

En Canarias, pese a que andlisis como el de Dorta (2001) indican que las advecciones de masas
saharianas son parte indisoluble de nuestra climatologia, por lo que resulta extremadamente
complicado determinar tendencias concretas con las series de datos actuales, la vinculacion
al fendmeno parece inevitable. Los dos mayores incendios forestales de las islas sucedieron
precisamente bajo el influjo de HTDs, en 2007, cuando el fuego arras6 18.000 ha en Tenerife y
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19.000 en Gran Canaria, y futuros estudios deberan establecer la existencia posibles tendencias
al alza en dichas variables.

3. Conclusiones

El desarrollo de los incendios forestales en nuestro entorno, y nuestra vulnerabilidad presente
y futura ante ellos, estd muy vinculada a nuestra capacidad para prevenirlos, e intervenir de
forma efectiva en cada caso. Identificar el régimen y la tipologia de incendios que nos afecta es
fundamental, y las experiencias recientes demuestran que los incendios de 5 generacion son la
principal amenaza para nuestro territorio. Ante ello, nuestra capacidad para evaluar los efectos
del Cambio Climatico, su cualificacion y cuantificacion, resulta fundamental.

Nuestras expectativas son, inevitablemente, un agravamiento del perfil sindptico, con
aumento de HTDs, y su posible combinaciéon con advecciones saharianas. Esto nos empuja
a forzar la intervencion en los factores modificables, aquellos que si se pueden ubicar bajo
nuestro control (usos y aprovechamientos, ordenacion del territorio, reinclusion del régimen
natural de incendios, operativa de extincion...).

Ademas, nuestra capacidad a medio plazo para prever en el tiempo los fendmenos mas
adversos resultaria en una modificacion de todos los sistemas actuales de asignacion y
localizacion de recursos, generando sistemas de vigilancia y prevencion dinamicos, adaptados
a las situaciones sinopticas propias de cada momento.
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Abstract

The aim of this study was to analyze the projected climate tendencies towards the end of the 21st century, the expected
climate change impacts as well as the adaptation possibilities in the Carpathian basin. First, the ecological processes are
investigated for forest ecosystems, on regional scale. Second, a sewage works has been selected to introduce the local scale
impacts and mitigation options.

Based on the results of regional climate model simulations for the Carpathian basin, a significant increase of temperature
and a strong decrease (up to 30-35 %) of the summer precipitation sum is projected towards the end of the 21st century. The
probability and severity of summer droughts and heavy precipitation events are expected to increase compared to the baseline
period 1981-2010. These climatic tendencies can lead to the loss of the climatically suitable area of the vulnerable tree species
as well as to growth and production decline and mass mortality events. For sewage works on local scale, the warmer and dryer
summer can amplify the decomposition processes and odor emission. The intense precipitation events may result in increase
of incoming wastewater amount.

Recommendations have been worked out for both forestry and sewage works including management options, monitoring
networks, technological solutions and environmental education. In this way results of the introduced case studies can provide
useful information for adaptation and mitigation strategies in all sectors on different spatial and temporal scales.
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1. Introduction

1.1 Projected climate change for Europe

In the last decade several recent EU-projects have been carried out, to provide high-resolution
climate change projections with focus on future climate changes and their impacts in Europe
(Christensen et al. 2007, Jacob et al. 2008, van der Linden and Mitchell 2009, Jacob et al. 2013,
Vautard et al. 2013, Vautard et al. 2014, IPCC 2013). For the first half of the 21st century, all
regional climate models simulate a significant surface warming in central and eastern Europe.
The annual precipitation shows an increase in the northeastern and a decrease in the southwestern
regions. The transition (neutral) zone (e.g. Hungary, Rumania) can be characterised by the largest
spread between models (Kjellstrom et al.. 2011), where precipitation changes are quite small.

For the end of the 21st century, a warming is expected in all seasons over Europe, which is
stronger than in the first half of the 21st century. All models agree that the largest warming for
summer is projected to occur in the Mediterranean area, southern France and over the Iberian
Peninsula. For winter the maximum warming occurs in eastern Europe (Christensen et al. 2007).
For precipitation, the largest increase is projected in winter, whereas the expected decrease
is the strongest in summer. Changes in the intermediate seasons are less pronounced. Recent
results from enhanced greenhouse-gas scenarios over Europe suggest that not only the climatic
means are expected to change, but there is also an increase in the inter-annual variability of the
future temperature and precipitation values, which can lead to higher probability of extremes
compared to the present-day conditions (Kjellstrom et al. 2007, Vautard et al. 2014).

1.2 Importance and actuality of climate impact analyses in the Carpathian region

Towards the end of the 21st century, regional climate model simulations project a significant
increase of summer temperature and a decrease of summer precipitation sum for the entire
Carpatian basin (Bartholy et al. 2007, Galos et al. 2007, Jacob et al. 2008, Szépszd 2008).
Many of the zonal tree species that have their lower limit of distribution in this region (Matyas
et al. 2009, Matyas et al. 2010), where first of all the increasing frequency of summer droughts
influences the presence, vitality, health status and production of forests. The impacts of the
consecutive dry periods in the last 20-years are already visible in the sensitive forest ecosystems.

Therefore in the forestry sector the importance of complex, long term management planning
is increasing. In the frame of a joint EU-national research project a Decision Support System
“Agrarklima” is under development that provides GIS-supported information about the most
important regional and local risks and mitigation options regarding climate change impacts,
projected for reference periods until 2100 (Matyas et al. 2013). Digital elevation models,
climate, soil and hydrological conditions as well as land use and land cover are also considered.
In this way the system allows the complex assessment of sensitivity, vulnerability, and risk in
the affected sectors.
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Climate change threaten not only the nature-close forestry and the non-irrigated agriculture
but also the industry and infrastructure on local scale. In this way the Decision support system
can provide useful information for adaptation and mitigation strategies in all sectors on different
spatial and temporal scales.

1.3 Research foci

For the analysis of the observed and expected climate change impacts and adaptation
possibilities in the Carpathian basin, a regional scale case study (based on the example of
forestry) as well as a local scale case study (based on the example of a sewage works) will be
introduced.

The following research questions are raised and discussed:

e Are there any climate related impacts observed in the last decades in the two analyzed
sectors?

e What are the projected climate conditions until the end of the 21st century in the
investigated regions?

e What are the expected impacts of climate change in forestry and on the sewage works?

e What kind of strategies and options can be suggested for mitigation and adaptation?

2. Models and methods

For the analyses the climate database of the Decision Support System “Agrarklima” has been
used that contains daily time series for precipitation and temperature means and extremes as
well as derived climate indices for the time period 1961-2100. For the time period 1961-2010,
gridded station data from the EU-project CARPATCLIM database (www.carpatclim-eu.org) are
applied. These serve as reference of the projected changes for the future. For the 21st century,
simulation results of 12 regional climate models from the EU-project ENSEMBLES (www.
ensembles-eu.org) are used based on the A1B emission scenario (IPCC 2007). Applying a set of
regional climate simulations rather than single models, the variability and spread of the results
and the model uncertainty can be evaluated and statistically analyzed. The regional climate
models have already been validated in the frame of international research projects (Jacob et al.
2008).
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The target region covers the Carpathian basin (figure 1). The original horizontal resolution
is 0.22° (~ 25 x 25 km grid) that are interpolated to a 1 km common grid. For the local scale
investigations a small sub-region have been selected (figure 1) that represent the climate
conditions of the investigated sewage work in Central-Hungary.

Figure 1. The analysed region and the selected sub-region (marked with rectangles)

For analysing the long term tendencies of temperature and precipitation for the 21st century,
30-year climate periods have been selected: 2011-2040, 2041-2070, 2071-2100. The projected
climate change has been determined based on the reference period 1981-2010.

General climate indices like frequency of hot days (total number of days on which the daily
maximum air temperature 2m above the ground reaches or exceeds 30 °C; Tmax > 30 °C), very
hot days (Tmax > 35 °C) and heavy precipitation days (total number of days on which the daily
precipitation sum reaches or exceeds 20 mm; P > 20 mm/day) as well as forestry indices (e.g.
Forestry aridity index; Fiihrer et al. 2013) have also be analyzed.

3. Results

3.1 Observed impacts in forest ecosystems

In low-elevation regions in Southeast Europe precipitation is the limiting factor of production
and ecosystem stability. These forests are especially sensitive and vulnerable to the increase
of the frequency of climatic extremes, especially to droughts. The more frequent and severe
droughts at the end of the 20th century already resulted in growth decline, loss of vitality and
the decrease of the production and the macroclimatically suitable area of distribution (Berki et
al. 2009).
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In the comparison of climate zones, the strong correlation between organic matter production
and climate is obvious. The above-ground dendromass responds strongly to the worsening of
climate, irrespective of tree species, while the below-ground parts remain unchanged. The
carbon content of humus and soil increases toward drier climate. This process may become
even more severe with the projected climate change (Berki et al. 2009, Matyas et al. 2010,
Czucz et al. 2011, Fiihrer et al. 2013).

3.2 Projected climate change for the Carpathian basin

For detailed analyses the summer season has been selected, that are especially important
from forestry point of view. Based on the results of regional climate model simulations, summer
temperatures can be higher towards the end of the 21st century in the entire region (figure 2).

Figure 3 represents the summer precipitation sum for 1981-2010 and its projected changes
for the three future time periods compared to the reference interval in the past. The mean of the
12 regional climate model simulations clearly shows the decrease of the summer precipitation
sum, which is projected to be the strongest in the last 30 years of the 21st century and in the
southern regions of the Carpathian basin (Galos et al. 2014).

1981-2010

2011-2040vs. 1981-2010

Figure 2. Summer temperature mean and its projected changes for the investigated time periods (aver-
age of 12 regional climate model simulations)
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1981-2010

2011-2040vs. 1981-2010

2041-2070 vs. 1981-2010

Figure 3. Summer precipitation sum and its projected changes for the investigated time periods (aver-
age of 12 regional climate model simulations)

The total number of summer droughts are expected to increase. Not only the probability but
also the severity of these events can be higher for the end of the 21st century (figure 4). For
2071-2100, half of the 30-year period can be extremely dry. Consequently, the consecutive dry
periods can last longer compared to the end of the 20st century (Galos et al. 2014).

J[

1981-2010 2011-2040 2041-2070 2071-2100

B moderate droughts B extreme droughts

Figure 4. Total number of summer droughts for the investigated time periods (average of 12 regional
climate model simulations, drought definition is based on Gélos et al. 2007)
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3.3 Expected impacts and possibilities for climate change adaptation in forestry

For the 21st century, climate models predict drastic reductions of the climatic niche of
climate sensitive species (primarily beach and sessile oak; figure 5), resulting in increment and
profitability decline.

Il Beech

[ Hornbeam-oak
[ Turkey oak

Il Forest steppe

Figure 5. Climatically suitable areas of the main forest types for 1981-2010 (left), 2011-2040 (middle)
and 2041-2070 (right) based on the forestry aridity index (Fiihrer et al. 2013)

Increasing drought frequency trigger not only change of the climatic suitable area of the main
forest types, but also the decline of growth, the reduction of potential production, the change of
the ecosystem services of forests, the increase of insect gradations and the appearance of heavy
damages caused by earlier insignificant species. Loss of vitality may lead to mass mortality
events (Lakatos and Molnar 2009, Matyas et al. 2010, Fiihrer et al. 2013).

To prepare to the expected impacts and for improving the adaptation strategies, the Decision
Support System “Agrarklima” under development will provide detailed information for each
forestry sub-compartments. It will contain the recommended tree species that are able to adapt to
the projected climate conditions, the expected mortality rate, growth potential, yield, production
capacity as well as the economic aspects of the suggested management options.

3.4 Observed impacts in sewage works

Based on measurements of the last decade, intense precipitation events lead to the significant
increase of the wastewater runoff (figure 6). The effects on the sewage works occur later because
of the runoff time (Antal 2014).
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Figure 6. Precipitation and wastewater runoff for May 2010 for the investigated sewage works (Antal 2014)

No clear correlations have been found between the daily temperature and precipitation
extremes and the ammonia content of the wastewater (not shown). In case of the ammonia
concentration exceeds the defined threshold limit, it can be related to other factors like specific
water consumption, a residence time in the sewer system or the mixing, as well as errors in
wastewater treatment technologies rather than to specific weather and climate conditions.

3.5 Projected climate change for the sub-region

Corresponding to the tendencies discussed in section 3.2, a significant warming is expected
for the whole year in the analyzed sub-region that is the most pronounced in the summer season.
Summer temperature means can be 1-1.5 °C higher for 2011-2040, 2-2.7 °C higher for 2041-
2070 and 3.4-4.2 °C higher for 2071-2100 compared to the reference period 1981-2010.

4.5

dT [°C]

2011-2040 vs. 1981-2010 2041-2070 vs. 1981-2010
—4-2071-2100 vs. 1981-2010
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Figure 7. Change of the monthly temperature means for the investigated time periods (average of 12
regional climate model simulations for the investigated sub-region; figure 1)
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Simulation results of the regional climate models do not show any significant changes of
the annual precipitation sum. But the annual distribution of the rainfall amount is projected to
change. Figure 8 shows the drastic decrease of the summer precipitation sum that can reach the
20-25 % for 2071-2100. Whereas the winter precipitation sums are expected to increase by up
10-15 % relative to the amount in 1981-2010.

dP [%]
20 w2011-2040 vs. 1981-2010
15~ 22041-2070 vs. 1981-2010
10 -~ m2071-2100 vs. 1981-2010

0 = I T T
-5 -
-10
-15 -
-20
-25
Year Spring Summer  Autumn Winter

Figure 8. Change of the annual and seasonal precipitation sums for the investigated time periods (aver-
age of 12 regional climate model simulations for the investigated sub-region; figure 1)

Not only the temperature means but also the probability of temperature extremes are
projected to increase. Daily maximum temperature above 30 °C and 35 °C are expected to be
more frequent towards the end of the 21st century, the total number of hot days in summer can
be doubled compared to the 1981-2010 period (figure 9).

Both the frequency of dry days (not shown) and heavy precipitation days (figure 9) can
increase. In the reference period 1981-2010 the total number of days with larger than 20 mm
precipitation in winter were 8, whereas it can be 16 for 2041-2070 and up to 22 for 2071-2100.
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Figure 9. Total number of hot days (Tmax > 30 °C; left) and heavy precipitation days (P > 20 mm/
day; right) for the investigated time periods (average of 12 regional climate model simulations for the
investigated sub-region; figure 1)
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3.6 Expected impacts and possibilities for climate change adaptation for local scale sewage
works

Due to the higher frequency of extreme high temperatures in summer, the biological processes
of decomposition can be much more intense that can result in rapid decrease of dissolved
oxygen content in the wastewater. These anaerobe processes can lead to more frequent odor
emissions, the wastewater becomes undiluted. The effects can be amplified by the projected
dryer conditions.

The higher probability of intense precipitation events can result in increase of incoming
wastewater amount. The illegal rainwater connections to the sewage network can also cause
additional wastewater in the system. The intense precipitation events can have severe impacts
on the sewage works and pump sewage systems. During the treatment process the biologic
state of the wastewater can lose its balance, rubbish, tar, oil can infiltrate from the roads into the
system that affects the quality of the wastewater.

Recommendations have been worked out including monitoring networks, technological
solutions and environmental education (rise of the public awareness) in order to help the
prevention as well as the adaptation and mitigation to the expected climate change impacts in
the analysed sewage works (Antal 2014).

Prevention. Not only the sewerage systems but also rainwater drainage would be necessary
in every settlements in order to prevent the additional wastewater in the sewage works. After
treatment processes, the collected water in the rainwater storage tank can be used for irrigation
that reduces the use of drinkwater.

Mitigation and adaptation. For reducing the odor emission, nitrate can be added in the sewage
system. The sludge formation can lead to stoppages in the system. Therefore the open waste
water pools should be covered. Appropriate manhole cover application techniques are required,
in order to reduce the precipitation infiltration from the pavement. Well-sealed manhole with
gasket would be a good solution. On the sewage works it would be useful to build a storm water
storage tank, in order to pipe the water here before cleaning.

One of the most important recommendations would be the monitoring networks, because
the operational activities need detailed data and information on the wastewater collection and
treatment system. The sewage system should be often controlled by monitoring cameras. The
regular control of the compression during sewer construction is very important.

It would be also essential to work out a water quality remediation plan especially in nature
protected areas and water bodies that considers also the projected increase of the probability,
intensity and severity of extreme temperature and precipitation events.
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4. Summary and conclusions

Climate change can have severe effects on ecological, economic and social systems,
especially in the sensitive and vulnerable regions. The projected climate tendencies towards
the end of the 21st century, the expected climate change impacts as well as the adaptation
possibilities have been analyzed in the Carpathian basin on regional scale based on the results
of a case study for forest ecosystems. A sewage works has been selected to introduce the local
scale impacts and mitigation options.

Measurements and observations show already visible impacts of recurrent droughts in the
forest ecosystems in the last decades. In case of the wastewater quality exceeds the defined
threshold limit, it can be related to other factors like specific water consumption, a residence
time in the sewer system as well as errors in wastewater treatment technologies rather than to
specific weather and climate conditions. Climatic extremes can be a risk that amplify the effects
of the other factors.

Based on the results of regional climate model simulations for the Carpathian basin,
a significant increase of temperature and a strong decrease (up to 30-35 %) of the summer
precipitation sum is projected towards the end of the 21st century. The frequency of extreme
warm days as well as of the probability and severity of summer droughts and heavy precipitation
events are projected to increase compared to the baseline period 1981-2010.

These climatic tendencies can lead to the loss of the climatically suitable area of the vulnerable
tree species as well as to growth decline, reduction of potential production, the increase of
insect gradations and in worst case to mass mortality events. Climate change threaten not only
the natural ecosystems but also the industry and infrastructure on local scale. The warmer and
dryer summer can lead to the intensification of decomposition processes in the summer months
with more frequent problems related to odor emission. The intense precipitation events can
result in increase of incoming wastewater amount.

Recommendations have been worked out for both forestry and sewage works including
management options, monitoring networks, technological solutions and environmental
education (table 1). For sewage works on local scale it was the first climate impact analyses
in the investigated region, so far. From practical point of view the novelty of the results is the
complex and coherent database that forms a useful tool for decision supporting in the affected
sectors. In this way results of the introduced case studies can provide useful information for
adaptation and mitigation strategies in all sectors on different spatial and temporal scales.
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Table 1. Summary of the results of the regional and local scale case studies

Projected climate Expected impacts Adaptation possibilities
change
o habitat and vitality loss e resistant and adaptive
. species
e increase of mean .
temperatures Forest *  growthand production
p 4 decline, mortality e management options

e more frequent hot days o insect gradations

e technological solutions
e decrease of summer

precipitation sum e more intense decomposition

e  monitoring networks

e odor emission
e more frequent droughts Sewage

e water quality
e increased wastewater runoff remediation plan for
climate extremes

works
e more frequent heavy

precipitation events .
e wastewater quality problems

e education
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Abstract

Soil pollution occurs often with mining, industrial production, accidents or deliberate human
activities. Industrialization and intensive use of chemical substances such as petroleum oil, hydrocarbons,
solvents, pesticides and heavy metals are contributing to environmental pollution. Natural rehabilitation
processes in contaminated soils are slow and can lead to leaching the contaminants to ground water. Soil
restoration treatments are important to assure the effective results. Bioremediation facilitates maximizing
the benefits and minimizing the cost of treatments.
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1. Soil pollution

Contaminants are various unwanted substances introduced into the environment. Harmful
effects and damages by the contaminants lead to pollution process by which natural or man-
made resource is made not suitable for use by humans and other organisms. Pollutants have
been always present and life on the Earth has adapted and evolved against them. With pollutant
substances from geothermal and volcanic activities, meteorites and space dust which are about
100 tonnes of organic dust per day, the Earth is forever a polluted planet (Marcano et al., 2003).
Industrialization and intensive use of chemical substances such as petroleum, hydrocarbons
(e.g. aliphatic, aromatic, polycyclic aromatic hydrocarbons, benzene, toluene, ethylbenzene
and xylenes), solvents, pesticides and heavy metals are contributing to environmental pollution.
Large-scale pollution because of man-made chemical substances and to some extent by natural
substances has become a global concern now. Leakage and run-offs of many organic chemicals
such as pesticides have led to their presence even in rain, fog and snow. Every year about 1.7 to
8.8 million m3 of oil is released into the water in the world. More than 90% of such oil pollution
is directly caused by accidents and human activities including deliberate waste disposal (Zhu
et al., 2001).

Polycyclic aromatic hydrocarbons are present in soil at levels varying from 1 pg/kg to 300 g/
kg, depending on the contamination from burning of fossil fuels, gasification and liquefaction
of coal, burning of waste and wood treatment processes (Bamforth and Singleton, 2005).
Incomplete combustion of organic substances gives out about 100 different polycyclic aromatic
hydrocarbons which are the ever-present pollutants. Except for a few polycyclic aromatic
hydrocarbons used in medicine, dyes, plastics and pesticides, they are rarely of industrial origin
(US EPA, 1998). Some polycyclic aromatic hydrocarbons and their epoxides are highly toxic,
and mutagenic, also to micro-organisms. Polychlorinated biphenyls are used in hydraulic fluids,
plasticizers, adhesives, lubricants, flame retardants and dielectric fluids in transformers and they
are toxic, carcinogenic and degrade slowly. Polychlorinated dibenzodioxins and dibenzofurans
are recalcitrant chemicals and some of their congeners are carcinogenic to humans (Kaiser,
2000). Many solvents such as carbon tetrachloride pollute the environments due to large-scale
industrial production and human use. Pesticides are regularly used in agriculture and in public
health worldwide. Most likely, the environmental effects of many chemical substances are more
important than the benefits they give to humans and require their degradation after the intended
uses (Megharaj et al., 2011).

Metals contamination is a serious problem at many contaminated sites, approximately 75%
of contaminated areas face that problem. The most commonly occurring metals at contaminated
sites are lead (Pb), chromium (Cr), arsenic (As), zinc (Zn), cadmium (Cd), copper (Cu) and
mercury (Hg). The presence of metals in groundwater and soils can cause a significant threat
to human health and ecosystems. The chemical form of the metals influences its solubility,
mobility, and toxicity in polluted ground-water systems. The chemical form of metals depends
on the source of the metal waste and the soil and ground-water chemistry at the site. Typically
metals are relatively immobile in subsurface systems as a result of precipitation or adsorption
reactions. For this reason, remediation activities at metals-contaminated sites have focused on
the solid-phase sources of metals i.e. contaminated soil, sludge, waste or debris (Evanko and
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Dzombak, 1997).

If any site is suspected of being contaminated there is a need to assess the contamination. The
historical use of the site and the materials used and produced on site will guide the assessment
strategy and chemical analysis to be done. Often nearby sites owned by the same company or
which are nearby and have been reclaimed, levelled or filled are also contaminated even where
the current land use seems safe. Also is important to consider off site contamination of nearby
sites often through decades of emissions to soil, groundwater and air. Dust, topsoil, surface and
groundwater samples of neighbouring areas should also be tested, both before and after any
remediation. This is a controversial action as (i) nobody wants to pay for the cleaning up of
polluted site; (ii) if neighbouring areas are found to be contaminated it may affect the value of
their property; (iii) nobody wants to pay for the pollution assessment.

Restoration means gradual transition of ecosystem (including soil) from a degraded state
to a “natural” state (Stanturf and Madsen, 2002). The ecological processes should support
restoration of ecosystem after degradation and disturbance as they are self-sustaining and do
not require external inputs (Bradshaw, 1997).

