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Preface

Urban areas produce a series of environmental problems arising from the consumption
of natural resources and the consequent generation of waste and pollution. These
problems that continue to grow in our society require the development of new solu-
tions for those urban areas to function at levels of quality of life desired by the commu-
nity. The solutions should not have adverse effects outside as well as inside the urban
boundary.

The problems are compounded by the growth of urban areas in the last two hundred
years. By the beginning of the XIX Century, only 3% of the world’s population lived in
cities and there were no more than 20 urban areas with more than 100,000 inhabitants.
Atthe start of the XX Century, the figure grew to 10% of the world’s population living
in cities. The figure has now increased to 50% and the United Nations has estimated
that by the middle of our century, 62% of the world’s population will live in big cities.

These figures represent an average for the whole world but they are much higher for
Europe. From areport by the European Community, 80% of the European population
already lived in cities in 1997; 20% of them in urban centres with more than two and a
half million, another 20% in middle sized cities and 40% in those of 10,000 to 50,000 in
habitants. These statistics give an idea of the magnitude of the problem discussed in
this book and the importance of finding sustainable solutions.

This book comprises most of the papers presented at the 2" International Conference

on Sustainable City, held in Segovia in 2002. This Conference addresses the above
points and the many inter-related aspects of the urban environment with particular
reference to the topics listed in the table of contents of this book ie :
Strategy and development; planning, development and management; restructuring
and renewal; cultural heritage and architectural issues; land use and management;
environmental management; the community and the city; public safety and security;
traffic and transportation; transport environment and integration; agriculture and the
city; energy resources.

The Meeting, which follows the first conference held in Rio de Janeiro in 2000 was
very successful, attracting a large number of contributions from many different countries.
This led to a very fruitful exchange of views and to many discussions among the
participants, who came from a wide variety of backgrounds. The success of the
Conference was in great part due to the variety of experience amongst the participants.

The Editors are grateful to all the participants for having attended the conference
and to the authors for their excellent presentations. They are indebted to the members
of the International Scientific Advisory Committee who contributed to the reviewing of
the papers.

The Editors
Segovia 2002
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Abstract

Geo-indicators can help to assess environmental conditions in city urban and
suburban areas. Those indicators should be meaningful for understanding
environmental changes. From examples of Spanish and American cities, geo-
indicators for assessing environmental conditions and changes in urban and
suburban areas are proposed. The paper explore two types of geo-indicators. The
first type presents general information that can be used to indicate the presence
of a broad array of geologic conditions, either favouring or limiting various kinds
of uses of the land. The second type of geo-indicator is the one most commonly
used, and as a group most easily understood; these are site and problem specific
and they are generally used after a problem is identified. Among them, watershed
processes, seismicity and physiographic diversity are explained in more detail.

A second dimension that is considered when discussing geo-indicators is the
issue of scale. Broad scale investigations, covering extensive areas are only
efficient at cataloguing general conditions common to much of the area or some
outstanding feature within the area. This type of information is best used for
policy type decisions. Detailed scale investigations can provide information
about local conditions, but are not efficient at cataloguing vast areas. Information
gathered at the detailed level is necessary for project design and construction.
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1 Introduction

Urban areas exist primarily because they are centres of value-add to goods and
services in the economic stream or are concentrations of services such as health-
care, educational institutions, or arts centres. Cities and their surrounding
suburbs tend to be insulated from the vicissitudes of nature due to their built up
nature and their reliance upon often-distant rural areas. The concentration of
infrastructure, such as buildings, streets, utilities, etc. insulates the inhabitants
from natural, environmental events and processes. However, as these built up
areas expand they often have to extend into areas of natural hazards. Further, as
cities grow in size and become more complex the concentration of high value
resources and infrastructure make these urban areas at high risk from natural
events such as fire, flood, earthquake, landslide, volcanic eruption, and storms.

Cities have long taken measures to prevent or mitigate easily perceived
threats such as invasion or fire. Later, less easily perceived issues, such as those
of sanitation, pollution of water supplies, and public health, have been studied
and resolved. Finally, geologic hazards such as earthquake producing plate
tectonics, or processes hidden from view, such as ground water pollution, are
being realized as significant dangers to the urban environment. In addition to
geologic hazards, there are other geologic processes and products that an urban
setting needs to function: sand and gravel for construction, stable soil conditions
or firm bedrock for building foundations, and safe and abundant water supplies.

Geo-indicators can help to assess environmental conditions in urban and
suburban areas. Those indicators should be meaningful for understanding
environmental changes. Some environmental indicators are well established (bio-
indicators) whereas others such as geo-indicators are not.

We explore two types of geo-indicators. The first type presents general
information that can be used to indicate the presence of a broad array of geologic
conditions, either favouring or limiting various kinds of uses of the land. This
group of geo-indicators is best used before development is planned and leaves
the final decisions for the use of the land to political or economic factors.

The second type of geo-indicator is the one most commonly used, and as a
group most easily understood. These are site and problem specific and they are
generally used after a problem is identified such as slope failure, groundwater
pollution, or earthquake susceptibility. Because they are focused on a problem,
they are highly technical.

This paper presents examples of geo-indicators from different examples of
Spanish and American urban areas, with different histories, functions and trends.

2 Examples

2.1 Small Maryland watersheds

Studies of small, first and second order watersheds in the Piedmont
Physiographic province of Maryland have indicated that the sequential change
from an initial forested condition to agricultural uses and finally to urban and
suburban developments have had profound effects on hydrology, sediment loads,
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and chemical characteristics. Qualitative studies have shown that the conversion
of forested land to agriculture to urban land under construction greatly increased
the sediment load (Table 1) and changed the chemical composition by adding
fertilizers, and pesticides.

Table 1: Sediment yields related to land use at the Gunpowder River Watershed,
Maryland (O’Brian and McAvoy [1]).

Forested land ~ 50 tons/sq mi/yr
Farmland 1,000 — 5,000 tons/sq mi/yr
Land stripped for construction 2,500 — 50,000 tons/sq mi/yr
Urban and suburban land 50 — 100 tons/sq mi/yr

Development steepens and increases the flood hydrograph (Figure 1). The
result of increased sediment loads and higher flood flows is increased deposition
on the flood plains burying floodplain vegetation and disrupting aquatic
biological activities.
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Figure 1: Hyphothetical unit hydrograph for pre- and post-urban conditions.

The conversion of agricultural lands to housing subdivisions, commercial,
and light industry has both a short term and a following long-term effect.
Initially, when the ground is stripped, preparatory to construction, runoff and
sediment loads are greatly increased with increased effects to stream channels
and flood plains exceeding the impacts of agricultural practices. Then, when
construction is completed, sediment loads return to near forestland conditions
(Figure 2) due to the presence of impervious surfaces of roadways, roofs, and
grass covered lawns. In contrast to sediment loads, flood hydrographs become
even steeper and higher due to these same impervious surfaces and the
channeling of runoff in gutters and sewers. Stream chemistry again changes due
to inputs of household wastes such as detergents, pesticides, and nitrates.

These