Fate of poIIutants in 30|Is
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Figure 1. Basic processes associated with contaminants in soil (Source: http://en.wikipedia.org/wiki/
File:Fateofpollutantsinsoils.jpg).

2. Bioremediation of polluted soils

Bioremediation is defined as a process that uses micro-organisms, green plants or their
enzymes to treat the polluted sites for regaining their original condition (Glazer and Nikaido,
1995). Biological and/or chemical remediation is the only option as the problem of pollution
has to be solved without transferring to the future. As the knowledge demand and complexities
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vary for different bioremediation treatments, a better understanding of the premises together
with the limitations of bioremediation aids in maximizing the benefits and minimizing the cost
of treatments (Megharaj et al., 2011).

Phytoremediation is a bioremediation technology that uses green plants to remediate soil,
sediment, surface water, and groundwater environments contaminated with toxic metals, organics
and radionuclides (Pradhan et al., 1998). Phytoremediation is an effective, non-intrusive and
inexpensive tool for soil remediation. It is more cost-effective than alternative mechanical or
chemical methods of removing contaminants from the soil. The ability of plants to degrade
certain organic pollutants is observed by the accelerated disappearance of organic chemicals
in vegetated soils compared with surrounding nonvegetated soils (Burken and Schnoor, 1996;
Cunningham and Berti, 1993).

The process of bioremediation depends on the metabolic potential of micro-organisms to
detoxify or transform the pollutant molecule, which is dependent on both accessibility and
bioavailability (Antizar-Ladislao, 2010). Following entry into the soil, pollutants rapidly bind
to the mineral and organic matter (solid phases) via a combination of physical and chemical
processes. Sorption, complexation and precipitation constitute the pollutant—soil interaction.
The ability of soils to release (desorb) pollutants determines its susceptibility to microbial
degradation, thereby influencing effectiveness of the bioremediation process. In soil aggregates
which are the smallest ‘composite units’ in the heterogeneous soil environment, bioavailability
is limited by transport of the pollutant molecule to a microbial cell, i.e., diffusion of pollutant
out of a soil aggregate to the cell attached to the external surface of the aggregate (Megharaj et
al., 2011).

Bioremediation methods are generally categorized as in situ or ex situ. In situ bioremediation
means treating the polluted soil at the site while ex sifu involves the removal of the polluted
soil to be treated elsewhere (Aggarwal et al., 1990). In situ bioremediation is the process where
organic pollutants are biologically degraded under natural conditions to either carbon dioxide
and water or an attenuated transformation product. It is slower, low-cost, low maintenance,
environment-friendly and sustainable approach for the cleanup of polluted sites. Ground water
pollution because of contaminant mobility is possible with in situ bioremediation. The cost
of ex situ bioremediation approaches can be higher than in sifu methods because of the need for
excavation of the contaminated soil for treatment. In addition, the rate of biodegradation and the
consistency of the process outcome differ between the in situ and ex situ methods. While both
methods of remediation depend essentially on microbial metabolism, the in sifu bioremediation
methods are preferred for ecological restoration of contaminated soil and water environments
(Jorgensen, 2007). Three different types of in situ bioremediation process are (i) bioattenuation
which depends on the natural process of degradation, (ii) biostimulation where intentional
stimulation of degradation of chemicals is achieved by addition of water, nutrient, electron
donors or acceptors, and (iii) bioaugmentation where the microbial members with proven
capabilities of degrading or transforming the chemical pollutants are added (Madsen, 1991).
The suitability of a particular bioremediation technology is determined by several factors, such
as site conditions, initial population of microorganisms and the type, quantity and toxicity of
pollutants present in soil.
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Bioremediationtechnologiesbased onbiostimulationand bioaugmentationincludebioventing,
land farming, bioreactor, and composting (Megharaj et al., 2011). From these technologies
which are at different stages of development in terms of experimentation and acceptance, the
choice of technology option can be made considering many factors which include the class
of organic contaminants and the cost of operation. Sabaté et al. (2004) propose a protocol for
biotreatability assays in two phases, for the successful application of bioremediation technology.
In the first phase, the metabolic activity of indigenous microorganisms at the polluted site and
the presence of possible inhibitors are to be examined to know whether bioremediation itself
is appropriate. In the second phase, the influences of nutrients, surfactant, and specialized
inocula amendment are to be evaluated in microcosms to identify the appropriate treatment for
the polluted site. Improvements in reliability, cost efficiency and speed of remediation can be
achieved by various methods ranging from minimal intervention (bioattenuation), through in
situ introduction of nutrients and/or bacterial inocula, changing of physicochemical conditions
or by novel methods (Romantschuk et al., 2000).

The fate of pollutants is largely influenced by the processes of degradation and sorption which
refers to both adsorption, occurring on surfaces (e.g., between a charged compound and clay) and
absorption, i.e., the sorption beyond the surface into a separate portion defined by the surface
(e.g., partitioning into organic matter). For successful bioremediation treatment, the pollutants as
substrates must be available and accessible either to microorganisms or their extracellular enzymes
for metabolism to occur. Another important limiting factor is microbial movement. Because of
low bioavailability and accessibility of pollutants, biphasic kinetics of biodegradation, consisting
of an initial period of fast degradation, followed by a second, much slower phase, is commonly
observed in soils and sediments during bioremediation (Semple et al., 2004).

Toxicity testing is an integral part of the bioremediation as reduction in toxicity is one aim
and characteristic of bioremediation process. The toxicity of a pollutant to microorganisms is
also a direct measure of bioavailability (Ronday et al., 1997). Megharaj et al. (2000) suggested
that chemical analysis in conjunction with bioassays is needed for toxicological estimations.
Since no single organism is sensitive to all kind of different pollutants, it is relevant to include
several bioassays, by involving different trophic levels of the food chain.

Figure 2. Bioremediation of contaminated soil (Source: http://www.tipner.co.uk).
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3. Metal removal

Toxicmetalsarepotential long-termsources forcontinued soil contamination. Bioaccumulation
of these metals may increase the risks associated with these metals and necessitate the removal
of these metals from the soil. Maximum permissible concentration limits of some metals in
soil is presented in Table 1. The physical and chemical form of the metal contaminant in soil
or water strongly influences the selection of the appropriate remediation treatment approach.
Information about the physical characteristics of the site and the type and level of contamination
at the site must be obtained to enable accurate assessment of site contamination and remedial
alternatives. The importance of adequate, well-planned site characterization to selection of an
appropriate cost-effective remediation approach has been discussed extensively but cannot be
overemphasized. The contamination in the groundwater and soil should be characterized to
establish the type, amount, and distribution of contaminants across different media (Evanko
and Dzombak, 1997).

Once the site has been characterized, the desired level of each contaminant in soil and
groundwater has to be determined. This is done by comparison of observed contaminant
concentrations with soil and ground-water quality standards for a particular regulatory domain,
or by performance of a site-specific risk assessment. Remediation goals for metals may be set as
desired concentrations in groundwater, as total metal concentration in soil, as leachable metal in
soil, or as some combination of these. Several technologies exist for the remediation of metals-
contaminated soil and water. These technologies are contained within five categories of general
approaches to remediation: isolation, immobilization, toxicity reduction, physical separation
and extraction. These are the same general approaches used for many types of contaminants
in the subsurface. As is usually the case, combinations of one or more of these approaches are
often used for more cost-effective treatment of a contaminated site (Evanko and Dzombak,
1997).

Selective excavation and stockpiling of contaminated and non-contaminated materials reduces
the volume of contaminated material requiring remediation. Ex situ and in situ treatments can
be used, in situ treatments are more preferable if soil contamination is at low levels.

Table 1. Maximum permissible concentration limits of some metals in soil (Saleem et al.,
2012).

Maximum permissible concentration of metal
in soil (mg/kg)
Metal

US-EPA standard Dutch standard
Arsenic (As) 14 29
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Cadmium(Cd) 1.6 0.8
Chromium 120 100
(Cr)
Copper (Cu) 100 36
Lead (Pb) 60 85
Mercury (Hg) 0.5 0.3
Nickel (Ni) 32 35
Selenium (Se) 1.6 0.7
Zinc (Zn) 220 140
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1. Introduccion.

En las ultimas décadas el cambio del uso del suelo se ha constituido como uno de los
factores plenamente implicados en el cambio global, alterando procesos y ciclos. Esto parece
trascendental si se considera que es a través de estos cambios donde se materializa la relacion
entre el hombre y el medio ambiente (Lambin et al., 1999).

Los cambios del uso del suelo ya sean legales o ilegales son cada dia mas frecuentes. Segiin
Orozco et al. (2004) el avance de la frontera agricola hacia superficies forestales ha traido
como consecuencia la aparicion de una superficie de labor fragil y con alta susceptibilidad a los
procesos erosivos.

La degradacion de suelos y su pérdida de productividad representa un grave problema
socioecondmico y en este trabajo se pretende dar respuesta mediante la Teledeteccion. La
degradacion puede tener distintos origenes como consecuencia de procesos de erosion,
contaminacion, agotamiento de nutrientes, etc. (FAO, 1996).

El cambio de uso del suelo se ha convertido en un importante factor del cambio climatico
regional y global (Houghton et al. 1999, Chase et al. 2000, Claussen et al. 2001, DeFries et al.
2002, Brovkin et al. 2004); es considerado la primera causa de alteracion del suelo (Matson et al.
1997, Lambin et al. 2001, Foley et al. 2005); y afecta, fuertemente, la capacidad de los sistemas
bioldgicos para soportar y satisfacer las necesidades humanas (Vitousek et al. 1997, Foley et al.
2005). Tales cambios incrementan, a su vez, la vulnerabilidad de ecosistemas y personas frente a
desastres naturales (Lambin et al. 2001). Sin embargo, la pérdida de biodiversidad es el impacto
mas evidente y directo generado por la transformacion de las principales coberturas naturales.
La pérdida, modificacion y fragmentacion de habitats han provocado un fuerte declive de la
biodiversidad a nivel mundial (Pimm & Raven 2000, Sala et al. 2000). Segtn Sala et al. (2000),
el cambio de uso del suelo es el factor que se espera tenga el impacto global mas importante
sobre la biodiversidad al ano 2100, principalmente, debido a sus devastadores efectos sobre la
disponibilidad de hébitat y extincion de especie. Se estima que durante el tltimo siglo, la mayor
parte de los ecosistemas mundiales fueron afectados por el cambio de uso de la tierra (Vitousek
et al. 1997). La mayoria de los impactos se han producido por la pérdida y/o transformacion de
ecosistemas boscosos y praderas naturales en terrenos habilitados para el desarrollo agricola,
ganadero, forestal y urbano/industrial (Sala et al. 2000).

El objetivo de este estudio es de analizar la distribucion espacial de las tendencias de uso
de suelo y vegetacion, mediante Imagenes Satelitales LANDSAT en el Tramo Medio del Rio
Jarama Espaifia, con el fin de realizar una descripcion cuantitativa de los cambios de la cobertura
y uso del suelo en la zona de estudio, donde se aprecie la dindmica entre categorias, asimismo
realizar un analisis temporal de la vegetacion y usos de suelo en el periodo 1984 — 2013, periodo
en el que se han realizado los dos grandes inventarios de erosion en Espaiia.

Nuestro objeto de estudio se encuentra situada en la cuenca del rio Tajo, una de las principales
cuencas espafiolas que recorre la mitad de la Peninsula Ibérica para acabar vertiendo sus
aguas en Lisboa al Océano Atlantico. El tramo medio del rio Jarama, objeto de este estudio
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se encuentra situado entre los 40°50° y los 41°03” de latitud Norte y entre los 3°15"y 3°25°de
longitud Oeste. Las mayores altitudes de la cuenca se encuentran en la zona norte, con 1.810 m.
en el pico de Centenera y 1.436 m. en Cabeza de Almiruete siendo la altitud minima la de 730
m. Debido a que el tramo de rio tiene una extension reducida, las influencias diferenciales del
clima no son apreciables, estando condicionada la evolucion de los suelos a factores litologicos
y topograficos del terreno.

La precipitacion media anual es de unos 500 mm, y el periodo de sequia estival suele durar
unos cuatro meses. Ademas de éste, suele presentarse otro de sequia invernal de unos dos o tres
meses de duracion, como es caracteristico de los climas mediterraneos peninsulares.

0 260,000 520,000 1,040,000 1,560,000 2,080,000

Kilometers

Figure 2. Mapa de localizacion del tramo medio del rio Jarama en Espafia

Figure 3. Aspecto del paso del Arroyo del Lugar en Puebla de Valles (Guadalajara).
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2. Metodologia.

El andlisis de la dindmica de la cobertura y uso del suelo se ha realizado con base en dos
imagenes de satélite tipo LANDSAT TM y ETM, de agosto 1984 y 2013 (path 201, row 032).
El procesamiento digital se realizd con el software ERDAS IMAGINE 2010 operando bajo
plataforma Silicon Graphics con sistema operativo IRIX version 5.3. Los procesos de edicion y
disefio de las coberturas topologicas necesarias para su uso en Arc View (version 3.2) se realizd
en AUTOCAD y ARCAD. El Sistema de Informacion Geografico (SIG) utilizado ha sido ArcGIS
Version 10.0. El modelo metodolédgico utilizado integra las técnicas del procesamiento digital
de imagenes de satélite con el analisis espacial de la informacidn tematica georreferenciada, a
través de un SIG. Los procesos desarrollados fueron los siguientes:

1) Pre-procesamiento digital de imagenes
i1) Procesamiento digital de imagenes
a) Definicion digital de las categorias (fase de entrenamiento).
b) Agrupacion de los pixeles de la imagen por categorias (fase de asignacion).
c) Elaboracion del mapa preliminar.
ii1) Elaboracion del mapa final
a) Verificacion de campo
b) Captura de informacién de campo y ajuste de la clasificacion
¢) Edicion mapa final

iv) Andlisis de la informacion y cuantificacion de los cambios.

El cambio de uso del suelo fue cuantificado usando una matriz de transiciéon que consiste
en una tabla simétrica de doble entrada en cuyos ejes se presentan las coberturas del suelo y en
cada celda la superficie de las areas que experimentaron cambios entre los afios 1984 y 2013.
Las celdas situadas en la diagonal de la matriz contienen la superficie de aquellas areas que no
experimentaron cambios durante el periodo (Lopez et al. 2001, Aguayo et al. 2007).

La matriz de transicion fue construida a partir de la superposicion y algebra de mapas. Las
tasas de cambio fueron calculadas utilizando la siguiente férmula:
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donde, S1 y S2 corresponden a la superficie en el tiempo tl y t2, respectivamente, y P, es el
porcentaje de cambio por afio (FAO 1996, Echeverria et al. 2006).

3. Resultados.

El anélisis de los datos de la matriz de transicion revel6 que alrededor del 70 % del area de
estudio ha sufrido modificaciones en casi todas las coberturas de suelo identificadas dentro del
area de estudio (Tabla 2). Las coberturas que experimentaron mayores cambios corresponden a
pastizales permanentes, arbolado con cabida CV 0.2 - 0.7, cultivos arbdreos y vifiedos de secano,
cultivos de regadio, erial a pastos CV < 0.2, arbolado con cabida CV > 0.7 y el improductivo.
En efecto, los pastizales permanentes aumentaron casi 6 veces registrada en el afio 1984 (Figura
5). En los cultivos arboreos y vifiedos de secano, cultivos de regadio, erial a pastos CV <0.2 ¢
improductivo aun cuando el cambio neto fue negativo, la mayor parte de los suelos incorporados
a esta actividad se atribuyen a la habilitacion de pastizales permanentes, arbustos y matorral y
cultivos herbaceos de secano (Tabla 2). La Matriz nos indica que el abandono de los cultivos de
regadio y cultivos arboreos y vifiedos de secano dio paso a una gran proporcion de pastizales
permanentes, arbustos y matorral y arbolado con cabida CV 0.2 - 0.7. En tanto que el erial a
pastos CV < 0.2 registro una pérdida de casi el 90 % en 29 afios (Tablal).

Pastizales permanentes

El avance de pastizales permanentes, registraron el valor de ganancia mas alto para el periodo
de estudio (Figura 3), En la Tabla 2, explica que gran parte de los cambios en las ultimas tres
décadas, el 36.6 % del incremento neto ocurrid sobre improductivo, el 25.2 % ocupando areas
cubiertas por arbustos y matorral, 22.3 % por cultivos herbaceos de secano, el 21,2 % por
arbolado con cabida CV > 0.7, el 18 .4% erial a pastos con cabida CV < 0.2, el 17.0 % por
cultivos arboreos y vifiedos de secano y solo un 11.4 % por arbolado con cabida CV 0.2 - 0.7.
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A)

Figura 3. Mapa de cambio de los pastizales permanente donde se aprecia el aumento de
casi seis veces durante el afio 1984 (A) y el afio 2013 (B).

Arbolado con cabida CV 0.2 - 0.7

Durante el periodo de analisis esta cobertura registrd una ganancia del 152.2 % respecto a la
superficie ocupada el afio 1984. Esta dinamica generd una tasa de cambio anual positiva del 3.2
% (Tabla 2). Las ganancias adquiridas fueron por efecto de pérdidas de arbolado con cabida CV
> (0.7 con un 32.7 %, el improductivo con 13.3%, cultivos herbaceos de secano 10.4%, erial a
pastos CV < 0.2 con 9.4 %, arbustos y matorral 9.1%, pastizales permanentes con 4.7 % y solo
un 1 % en pérdidas de cultivos arbdreos y vifiedos de secano.

Erial a pastos CV < (.2

Entre 1984 y 2013 fue posible cuantificar una pérdida neta de 3843.20 hectareas erial a
pastos CV<0.2 que equivale al 88.3 % del total existente en el afio 1984. Durante este periodo
fue reemplazado a una tasa del -7.4 % anual (Tabla 2). El 4.8 % de las pérdidas fue producto
de la sustitucion por el improductivo; el 3.9 % paso a la clase de cultivos herbaceos de secano;
el 3.8 % lo sustituyo los cultivos de regadio, 2.5 % por arbolado con cabida CV > 0.7, 2.6 por
cultivos arboreos y vifiedos de secano, 1.4% por pastizales permanentes, 0.7 % por arbustos
y matorral, 0.3 % por arbolado con cabida CV 0.2 - 0.7 y solo el 1.7 % se mantuvo constante
durante el periodo.

|118]



Bernabe A. V., Riesco J.A.; Giménez M.C. y Garcia J.L. Riesgos Naturales & Cambio Climatico

Arbolado con cabida CV > 0.7

Durante el periodo de estudio esta clase tuvo una pérdida de 3012 hectareas, con un
porcentaje de cambio por afio de -4.8. Fueron reemplazados por arbolado con cabida CV 0.2
- 0.7 conun 17.1 %, seguida de todas las demés coberturas con excepcion de los cultivos de
regadio en un rango de 0.8 y 2.1 %.

Arbustos y matorral

Sufrieron cambios positivos de un 30.17 a un 36.52 % durante las ultimas tres décadas, con
un balance neto de 12.6% y un porcentaje de cambio por afio de 0.4 (Tabla 1). Las ganancias
se obtuvieron de erial a pastos CV < 0.2, cultivos arboreos y viiiedos de secano y cultivos de
regadio perdiendo 50.4, 39.3 y 31.7 % de su cobertura respectivamente (Tabla 2).

A) B)
Figura 4. Mapa de cambio de Arbustos y matorral donde se aprecia un incremento del

12.6 %, que representa 901 hectareas del afio 1984 (A) al afio 2013 (B).

Cultivos herbaceos de secano:

Esta clase de cobertura tiene un incremento de 666 hectareas durante el periodo de estudio,
con un balance neto de 21.7 % y un porcentaje de cambio por afio de 0.7 (Tabla 1). Sus ganancias
provienen del abandono de los cultivos de regadio con un 64.5%, cultivo arboreos y vifiedos
de secano con un 36.7%, pastizales permanentes con un 22.4%, erial a pastos CV<(0.2 con
unl7.7%, arbustos y matorral con 9.2% , improductivo con un 8.6%, arbolado con cabida CV
0.2 -0.7 con un 3.8% y Arbolado con cabida CV > 0.7 conun 1.1 % (Tabla 1).
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Cultivos arboreos y viiedos de secano:

Segun el andlisis de la Tabla 1, los resultados arrojan una pérdida de 431 hectareas, que
corresponden a un 97.9 % de balance neto negativo y un cambio por afo negativo porcentual
de 13.3. Estas pérdidas cambiaron a los cultivos herbaceos de secano, pastizales permanentes y
arbolado con cabida CV 0.2 — 0.7, con un 54.4, 22.3 y 10.4 % respectivamente.

Cultivos de regadio:

Tienen una pérdida de 100 hectareas, equivalente al 92.8 % de balance neto negativo y un
porcentaje de cambio por afio de 9.1% negativo (Tabla 1). Estas perdida se manifestaron por
el abandono de esta cobertura transformadas en cultivos herbaceos de secano con un 64.5% y
arbustos y matorral con un 31.8%.

Improductivo:

Obtuvo un efecto de balance neto negativo del 65.7% durante el periodo y un porcentaje de
cambio por afio negativo de 3.7 (Tabla 1). Los espacios ocupados por esta cobertura fueron por
pastizales permanentes (5.0%), cultivos herbaceos de secano (3.7%), arbolado con cabida CV
> 0.7 (2.3%), arbustos y matorral (2.2%), erial a pastos CV< 0.2 (1.6%) y arbolado con cabida
CV 0.2-0.7 (1.2%).

Tabla 1. Uso de suelo y vegetacion para los afios 1984 y 2013, en superficie y balance neto y porcen-
taje de cambio por afio.

Uso y cobertura vegetal Superficie 1984 Superficie 2013 Balance neto Porcentaje de
Ha % Ha % Ha % cambio por

Improductivo 1887 8.2 v 647 2.8 -1240 -65.7 -3.7

Cultivos de regadio 108 05" 8 0.0 -100 -92.8 -9.1
Cultivos arboreos y vifiedos de "

secano 441 1.9 . 9 0.0 -431 -97.9 -13.3

Cultivos herbaceos de secano 3064 13.3 3731 16.2 666 21.7 0.7

Arbustos y matorral 7128 31.07 8029 34.9 901 12.6 0.4

Pastizales permanentes 935 4.1 " 5358 23.3 4423 473.1 6.0

Erial a pastos CV <0.2 3944 17.1: 461 2.0 -3483 -88.3 -7.4

Arbolado con cabida CV 0.2- 0.7 1495 6.5' 3770 16.4 2276 152.2 3.2

Arbolado con cabida €V > 0.7 4026 17.5 1014 a4 -3012 -74.8 a8

Total 23027 100.0 23027 100.0
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Tabla 2. Matriz de transicion. La suma de las columnas y filas corresponde al area total (en hectareas)
de cada cobertura en el afio 1984 y 2013, respectivamente. La lectura de los valores en el sentido de las
columnas indica el cambio de cobertura de suelo y los valores de la diagonal corresponden a la superficie
que no presenta cambios en ese periodo.

Vegetacion y uso 1984

Cultivos

. Cultivos Pastizales . Arbolado  Arbolado
. Cultivosde arboreosy Arbustosy Erial a pastos K K Total
Improductivo i . herbaceos permanente con cabida con cabida
regadio vifiedos de matorral CV<0.2 2013
de secano s Cv0.2-07 Cv>07
secano
(32
b Improductivo 162 0 0 112 154 47 63 18 91 647
‘;‘ Cultivos de regadio 1 0 0 3 0 0 4 0 0 8
w .
5 Cultivos arboreos y
: vifiedos de secano 1 0 5 4 0 0 0 0 0 9
?8 Cultivos herbaceos de
E secano 163 69 162 1667 659 209 698 57 46 3731
ED Arbustos y matorral 511 34 173 122 3721 251 1987 355 874 8029
Pastizales permanentes 690 0 75 682 1799 362 727 170 853 5358
Erial a pastos CV <0.2 90 4 12 120 52 13 65 5 101 461
Arbolado con cabida CV
0.2-0.7 251 0 5 318 651 44 369 636 1497 3770
Arbolado con cabida CV >
0.7 18 0 9 36 92 9 30 255 564 1014
Total 1984 1887 108 441 3064 7128 935 3944 1495 4026 23027

4. Discusion

La libre disposicion y el facil acceso a imagenes satelitales, cuyas primeras escenas datan
de comienzos de la década de los setentas, estan generando una creciente motivacion por
investigaciones relacionadas con el cambio de uso del suelo. Estos estudios se han orientado a
detectar y cuantificar las trasformaciones del paisaje, describir su dindmica temporal y patron
espacial, e indagar en los efectos ecologicos a escala local. Esto da cuenta del gran potencial
que tiene la utilizacion de imagenes satelitales multitemporales para el monitoreo de variables
ambientales y ecoldgicas. En nuestro caso de estudio, las técnicas de analisis espacial y la
disponibilidad de fuentes de informacion previa para calibrar y validar los resultados fueron
apropiadas y suficientes para describir la dinamica del paisaje de un area representativa del tramo
medio del rio Jarama, provincia de Guadalajara Espafia. Es asi como fue posible reconstituir la
composicion del paisaje para los afios 1984 y 2013, cuantificar los cambios ocurridos durante
el transcurso de 29 afios e identificar la transicion espacial de los mismos. Los resultados
confirman que los principales transformaciones del paisaje son consecuencia del incremento de
los pastizales permanentes y arbolado con cabida CV 0.2 — 0.7, pero también del decremento
de cultivos arboreos y vifiedos de secano, arbolado con cabida CV > 0.7, erial a pastos CV <
0.2 e improductivo.
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Abstract

La subsidencia del terreno es un riesgo natural consistente en el hundimiento de la superficie terrestre que genera
importantes pérdidas econdmicas y gran alarma social. La subsidencia del terreno puede deberse a numerosas
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bajo y cinco plantas situado en el casco urbano de Murcia (Espafa), seriamente afectado por asientos diferenciales
inducidos por la subsidencia del terreno por descenso del nivel piezométrico. El edificio, construido entre 1983 y
1986, esta cimentado por medio de una losa de hormigén armado que apoya sobre un estrato de arcillas limosas
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media y que en el presente caso alcanzan los 10 m, lo que se traduce en importantes asientos de consolidacion
que han afectado sensiblemente a la estructura. Con objeto de estabilizar la estructura se realizé un recalce de la
cimentacion mediante micropilotes. Un posterior seguimiento de la estructura mediante un plan de auscultacion,
ha puesto de manifiesto la validez del refuerzo proyectado.
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1. Introduccion

El término genérico de subsidencia hace referencia al hundimiento paulatino de la corteza
terrestre, continental o submarina. La subsidencia del terreno, es un fenomeno que implica
el asentamiento de la superficie terrestre en un area extensa causado por varios factores, que
pueden ser naturales o producidos por el impacto de una gran variedad de actividades humanas
(Corapcioglu, 1984). La subsidencia puede también clasificarse en funcién de los mecanismos
que la desencadenan (Scott, 1979), siendo la subsidencia causada por la extraccion de fluidos
del terreno una de las que mayor importancia tienen y afecta a importantes ciudades como
Venecia, México D.F., Valle de San Joaquin (EE.UU.), Tokio (Japon), Taipei (Taiwan), Pekin
(China). En Espana destaca el caso de Murcia (SE de Espafa) que es en el que se centra el
presente trabajo.

Aunque la subsidencia es un fenomeno geologico que no suele ocasionar victimas mortales,
los dafios materiales que causa pueden llegar a ser cuantiosos. Es de gran importancia en zonas
urbanas, donde los perjuicios ocasionados pueden llegar a ser ilimitados, suponiendo un riesgo
importante para edificaciones, canales, conducciones, vias de comunicacion, asi como todo tipo
de construcciones asentadas sobre el terreno que se deforma.

La extraccion de un fluido (agua) de un acuifero, conlleva normalmente un descenso del nivel
piezométrico en el terreno, que reduce la presion intersticial del agua en los huecos del suelo.
Esta disminucion de presion intersticial genera un aumento de la presion efectiva de acuerdo
con el principio de Terzaghi (1925). El proceso es una transferencia paulatina de tensiones
desde el agua de los poros al esqueleto granular del suelo, de modo que la presion efectiva se
incrementa provocando el cierre gradual de los huecos de suelo que se manifiesta a modo de
asientos en la superficie del terreno.

La subsidencia en Murcia, fue el primer caso documentado en Espana de subsidencia debida
al descenso del nivel piezométrico del sistema acuifero denominado Vega Media y Baja del
Segura, debido a un periodo de sequia prolongada que conllevo también una sobrexplotacion
de dicho acuifero. Desde 1975, el nivel piezométrico de dicho acuifero puede considerarse a
grandes rasgos constante (salvo alguna variaciones menores de 2-3 m) hasta 1992. Es entre 1992
y 1995 cuando se produce un descenso de gran entidad del nivel piezométrico, cuyo maximo
varia de 7.6 m a 10.8 m (Aragoén et al., 2006; Tomas, 2009). Este descenso en la piezometria
estd causado en primera instancia por la sequia, que provoca una disminucion de la recarga
del acuifero, por el descenso de la pluviometria y los excedentes de riego; y un incremento del
bombeo para riegos de cultivos y uso urbano. Una vez finalizado el periodo de sequia, el agua
procedente de las precipitaciones, los riegos, el trasvase y la disminucién de las extracciones de
pozos conllevé una recuperacion media de 4 m (Aragon et al., 2006).

Los datos de asientos por subsidencia en Murcia durante la crisis piezométrica de los afios 90
aportan valores superiores a 10 cm (Tomas ef al., 2005; Tomas, 2009), e incluso entre 15y 30
cm (Jaramillo y Ballesteros, 1997). Estos asientos ocurridos principalmente entre los afios 1992
y 1995 en la ciudad de Murcia afectaron a mas de 150 edificios y otras estructuras con un coste
asociado de unos 50 millones de euros (Vazquez y Justo, 2002; Mulas et al., 2003; Rodriguez

| 126



Esteban Diaz, Pedro Robles, Roberto Tomas Riesgos Naturales & Cambio Climdtico

Ortiz y Mulas, 2002), encontrandose entre los edificios dafiados el que es objeto de este trabajo.

Las implicaciones de este fendmeno en las edificaciones han sido ampliamente investigadas
por Vazquez y Justo (2002) y por el IGME (2000) entre otros autores. Segun estos, en general,
las lesiones dependen principalmente de la tipologia de cimentacion de la estructura.

El presente trabajo tiene por objeto exponer la investigacion realizada para determinar las
causas de las patologias observadas en un edificio sito en el casco urbano de Murcia, asi como
describir el protocolo de actuacion llevado a cabo para consolidar la estructura, con objeto de
poder servir de referencia en el tratamiento de casos similares.

2. Descripcion de la estructura

El caso estudiado en el presente documento, se enmarca en el contexto subsidente
anteriormente comentado. Se trata de un edificio ubicado en Murcia frente a los jardines del
Malecoén, en la calle Pintor Sobejano.

Seglin datos catastrales la superficie total construida del edificio es de 8308 m? que en
planta supone 1861 m? (Figura 1), aproximadamente una cuarta parte de la extension total de la
manzana. La edificacion posee planta s6tano, planta bajay 5 alturas adicionales y esta cimentada
mediante una losa de hormigon armado de 30 cm de canto que posee correas transversales de
0,50 x 0,50 m? y nervios longitudinales de 0,50 x 0,80 m? (b x h). Si bien el edificio posee otra
zona que se eleva Unicamente hasta planta baja y esta cimentada por medio de zapatas aisladas,
esta zona no ha sufrido dafios excesivos, por lo que el estudio no se centrara en ella.

Sondeo 2
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Figura 1. Plano de planta del s6tano del edificio estudiado, con la posicion de los sondeos realizados.
La fachada principal es la situada en el extremo Sur.

S
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La estructura, se resuelve con forjados unidireccionales de semiviguetas pretensadas (dobles
en el primer forjado y simples en los seis restantes) y bovedillas prefabricadas de hormigon,
apoyados en vigas de hormigon armado, colgadas de 30 cm de canto en el primer forjado y
planas de 23 cm de canto en los seis restantes, dirigidas paralelas a fachada y sobre pilares
del mismo material. Las semiviguetas se sostienen por la armadura de negativos y un escaso
macizado parcial de la primera bovedilla (es decir, sin penetracion en la entrega ni armadura de
enlace). La planta asimétrica de la edificacion hace que las luces entre pilares puedan presentar
valores heterogéneos, oscilando entre los més de 4 metros hasta los casi 7 del tercer portico.

Las vigas y pilares forman, en la zona cimentada mediante losa, porticos paralelos a fachada,
los tres mas externos de los cuales estan atados mediante zunchos que recorren las medianeras,
la junta de dilatacion, los perimetros de los huecos de las cajas de escaleras y ascensores y los
que unen estos ultimos con el portico de fachada.

La fachada principal esta revestida en ladrillo caravista y de ella arrancan voladizos de 1 m,
empleados indistintamente como balcones o como ampliaciones de las habitaciones interiores.

La distribucion de cargas en el edificio es asimétrica, poseyendo el portico de la fachada Sur
o fachada principal, cargas superiores a las del resto de porticos, lo que provoca una asimetria
en el reparto de cargas del edificio.

3. Descripcion de las lesiones

En el momento de la visita previa al estudio, la edificacion presentaba lesiones debidas,
simultdneamente, a un acusado desplome del edificio hacia su fachada principal (Sur) y a la
existencia de diversos cuadros de fisuracion de distintos elementos (agrietamiento generalizado
de la solera y muros en el aparcamiento situado en la planta sotano, fisuracion aislada de algunos
elementos verticales y horizontales de zonas comunes y privativas, etc.).

Figura 2. Detalles del desplome del edificio y del contacto entre las medianeras, con desajuste de la
medianera por interaccion entre edificios.
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El desplome de su fachada principal es apreciable a simple vista ya que, a la altura de la
azotea, registraba un desplazamiento respecto de subase de 11,5 cmy 17,7 cm en las direcciones
SW y SE, respectivamente, que ademads se evidencia por comparacion de la verticalidad con las
fachadas adyacentes (Figura 2).

En el sétano, los cerramientos y muros perpendiculares a las fachadas poseen fisuras
inclinadas 45° crecientes, en altura y apertura, hacia la fachada principal (Figura 3). Su magnitud
real no pudo concretarse debido a las sucesivas operaciones de sellado estético llevadas a cabo,
pero podia suponerse en torno al medio centimetro. El muro Este presentaba diversas grietas
simétricas a las anteriores en su extremo norte, asi como verticales (y también crecientes en
altura) en la zona de arranque de la rampa de acceso de vehiculos.

En el mismo so6tano, la solera del aparcamiento presentaba un agrietamiento generalizado
en el que destacaban grietas longitudinales practicamente paralelas a la linea de fachada que
discurrian desde un muro al opuesto, coincidiendo con el espacio equidistante entre los distintos
porticos. Desde el sdtano también se apreciaban, en la base del primer forjado, amplios tramos
con grietas zigzagueantes en la zona de entrega de las semiviguetas a las vigas, asi como algunas
finas fisuras de recorrido rectilineo en trazos transversales entre los porticos.

Figura 3.Vista de la grieta del extremo sur del muro oeste y detalle del testigo de control de fisura
instalado.
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Ya en el exterior, el ladrillo caravista de algunos tramos estaba seccionado por grietas de
recorrido vertical que avanzaban desde cota de rasante hasta alcanzar el segundo forjado
(Figura 4). A pesar de ello, el estado del resto de la superestructura era, en apariencia, bueno,
sin registrarse ningun cuadro de fisuracion destacable en sus partes vistas.

Figura 4. Fisuracion vertical del pafio de revestimiento de ladrillo caravista debido a una compresion
excesiva.

Ademas de las lesiones descritas, existen otras de indole menor y de las que se prescinde su
descripcion por la escasa informacion que aportan al presente documento.

Respecto a la cronologia de acontecimientos, las obras de construccion del edificio
comenzaron en septiembre de 1983 y se prolongaron hasta abril de 1986. Los primeros dafios
visibles aparecen en 1995, coincidiendo con la sequia que se produjo en la vega de Murcia entre
1991 y 1995. A raiz de la aparicion de estos dafios, se han realizado varios informes sobre las
lesiones en los afios 1996, 1999 y 2007, que concluyen con origenes diversos de las patologias
detectadas, ninguno de ellos relacionado con asientos excesivos de la cimentacion.

4. Investigacion realizada

La investigacion llevada a cabo se inici6 en junio de 2008 y continta en la actualidad con
el seguimiento de la estructura. Los trabajos llevados a cabo se dividen en dos grupos, los
trabajos in situ y los trabajos de gabinete. Dentro de los trabajos in sifu, se han realizado: a)
ensayos geotécnicos; b) ejecucion de rozas y calicatas, con objeto de evaluar las dimensiones,
procedimientos constructivos, lesiones y/o deficiencias de una seleccion de elementos ocultos

[130]



Esteban Diaz, Pedro Robles, Roberto Tomas Riesgos Naturales & Cambio Climdtico

de la estructura; c) determinacion de deformaciones en la losa de cimentacidon, desplomes de
pilares y fachadas y flechas de los forjados; d) instalacion de testigos de control de fisura, para
el seguimiento continuado del movimiento entre ambos labios de la fisura, y determinacion de
su magnitud, direccion, sentido y variacion temporal (velocidad y aceleracion); y e) extraccion
y ensayo de probetas-testigo de hormigon.

4.1 Condiciones geotécnicas.

Para determinar las condiciones geotécnicas del emplazamiento, se han realizado dos sondeos
mecanicos a rotacion con recuperacion continua de testigo (Ver Figura 1). En el interior de los
sondeos se realizaron ensayos estandar de penetracion dinamica (SPT), asi como la toma de
muestras inalteradas para su posterior ensayo en laboratorio. Una vez finalizados los sondeos, se
continuo la investigacion en profundidad mediante la realizacion dos penetraciones dindmicas
continuas de tipo superpesado (DPSH). La profundidad alcanzada en la investigacion ha sido
de 22 m por debajo de la cota de cimentacion. Basandonos en los sondeos ejecutados y en los
resultados de los ensayos realizados “in situ” y en laboratorio sobre las muestras tomadas, las
caracteristicas geotécnicas de los materiales investigados son las siguientes:

e Nivel I, arcillas limosas: Corresponde a materiales que poseen unas caracteristicas
fundamentalmente cohesivas. Se extiende hasta una profundidad maxima de 5.4 m.
En esta Unidad Geotécnica se han realizado ensayos de penetracion estandar (SPT),
obteniéndose valores de N, entre 5y 16 (este ultimo de forma puntual), que indican que
la consistencia de estos materiales varia de blanda a media. De los anélisis de laboratorio
realizados se deduce que son materiales que no presentan plasticidad o es baja, con un
limite liquido de 39,4% y un indice de plasticidad de 18,4%. Su contenido en finos
(porcentaje en peso de material que pasa por el tamiz 0,080 UNE) varia entre 79,0
y 90,0%. Los anteriores pardmetros hacen que este suelo esté incluido en los grupos
CL (arcillas inorgéanicas de baja plasticidad) y ML (limos arenosos), segun el Sistema
Unificado de Suelos. Su humedad natural media es del 21,7%. Seglin los ensayos
edométricos poseen un indice de poros inicial de 0,80 y un indice de compresion de 0,24.
Este nivel posee un ligero buzamiento hacia el Sur, de forma que en el extremo Norte de
la losa su base se encuentra a 3.65 m de profundidad con respecto a la cara inferior de la
cimentacion y en el extremo Sur de la misma, la distancia aumenta a 5.40 m.

e Nivel II, arcillas limoarenosas: Seguidamente y hasta una profundidad maxima de 15
m, se observan unas arcillas que presentan un apreciable contenido limo arenoso, siendo
este mas frecuente hacia el muro de ambos sondeos y algo mas elevada su presencia
relativa en el sondeo 2. Se trata de materiales fundamentalmente finos y de caracteristicas
cohesivas, aunque en profundidad la presencia limo-arenosa, le confiere un cierto
caracter granular. Los ensayos de penetracion estandar (SPT) proporcionan valores de
golpeo variables entre 0 y 5; igualmente se han realizado 3 ensayos a compresion simple

|131]



Esteban Diaz, Pedro Robles, Roberto Tomas Natural Hazards & Climate Change

obteniéndose resultados de rotura de: 38, 90 y 140 kN/m?, que dadas las caracteristicas
de los materiales, consideramos mas proximos a la consistencia real del nivel que la
deducida en base a los SPT. De esta manera la consistencia de esta unidad varia entre
blanda y firme. Andlogamente a lo indicado para la unidad geotécnica anterior, son
materiales no plasticos o de baja plasticidad, con un limite liquido de 37,6 y un limite
plastico de 18,4. Su contenido en finos es del 98%, en los tramos mas arcillosos, a
techo de nivel y del 85% a muro del mismo, lo que hace que se clasifiquen como CL
(arcillas inorganicas de baja plasticidad), ML (limos arenosos) o SM (arenas limosas).
Los ensayos edométricos proporcionan un indice de poros inicial de 0,73 y un indice
de compresion de 0.18. Su humedad natural varia entre el 21,7 y el 28,1%. Otros
parametros obtenidos o estimados a partir de los ensayos realizados son el angulo de
rozamiento interno y la cohesion efectivos medios que adoptan valores de 25°y 15 kN/
m?, respectivamente, y la densidad seca media que adopta un valor de 16,5 kN/m>.

e Nivel III, gravas en matriz arenosa: Por ltimo y hasta la finalizacién de los sondeos,
observamos unas gravas muy redondeadas entre una matriz de arena fina. Las gravas
tienen tonalidades claras y son de origen carbonatado y metamorfico (filitas y cuarcitas).
Se recogen en esta unidad los materiales recuperadas en las Ultimas maniobras de
los sondeos. Son materiales de propiedades claramente granulares no plasticos, con
contenidos en finos del 2,3% y con una compacidad muy densa. Se clasifican como GW
(gravas bien graduadas con pocos finos) segtn el Sistema Unificado de Clasificacion de
Suelos. Su contenido en humedad natural es del 6,3%. Su angulo de rozamiento interno
es de de 41° no presentando cohesion. De la observacion de los datos aportados por las
penetraciones dindmicas en este nivel, se puede decir que muestran una clara tendencia
a aumentar los valores de N, en profundidad, presentando valores elevados, por encima
de 35, con algun resultado puntual de 4 6 6 que probablemente indica la presencia de
lentejones arenosos entre las gravas, e incluso rechazo a partir de los 21 metros de
profundidad.

e Durante la ejecucion de los sondeos (3 de julio de 2008) se localizé el nivel freético a
una profundidad de 10,5 m. De las informaciones de pozos municipales cercanos, se
tiene un conocimiento exhaustivo de las variaciones recientes del nivel piezométrico
de la zona. En concreto, los pozos indican, de media, que la posicion del nivel freatico
en la zona en 1983, estaba en torno a 3 m por debajo de la cota de la calle y en 1995 se
localizaba a 13 m de profundidad con respecto a la misma referencia.
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4.2 Determinacion in situ de deformaciones

Con la intencidn de fijar la magnitud de los movimientos sufridos por el edificio, evidentes en
el contacto exterior con el colindante que acompaia al desplome y por el cuadro generalizado
de fisuracion que presenta la solera del aparcamiento debido a asientos de la cimentacion, se
procedi6 a su cuantificacion. El conocimiento de estos datos servira para determinar el tipo de
movimiento (giro y asiento, diferenciales o en bloque) que ha sufrido la estructura.

4.2.1 Desniveles en solera de sotano

La cuantificaciéon de los desniveles se llevo a cabo en la planta sétano, mediante el
levantamiento taquimétrico de las bases de los pilares y de los muros perimetrales, en su caso.
Para conocer la altimetria se emple6 un teodolito con mira telescopica y una precision de +1 mm.
El cruce de los datos obtenidos con la planimetria proporcionada por los planos del proyecto
permiti6é determinar la topografia de la solera y deducir los descensos locales de los puntos
analizados. En la Figura 5 puede observarse, una representacion de todos los puntos estudiados
con un cddigo de colores que indica su magnitud.

4.2.2 Calculo de desplomes

En cuanto a la medida de los desplomes, se analizaron en diversos elementos de la estructura
con el fin de matizar el tipo de giro y su posible repercusion estructural. A este respecto, se realizo
un control del desplome general de las fachadas y otro parcial de varias hiladas del primer tramo
de pilares (en la planta sdtano), todos ellos en la direccion Norte-Sur. Para el ensayo se utilizo
plomada y cinta métrica con precision milimétrica. Con las lecturas asi obtenidas se calcul6 la
razon porcentual desplome/altura, se tabularon los resultados y se representaron sobre el plano
de planta (Figura 6).

Figura 5. Mapa de desniveles medidos en la cara superior de la losa de cimentacion.
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Figura 6. Mapa de desplomes de los pilares de la planta sétano.

5. Analisis realizado y solucion de recalce adoptada

Con objeto de determinar las causas de las patologias observadas, se ha realizado un
analisis del conjunto estructura-subsuelo empleando el método de los elementos finitos (MEF),
considerando las cargas reales de la edificacion con la asimetria anteriormente comentada.
Para ello se ha modelizado una seccion transversal de la estructura perpendicular a la fachada
principal, y se han tenido en cuenta dos fases en el calculo, una inicial, con el nivel piezométrico
a cota -3 m (profundidad en el momento de finalizar la construccion) y otra final con el nivel
fredtico a cota -13 m (méxima profundidad alcanzada en los registros). Un esquema del modelo
adoptado puede observarse en la Figura 7. Ambas situaciones se han resuelto para un proceso
de consolidacion, teniendo en cuenta los parametros geotécnicos derivados de los ensayos
edométricos realizados.
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Cimentacién mediante Fachada principal
losa de hormigén armado
Cota: -2.5m
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Figura 7. Esquema del modelo de elementos finitos adoptado. Las propiedades de los diferentes nive-
les se describen en detalle en la seccion 4.

En la Figura 8 puede observarse el perfil longitudinal de asientos de la cimentacion para la
situacion final considerada. Como puede contemplarse los valores obtenidos por el MEF y los
determinados in situ, poseen un grado de acuerdo considerable, confirmando el giro relativo del
edificio en sentido y magnitud similar a lo observado en la realidad. Las diferencias existentes
se deben al comportamiento elastico adoptado para simular la cimentacion en el modelo de
elementos finitos y al resto de incertidumbres del calculo. Puede concluirse que el descenso del
nivel piezométrico ha sido el causante principal de los dafios observados. La modelizacion de
la fase previa (con el nivel freatico a la cota de 1983) no explica la magnitud de los asientos
observados, aunque si revela el comienzo del giro del edificio que probablemente concentro las
tensiones en la zona de terreno infrayacente a la fachada principal, lo que incrementd atin mas
el asiento de la zona a medida que disminuia el nivel freatico hasta situarse en su valor minimo
(segunda fase modelizada, 1995).

]

23.06 cm

Figura 8. Perfil longitudinal N-S de asientos a lo largo del elemento de cimentacion considerado.
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En definitiva, la asimetria de las cargas que actuan sobre la losa y la diferencia de espesor de
la capa de terreno de mayor compresibilidad (arcillas limosas) ha provocado el giro en bloque
del modulo de viviendas en la direccion de la fachada principal (fachada S), con desplomes
similares de las fachadas Ny S (=1,0%) y pérdida de horizontalidad de los solados. Al tratarse de
una estructura cimentada con losa armada se ha reducido la repercusion estructural del asiento
diferencial sobre la edificacion. El eje del giro es casi paralelo a las fachadas, levemente rotado
en planta en sentido levogiro, lo que ha conducido al apoyo del edificio en el colindante. Este
apoyo ha supuesto la aparicion de esfuerzos horizontales, absorbidos fundamentalmente por las
viviendas de ese extremo con resultados de roturas de pafos y alicatados por la compresion a
que se han visto sometidos.

Todo este proceso se ha visto acompafiado por la insuficiente rigidez de la cimentacién
disefiada, para un proceso de giro de esta magnitud.

Una vez determinado el sentido del movimiento y su magnitud y que se tienen claras las
causas que lo han provocado, se procedio al disefio del sistema de refuerzo de la estructura. El
sistema de refuerzo conlleva actuaciones en la estructura sobre las que no se entrard en detalle
(refuerzos en el encuentro jacenas-semiviguetas con un perfil angular, refuerzos de forjados,
etc.) y actuaciones en la cimentacion, enfocadas al cese de los movimientos.

Dadas las caracteristicas del terreno en sus primeros metros y el tipo de cimentacion
existente, se descartd cualquier tipo de recalce superficial de la cimentacioén y se recomendd
recurrir a un recalce profundo mediante micropilotes, que atravesaran los niveles superficiales
y transmitieran las cargas de la cimentacion superficial al nivel inferior de gravas (Nivel III).
Estos micropilotes se disefiaron teniendo en cuenta el rozamiento negativo que podrian suftir
en un futuro debido a posibles oscilaciones del nivel fredtico (Justo et al., 2002). Las obras de
recalce finalizaron en el mes de junio de 2010.

6. Seguimiento del edificio

Una vez realizado el recalce de la cimentacion, se disefid un plan de auscultacion de la
estructura, con objeto de verificar la idoneidad del recalce ejecutado, el plan contemplaba las
siguientes acciones:

e Control del asiento relativo de una seleccion de pilares del edificio y otros situados fuera de
la zona intervenida (todos en planta so6tano).

e Seguimiento del control de los testigos equilateros de control de fisura en distintos puntos
del edificio, caracterizando los posibles movimientos del mismo (Figura 3).

e Seguimiento de la cota del nivel freatico bajo el edificio.
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Del analisis de los datos del plan de auscultacion que se poseen hasta la fecha, se puede indicar
que respecto a la altimetria comparada en solera de sétano, los incrementos diferenciales de cota
detectados entre las bases de los pilares son nulos o de escasa importancia (préximos al error de
medida). En este segundo caso, los desplazamientos medidos no presentan un patrén definido
en su tendencia, proporcionando un valor medio de 2 mm (Figura 9). El orden de magnitud de
este valor es perfectamente congruente con el error absoluto asociado a la precision del propio
sistema instrumental de medida. En consecuencia, no se aprecian movimientos que indiquen
ningun tipo de inestabilidad global del edificio.

Comparativo altimétrico
(cotas relativas de bases de pilares respecto P89)

Pilar n°®
1 4 8 10 13 17 19 23 26 32 36 39 43 45 51 55 58 63 79 83 89

07
-50 1

-100

-150 1

-200 ]

250 1

-300

-350 1
Cota (mm)

m24/02/2011 @05/05/2011 @28/02/2012 = 26/04/2013|

Figura 9. Comparacion en el tiempo de las medidas de las cotas relativas de la base de los pilares rela-
tivas al pilar 89.

Respecto a los testigos de control de fisura, se desprende que durante el periodo de
seguimiento, los testigos registran movimientos oscilatorios, en general horizontales y de
amplitud submilimétrica, debidos a variaciones de temperatura, cerrandose las fisuras o juntas
monitorizadas en verano y abriéndose en invierno (Figura 10).
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Figura 10. Desplazamientos acumulados (en mm) en un testigo de control (testigo n° 4).

Algunos de los testigos revelan pequefios movimientos de magnitud levemente creciente
como resultado de su funcionamiento como junta y debido a fenomenos de histéresis elastica

y fatiga de materiales, pero en ninglin caso corresponden a movimientos de la cimentacion que
pudieran derivar en dafios estructurales (Figura 11).
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Figura 11. Desplazamientos acumulados (en mm) en un testigo de control (testigo n°6).
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Respecto al control del nivel freatico, el analisis de las medidas apunta a una estabilizacion
asintotica a la cota -2,00, acorde al régimen hidrico de los ultimos afos, con precipitaciones
por encima de la media que han provocado un ascenso practicamente continuo de més de 8
metros en los ultimos 4,5 afios (Figura 12). En los meses de septiembre de 2008 y 2009 se
detectaron dos minimos relativos (Figura 12), coincidentes con sus respectivas épocas de menor
aportacion anual (estiaje). Este hecho pone de manifiesto que en absoluto se pueden considerar
las variaciones del nivel piezométrico como algo accidental, y que deben ser tenidas en cuenta
a la hora de proyectar el recalce de la cimentacion, tal y como se ha llevado a cabo en el recalce
ejecutado.

Profundidad NIVEL FREATICO
(m.)
0.00

-2.00
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- /
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Figura 12. Evolucion del nivel freatico en el sondeo 1. La localizacion del sondeo 1 se muestra en la
figura 1.

7. Conclusiones

La subsidencia del terreno por descenso del nivel piezométrico es un riesgo natural
relativamente poco conocido hasta la fecha en Espafa, que puede provocar asentamientos de
gran envergadura en la superficie terrestre. En los afios 90, el casco urbano de Murcia y su
entorno sufrid el primer caso importante de subsidencia detectado en Espafia debido a un brusco
descenso del nivel piezométrico provocado por un conjunto de factores, entre los que destacan
un periodo prolongado periodo de sequia y la sobrexplotacion de los acuiferos. Dentro de este
contexto de hundimiento paulatino de la superficie del terreno, son mas de 150 edificios, los
que han sufrido dafos asociados a este fendmeno (Vazquez y Justo, 2002; Mulas et al., 2003;
Rodriguez Ortiz y Mulas, 2002), entre los que se encuentra el objeto del presente trabajo.
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El presente trabajo establece una metodologia de estudio para este tipo de edificios con
lesiones, que como se demuestra con el estudio de seguimiento llevado a cabo ofrece resultados
satisfactorios. Los aspectos mas relevantes del estudio llevado a cabo se exponen a continuacion.

El casco urbano de Murcia ha estado y estd sometido a un proceso de subsidencia gobernado
por fuertes variaciones del nivel piezométrico, que han afectado y afectaran a numerosas
edificaciones y obras de cualquier tipo en contacto con el terreno.

Las lesiones que aparecen en el edificio objeto de estudio se deben principalmente a dicho
proceso de subsidencia y se explican coherentemente con una bajada del nivel freatico de 10 m
que se produjo en esta zona de Murcia entre los afios 1983 y 1995. Este hecho ha sido avalado
por la modelizacion de la consolidacion producida mediante el MEF, a través del cual se explica
el basculamiento del edificio. Dicjo basculamiento se debe por una parte, a la diferencia de
espesor del nivel geotécnico de mayor compresibilidad (Nivel I de arcillas limosas) bajo la
cimentacion, poseyendo su mayor espesor en la zona de la fachada principal, y por otra a que
existe una asimetria de cargas en el edificio, siendo la zona de la fachada principal la zona mas
cargada. Este hecho provoca un ligero giro de la estructura que no hubiera llegado a mas de no
ser por el descenso del nivel piezométrico, que afecta mas a esta zona debido a la concentracion
de tensiones en el terreno provocada por el ligero giro previo, por la distribucion desigual de
espesores de la capa de terreno mas compresible bajo la cimentacion y por la mencionada
asimetria en la carga del edificio.

En este contexto subsidente, cualquier heterogeneidad en el edificio (asimetria de cargas,
asimetrias geométricas, distintos planos de cimentacion, diferentes tipologias de cimentacion,
etc.) pueden ver magnificados sus efectos y producir dafios de consideracion en el edificio, lo
que se debe tener en cuenta en fase de proyecto. Del mismo modo, cualquier heterogeneidad en
el terreno, en este caso una diferencia de espesor de la capa de mayor compresibilidad bajo la
cimentacion, provoca también un aumento en la magnitud de los dafios, aspecto que igualmente
debe ser considerado en fase de proyecto.

Las soluciones de recalce de la cimentacion a adoptar en este tipo de edificios afectados
por subsidencia, deben ser soluciones de recalce profundo, ya que el proceso de variacion del
nivel fredtico es activo, pudiendo ocasionar nuevos fendmenos de consolidacion de las capas
mas superficiales del terreno. Asimismo, es recomendable considerar en su disefio, las acciones
adicionales por rozamiento negativo que puedan afectar a los micropilotes como consecuencia
de futuros descensos piezométricos.

El plan de auscultacion disefiado para verificar la idoneidad de la solucion de recalce
proyectada, ha puesto de manifiesto la ausencia actual asientos en la cimentacion.
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Abstract

La posicion de las estrellas en el cielo ha sido una constante empleada por el ser humano desde
hace milenios para realizar todo tipo de mediciones, desde el paso del tiempo a la posicion o la ruta a
seguir para llegar a cierto destino. Las Islas Canarias destacan a nivel mundial no s6lo por la calidad
de su cielo nocturno sino también por su geologia. Su origen volcédnico y la actividad que aun presenta
hacen que sea necesario mantener un cierto grado de vigilancia ante posibles sintomas de reactivacion
volcanica, como la emision de gases, los terremotos o la deformacion del terreno, que puede variar
entre unos pocos milimetros y varios centimetros. Precisamente para este ultimo fin, la medicion de
posibles deformaciones en el terreno, tanto verticales como horizontales, debidas principalmente a causas
volcanicas, se ha disefiado un dispositivo que, con un telescopio y un sensor CCD, es capaz de detectarlas
mediante el uso de la posicion invariante del polo Norte celeste en el cielo.
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1. Introduccion.

Las deformaciones del terreno son desplazamientos del suelo con respecto a su posicion
habitual. Estos movimientos pueden ser tanto verticales como horizontales y sus causas
pueden ser variadas: desde deslizamientos debidos a inestabilidad o asentamiento del terreno,
a movimientos a causa de aguas subterraneas, terremotos o actividad volcanica. Analizar
estas deformaciones y monitorizarlas, ya sea mediante GPS, interferometria SAR (InSAR) o
cualquier otro método, puede ser de vital importancia, ya que pueden ser un indicador temprano
de fenomenos como deslizamientos de tierra o reactivacion volcénica y, por tanto, suponen una
informacion de gran valor a la hora de prevenir danos debidos a estos sucesos. Ademas, nos
ayudan a mejorar nuestro entendimiento acerca de los procesos dinamicos que se producen en
la litosfera y a cuantificar los riesgos geoldgicos.

En este trabajo se analizaran las deformaciones debidas esencialmente a los procesos
volcéanicos presentes en el archipiélago canario y especialmente en la isla de Tenerife. En
general, la superficie del terreno en torno a un area volcanicamente activa se deforma durante
y después de los terremotos producidos por esta actividad, asi como a consecuencia de las
erupciones y la evolucion del volcanismo. Cuantificar la magnitud de estos cambios constituye
un medio de detectar precursores o sintomas tempranos de una erupcion antes de que el magma
comience su camino hacia la superficie.

2. Situacion geologica.

Tenerife es la mayor de las islas del archipiélago canario, asi como una de las islas volcanicas
mas grandes del mundo. Se encuentra entre las latitudes 28-29° N y longitudes 16-17°W, a casi
300 kilémetros de la costa africana. Es una region volcanica activa cuya edad varia, segun la
zona, desde el Mioceno Medio hasta el presente, sin evidencia de que hayan transcurrido lapsos
importantes de tiempo sin actividad volcanica en los ultimos 3 6 4 Ma (Ancochea et al., 1990,
1999). Esta actividad se hace evidente en las fumarolas permanentes presentes en el crater
del Teide, las emisiones de gases difusos (Valentin et al., 1990; Albert-Beltran et al., 1990;
Hernandez et al., 1998; Pérez et al., 1996), las temperaturas de las aguas subterraneas, que
alcanzan los 50°C y la contaminacion de las aguas subterraneas del subsuelo en el area central
de la isla (Bravo et al., 1976; Carracedo and Soler, 1983; Farrujia et al, 1994).

La morfologia de Tenerife es el resultado de una compleja evolucion geoldgica: la parte
subaérea de la isla fue formada por erupciones fisurales de ankaramita, basanita y basaltos
alcalinos que ocurrieron en un periodo de entre 12 y 3.3 Ma (Ancochea et al., 1990; Arafa et al.,
2000; Guillou et al., 2004). Estas formaciones crearon volcanes en escudo que permanecen en
el presente como tres macizos erosionados que ocupan las tres esquinas de la isla (Teno, Anaga
y los macizos de Roques del Conde). En la zona central de la isla, formada desde hace 3.5 Ma
hasta el presente, la emision de basaltos y otros materiales volcanicos cre6 un gran complejo
volcanico central, el Edificio de Las Cafiadas. Tras una etapa de actividad de tipo mafico, tuvo
lugar una sucesion de periodos de actividad fonolitica que culminaron en la formacion de una
gran depresion eliptica conocida como la Caldera de Las Cafiadas. En el sector Norte de esta
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caldera, se asienta el complejo Teide-Pico Viejo, un gran estratovolcan producto de la fase
mas reciente de este volcanismo central (su edad se estima en unos 175 Ky). La actividad
basaltiva post-escudo, que se superpone al edificio de Las Canadas se encuentra presente
fundamentalmente en dos crestas, la NE y la NO, las cuales convergen en la zona central de la
isla (Ancochea et al., 1990; Carracedo, 1994; Ablay and Hurlimann, 2000). Colapsos laterales
en gran escala son los responsables de la formacion de los tres valles principales: La Orotava,
Gliimar e Icod. La actividad eruptiva historica ha consistido en seis erupciones estrombolianas
(Cabrera and Hernandez-Pacheco, 1987), llamadas Siete Fuentes (1704), Fasnia (1705), Arafo
(1705), Arenas Negras (1706), Chahorra (1798) y Chinyero (1909). Las ultimas tres erupciones
se han producido en el sistema dispuesto a lo largo del eje NO, el area mas activa de la isla junto
con el complejo Teide-Pico Viejo en los ultimos 50000 afios (Carracedo et al. 2003a, 2003b).

Es importante mencionar, en el contexto de la monitorizacion geodésica, la posible existencia
de una camara magmatica poco profunda bajo Teide-Pico Viejo. Su existencia se ha estimado a
partir de analisis petrologicos (Arafia, 1985; Arafia et al. 1989), los cuales muestran que la parte
superior de esta cdmara magmatica estaria localizada al nivel del mar, teniendo un volumen de
unos 30km? y un radio de unos 2 kilémetros (asumiendo una forma esférica). La modelizacion
termodinamica (Diez y Albert, 1989) y quimica (Albert-Beltran et al., 1990) de las fumarolas
del crater del Teide revelan que la temperatura presente en la superficie de la camara magmatica
seria de en torno a los 350°C y la altura estimada para la camara coincide con los analisis
petroldgicos. Sin embargo, Araiia et al. (2000) encontraron anomalias magnéticas de longitud
de onda larga en la zona central de Tenerife que podrian ser interpretadas como la parte mas
alta de cuerpos intrusivos profundos o de la zona de la caAmara magmatica (~5.7 km b.s.1.). En
este sentido, la posible localizacion de la parte superior de la cdmara magmatica varia entre
el nivel del mar y unos 6 kilémetros bajo el mismo. También es importante para los estudios
geodésicos el hecho de que las erupciones mas recientes (<3Ma) han sido alimentadas por
diques (Fernandez et al., 2003). Estos diques estan asociados a sistemas de fracturas profundas
que generalmente responden a tectonicas regionales. En otros casos, los diques estan situados
en fracturas circulares o radiales poco profundas en grandes estructuras volcanicas. La mayoria
de los diques visibles son de menos de un metro de ancho en las secciones menos profundas.
Sin embargo, cuando la erosion expone secciones mas profundas, éstas son mucho mas gruesas,
especialmente aquellas de composicion salina. Las fracturas regionales en Tenerife pueden
verse principalmente en las dos crestas, NE y NO, que convergen en la zona central de la isla.
Asimismo, existen fracturas radiales asociadas a los sistemas eruptivos del volcan Teide-Pico
Viejo, en el area central de la isla.

3. Métodos de deteccion de deformacion del terreno.

La monitorizacion de las deformaciones del terreno en la isla de Tenerife se centraba, hasta
la década de los 90 del siglo pasado, en una microrred geodésica localizada en la Caldera de Las
Cafadas. Sin embargo, un analisis teorico llevado a cabo por Yu et al. en 2000, dos movimientos
inesperados detectados fuera de la zona de control mediante técnicas INSAR y una serie de
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pruebas de sensibilidad realizadas sobre la misma demostraron la conveniencia de extenderla
al resto de la isla (Fernandez et al., 2003), por lo que se cre6 una red de 22 estaciones GPS
alrededor de toda la isla, con mas densidad de ellas en las areas en las que se habia detectado
alguna deformacion. Esta red confirmo6 las observaciones hechas mediante InNSAR y confirmé
la necesidad de extender la vigilancia al total de la isla.

Ademas de esto, y a pesar de que los observatorios astrofisicos no realizan programas
de monitorizacién geofisica, los datos acerca de la precision en el apuntado de los grandes
telescopios presentes tanto en el Observatorio del Teide, en Tenerife, como en el Observatorio
del Roque de los Muchachos, en La Palma, pueden contener informacion sobre deformaciones
del terreno que pueden complementar al resto de las observaciones geodésicas llevadas a cabo
en las islas. Esto es asi ya que la precision en el apuntado debe ser del orden de la aberracion
debida a la atmosfera, esto es, menor de 2 segundos de arco. De esta manera, las inclinaciones
de los telescopios, o de los edificios que los contienen, debidas a efectos estructurales, a posibles
deformaciones del terreno o a efectos térmicos deben ser cuidadosamente monitorizadas. Un
ejemplo de este tipo de vigilancia lo constituyen los cuatro inclinometros instalados en el
telescopio solar Themis, situado en el observatorio del Teide, los cuales fueron considerados un
complemento de utilidad en la monitorizacién de la actividad volcénica de la isla tras analizar
la serie de datos obtenida desde 1997 hasta 2006 (Eff-Darwich at al., 2008b).

En la actualidad, la isla de Tenerife consta de dos redes de GPS instrumental permanente
enmarcadas en un programa geodésico para la vigilancia volcénica de las islas correspondiene
al Instituto Geografico Nacional (IGN), y otra del Instituto Tecnoldgico de Energias Renovables
(ITER), contando la primera de ellas con cinco estaciones y la segunda con once solamente en
esta isla, aunque estas redes se extienden al resto del archipiélago. Gracias a ellas, se pueden
medir las deformaciones del terreno, con una precision de hasta 1 centimetro. Conjuntamente con
estas redes se emplea la interferometria de radar de apertura sintética (InSAR) para completar
el estudio de las deformaciones del terreno en la isla, obteniendo una resolucion de hasta 1
centimetro, mostrandose asi como un valioso complemento al permitir la monitorizacion de
zonas que no son controladas regularmente ademés de aquellas en las que se dispone de la
red GPS, la cual se encuentra naturalmente limitada por la separacion entre las respectivas
estaciones.

El Polo Norte Celeste (PNC en adelante) es un punto imaginario del cielo en el que se corta
el eje de rotacion de la Tierra con la esfera celeste. Como resultado, todas las estrellas del
hemisferio norte parecen girar en torno a este punto con un periodo de 24 horas, mientras que el
PNC permanece estatico a lo largo de todo el afo. En realidad, tanto el PNC como el PSC (Polo
Sur Celeste) se ven afectados por la precesion de los equinoccios, la cual hace que el eje de la
Tierra trace pequefios circulos sobre la esfera celeste, pero el periodo de este movimiento es de
casi 26000 anos, por lo que resulta absolutamente inapreciable en las escalas de tiempo que nos
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interesan (de entre meses y décadas).

La estrella Polar se encuentra situada casi exactamente en este lugar del cielo. Sin embargo,
su ligero desplazamiento con respecto a €l hace que también describa una circunferencia a su
alrededor aunque debido a que su radio es demasiado pequefio no es posible percibirlo a simple
vista.

Figura 1. Sucesion de fotografias del area en torno a la estrella Polar tomadas durante varias
horas, unidas de modo que muestras el movimiento de las estrellas alrededor del PNC.

Esta separacion se aprecia en la imagen de la figura 1, en la que se ha superpuesto una
serie de fotografias del mismo campo de 30 segundos de exposicion a ISO 640 y /8 tomadas
con un intervalo de 5 minutos durante 3 horas con una camara réflex Canon EOS 40D sobre
tripode, con objetivo Tamron 200-500 F/5-6.3 a 500 milimetros de distancia focal. Como puede
observarse, la Polar describe un circulo en torno a un punto en el que aparentemente no hay nada
y el cual constituye en realidad el auténtico polo Norte celeste. El célculo de esta trayectoria
servira también para estimar la precision del dispositivo, asi como para comprobar visualmente
si se ha producido alguna deformacion en el terreno (la Polar debe aparecer siempre dentro de
una trayectoria circular).
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5. Diseiio y método.

La invariabilidad del PNC en el cielo, tal como se ha visto en la seccion anterior, permite
emplearlo como guia o referencia. Asi, se ha disefiado un dispositivo que consta de un pequefio
telescopio acoplado a una cadmara CCD, estando el conjunto sobre una base inclinada en angulo
de 28.5° (1a latitud promedio de la isla de Tenerife), con el eje del telescopio apuntando hacia
el norte, de forma que se dirija permanentemente hacia la estrella Polar (y, por tanto, hacia el
PNC), tal como muestra la figura 2. Todo este dispositivo se encuentra fijado a un soporte que,
a su vez, se coloca sobre una base situada sobre una plataforma, un tripode o directamente
el suelo mediante un sistema de muescas que permiten encajar el soporte en la base y que lo
mantienen en su posicion.

Figura 2. Bocetos del disefio del dispositivo que se empleara para la medicion de las deformaciones
del terreno.

Uno de los aspectos mas importantes acerca de este disefo es la gran limitacion en los
grados de libertad de los que dispone: el telescopio se encuentra fijado de forma absoluta a la
cuia sobre la que se sitia mediante una serie de tornillos y abrazaderas que no solo impiden
cualquier traslacion sobre la misma, sino también cualquier giro en torno a su eje; la cufia
se encuentra también atornillada al soporte, de modo que cualquier tipo de movimiento con
respecto a éste resulta imposible; por ultimo, el mencionado soporte dispone de una serie de
muescas y relieves que permiten fijarlo a una base fija en el terreno.

De este modo, la camara puede tomar imagenes de una Unica region del cielo, la que rodea
al PNC. El campo que aparece en la imagen obtenida deberia ser siempre el mismo siempre y
cuando el entorno que rodea el dispositivo permanezca invariante. Asi, en caso de detectarse
alguna diferencia en este campo en la imagen tomada por la CCD, ésta habra sido causada por
alguna deformacion del terreno. La figura 3 muestra una simulacion del resultado esperado para
distintos valores del desplazamiento.
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Figura 3. Composicion de varias de las series de imagenes descritas en la seccion anterior, figura 1, en
la que se puede ver el desplazamiento del PNC y un método de cuantificacion del mismo.

En la figura 3 aparece el método de cuantificacion de las deformaciones del terreno a partir
de la variacion en la posicion del PNC. Cada desplazamiento en el terreno puede ser asociado
a un cambio determinado en la posicion en la imagen. Es de esperar que las simulaciones
tedricas que se llevaran a cabo permitiran establecer la correlacion entre la magnitud de la
deformacion del terreno y el desplazamiento en pixeles en la imagen, con lo que en un futuro
sera posible cuantificar los valores de la deformacion del terreno Uinicamente a partir de las
imagenes tomadas mediante este dispositivo.

6. Resultados preliminares.

A pesar de no haber realizado aun medidas directas con el instrumento comentado en la
seccidn anterior, si que se han llevado a cabo algunas observaciones y medidas preliminares
a fin de obtener una estimacion de la precision esperada y comprobar la aproximacion tedrica
anteriormente realizada.

Asi, se llevaron a cabo tanto desplazamientos horizontales como verticales al realizar
fotografias de la region en torno al PNC. Estas imagenes, sin embargo, no fueron tomadas con
una camara CCD como la que serd empleada finalmente en el disefio, sino con una camara digital
réflex Canon EOS 40D sobre tripode, con objetivo Tamron 18-270 F/3.5-6.3 a 18 milimetros
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de distancia focal,t/6.3 e ISO 800, situada sobre un tripode regulable milimétricamente. Como
primera prueba, se desplazd horizontalmente este conjunto camara-tripode aproximadamente
1 centimetro durante una exposicion de 4 minutos. La figura 4 muestra el resultado obtenido:
ella, los dos primeros minutos corresponden a la imagen de la Polar sefialada como Polar 1
que aparece alrededor del centro de la imagen. Tras ellos, se produjo el desplazamiento de la
camara hacia la derecha de su posicion original, creando la imagen marcada como Polar 2, a
la derecha de la anterior en laimagen. Notese como todas las estrellas aparecen duplicadas, no
solo la Polar.

Figura 4. Resultado del desplazamiento horizontal de la cdmara durante una foto de 4 minutos de
exposicion.
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Asimismo, se obtuvieron nuevas imagenes desplazando verticalmente la misma camara
mencionada anteriormente, esta vez con el objetivo Tamron 200-500, F/5-6.3 a 500 milimetros
de distancia focal, f/8 e ISO 640. En la figura 5 se muestra una composicion realizada con los
resultados obtenidos en la que las imagenes b y ¢ son en realidad la misma, dispuestas de forma
que sea posible apreciar el cambio en la posicion de la estrella Polar (y, por tanto, del PNC) en
la imagen al elevar 1 centimetro la posicién de la cdmara con respecto al lugar que ocupaba
al tomar la imagen a. Asi, al comparar las imagenes a y b, puede observarse la diferencia
entre las posiciones tanto en la horizontal como en la vertical de la imagen antes y después
del desplazamiento de la camara. Por otro lado, al contrastar las imagenes a y c, se aprecia la
variacion horizontal al efectuar el mismo cambio en la altura del sensor.

Figura 5. Composicion realizada con las imagenes obtenidas al desplazar verticalmente la cdmara.

Esta variacion en la posicion de la Polar en un campo tan reducido es precisamente la
que permite calcular pequefias deformaciones del terreno. En estas pruebas se han obtenido
resultados positivos para desplazamientos del orden de 1 centimetro, lo cual implicaria una
resolucion de al menos este orden en la deteccion de las deformaciones del terreno, aunque
es de esperar que pueda ser ain menor. La resolucion minima alcanzada mediante el resto de
los sistemas de deteccion empleados actualmente para este fin es de 1 centimetro en el caso
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ideal, lo cual supondria que este dispositivo podria alertar del inicio de la actividad volcénica
en una etapa mas temprana que los sistemas utilizados hasta la fecha. Ademas, al ser un disefo
pequeiio, compacto, ligero y portatil, podria crearse una red de puntos de control con la que
monitorizar la actividad en las zonas de interés de forma simple y con un solo instrumento. Sin
embargo, la principal desventaja del dispositivo es que s6lo es capaz de realizar las mediciones
de noche desde puntos donde se tenga vision directa del PNC y en condiciones meteoroldgicas
propicias, esto es, con un cielo sin nubes.
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1. Introduction

Average condition of the weather, which can be characterized by the expected values of
meteorological parameters is called climate of a certain area and period. Researchers agree
that the climate changes of Earth is now an indisputable fact for today. The ideas about general
tendencies of changing are broadly the same, however, the small details are so site-specific that
they need to be researched further (Ladanyi 2006).

Change in the characteristics of environmental elements and systems caused by human
activities is called environmental impact (Pajer 2008). The environmental impact assessment
aims to express the significance of the change, at the same time prepares actions and decisions.
The assessment of the environmental effects gives rise to compare different activities in terms
of environment (Polgér 2012).

For mutual relationships in a complex environmental system the environmental impacts
associated with climate change also need to be examinded as an integral part of that system.

By the agricultural land use due to forestry and agriculture, we also influence the evolution
of vegetation and land cover.

Following the analysis of Driiszler (2011) we conclude that the development of vegetation
is converted especially by the climate through the precipitation, temperature, light and carbon
dioxide (Budyko 1974; Prentice 2001; Nemani et al. 2003).

According to recent research, however, also the vegetation react on the climate directly by the
albedo, heat, water and provide circulation or indirectly by the changing of CO, concentration
(Pielke et al. 1998; Betts 2001; Bonan 2004; Matthews et al. 2004; Pitman et al. 2009; Pongratz
et al. 2009).

An important area of the Earth’s surface is used for crop production and the natural plant
cover on nearly 50% of the land area on the planet was changed by the direct intervention of
humans (deforestation, urbanisation, agriculture, overgrazing) (Crutzen 2002). The spread of
agricultural land, overgrazing and exploitation of fuel wood on arid and semi-arid areas can
modify the surface energy balance and the hydrological cycle, and thus the climate (Charney
19752; Charney et al. 1977).

The change of land cover in large areas can drastically modify the amount of carbon stored
in biomass and distributed in the atmosphere, the atmospheric concentration of N,O and CH,,
thereby land cover changing has an indirect impact on climate change by the greenhouse effect
(Driiszler 2011).

Rumpf (2011) cites according to Matyas (2006), recognizing the importance of the
atmospheric carbon sequestration puts forestry in a favourable position. Forest management
is the only economic activity, which, in addition to being carbon neutral, allows the sustained
removal of a significant amount of carbon from the atmosphere , .
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It is a fact, that only 11-13% of the surface of the Earth is cultivated, and on the major part of
these areas the cultivation is not intensive. Hungary is in the special situation, namely the 50%
of its territori is cultivated intensively, and 20% of Hungary is covered by forest treated by a
nearly intensive way (Neményi - Milics 2010).

About three quarters of Hungary’s surface is occupied by primarily climate-releated that is
non-irrigated, area: arable land, meadow, forest.

According to generally accepted projections, forest zones of Europe will shift polewards
during this century. The expected changes of climate will cause an expansion in the North
but a retreat in the South. Mainly due to its effects on biodiversity and landscapes, the shift is
recevinig wide public attention (Matyas 2010a).

In 1992 Métyas realized that the main cause of forest decline in Hungary could be progressive
climate change, challenging the limits of genetically set aridity tolerance in local species, and
making weakened trees more vulnerable to assault. The line between life and death - the ‘xeric
limit’ - is probably on the move. Such losses will have more dramatic social and economic
consequences. Long-term, ground-based or remote-sensing monitoring networks have to be
adjusted to improve the observation of forests, especially in drought-threatened flat-lands.
These data will be needed to improve models of xeric limit shift and for adaptive resource
management, land-use policy and nature conservation. By understanding xeric limits, we can
initiate prudent human support of threatened forests, and intervene in ecosystem retreat (Matyas
2010Db).

Due to their different intensity, economic sector and its open technological processes have
different environmental impacts. Consequently, due to their corresponding material and energy
withdrawals and emissions, the global environmental problems can occure in different ways.
Environmental assessment of the technology in process and life cycle approach allows for
detailed analysis and the determination of the contribution to climate change. In land uses, in
addition to the growing conditions changed by the cultivation techniques and the effects of land
cover, the specific environmental aspects of each technology must be taken into account. We
believe that the examination of land use represents an important supplement to the technological
aspects of current climate researches.

2. Objectives

One of the aims of the agricultural ecosystem research is to detect whether the current land
uses and the technologies applied are in accordance with the changed environmental features
due to climate change. By the results of the research, knowing the effect of some environmental
factors, advice could be given to amend a land use and to apply technologies having less
environmental risk.
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The main objective of the work of our research group associated to the project of
Agroclimate: Development of a decision support system to predict and to adapt to impacts of
climate change in forestry and rainfed agriculture” (TAMOP 4.2.2.A-11/1/KONV-2012-0013)
was the development of an environmental analysis method for changes in land-use caused by
the projected climate change, in technological aspect . The analysis model aims the rating of
environmental impacts and the determination of environmental riskiness of the cultivation
technologies of land use - according to climate scenarios — in life-cycle aspect.

3. Material and Methods

Our studies in forestry were focused on the sample area of Zala County in Hungary . We
demonstrate our research methodology by an example in forestry. The method can be applied
to field crop production technologies by analogy (Polgar — Wachter 2014).

At first, the selection of specific forestry technologies was needed. In the areas we identified
the processes of primary wood production, harvesting, tree utilization and wood processing.

Categorization of the several cultivation technologiesallows for easier handling and
simplification. Examples: the basis for isolation in forestry can be the exploitation technology
of the major tree species (oak, Turkey oak, beech, hornbeam, acacia other hardwood hybrid
poplar, poplar, willow, other softwood tree species, pine) or the hardness of wood (hardwood,
softwood).

There are modern technologies to collect accurate data from the surface of the land. Nowadays
remote sensing, such as spaceborne optical- and microwave remote sensing or airborne optical
remote sensing gives a great opportunity for collect data from huge area. Combination of the
remote sensing and the Geographic Information System (GIS) is an effective way to create
geospatial information for a model. With this method we can analyse the base information, such
as land cover, type and status of land cover, size of the area, meteorological conditions, etc. for
actual input data to analyse the environment.

Firstly, our research is based on conventional forest data.

Experts established (Rumpf - Szakalosné Matyas - Horvath 2014) that forest and tree
utilization activity have the most significant environmental impact so we focused on the final
harvest. In characterized forest stands of the studied area (beech, oak, spruce), we have identified
the shortwood system with upper landing .
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Table 1. Time of continuous harvesting steps and yields of harvesting in forest stands (beech, oak,

spruce)
Step Year Beech Year Oak (m*) Year  Spruce
(m’)

(m?)

Intermgdlate Cleaning cutting 18 20 19 15 15 15

cutting

Selection thinning 40 35 35 63 29 60

Increment thinning 75 60 70 135 61 90

Final harvest Final harvest 100 110 105 450 90 450

As the next step, we performed the life cycle assessment (LCA) of the selected technologies

, in order to ranking of their the impacts on the basis of carbon footprint.

Preparation of LCA methodology corresponds to requirement of ISO 14040: 2006 and ISO

14044: 2006 standard.

The steps of the LCA were the following:

1. Goal and scope definition:

We performed the comparative environmental analysis of technologies by the LCA
method , which allows for ranking them. On the basis of this, environmental risk of
them was identified — in the context of the climate scenario used —.

The system boundaries have been determined in the process of final harvest : works
in felling area — works in conversion landing — forest and road transport — industrial/
citizen uses.

In the case of industrial use, the process boundry was degrading the round assortment
logs after transport , while in case of residential use we included also the heat production.

The technological steps in the case of beech and oak tree stand, are the following
in short : felling with chainsaw; delimbing with chainsaw; prebucking with chainsaw;
forwarding with forwarder; bucking with chainsaw; splitting with hand piling with
forwarder; stacking with hand; loading + transport + unloading with crane truck.

The technological steps in the case of spruce stand are the followingin short :
felling + delimbing + bucking with harwester; forwarding + piling + stacking + slash
chipping with forwarder; chipping; loading + transport + unloading with crane truck;
chip transport.

As a functional unit 1 ha forest stand was considered relevant to the technology
of shortwood system with upper landing related final harvest. We took into account as

|159|



Andras Polgar et al. Natural Hazards & Climate Change

reference flow the following: beech: 110 m?, oak: 450 m* and spruce: 450m’ harvesting.
Assortments in the case of the beech and oak forest stand: stemwood, firewood,
branchwood, other harvesting losses. In the case of spruce: stemwood, firewood,
branchwood, other harvesting losses, chip.

The transport distance was considered uniformly 50 tkm. The environmental
parameters of machines and tools necessary in the technologies have not been included
in the analysis .

2. Life cycle inventory analysis:

We established environmental inventory database (input- output, elementary flow) by using
expert data and calculations of examined technologies (Rumpf- Szakalosné Matyas- Horvath
2014).

According to Gockler (2014) we used average data, which can be determined error-laden
many times, but their use is essential for the analysis.

The reference period for the data was 2013/2014 winter. In terms of the geographical validity
of the data , they originate in the territory of operation of Zalaerdé Ltd. The data source were
our own data, expert estimation, published data. We present in the following table some of the
most important typical forest stand characteristics.

Table 2. Forest stand characteristics

Characteristics Unit Forest Stand
Beech Oak Spruce

age year 100 105 90

di,3 cm 42 39 33

H m 28,5 24 21
Vwood m?/wood 2,26 1,6 1,03

A% m’/ha 725 450 450
Vharvested m3 110 450 450

Then we prepared the model of the examined forest utilization technologies (beech, oak and
spruce stand).
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Figure 1. Life cycle plan of shortwood system with upper landing (1 ha hardwood, beech or oak stand,
Zala county) based on Rumpf-Szakalosné-Horvath (2014)
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Figure 2. Life cycle plan of shortwood (CTL-cut to length) system with upper landing (1 ha softwood,
stand, Zala county) based on Rumpf-Szakalosné-Horvath (2014)
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3. Life cycle impact assessment:

The steps of the evaluation methodology are described in the ISO 14044:2006 standard. By
the standard impact assessment we assigned the results of the inventory - according to the aim
and frames of the LCA study - to impact categories. The impact categories are representing
classes of environmental problem areas, which can be assigned to the results of inventory.
An inventory data can also be linked to one or more impact category. A reference unit was
determined according to each impact category. For example the impact of 1 kg CO, on global
warming is 1, but the contribution of methane emissions to global warmingis specifiedin value
of kg of CO, (21, 25 depending on the method used) (Bodnarné Sandor- Molnarné Sipos 2010).

There is a wide range of effect evaluation methods. The analysis was performed with:
e the CML2001 (Nov. 2010) impact-driven (midpoint) method and
e the Eco- indicator 99 (EI99) injury-oriented (endpoint) method.

We characterized the examined technologies with the following environmental impact
categories based on work of Polgar-Barath (2014) and Polgar-Wachter (2014).

Table 3. Environmental impact categories in CML2001 - Nov. 2010 (Guinée et al. 2002)

CML2001 - Nov. 2010, Impact Categories Reference

Abiotic Depletion (ADP elements) [kg Sb-Equiv.]
Abiotic Depletion (ADP fossil) [MJ]

Acidification Potential (AP) [kg SO*-Equiv.]
Eutrophication Potential (EP) [kg Phosphate-Equiv.]
Freshwater Aquatic Ecotoxicity Pot. (FAETP inf.) [kg DCB-Equiv.]
Global Warming Potential (GWP 100 years) [kg CO,-Equiv.]

Global Warming Potential, excl biogenic carbon

(GWP 100 years) [kg CO,-Equiv.]

Human Toxicity Potential (HTP inf.) [kg DCB-Equiv.]
Marine Aquatic Ecotoxicity Pot. (MAETP inf.) [kg DCB-Equiv.]
Ozone Layer Depletion Potential (ODP, steady state) [kg R11-Equiv.]
Photochem. Ozone Creation Potential (POCP) [kg Ethene-Equiv.]
Terrestric Ecotoxicity Potential (TETP inf.) [kg DCB-Equiv.]
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There are three different versions of the Eco-indicator 99 methodology in the characterisation
process: hierarchist (HA), individualist (IA) and egalitarian (EA),

The EI 99 methodology uses Eco-indicator scores.

The EI 99 methodology is asked to assess the seriousness of just three damage categories:

- Damage to Human Health, expressed the number of year life lost and the number of year
lived disabled. These are combined as Disability Adjusted Life Years (DALY), an index
that is also used by the World Bank and the WHO.

- Damage to Ecosystem Quality, express as the loss of species over a certain area, during
a certain time.

- Damage to Resources, express as the surplus energy needed for future extractions of
minerals and fossil fuels (Eco-indicator 99 2000).

Table 4. Environmental impact categories in EI 99

Eco-indicator 99, Impact Categories Reference
Ecosystem quality, Acidification/nutrification [PDF*m?*a]
Ecosystem quality, Ecotoxicity [PDF*m**a]
Ecosystem quality, Land-use [PDF*m?*a]
Human health, Carcinogenic effects [DALY]

Human health, Climate Change [DALY]

Human health, Ozone layer depletion [DALY]

Human health, Radiation [DALY]

Human health, Respiratory (inorganic) [DALY]

Human health, Respiratory (organic) [DALY]

Resources, Fossil fuels [MJ surplus energy]
Resources, Minerals [MJ surplus energy]

4. Interpretation:

In the last phase of the LCA, the results of life cycle inventory and impact assessment was
verified. We have done the comparative analysis and have drafted conclusions. Among the
results, the CML2001 (Nov. 2010) - Global Warming Potential (GWP 100 years) [kg CO,-
Equiv.] —and EI 99 — Human health, Climate Change [DALY ] — values of examined technologies
are used in the followings. On the basis of the values we set up a ranking of technology. So we
have received some sort of environmental impact classification of the technologies.
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The current technology, as a stressor, has a risk value specified to the climate change. The
observed variable in terms of the environmental risk can be the technology because the raw
materials, chemicals, machinery, etc. can also be interpreted as danger and can cause damage in
the environmental elements, receptors.

In the final step the impact of the technologies were qualified with a ranking of climate
scenario (Gélos et al.2014).

The result of the effect of the GWP 100 years category indicator expressed in [kg CO_-Eqiv.]
value is considered to the carbon footprint of the technology. The technologies ranked on the
basis of the global warming potential (GWP 100 years) were placed in an expert matrix in
context of the average temperature changes of climate change scenarios . The environmental
risks were defined in text form.

4. Results

In the life cycle inventory analysis, input-output data specific to the process of technology,
i. e. elementary flows were defined. We have summarized the data both of the input and output
side. The following table identifies the average necessary inputs and outputs in the shortwood
system during final harvest of 1 ha forest stand (Hungary, Zala county, Zalaerd6 Ltd.) by type
of stands.

Table 5. Total input and output environmental inventory data (Hungary, Zala county, Zalaerdé Ltd.)

Flow Unit Forest Stand

Beech Oak Spruce

Reference period year 2013- 2013- 2013-
2014, winter | 2014, winter | 2014, winter
Reference flow: standin
wood before cutting ° m’ 10 450 450

Input
Fuel mixture kg 38,05 155,66 0
Disel kg 333,47 1420,89 1951,15
Lubricating oil kg 39,42 170,71 147,05
Output
Carbon-dioxide (fossil) kg 1175,24 4986,38 61554
Carbon-dioxide (biotic) kg 63190 268510 76170
Waste sump oil (recycled) kg 23,74 106,56 106,95
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In input side the need of the fuel and use of lubricating oil of the machines was appeared.
Their use has resulted fossil CO, emissions.

In output side within the system boundaries we considered the burning of firewood,
community branchwood and harvesting losses in felling area, as well as biological burning of
harvesting losses. In summary, this was the cause of biotic CO, emissions.

During the operation of the machine, the lubricating oil is recovered as waste sump oil. It is
important that using chainsaw, 68% of the lubricating oil goes to the ground and sticks to the
assortment.

The demand for machines and tools in the applied systems is summarized in the following
table.

The technological steps in beech and oak stand can be considered equivalent with negligible
differences, the main difference in the inventory data is resulting from the quantity deviation
of the produced standing tree. In our work in the spruce stand, significant differences can be
founded respect to the forestry equipment applied. In the system, the application of the chipper
and the harvester is appeared.

Table 6. Examined demand for machines and tools in shortwood system during final harvest of 1 ha
foreststand (Hungary, Zala county, Zalaerd6 Ltd.)

Forest Stand
Beech Oak |Spruce
1 1 1
1 1 1

c
-
=y

Machine, tool

Chainsaw (5 kW)
Forwarder (82 kW)

Truck with crane (RABA+LOGLIFT, 10 t bearing
capacity, 50 tkm transport distance)

Harvester (Timberjack 1270B)

Chipper (Jenz Hem 582 built on MAN truck)
Truck (50 kW, 50 tkm)

Chairot

Splitting axe

[a—
[S—
[a—

Splitting mallet

Hand hook

Bow saw

Pitchfork

Springloaded measuring tape

DS Iccc|IcIcIcIc| T |IT |
== = = e = = = | OO
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According to the energy balance of systems, differences among ascending order of spruce-

beech-oak stands ascending order can be set up.

In the case of spruce ,,Primary energy demand from renewable and non renewable resources
(net cal. value)” value is (-1315799) MJ, in the case of beech is 4982 MJ and in the case of oak

is 90280 MJ.

In CML2001 (Nov. 2010) environmental life cycle impact assessment of systems, the

following results were based considered according toon during Polgér - Barath (2014).

Table 7. Environmental impacts of examined systems based on CML2001 (Nov. 2010) evaluation meth-

od (Polgar — Barath 2014)

Environmental quantities - Unit Stand

CML2001 - Nov. 2010 Beech Oak Spruce

Abiotic Depletion (ADP elements) ][:}(qgu?f]- 1,37E-05 0,000277921 10,000309251

Abiotic Depletion (ADP fossil) [MJ] 4740,982911 | 85385,9283 | 91980,74558

Acidification Potential (AP) ][Ekqguisvo]z_ 0,573890495 | 10,30546649 |[6,211073554
[kg

Eutrophication Potential (EP) Phosphate- |0,10127922 |2,056185006 |1,005113188
Equiv.]

Freshwater Aquatic Ecotoxicity Pot. | [kg DCB-

(FAETP inf.) Equiv.] 0,821743305 | 18,65981083 [21,31169797

Global Warming Potential (GWP 100 | [ke CO- 11331 41956 | 198406,3937 | 82848.80109

years) Equiv.]

Global Warming Potential, excl [kg CO,-

biogenic carbon (GWP 100 years) Equiv.] 365,3942257 | 6558,138975 |7089,884801

Human Toxicity Potential (HTP inf.) E( c;gu]iic]B- 7,883415543 | 154,4055992 [ 161,2346669

Marine Aquatic Ecotoxicity Pot. [kg DCB-

(MAETP inf) Equiv.] 3181,803748 | 60440,93431 [66103,06407

Ozone Layer Depletion Potential [kg R11-

(ODP, steady state) Equiv.] 6,73E-09 1,28E-07 140E-07

Photochem. Ozone Creation Potential | [kg Ethene- L0,06472527 | -1.593160544 | 0.610269699

(POCP) Equiv.]

Terrestric Ecotoxicity Potential [kg DCB-

(TETP inf) Equiv.] 2,421461461 | 62,03936647 | 72,67024804

To the better overview the values are presented in diagram too based on Polgar — Barath

(2014).
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Figure 3. Environmental impacts of work systems in CML2001 (Nov. 2010) impact categories (Polgar
— Barath 2014)

From the figure you can see that the work systems had the greatest impact on global warming
(GWP 100 years) throughout their life cycle. This is explained by the amount of carbon dioxides
releasing to the atmosphere resulting from the fuel usage of the technologies. In this impact
category, life cycle share of the technologies was in the case of beech around 5%, in the case
of spruce around 28%, in the case of oak around 67%. Significant impact category emerged as
the abiotic depletion (ADP foss) and the marine aquatic ecotoxicity (MAETP). These impact
categories could be explained by the share of input of fuel and lube.

The work systems raking gives the he increasing order of beech-spruce-oak in every case.

The next figure shows the relative contribution of impact categories according to Polgar —
Barath (2014).
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Figure 4. The relative contribution of work system’s impact categories in CML2001 (Nov. 2010) (Pol-
gar — Barath 2014)
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In the case if we want to show all of the environmental impacts in one figure, we have to use
the means of normalization and weighting. This method is able to show the results of all impact
categories in the same time. Looking at the next figure, it can be stated that also in the case of
the total environmental impact of the applied work systems in examined forest stands, s the
beech-spruce-oak order can be set up.

2500000

2000000

1500000

m beech

H oak

1000000
W spruce

500000

CML2001,Experts IKP (Central Europe)

Shortwood systems with upper landing

Figure 5. Environmental impacts of work system’s life cycle (normalized, weighted values) (Polgar —
Barath 2014)

We also valued the inventory data according to Eco-indicator 99 method. The next figures
show the result’s values in egalitarian, hierarchist and individualist approach.
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Figure 6. EI 99 [mPt], Egalitarian (Polgar — Figure 7. EI 99 [mPt], Hierarchist (Polgar —
Barath 2014) Barath 2014)

|168|



Andras Polgar et al. Riesgos Naturales & Cambio Climadtico

® beech Highlighting the EI199, Human health, Climate
"o | Change [DALY] values, in the case of total

P environmental impacts of work systems, we got
the beech-spruce-oak increasing order in all three
approaches .
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We got the same result based on the used
methods of environmental impact assessment.

Figure 8. EI 99 [mPt], Individualist (Polgar —
Barath 2014)

The technologies, which were ranked based on global warming potential value (GWP 100
years), we put in an expert matrix in context with the average temperature changes of climate
changes scenarios (Gélos et al. 2014),.

By this the environmental risks of technologies can be specified in present (1980-2010), in
2025 (2010-2040), in 2055 (2040-2070) and in 2085 (2070-2100). . The environmental risks
are determined in text form:

- L class: high

- 1L class: medium

- 1III. class: low.

Table 8. Expert matrix:.Environmental risk classes of technologies in the context of climate scenarios

Jelen (1980- 2025 2055 (2040- 2085
2010) (2010- 2070) (2070-
Climate Variable 2040) 2100)
warmer,
temperate warm warmer .
drier
Temperature Average temperate low rise rise strong rise
p change (dC°) |0 0,9 2,1 3,2
Technology Trait
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Technology’s

Beech Environmental
Risk based
shortwood system |on the g]oba] IIL class III. class IL class IL class
GWP 100
with upper landing | years [kg CO,-
equivalent]
Technology’s
Spruce Environmental
Risk based
shortwood system |on the g]oba] IIL class IL class IL class I. class
GWP 100
with upper landing | years [kg CO,-
equivalent]
Technology’s
Oak Environmental
Risk based
shortwood system |on the g]oba] IL class IL class I class I. class
GWP 100
with upper landing | years [kg CO,-
equivalent]

Use of the created risk matrix means an important supplement in the decision-making related
to the climate changing as regards the choice of technologies. It can offer a guideline for farmers
and policy-makers also.

Using the developed methodology, as another element, the map illustration has to be
determinedin the studied sample area.

There is a good possibility to present the results with a thematic map, what can be very
impressive to make a decision. It is an important part of the presentation to make a risk map
on a larger area, even the whole country. The manage of the data in a Geographic Information
System is very effective and it is easy to follow the changes and the intervention with it.

5. Summary

In our work we developed an environmental analysis model for changes in land-use caused
by the projected climate changes, in technological aspect. In our opinion, the examination of
technological aspect land use represents an important addition to the existing climate research.

During the environmental analysis we focused the tree utilization out of forestry technologies,
and especially final harvest in beech, oak and spruce stands. Involving experts, we prepared the
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environmental inventory of the examined shortwood systems.

Using life cycle analysis we performed ranking of environmental impacts of work systems,
which resulted the beech-spruce-oak increasing order.

The technologies, which were ranked based on global warming potential value (GWP 100
years), we put in an expert matrix in context with the average temperature changes of climate
changes scenarios.The risks of environmental technologies were divided into classes: (I. class:
high, II. class: medium, III. class: low). By taking it into account, the classification could be a
guideline for farmers and decision-makers in choice of technology.
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La exigencia, por parte de la Directiva Comunitaria 91/271/CEE (Directiva del Consejo de las Comunidades
Europeas de 21 de mayo de 1991 sobre el tratamiento de las aguas residuales urbanas), de construir estaciones
depuradoras con tratamiento bioldgico en todas las poblaciones de mas de 2.000 habitantes se traduce,
automaticamente, en la produccion de una mayor cantidad de lodo resultado del propio proceso de depuracion de
aguas residuales. Este hecho, unido a la cada vez mas estricta normativa medioambiental referida al tratamiento
posterior de los residuos, obliga a buscar nuevos sistemas de tratamiento de lodos que permitan facilitarle a la
biosfera el proceso de asimilacion de los mismos.

Muchas de estas nuevas tecnologias tienen como objetivo transformar el lodo obtenido en un subproducto
reutilizable, abandonando la tradicional consideracion de desecho que tiene. Este cambio de enfoque en la gestion
de los lodos supone, desde un punto de vista economico, convertir una externalidad negativa en un nuevo recurso
econdmico, y a su vez, genera una serie de consecuencias que afectan al propio proceso de depuracién y, en su
caso, a la reutilizacion de las aguas residuales.

En este trabajo se hace un analisis de los efectos econdémicos que se derivan de la valorizacion de los
lodos obtenidos del proceso de depuracion de aguas residuales, tratando de avanzar en el necesario proceso de
dimensionamiento mediante su cuantificacion monetaria.
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La Directiva Comunitaria 91/271/CEE (Directiva del Consejo de las Comunidades Europeas
de 21 de mayo de 1991 sobre el tratamiento de las aguas residuales urbanas) ya exigia que, a
partir del 1 de enero de 2006, todas las aguas residuales producidas por aglomeraciones de entre
10.000 y 15.000 habitantes-equivalentes, debian ser sometidas a un proceso de depuracion
utilizando un tratamiento secundario, a excepcion de las zonas de aguas costeras identificadas
como menos sensibles, para las que s6lo se exige al menos un tratamiento primario.

Por otro lado, para las poblaciones de menos de 2.000 habitantes-equivalentes la normativa
exigia al menos un “tratamiento adecuado” de las aguas residuales, entendiéndose como
tal, aquel tratamiento que permita que las aguas receptoras cumplan después del vertido los
objetivos de calidad previstos. Teniendo en cuenta que al depurar el agua residual lo que se
hace, en definitiva, es separar las sustancias contaminantes que ésta contiene, es obvio que
la aplicacion de esta normativa se traduce automaticamente en la producciéon de una mayor
cantidad de lodo resultado del propio proceso de depuracidon de aguas residuales.

Este hecho unido a la cada vez mas estricta normativa medioambiental referida al tratamiento
posterior de los residuos, y a la aparicion del Real Decreto 1620/2007, de 7 de diciembre, que
regula la reutilizacion de las aguas regeneradas (aguas tratadas para ser reutilizadas), obliga
a buscar nuevos sistemas de tratamiento para €stos que permitan facilitarle a la biosfera el
proceso de asimilacion del desecho final, aplicando la jerarquia en las opciones de gestion,
priorizando la prevencion de la contaminacion, la reutilizacion y el reciclado sobre el vertido,
y analizando diferentes tipos de valorizacion, incluida la energética, y dejando en ultimo lugar
el depdsito en vertedero.

En el caso especifico de Espafia, y con el fin de cumplir con la normativa fijada por la
Directiva Comunitaria 91/271/CEE, y tras la finalizacién del Plan Nacional de Saneamiento
y Depuracion (1995-2005), el Ministerio de Medio Ambiente, en colaboraciéon con las
Comunidades Auténomas, redactd el Plan Nacional de Calidad de las Aguas, Saneamiento y
Depuracion 2008-2015. En este plan se propone, entre los ejemplos de actuaciones encaminadas
a fomentar la [+D+i en el campo del saneamiento y la depuracion, el desarrollo de estudios
relacionados con los lodos y produccion de biosoélidos.

Por lo tanto, analizar los sistemas de depuracion adecuados, tanto desde el punto de vista
técnico como econdémico, parece obligatorio, a fin de que el Ministerio de Medio Ambiente
y, en general, las Administraciones implicadas dispongan de un instrumento que les ayude a
desarrollar eficazmente las actuaciones a llevar a cabo en este ambito.

En este trabajo se hace un analisis de las opciones de valorizacion de los lodos obtenidos en
el proceso de depuracion de aguas residuales, para continuar reflexionando sobre el tratamiento
econdomico de las externalidades negativas. Finalmente se analiza el efecto econdmico que
genera, en el proceso de depuracion de aguas residuales, la valorizacion de los lodos, es decir
su reutilizacion y/o reciclaje con el fin de eliminar, o al menos disminuir, la externalidades
negativas asociadas a su vertido.
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2. Depuracion de aguas residuales y generacion de lodos

La depuracion de aguas residuales cumple con un importante beneficio social puesto que
permite reducir el impacto medioambiental negativo que tendria el vertido final del agua sobre
los ecosistemas acudticos y terrestres.

Sin embargo, y a pesar de los beneficios asociados al tratamiento de las aguas residuales,
existen una serie de problemas medioambientales asociados al proceso de depuracion. Fornas
y Colomer (2008) analizan dieciocho Declaraciones de Impacto Ambientales, correspondientes
a Estaciones Depuradoras de Aguas Residuales ubicadas a lo largo de todo el territorio espafiol
y publicadas en el Boletin Oficial del Estado, y consiguen identificar una serie de factores
ambientales susceptibles de provocar un impacto negativo (ver tabla 1).

Tabla 1: Factores ambientales relacionados con el proceso de depuracion de aguas residuales e impactos
potenciales asociados

Factor ambiental Descripcion

Calidad del aire Emisién de polvo y gases al aire
Calidad del efluente Caracteristicas del agua tratada
Elementos arqueoldgicos y patrimonio cultural Afecciones por las obras
Excavaciones, vias pecuarias Afecciones a otras infraestructuras
Fauna Impacto sobre poblacidn existente
Gestion de lodos Generados en la explotacion
Habitat, vegetacion y espacios protegidos Afeccion sobre vegetacion
Hidrologia superficial Escorrentias

Olores Por la actividad que se desarrolla
Paisaje Impacto visual

Residuos y suelos Por una posible mala gestion
Ruidos Durante obras y explotacion
Salubridad y limpieza Plagas, proliferacion de organismos
Ubicacion de instalacion Caracteristicas de las zonas ocupadas
Otras molestias a la poblacion

Muchos de estos factores ambientales, que producen o pueden llegar a producir impacto
negativo, estan vinculados de una manera u otra con la produccion de lodos como consecuencia
del propio proceso de depuracion de las aguas residuales. Por lo que se concluye que entre los
posibles perjuicios, sea la generacion de lodos uno de los mas preocupantes.

Al tratar el agua residual lo que se hace es transformar y/o separar del agua determinadas
sustancias contaminantes que contiene; por lo que en realidad, dichas sustancias no desaparecen,
sino que quedan concentradas en una corriente, que debe ser tratada, antes de su vertido final. Este
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problema, ademas, cobra mayor importancia en poblaciones pequefas y en territorios insulares,
en los que el espacio fisico esta muy limitado. La Directiva 91/271/CEE reconoce como pequefia
poblacidn a las aglomeraciones urbanas de menos de 2.000 habitantes equivalentes. En Espaia
existen unos 6.000 municipios, de los mas de 8.000 existentes, que cuentan con menos de 2.000
habitantes, lo que supone un 75% de los ntcleos poblacionales de todo el pais.

3. Optimizacion de la gestion técnica de los lodos generados en el tratamiento de las
aguas residuales

A grandes rasgos, con el tratamiento de los lodos generados en el proceso de depuracion o
regeneracion de aguas residuales se pretende:

¢ La disminucion del contenido de agua en el lodo (deshidratacion).

e La estabilizacion de la materia orgédnica, para evitar problemas de fermentacion y
putrefaccion.

¢ La eliminacién de organismos patogenos.

¢ Conseguir una textura adecuada para que resulten manejables y transportables.

A la hora de plantear alternativas para conseguir estos objetivos hay que tener en cuenta que
los lodos de depuradora tienen la consideracion de residuos, en principio, no peligrosos (codigo
19 08 05, segun el Listado Europeo de Residuos) salvo que existan vertidos industriales que
aporten contaminantes toxicos.

Como al resto de residuos generados en el territorio espafiol, les es de aplicacion la Ley
10/1998, de 21 de abril, de Residuos, que regula el marco normativo en la gestion de los
residuos. En este sentido, esta ley establece una jerarquia, en la que se potencia la prevencion
de la contaminacion y la reutilizacion y reciclaje de estos productos, frente a su disposicion final
en vertederos controlados.

La peculiaridad de estos residuos, en cuanto a su tratamiento y gestion, fue abordada en
el Plan Nacional de Lodos de Depuradoras (PNLD, 2001-2006), sustituido mas tarde por el
segundo Plan Nacional de Lodos de Depuradoras de Aguas Residuales (Il PNLD), que abarca
el periodo 2008-2015, dentro del Plan Nacional Integrado de Residuos (PNIR). En ambos, y
siguiendo la jerarquia en la gestion y las directrices marcadas por la Union Europea, se potencia
la valorizacion de estos subproductos, principalmente, su aplicacion en agricultura por su alto
contenido en nutrientes. Igualmente, se contempla la valorizacion energética de los lodos vy,
como opcidn ultima, su disposicion en vertedero. Por tanto, siempre que los lodos cumplan
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los requisitos legales establecidos, se considera que la opcidn mas sostenible es el reciclaje de
nutrientes y materia organica mediante su aplicacion al suelo.

Concretamente el nuevo plan de lodos (II-PNLD), vigente en la actualidad, tiene los siguientes
objetivos cuantitativos:

o Valorizacion en usos agricolas de al menos el 70% de los lodos antes del 2011.

o Valorizacion energética de un 15%, como méaximo, de los lodos antes de 2011.

° Depésito en vertedero de un 15%, como méximo, de los lodos antes de 2011.

o Correcta gestion ambiental del 100% de las cenizas de incineracion de los lodos.

Por otro lado, el Real Decreto 1310/1990, de 29 de octubre, por el que se regula la utilizacion
de los lodos de depuracion en el sector agrario, impone una serie de disposiciones administrativas
sobre el control de la produccién y comercializacion de los lodos tratados, que deberan ser
controladas por las Comunidades Auténomas y paralelamente crea el Registro Nacional de
Lodos, adscrito al Ministerio de Agricultura, Pesca y Alimentacion. Estando todo ello regulado
por la Orden Ministerial de 26 de octubre de 1993 (BOE 5 de noviembre de 1993), sobre
utilizacion de lodos de depuradoras en el sector agrario.

En cuanto a la valorizacion energética de los lodos de depuradora, este aspecto no se
encuentra regulado especificamente en ningun texto normativo, aunque existe una Directiva
Europea relativa a la incineracion de residuos (DE 2000/76/CE).

Por ultimo, el vertido de los lodos en vertederos controlados esta regulado por el Real Decreto
1481/2001, de 27 de diciembre, por el que se legisla la eliminacion de residuos mediante depdsito
en vertedero. Para proceder al depdsito prolongado de los lodos de depuradora en un vertedero
controlado éstos deben cumplir con las especificaciones definidas en este Real Decreto. Estos
desechos pueden ser depositados en vertederos especificos de lodos o en vertederos combinados.
Para su vertido, los lodos requieren de un tratamiento previo de estabilizacion y solidificacion,
pues no es posible el vertido de residuos liquidos. Asimismo, en el anexo II del Real Decreto,
sobre criterios y procedimientos para la admision de residuos, se especifican los procedimientos
generales de prueba y admision de residuos.

Con frecuencia, en el proceso de valorizacion de los lodos se realizan varios tratamientos
encadenados, en ocasiones innecesarios e incluso perjudiciales desde el punto de vista ambiental.
Por ello, un objetivo del nuevo Plan Nacional de Lodos de Depuradoras (2008-2015), consiste
en precisar los tratamientos realmente necesarios para optimizar la valorizacion de los lodos.
En algunos casos es posible mejorar de manera significativa la eficiencia de los tratamientos,
introduciendo pequefias modificaciones en los procesos. Las medidas que se adopten en este
sentido propiciaran, no s6lo una mejor gestion, sino una disminucion del coste asociado a su
gestion. También se pretende mejorar la eficiencia energética de estos procesos, minimizando

|179]



Ruiz-Rosa, I. Rodriguez-Gomez, L.E. , Garcia-Rodriguez, F.J Natural Hazards & Climate Change

los consumos de energia no renovables y produciendo €sta siempre que sea posible, por ejemplo,
a partir del metano generado en los procesos anaerobios.

En resumen, es fundamental, ademas de evitar los impactos negativos asociados a la
generacion de lodos, buscar alternativas de reutilizacién que permitan cerrar por completo el
proceso de tratamiento de las aguas residuales, ya sea depuracion o regeneracion.

4. Tratamiento economico de las externalidades negativas

A la optimizacion de la gestion técnica de este tipo de procesos se suma la valoracion
econdmica de su ejecucion. Tradicionalmente, al menos hasta principios del presente siglo,
las repercusiones que la actividad empresarial ha tenido en el medio ambiente, en el cual se
halla inserta, han tendido a ser mayoritariamente obviadas del andlisis economico. Asi, las
aportaciones de los economistas a partir del siglo XVIII van excluyendo progresivamente de
su campo de andlisis aquellos aspectos ligados a la biosfera y a los recursos naturales, hasta el
punto de centrar su analisis s6lo en aquellos fenomenos “facilmente expresables en valores de
cambio y que son autorregulables” (Aguilera, 1994). Esta tendencia “reduccionista” del hecho
econdmico esta influida inicialmente, segiin diversos autores, por el paradigma “mecanicista —
cartesiano” (véase Aguilera, 1994; Kaap, 1966; Naredo, 1996).

No obstante, y debido a las evidentes deficiencias de un enfoque de la actividad econdmica,
y por tanto de la empresarial, que no tenia en cuenta las consecuencias, ni del consumo masivo
de recursos naturales, ni de los residuos generados en las actividades productivas, surgen a
principios de este siglo las primeras aportaciones analiticas centradas en determinar las
consecuencias de la actividad empresarial en el medio ambiente.

Pigou (1920) sostiene que, bajo determinadas circunstancias, el valor del Producto Neto
Marginal Privado difiere del Producto Neto Marginal Social, debido a que una parte del
producto de una unidad adicional de recursos puede revertir a agentes distintos de quienes han
realizado la inversion. En este contexto cabe situar las repercusiones ambientales de la actividad
empresarial, de manera que, siendo la empresa la responsable de la inversion, el resultado de
la misma puede afectar a “agentes terceros”, bien de manera positiva (caracter de bien publico
de determinadas actuaciones de recuperacion o cuidado ambiental) o bien de forma negativa
(degradacion ambiental). Pigou (1920) concluye en la necesidad de establecer subvenciones o
impuestos para alentar o desalentar, respectivamente, este tipo de actividades.

Coase (1960) analiza las acciones empresariales que presentan efectos perjudiciales sobre
terceros, haciendo énfasis en la naturaleza reciproca del problema. La solucion general a este tipo
de disfunciones es una correcta asignacion inicial de derechos de propiedad, que posteriormente
podrian negociarse en el mercado. La clave estaria en la comparacion de las situaciones finales
a partir de asignaciones iniciales alternativas. S6lo habria de intervenirse en el caso de que los
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costes de transaccion fuesen superiores a los beneficios obtenidos de la negociacion.

Por otro lado, Kapp (1966) realiza un prolijo analisis de los “costes sociales”, entendidos
como las pérdidas, directas o indirectas, soportadas por terceras personas o por el publico en
general, como resultado del desarrollo ilimitado de actividades econdmicas y de las que los
empresarios privados no se consideran responsables. Segun ¢l, existe un defecto de informacién
sobre la magnitud de tales costes y resulta muy dificil, en muchas ocasiones, establecer una
medida estadistica de los mismos, aunque no por ello el concepto pierde su operatividad.
Ademés, con frecuencia seria posible realizar medidas sustantivas, aunque no monetarias, de
dichos costes. Para el analisis de los costes sociales, el concepto teorico central es el principio
de la causacion circular o acumulativa, segun el cual el proceso social se caracteriza por la
interaccion de muchas variables econdémicas y no econdémicas cuyos efectos conjuntos mueven
el sistema hacia posiciones lejanas al equilibrio. Ello implicaria que el sistema econémico no
seria capaz de generar mecanismos autorreguladores de los efectos producidos por los costes
sociales. Concluye Kapp (1966) sosteniendo que los costes sociales son un fenémeno comun
a las economias de empresa. Su olvido o menosprecio afecta en gran medida a la correcta
utilizacion de los recursos, es decir, a la eficiencia maxima.

Otros autores plantean un analisis de las externalidades que pone en oposicion los intereses
de las empresas generadoras de las mismas con el publico en general. En oposicion a Coase
(1960), llegan a la conclusion de que la asignacion inicial de los derechos de propiedad sobre
el medio ambiente, bien a las empresas o bien a los consumidores, implica niveles de outputs
optimos diferentes, y por tanto distintos grados de contaminacidn y, consecuentemente, de
bienestar (Mishan, 1971). Ademas, se presentan tautologias de titulos de propiedad sobre el
medio ambiente y sus diferentes consecuencias para el bienestar y el dptimo social (Bromley,
1978).

Ademas de este enfoque de la actividad empresarial, centrado en las “externalidades” o
“costes sociales” que la misma genera, también son interesantes los andlisis que se han venido
realizando sobre las repercusiones de la accion de las empresas en relacion con el agotamiento
de los recursos naturales no renovables. En este sentido, se ha generado un debate que pone en
oposicion a partidarios del sistema de precios como adecuado regulador del uso privado de los
“activos no renovables” (Solow, 1974), frente a los que propugnan mecanismos reguladores,
dado que la actividad empresarial por si sola generaria comportamientos especuladores y
monopolisticos, alejando la tasa de uso de estos recursos del 6ptimo social (Davidson, 1984).

Asimismo, es interesante destacar una perspectiva que ha irrumpido con fuerza en este
debate: el llamado “enfoque institucionalista”, que hace énfasis en la importancia de los
factores normativos en la gestion de los recursos ambientales, asi como en las instituciones y
organizaciones encargadas de definir y aplicar dichas normas. Siguiendo esta perspectiva, seria
en los posibles cambios a realizar en el entramado institucional donde habria que centrar el debate
de la relacion entre empresa y medio ambiente (Bromley, 1985). Por otra parte, y en oposicion
a la llamada “economia ambiental”, que trata de integrar en el aparato de andlisis economico
la problematica ecologica a partir de los presupuestos Pigouvianos, surge el enfoque de la
“economia ecologica” que propone, segun Aguilera (1994), una “reconstruccion conceptual”
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para integrar la biosfera y las leyes fisicas, desde una perspectiva sistémica, dentro del analisis
econodmico. Asimismo, se evidencia la necesidad de un profundo estudio de los ecosistemas y
la integracion del enfoque institucionalista como elementos clave para redefinir la actividad
economica (y por tanto la empresarial) y dirigirla hacia un contexto ambientalmente sostenible.

Junto a estas aproximaciones macroecondmicas e institucionales, es de destacar que desde
la perspectiva puramente empresarial se ha venido consolidando en los ultimos tiempos el
concepto de logistica inversa, que analiza el proceso de produccién de manera integral, tratando
de planificar y controlar de manera eficiente los flujos de productos en el proceso productivo
con el proposito de la maximizacion de su valor (Srivastava, 2007). Y ello en la medida
que el andlisis del proceso productivo en su conjunto puede acarrear beneficios econémicos
y estratégicos (Blanco, 2010; Autry, 2005), no solo a través del ahorro de costes mediante
mejoras en la eficiencia, sino gracias a la percepcion positiva por parte de los consumidores,
con la consiguiente generacion de ventajas competitivas (Alshamrani et al., 2007; Daugherty
et al., 2005).

5. Efecto economico del tratamiento de lodos generados en la depuracion de aguas
residuales: de desecho a residuo aprovechable.

No es nuestro objetivo centrarnos en la problematica de la valoracion cuantitativa de los
dafios medioambientales (Aguilera y Alcantara, 2011), sino analizar el efecto econdmico que
genera en el proceso de depuracion de aguas residuales la valorizacion de los lodos, es decir,
su reutilizacion y/o reciclaje con el fin de eliminar, o al menos disminuir, la externalidades
negativas asociadas a su vertido.

El lodo, por defecto, es considerado como un desecho cuyo valor intrinseco es nulo y por
lo tanto s6lo genera gastos para la empresa. Sin embargo, la opcidn de reutilizar y/o reciclar
el lodo obtenido de las depuradoras de aguas residuales, ademas de evitar y/o disminuir una
externalidad negativa, hace que éste se convierta en un residuo aprovechable e incluso, siendo
mas ambiciosos, en un potencial “subproducto”, en virtud del valor afiadido que generaria su
posible valorizacion. El Plan General de Contabilidad (2008) considera residuo a todo aquel
material obtenido “inevitablementey al mismo tiempo que los productos o subproductos, siempre
que tengan valor intrinseco y puedan ser utilizados o vendidos”, en cambio un subproducto es
aquel que tiene “cardcter secundario o accesorio a la fabricacion principal ”.
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Grafico 1: Gestion de los lodos obtenidos de un proceso de tratamiento de las aguas residuales

En este trabajo se propone considerar al proceso de tratamiento y reutilizacion de aguas
como una actividad industrial de la cual se obtienen dos productos diferentes, agua depurada
para verter al medio y agua regenerada para reutilizar, ademas de una serie de subproductos,
todos con repercusiones medioambientales bien diferentes que es importante cuantificar por
separado.

Una gestion econdmica Optima del proceso requiere obtener un coste aproximado para cada
una de las fases en las que se podria dividir el proceso y para cada uno de los productos y
subproductos identificados, de forma que se favorezca la toma de decisiones interna y nos
permita especificar unos indicadores de gestion que guien la buena marcha del proceso. En esta
linea Moreno y Rico (2002) reflexionan sobre la conveniencia de utilizar, para las empresas
de abastecimiento y saneamiento de aguas, un Sistemas de Costes y Gestion basado en las
Actividades en la medida en que de este modo, se tendria mucha mas informacion acerca de
todas las actividades que se desarrollan en la prestacion del servicio y se podria buscar mejorar
la eficiencia en el desempeiio de este tipo de actividades. A grandes rasgos el Sistema de Costes
y de Gestion basado en las Actividades considera que las actividades que se ejecutan en un
determinado proceso productivo consumen recursos y a su vez los productos y/o servicios
consumen actividades (Mallo y Merlo, 1995). Por lo tanto, es el volumen de estas actividades,
no el de produccion, lo que condiciona el consumo de recursos.

En un proceso genérico de tratamiento y reutilizacion de aguas residuales se desarrollan
una serie de actividades, algunas principales y otras auxiliares. Las actividades principales
son aquellas cuya ejecucion resulta esencial para la consecucion del objetivo de la empresa
(pretratamiento, tratamiento primario, tratamiento secundario y tratamiento terciario). Las
actividades auxiliares son las que sirven de apoyo a las principales (tratamiento de lodos,
del gas, cogeneracion, desodorizacion, gestion de residuos, andlisis y ensayos, bombeo y
mantenimiento y conservacion).
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Con el fin de incorporar informacion cuantitativa en este trabajo se han utilizado los datos
facilitados por la Estacion de Depuradora de Aguas Residuales de Santa Cruz de Tenerife y
se ha hecho una estimacion de los costes asociados a cada una de las actividades principales
y auxiliares (Ruiz-Rosa, 2009) para un caudal medio de 40.000 m* al dia hasta un tratamiento
secundario.

Tabla 2: Estimacion de recursos econémicos por actividad (euros)

Actividades Principales Actividades Auxiliares
Pretratamiento 152.323,21 Tratamiento de Lodos 271.369,73
Tratamiento Primario 219.186,96 Gestion de Residuos 250.342,91
Tratamiento Secundario 390.417,13 Analisis y Ensayos 49.664,89
Tratamiento Terciario 200.339,10 Gestion del Gas 28.521,50
Gestion Administrativa 70.110,04 Desodorizacion 120.779,52

Cogeneracion 28.326,50

Mant. y Conservacion 640.199,39

Bombeo 394.860,19
TOTAL 1.032.376,44 1.784.064,63
2.816.441.07

Se observa como las actividades “Tratamiento de Lodos” y “Gestion de Residuos” consumen
una parte importante de los recursos utilizados en el proceso, aproximadamente un 30 %
del coste total asociado a las actividades auxiliares. Esto se debe a que el tratamiento de las
aguas residuales lleva aparejada la ejecucion de una serie de tareas paralelas encaminadas a
tratar los elementos contaminantes eliminados con el fin de atenuar cualquier posible dafio
medioambiental.

En cualquier sistema de costes el objetivo es centralizar todos ellos en las actividades
principales, puesto que son las que participan directamente en la obtencion del producto y/o
servicio. Por lo tanto, el siguiente paso seria distribuir el coste asociado a las actividades
auxiliares entre las principales, seleccionando para cada actividad principal las actividades
auxiliares que le prestan algun tipo de servicio. Esta cesion de costes se medird utilizando lo
que se denominan portadores de la actividad (Alvarez-Dardet, 1993)

La reutilizacién y/o reciclaje del lodo obtenido exige, desde un punto de vista contable, el
tratamiento de los costes asociados a la obtencion de este residuo como una actividad principal,
lo cual genera una serie de modificaciones en su tratamiento contable.
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En tabla 3 hemos incluido dos simulaciones para estos dos escenarios posibles. En la
Simulacion 1 la actividad “Tratamiento de Lodos” es auxiliar y en la Simulacién 2 se convierte
en principal. En esta segunda alternativa la actividad Tratamiento de Lodos no so6lo recibe
los costes directos asociados al tratamiento de lodos sino los recogidos en otras actividades
auxiliares relacionadas con ella, como son; Gestion del Gas, Cogeneracion, Desodorizacion,
Gestion de Residuos, Analisis y Ensayos, Bombeo, Mantenimiento y Conservacion.

Tabla 3: Analisis comparativo de la consideracion de la actividad “Tratamiento de Lodos” como auxiliar
0 como principal

ACTIVIDADES PRINCIPALES Simulacion 1 Simulacion 2
Pretratamiento 497.711,68 467,711,68
Tratamiento Primario 701.565,85 302.335,47
Tratamiento Secundario 1.256.286,57 514.858,71

Tratamiento de Lodos - 1.140.658,24
TOTAL 2.455.564,1 2.455.564,1

Observamos a raiz de los resultados mostrados en el cuadro anterior como el coste total no
varia al no haber modificaciones en lo que respecta al importe de los costes y del caudal a tratar.
Del mismo modo el coste asociado a la actividad Pretratamiento también es el mismo en los
dos casos puesto que en esta fase no se generan lodos, sélo utilizan el Tratamiento de Lodos
las actividades de Tratamiento Primario y Tratamiento Secundario puesto que es en estas dos
donde se genera este tipo de deshecho.

Mientras que en la Simulacion 1 no conocemos el coste especifico de la generacion de
lodos, en la Simulacion 2 disponemos de informacidon concreta del coste, tanto en su aspecto
econdmico como técnico, asociado al Tratamiento de Lodos, lo que permitira una gestion mas
eficiente de esta actividad.

El total de lodo bruto generado, teniendo en cuenta el caudal que hemos utilizado para hacer
los célculos, seria de 8.760.000 kg al afio, de los cuales 3.066.000 kg (3.066 Tm) corresponderian
al Tratamiento Primario y 5.694.000 kg (5.694 Tm) al Secundario. A su vez el lodo bruto es
sometido a un proceso de secado por medio del cual se consigue eliminar un 30% del liquido
que contiene, esto significa que de cada 0,60 kg/m? de lodo bruto se obtienen 0,42 kg/m? de lodo
deshidratado. Suponiendo un total de lodo bruto generado al afio de 8.760.000 kg, el resultado
del proceso de secado nos daria un total de 6.132.000 kg (6.132 Tm) de este residuo.
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Utilizando los datos relacionados con el coste de Tratamiento de Lodos, obtenidos de la
Simulacion 2,y teniendo en cuenta las cantidades de lodo seco segun el parrafo anterior podemos
calcular el coste unitario de cada kilogramo de lodo obtenido segun figura en la tabla siguiente.

Tabla 4. Coste unitario por kilogramo de lodo seco obtenido

Tratamiento de lodo (euros) 1.140.658,24
Kilogramos de lodo seco obtenido 6.132.000
Coste unitario por kilogramo de lodo seco obtenido 0,18 €/kilogramo

Con el fin de obtener un valor mas exacto habria que anadir el coste del tratamiento posterior
al que se debe someter el lodo una vez seco, segun el aprovechamiento que se le quiera dar. La
gran aportacion de este enfoque es la consideracion del lodo como residuo que puede ser objeto
de negocio y al que se le puede calcular un coste de obtencion.

6. Conclusiones

En el presente trabajo, partiendo de la cada vez mas estricta normativa medioambiental
referida al tratamiento de los residuos derivados de los procesos de tratamiento de las aguas
residuales urbanas y a la aparicion del Real Decreto 1620/2007, de 7 de diciembre, que regula
la reutilizacion de las aguas regeneradas (aguas tratadas para ser reutilizadas), se ha tratado de
contextualizar la importancia que suponen los lodos derivados de dichos procesos de tratamiento.

A través de un trabajo de simulacion de costes con datos reales provenientes de una estacion
depuradora de aguas residuales y entendiendo el proceso de tratamiento y reutilizacion de aguas
como una actividad industrial de la cual se obtienen dos productos diferentes, agua depurada
y agua regenerada, asi como una serie de subproductos, se ha cuantificado la importante
repercusion econdomica de los lodos.

Por ello, se pone de manifiesto la importancia de adoptar una perspectiva econdémica y
empresarial integral del proceso, apuntandose que la opcion de reutilizar y/o reciclar el lodo
obtenido de las depuradoras de aguas residuales, ademas de evitar y/o disminuir una externalidad
negativa, hace que éste se convierta en un residuo aprovechable e incluso en un potencial
“subproducto”, en virtud del valor afiadido que generaria su posible valorizacion.
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1. Objectives

In the last century the Wild TO compass theodolite was the standard instrument of forest
mapping and inventory in Hungary. Nowadays this instrument is almost disappeared from the
forestry surveying. Instead of theodolite we use GNSS instruments, which are easy to use even
for not professionals.

Data management is much faster with this instrument because of its compatibility with GIS
software, but sometimes its accuracy is not so good as in the case of theodolite. In these days we
can find digital surveying instruments, which can be operated by simple methods. The accuracy
and efficiency of these instruments are suitable for today’s engineers, and the processing of the
data can be supported by geoinformatics.

We examined the accuracy and effectiveness of the instrument, TruPulse 360B by test
measurements. This instrument is a possible alternative of Wild TO, because we also can
measure magnetic horizontal angle with it.

2. Material and Methods

Our research is based on simple hand-held laser rangefinder, called TruPulse 360B (Figure 1).
The TruPulse laser rangefinder is made and developed by the Laser Technology Inc. in the United
States. This instrument has an integrated compass that allows you to measure magnetic azimuth. You
can also measure slope distance, inclination and calculate horizontal and vertical distance with it.

Specification:
e Size:12x5%x9cm

o Weight: 285 g

e Max. range: 1000 m (non-reflective
targets) 2000 m (reflective targets)

e Inclination: £90°

e Angle range: 0° - 359,9°

e Data output: Bluetooth, RS232
Accuracy:

e Distance: between 0 and 100 m: £10 cm, Figure 1The TruPulse 360B
above: £30 cm

e Inclination: +0,25°

e Azimuth: +£1,00°
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We also used the MapStar Compass Module II-t (MSCM II)(Figure 2), what is a high resolution
digital magneto-resistive compass with high accuracy. This is a very reliable modul, with
automatical temperature and level calibration. The calibration procedure in the field is quite
fast. We can use his module with just the TruPuse 200 series.

Specification:

o Size:31x5x3cm

o Weight: 570g

e Accuracy: +/- 0,3°

e Data range: 0-359,99°
e Data resolution: 0,01°

e Data output: RS232

e Data: NMEA 0183 Figure 2The MapStar Compass Modulell and
TruPulse 360B

To investigate the measurements we set a reference traverse in the botanical garden of the
University of West Hungary. We used for this measuring a total station. The traverse lined in an
asphalt road and we fixed the traverse points with Hilti pegs (Figure 3). The total length of the
traverse is 401,81 meter and the longest traverse side is 65,09 meter.

Figure 3. Map of the reference traverse
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The comparable of the total station and the TruPulse measuring data we have to reduce the
errors. For that reason we used tripod and tribach and we just change the instruments.

We also examined the accuracy when we used monopod for the instruments and tripod for
the prism, and inversely monopod for the prism and tripod for the TruPulse.

3. Results

3.1 Adjustment of the traverse

When measuring traverses with total station we have calculated the interior angles, afterwards
initial magnetic azimuth then the final magnetic azimuth was determined. Next step was to
divide the linear error of closure resulting from a 2 cm error in x and y directions by the length
of traverse. We have considered the coordinates measured with total station accurate when
performing comparisons.

Compass traverse as close traverse can be adjusted in graphical and numerical ways. In
the past, in surveying adjustment with graphical way was preferred. Nowadays applying the
numerical way is not a problem anymore. We have also used numerical calculation during
our research. Data measured with TP360B distance measuring device was adjusted with
conventional calculation method. We have calculated interior angle from the measured magnetic
azimuths at the traverse, then linear error was calculated after interior angle and final azimuth.
Measurement accuracy was compared to the accuracy of a generic GIS GNSS instrument and
considered the calculated coordinates as accurate when the maximum deviance was below 3
meters .Measurements show that the maximum deviance was significant (15 meters) compared
to the measures done at total stations (refer to table below). Based on the error it was concluded
that there are differences between the bearings determined for the same reference point
when performing the measurements several times. For the checking the measured bearings
measurement results of foresight and backwards measurements were used according the the
following formula:

As a result of check calculations done based on the measurement data of foresight and
backwards measurements there were deviations of 2,5°-3,5° among the calculated bearings.
This error is greater than the accuracy of TruPulse 360B (£1°, ie maximum 2° deviation), hence
the remaining error is the result of the distribution of the measures and setting the directions.
The accuracy of setting the directions is largely influenced by the crosshair setting in case
of TruPulse devise. Based on our research it is not worth measuring traverses with TruPulse
devise. On the other hand distance measurement with TruPulse devise is satisfactory, hence
we used a different digital compass for measuring traverse. Application of MapStar Compass
Module II brought good results in calculating interior angle (refer to table 1).

|192]



Tamds Bazso, Péter Primusz Riesgos Naturales & Cambio Climdtico

Table 1. Linear error to closure, calculated with interior angle

Total Station TP360B MSCM 11
AP EOVY EOV X (m)
1 464443 .4 262312,4 0,0 0,0
2 4644148 262352,4 7,5 0,3
3 4643829 262409,1 13,5 0,7
4 464359,2 262456,3 15,8 1,3
5 464330,2 262494,2 16,0 1,4
6 464294,6 262522,6 13,7 0,9
7 464245.,4 262545,1 8,5 0,8
8 4641984 262561,5 4,7 0,2
9 464179,7 262555,4 3,1 0,1
10 464169,7 262540,5 0,0 0,0

In case of close traverse it is not possible to calculate horizontal angle error of closure
(Bacsatyai, 2002). Measured angles need to be modified with a magnetic constant (determined
from the error of scale of the device and the variations in declination) before adjustment. In case
of digital measuring devices the error of scale is not applicable because the device manufacturers
define an accuracy threshold. The solution is an adjustment method with which the angle is
modified in a way that it would contain the impact of the declination from the magnetic north and
the inaccuracy of the angle measurement. The adjustment of the close traverse is resulted from
the relation of the lines between the known starting (K) and ending (V) points and the known
starting and measured ending points. The angle of the two lines determines the total inaccuracy
of the angle measurement and the declination from the magnetic north. The difference between
the lengths of the lines determines the linear error of the closure (figure 4).

Figure 4. Adjustment of close traverse
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In our case the method was used in a way that instead of interior angle we have adjusted
the magnetic azimuth with the angle deviation (¢), then the linear error of the closure in the
directions x and y was adjusted in proportion with the lengths of the traverse sides. Based on
the test results it turned out that the measurement error is not coming from the measurement of
the distance, hence this step was skipped from the calculation. In essence we have combined the
compass and the conventional numeric adjustment steps as we consider the length deviations
of the compass traverse in an aggregate way as we move further from the starting point. This
method is referred to as simplified adjustment method.

3.2 Leave-one-out traversing

As an advantage of compass traverse, we only need to set up the device in every second point
because the magnetic needle needs to be aligned with a specific direction, which is the magnetic
north. Due to the fact that every second reference point is skipped the method was named as
leave-one-out method. (Bacsatyai, 2002).

During our research we have used the devices fixed on monopod with spirit level and also
placed on tripod (refer to table 2).

Table 2.Coordinate errors, in leave-one-out traversing

. Conventional Simplified
Measuring adjustment adjustment
method

Ay Ax Ay Ax
Tripod
WILD TO 2,1 3,7 -0,5 0,4
TP360B -2,5 -3,3 0,2 -0,1
Monopod
MSCM 11 4,0 6,3 -0,7 0,6
TP360B -4,3 -4,3 -0,4 0,3

With regards to the average deviation of the measured coordinates the measurement accuracy
of TP360B approximates the measurement accuracy of WILD TO even when the conventional
adjustment method is used. Traverse measured with MSCM 1I proved to be more accurate.
We have summarized in table 3 and 4 the deviances calculated at the different reference points
based on the measurements of the different devices.
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Table 3.Conventional adjustment method, in leave-one-out traversing

S

© 0 N O O B W DN -

10

Standard
deviation

Table 4.Simplified adjustment method, in leave-one-out traversing

©W 0O N O O b W DN -

10

Standard
deviation

WILD T0 TP360B MSCMII
Tripod Monopod
(m)
0,0 0,0 0,0 0,0
0,1 1,4 11 1,0
0,6 1,2 2,1 0,9
1,7 1,3 1,8 1,6
25 1,9 3.4 2,0
24 1,3 1,9 1,5
1,9 1,6 2,6 1,5
0,6 1,3 04 0,3
0,0 1,4 0,2 0,1
0,0 0,0 0,0 0,0
1,0 1,1 1,4 0,9
.‘rI:"'D TP360B MSCM I
Tripod Monopod
(m)
0,0 0,0 0,0 0,0
0,2 1,3 0,9 0,8
1,3 1,0 1,7 0,7
1,6 0,9 04 04
2,0 05 1,7 0,8
2,2 1,5 0,3 0,9
24 0,8 1,6 0,8
0,5 0,9 0,3 0,6
0,2 1,4 0,1 1,0
0,0 0,0 0,0 0,0
1,0 0,8 0,7 0,6
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The difference between the 2 types of adjustment methods is clearly visible. The traverse
calculated with the simplified numeric method approximates reality better.

Figure 5.Maximal difference, with simplified adjustment method and leave-one-out traversing
(Németh, 2013)

When applying conventional adjustment method the results are within a circle with radius
of 1.5 meter but using simplified adjustment method the same measurement points fall within
a circle with radius of 1 meter (figure 5). Changing the method of calculation, the deviances of
the measured coordinates have not significantly changed.

3.3 Traverse with foresight measuring

We have investigated the method when only foresight measuring was used. We have made
several measurements when the TruPulse 360B device was put on the monopod with spirit level.
With this investigation we wanted to understand how the measurement accuracy is influenced
by the fact that the device is not placed on the tripod. Results show that the accuracy of the
measures using TruePulse 360B fixed on a monopod is not behind the accuracy of measures
made using tripod (refer to table 5).
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Table 5.Simplified adjustment method with foresight measuring

TP 360B MSCM I
ID Tripod Monopod
(m)
1 0,0 0,0 0,0 0,0 0,0 0,0 0,0
2 0,2 0,2 0,3 0,2 0,2 0,8 0,8
3 1,3 0,6 0,5 0,6 0,9 0,6 0,8
4 1,6 0,8 0,7 0,6 0,8 0,7 11
5 2,0 11 0,9 0,7 1,0 0,9 1,4
6 2,2 1,0 0,8 0,8 1,0 0,9 1,7
7 2,4 0,9 0,8 0,8 1,0 0,7 1,7
8 0,5 0,8 0,8 0,9 1,0 0,7 1,6
9 0,2 0,9 0,9 1,0 0,9 1,0 1,5
10 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Standard
deviation 1,0 0,6 0,6 0,6 0,7 0,6 1,1

4. Summary

Based on comparative series of measurements it is not recommended to measure interior
angles by the TruPulse measuring instrument due to the deviations resulted from the inaccuracy
of this instrument. In case we want to measure interior angles, it is better to use MapStar
Compass Module II which is capable of measuring magnetic azimuth with 0.01° accuracy.
The traverse calculated with the simplified numeric method approximates reality better. When
applying conventional adjustment method the results are within a circle with radius of 1.5 meter
but using simplified adjustment method the same measurement points fall within a circle with
radius of 1 meter.

In case of leave-one-out traversing, the average of the deviation of the coordinates calculated
by TruPulse approximates the measurement accuracy of WILD TO even if conventional
adjustment method is used. Traverse determination with series of foresight measurement has
more even distribution than using leave-one-out traversing, hence it is suggested to define
traverse with foresight measurement. Using this latter measurement method, time can be saved,
as the person performing the measurement can progress along with the assistant and the assistant
does not need to go back and forth which would be required in case of the traditional method
for measuring interior angles. TruPulse can be fixed on a monopod with spirit level and also on
a tripod. Based on experience accuracy of the measures using the monopod is not behind the
accuracy of measures made using tripod.
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On flat terrain measures prove that 15 minute is sufficient to survey a traverse of 400 meter
with 10 traverse points. Based on the results of the field measurements, coordinates are taken
with 1,5-2 meters accuracy using TruPulse device. This is more accurate than the coordinates
measured by GPS in the forest. The average hand-held GPS guarantees accuracy of 3 meters
with good satellite communication, and it is difficult to ensure good satellite communication
in the forest, even outside vegetation period. Measurements with WILD TO device are popular
with forest engineers, but modern electronic surveying devices provide opportunity for easier
measurements keeping accuracy of WILD TO.
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1. Introduccion

1.1 Aspectos generales

La preocupacion medioambiental contenida en el ordenamiento juridico espafol tiene su
punto de partida en la propia Constitucion Espafiola de 1978, cuyo articulo 45 dispone que 1.
Todos tienen el derecho a disfrutar de un medio ambiente adecuado para el desarrollo de la
persona, asi como el deber de conservarlo. 2. Los poderes publicos velaran por la utilizacion
racional de todos los recursos naturales, con el fin de proteger y mejorar la calidad de la vida y
defender y restaurar el medio ambiente, apoyandose en la indispensable solidaridad colectiva.
3. Para quienes violen lo dispuesto en el apartado anterior, en los términos que la ley fije se
estableceran sanciones penales o, en su caso, administrativas, asi como la obligacion de reparar
el dafio causado. Este precepto, incardinado sistematicamente dentro de los principios rectores
de la politica social y economia del Estado, reconoce el derecho a un medio ambiente adecuado,
pero impone tanto a la ciudadania (titular del mismo) y a los poderes publicos (guardianes del
mismo) el deber de protegerlo, defenderlo y restaurarlo. La carta magna introduce una expresion
—medio ambiente adecuado- que requiere del concurso de otras ramas del conocimiento para
poder obtener plena significacion. De la misma forma, el triple mandato de proteccion, defensa
y restauracion se concreta en la necesidad de efectuar actuaciones diferentes en funcion del
territorio, sus caracteristicas o su situacion. Asi pues, aunque el problema de la influencia de la
humanidad en el cambio climatico sea una preocupacion reciente, la amplitud conceptual del
texto de 1978 permite, una vez contrastada la realidad de la situacion, incluir la lucha contra los
efectos del mismo dentro del mandato constitucional.

Sobre la base del precepto constitucional citado en el parrafo anterior, los poderes publicos
han de afrontar una tarea cuyos concretos aspectos vienen definidos extramuros del mundo
juridico. Un ejemplo concreto se puede encontrar en la asuncion de medidas para hacer frente
a los efectos del cambio climatico en el medio ambiente. Una vez alcanzado cierto consenso
en el plano cientifico en lo relativo a la existencia de causas antropogénicas en la modificacion
del clima, la expresion en cuestion ha empezado a aparecer en la forma de Derecho positivo.
Un ejemplo muy reciente se encuentra en la reforma de 2013 de la legislacion reguladora del
litoral costero.

1.2 Propiedad privada y dominio publico

Antes de abordar la concreta cuestion que ha sido escogida como ejemplo de la actuacion
legislativa en la lucha contra los efectos del cambio climéatico, es menester traer a colacion dos
conceptos juridicos relacionados entre si y esenciales para comprender el funcionamiento de
los mecanismos limitadores establecidos a través del Derecho. A través de los mismos se puede
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llegar a conocer parcialmente como se puede hacer valer el mandato constitucional de proteger
el medio ambiente. Tales conceptos son los de propiedad privada y dominio publico.

a) Propiedad privada

El derecho de propiedad aparece tratado en el articulo 348 del Cédigo Civil como el derecho
de gozar y disponer de una cosa, sin mas limitaciones que las establecidas en las leyes. Junto a
este precepto es necesario colocar el contenido en el articulo 33 de la Constitucion Espanola,
que reconoce el derecho subjetivo a la propiedad privada, pero afiade un detalle fundamental a
la hora de tratar su contenido y limites: la llamada “funcion social de la propiedad”. Asi como el
texto codificado decimononico establece la frontera de las facultades dominicales en las leyes, la
norma constitucional vincula esa limitacién a un parametro que debe entenderse como el interés
general de la colectividad. Solo por via de ley, anade el articulo 53 de la Constitucion Espanola,
pueden los poderes publicos limitar este derecho subjetivo. Ahora bien, esta delimitacion general
plantea la existencia de un concepto compuesto por multiples facetas, pues la funcién social
entendida en los términos establecidos varia en funcion del concreto derecho de propiedad de
que se trate. En la medida en que las multiples restricciones al contenido dominical vienen
establecidas por leyes sectoriales en el &mbito del Derecho Administrativo, no es extrafio que
se plantee la hipdtesis de que no estamos en la practica ante un Unico derecho de propiedad
sino ante una pluralidad de derechos subjetivos de naturaleza dominical, cada uno de los cuales
viene definido por el contenido delimitado legalmente y bajo el prisma de la llamada funcion
social. Asi, y a titulo de ejemplo, podemos encontrar ejemplos especificos de esta situacion en
los siguientes bienes:

e Los inmuebles urbanos, a través de la legislacion y los planes urbanisticos

e Los inmuebles colindantes con montes de titularidad publica, a través de la legislacion
especifica de la materia

e Los muebles e inmuebles de valor e interés culturales, a través de la legislacion especifica
en materia de patrimonio histdrico-artistico

e Los inmuebles que limitan con el litoral y con la zona de dominio publico maritimo-
terrestre, a través de la legislacion en materia de costas (de la que se hablard un poco mas

adelante)

e Los inmuebles dotados de interés paisajistico, ecologico o medioambiental, a través de la
legislacion estatal y autonémica aplicable a la materia.
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El denominador comun de los derechos subjetivos de naturaleza dominical cuyo objeto es
alguna de las cosas enumeradas en el parrafo anterior es que la propia naturaleza de los mismos
y su especial significacion sientan las bases de delimitaciones especificas provenientes del
ambito del Derecho publico. De esta forma, cada propietario de cada uno de estos bienes vera
que las posibilidad de “gozar y disponer” —por seguir utilizando la terminologia del Cédigo
Civil- tienen una extension diferente en funcion del objeto del derecho y de las disposiciones
contenidas en la ley aplicable. En la medida en que el interés general incluye un derecho a un
adecuado medio ambiente y que la proteccion del mismo es un deber tanto para la ciudadania
como para los poderes publicos, cabe la posibilidad de que la lucha contra los efectos del cambio
climatico se pueda incorporar en la forma de medidas concretas que limiten el contenido de
determinados derechos subjetivos. Dicho de otra forma, la batalla por paliar los efectos de la
influencia humana sobre la modificacion del clima puede conformar un aspecto concreto de la
proteccion medioambiental como parte de la funcion social del dominio.

b) Dominio publico

El concepto de dominio publico hace referencia a aquellos bienes que, siendo de titularidad
publica, estan afectados a un uso publico, a un servicio publico o al fomento de la riqueza
nacional, tal y como establece el articulo 339 del Cddigo Civil. El régimen de estos bienes esta
reguladoenlaLey33/2003, de 3 de noviembre, de Patrimonio de las Administraciones Publicas,
y otorga a los mismos por su especial naturaleza juridica una especial proteccion, justificada
precisamente por su destino ya mencionado de uso y servicio publicos. Es la afectacion de
esos bienes a esos fines lo que les otorga el especial estatus demanial. Este desarrollo legal
proviene del mandato contenido en el articulo 132.1 de la Constitucion Espafiola, que dispone
que la ley regulara el régimen juridico de los bienes de dominio publico y de los comunales,
inspirandose en los principios de inalienabilidad, imprescriptibilidad e inembargabilidad, asi
como su desafectacion. Sobre la base de esta regulacion determinados bienes quedan sustraidos
del ambito del dominio privado, para someterse una titularidad publica basada, nuevamente, en
un interés general establecido tanto a nivel constitucional como legal. Dentro de esa categoria
se encuentran, como se vera un poco mas adelante, los bienes que integran el litoral costero.

1.3 Proteccion medioambiental en el ordenamiento juridico espariol

Una vez mencionado el mandato contenido en el ya citado articulo 45 de la Constitucion
Espafiola, es necesario también apuntar la presencia de otras normas que, sobre la base de
la anterior, desarrollan el principio general de proteccion medioambiental en el ambito del
ordenamiento juridico espafiol. Asi, podemos encontrar en el &mbito del Derecho Internacional
multitud de tratados y convenios interestatales donde se plasma la necesidad de otorgar a
determinados territorios una proteccion especial. Por ejemplo, la Convencion sobre la Proteccion
del Patrimonio Mundial Cultural y Natural, de 23 de noviembre de 1972 (en vigor en Espafia
desde el 4 de agosto de 1982), menciona claramente esa ineludible defensa en sus considerandos
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iniciales. Ademads, aporta una definicién de lo que da en denominar “patrimonio natural” en
su articulo 2, conceptuandolo como una categoria que engloba los monumentos naturales
constituidos por formaciones fisicas y bioldgicas o por grupos de esas formaciones que tengan
un valor universal excepcional desde el punto de vista estético o cientifico; las formaciones
geologicas y fisiograficas y las zonas estrictamente delimitadas que constituyan el habitat de
especies animal y vegetal amenazadas, que tengan un valor universal excepcional desde el
punto de vista estético o cientifico; los lugares naturales o las zonas naturales estrictamente
delimitadas, que tengan un valor universal excepcional desde el punto de vista de la ciencia, de
la conservacién o de la belleza natural. La convencion establece respecto de esta categoria de
patrimonio una triple obligacion para los Estados firmantes: de identificacion y delimitacion; de
proteccion y conservacion y de rehabilitacion.

Si avanzamos al ambito del Derecho interno, podemos encontrar la Ley 42 / 2007, de 14
de diciembre, del patrimonio natural y de la biodiversidad. En su preambulo se habla de la
necesidad de proteger y conservar la riqueza albergada en los conceptos definitorios del texto
legal, mencionando especificamente la cuestion del cambio climatico e invocando el mandato
constitucional varias veces mentado a lo largo del presente texto. A través de esta norma
sectorial, el legislador estatal asume la necesidad de concretar la proteccion del medioambiente,
especificando a su vez ese concepto genérico y planteando consecuentemente diversas lineas de
actuacion para frenar el deterioro y, en la medida de lo posible, revertir los efectos del mismo.
Sin embargo, fuera de este &mbito concreto podemos encontrar un dmbito territorial en el que
la accién humana se ha traducido en una grave pérdida de la riqueza y el patrimonio naturales:
las costas

Espafia, como recuerda la exposicion de motivos de la Ley 22 /1988, de 28 de julio, de Costas,
tiene una gran longitud de costa, aproximadamente 7.880 kilémetros, de los que el 24 por 100
corresponden a playas. Este patrimonio inmobiliario, sin embargo, se encuentra gravemente
deteriorado como consecuencia de la acciéon humana, la cual se ha hecho mucho mas agresiva
en los ultimos tiempos. Si bien es cierto que la explotacion de los recursos de la zona maritimo-
terrestre es tan antigua como la propia civilizacion, el desarrollo urbanistico vinculado al auge
turistico aumento el nivel de exigencia sobre esa franja del territorio hasta un punto donde las
posibilidades de recuperacion han caido en picado. Por otra parte, una de las consecuencias
del cambio climatico es el aumento del nivel de los mares, con graves implicaciones en los
habitats costeros. Si el agua del mar penetra en zonas cada vez mas alejadas de la linea de costa
los resultados negativos en el territorio y sus recursos seran inevitables. En consecuencia, no
es arriesgado concluir que la proteccion medioambiental del litoral pasa por la lucha contra los
efectos de la variacion del clima y por la recuperacion de aquél.
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La condiciéon demanial del litoral costero proviene del ambito del Derecho historico. Asi,
en el Derecho Romano daba la condicidon de bien comun a la ribera del mar, extendiendo el
llamado /itus maris hasta donde alcanzara el limite méximo de las aguas marinas. Por su parte,
las Partidas de Alfonso X mantuvieron el criterio de que la superficie cubierta por el mar en
sus mayores crecidas anuales era de titularidad comunal. Por su parte, la Ley de Aguas de 1866
hace referencia a las playas como objeto ya de dominio publico y actualiza el criterio anterior
al indicar que forma parte del demanio la extension hasta donde alcanzan las mas altas mareas
equinocciales y donde éstas no fueran sensibles, hasta donde llegan las tormentas y temporales
ordinarios. Igualmente, el articulo 339 del Cédigo Civil incluye dentro de los bienes de dominio
publico las riberas, playas, radas y otros analogos.

La Ley 28 / 1969, de 26 de abril, de Costas, aborda ya la regulacion del litoral en pleno
desarrollo urbanistico del mismo, y plantea una normativa de caracter mas detallado desde el
punto de vista conceptual, pero sera la citada Ley de 1988 la que plantee una regulacion mucho
mas ambiciosa cuyo objetivo ultimo es la recuperacion de un territorio seriamente afectado por
una alta densidad poblacional y por los efectos de la misma.

Si volvemos momentaneamente a la Constitucion Espafiola de 1978, veremos que su articulo
132.2 menciona especificamente al litoral dentro de los bienes englobados en el concepto de
dominio publico. Asi, dice el precepto en cuestion que son bienes de dominio publico estatal
los que determine la ley y, en todo caso, la zona maritimo-terrestre, las playas, el mar territorial
y los recursos naturales de la zona econdmica y la plataforma continental. Esta detallada
enumeracion encontrard su desarrollo diez afios después en una texto normativo con rango de
ley que, en sus planteamientos afrontaba la necesidad de reafirmar la naturaleza demanial del
litoral y hacer lo necesario para frenar (si no revertir) su deterioro y conservar (si no recuperar)
su riqueza.

La Ley de 1988 da una definicién pormenorizada del concepto de dominio publico maritimo
terrestre, imponiendo esta naturaleza juridica frente a aquellos derechos de propiedad privada
que pudieran haberse establecido previamente sobre el litoral. Al tomar esta medida, el legislador
cambi6 sensiblemente el régimen establecido para los enclaves dominicales privados contenido
en la Ley de 1969, y desencadeno una profunda controversia en torno a la seguridad juridica en
el trafico inmobiliario cuyos ecos alcanzaron hasta la propia Unién Europea. La contundencia
de la medida venia justificada por la desnaturalizacion de la demanialidad de la costa y por la
destruccion ocasionada a espacios vitales de produccion organica y bioldgica.

La Ley de 1988 define como elementos del dominio publico maritimo terrestre los siguientes:
e Laribera del mar y de las rias (Articulo 3.1). Dentro de ésta:
o La zona maritimo-terrestre, definida por el espacio contenido entre la linea de bajamar

0 maxima viva equinoccial y el limite hasta donde alcancen las olas en los mayores
temporales conocidos o, cuando lo supere, el de la linea de pleamar maxima viva
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equinoccial (Articulo 3.1.a)

o Los margenes de los rios hasta el lugar donde se haga sensible el efecto de las mareas
(Articulo 3.1.a)

o Las marismas, albuferas, marjales, esteros y demas terrenos bajos que se inundan como
consecuencia de la accion de las mareas, de las olas o de la filtracion del agua del mar
(Articulo 3.1.a)

o Las playas o zonas de deposito de arenas, gravas, guijarros y demas materiales sueltos
(Articulo 3.1.b)

o Los escarpes, bermas y dunas formados por causas naturales o artificiales (Articulo
3.1.b)

e El mar territorial y las aguas interiores (Articulo 3.2)

e Los recursos naturales de la zona economica y la plataforma continental (Articulo 3.3)

e Las accesiones a la ribera del mar por depdsito de materiales o por retirada del mar (Articulo 4.1)
e Los terrenos ganados al mar como consecuencia de obras realizadas (Articulo 4.2)

e [ os terrenos desecados en la ribera (Articulo 4.2)

e Los terrenos invadidos por el mar que pasen a formar parte de su lecho (Articulo 4.3)

e Los terrenos cuya superficie sea invadida por el mar (Articulo 4.3)

e Los acantilados sensiblemente verticales en contacto con el mar o con terrenos del dominio publico
maritimo-terrestre, hasta su coronacion (Articulo 4.4)

e Losterrenos deslindados como dominio publico que hubieran perdido sus caracteristicas naturales de
playa, acantilado o zona maritimo-terrestre (Articulo 4.5)

e Los islotes en aguas interiores y mar territorial (Articulo 4.6)

e Los terrenos incorporados en virtud de concesiones administrativas sobre el dominio publico
maritimo-terrestre (Articulo 4.7)

e Los terrenos colindantes con la ribera del mar que se adquieran para su incorporacioén al dominio
publico maritimo-terrestre. (Articulo 4.8)

e Las obras e instalaciones construidas por el Estado en el dominio publico maritimo-terrestre (Articulo
4.9)

e Las obras ¢ instalaciones de iluminacion de costas y sefializacion maritima construidas por el Estado
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y los terrenos afectados al servicio de las mismas (Articulo 4.10)
e L os puertos e instalaciones portuarias de titularidad estatal (Articulo 4.11)

e Las islas formadas o que se formen por causas naturales en el mar territorial, en aguas interiores o en
los rios hasta donde se hagan sensibles las mareas, salvo casos excepcionales (Articulo 5)

Sobre esta extensa enumeracion, el legislador viene a imponer una serie de regulaciones que
ratifican la demanialidad de los bienes contenidos en la misma:

e Los caracteres de inalienabilidad, imprescriptibilidad e inembargabilidad (Articulo 7)

e La inoponibilidad de los titulos dominicales de naturaleza juridica privada (Articulos 8 y 9)

e Elestablecimiento a favor de la Administracion del Estado de potestades para la defensa del demanio:
o Investigacion (Articulo 10.1)
o Recuperacion posesoria (Articulo 10.2)

o Deslinde (Articulos 11 y siguientes)

Este estricto régimen se ve complementado en el Titulo II de la Ley con un conjunto de
limitaciones sobre las propiedad inmobiliarias que recaen sobre los terrenos colindantes
al dominio publico maritimo-terrestre, las cuales acotan el contenido del derecho subjetivo
dominical privado por razon de la proteccion demanial. Estas restricciones se concretan en
la imposicion de una serie de servidumbres legales a soportar por los titulares de derechos
dominicales privados, para garantizar la plena proteccion y uso del demanio maritimo-terrestre.

La aplicacion del ambicioso proyecto contenido en la Ley de 1988 se desarrolld a lo largo
de veinticinco afios en los cuales se plantearon problemas de indole competencial (entre el
Estado y las Comunidades Autonomas) y de seguridad juridica (entre la Administracion del
Estado y la ciudadania). Las soluciones planteadas para atemperar en los particulares los efectos
de la normativa resultaron hasta cierto punto contradictorias con el espiritu de la misma, al
transformar el derecho de propiedad en un derecho de ocupacion y aprovechamiento demanial
de larga duracion (treinta afios prorrogables por otros treinta, segun la Disposicion Transitoria
Primera). La asuncion de esta medida traia consigo una paradoja: si se admitia la posibilidad de
un aprovechamiento por mas de medio siglo, quiza la acciéon humana sobre el litoral no era tan
grave, o bien sus efectos ya no eran reversibles. En uno u otro caso, eso llevaria a la conclusion
de que la decision del legislador habia sido exagerada. Por otra parte, la transformacion de
la propiedad privada en una concesion por tiempo limitado suponia a ojos de las personas
afectadas una pérdida incompatible con determinados derechos reconocidos en normas de
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Derecho Internacional. Si a ello se suma el caracter transnacional del mercado inmobiliario en
el litoral espafiol, no resulta extraio que el Parlamento Europeo tuviera que pronunciarse sobre
este problema a través del Informe sobre el impacto de la urbanizacioén extensiva en Espana en
los derechos individuales de los ciudadanos europeos, el medio ambiente y la aplicacion del
Derecho comunitario, con fundamento en determinadas peticiones recibidas (2008/2248(INI)),
de 20 de febrero de 2009 y también denominado Informe Auken en honor a su ponente, la
parlamentaria danesa Margrette Auken. Las conclusiones de este texto fueron aprovechadas por
el legislador para abordar una reforma de la Ley de Costas, poco antes de que el texto cumpliera
un cuarto de siglo de historia.

3. La lucha contra el cambio climatico en la reforma de 2013

La reforma de la legislacion costera vino a concretarse a través de la Ley 2/2013, de 29 de
mayo, de proteccion y uso sostenible del litoral y de modificacion de la Ley 22/1988, de 28
de julio, de Costas. La justificacion de la modificacion vino dada, segun el legislador, por la
necesidad de ajustar el equilibrio entre la proteccion del litoral y la seguridad juridica en el
trafico, especificaindose en los siguientes aspectos:

e La modificacion respecto de la extension de la servidumbre de proteccion, que en determinados
terrenos pasa de cien a veinte metros.

e La modificacion de los plazos de las concesiones administrativas sobre el demanio, que pasan de
treinta a setenta y cinco afios.

e El establecimiento del principio de inscripcion obligatoria respecto de los deslindes efectuados asi
como la publicacion de las lineas de los mismos en la sede electronica del Ministerio de Agricultura,
Alimentacion y Medio Ambiente.

e La revision de los deslindes ya realizados para aplicar las consecuencias de las modificaciones
operadas en la reforma.

e [ a transmisibilidad de las concesiones tanto inter vivos como mortis causa.

e La posibilidad de que la Administracion General del Estado suspenda en via administrativa los actos
y acuerdos adoptados por las entidades locales que afecten a la integridad demanial.

e Laintroduccion de medidas para paliar los efectos del cambio climatico en el litoral.

La concreta referencia al cambio climatico se plantea primeramente en la exposicion de
motivos, pues como colofon de la misma el legislador establece la imposicion al Ministerio
de Agricultura, Alimentacion y Medio Ambiente de una obligacién de elaboracion de una
estrategia para la adaptacion de la costa a los efectos del cambio climatico. Dicha estrategia
se compone de un diagnoéstico riguroso de los riesgos asociados al cambio climatico y de una
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serie de medidas que permitan mitigarlos. La primera consecuencia de este mandato se concreta
en la modificacion del articulo 2.a de la Ley de Costas, para introducir la variacion climatica
como un factor de consideracion a la hora de abordar las tareas de recuperacion, conservacion
y proteccion del litoral.

Una mirada al articulado reformado de la Ley de Costas permite detectar la introduccién
de requisitos relacionados con la valoracion de los efectos del cambio climatico en cuestiones
concretas como los proyectos de ocupaciéon o uso del dominio publico maritimo-terrestre
(articulo 44), de la posibilidad de ampliar el plazo de concesion cuando se articulen planes
de lucha contra aquéllos (articulo 66) o del establecimiento en los titulos de otorgamiento de
autorizacion y concesion de la obligacion del adjudicatario de adoptar las medidas oportunas
para la lucha contra la variacion climatica y sus consecuencias (articulo 76). La regulacion
especifica de cada uno de estos aspectos queda para el desarrollo reglamentario de la ley
reformada, donde se comprobara efectivamente la extension del mandato legal.

La lucha contra los efectos del cambio climatico en el litoral constituye un afiadido
reciente en la legislacion sectorial costera, consonante con las preocupaciones medioambientales
del legislador espafiol en los Ultimos afios. Sin embargo, los efectos de unas medidas que
aun esperan su desarrollo por normas de rango reglamentario solamente se veran cuando los
preceptos contenidos en aquéllas y en la propia ley de la que traen causa se apliquen a una
realidad tan variable, compleja y rica como la que constituyen las costas del pais.
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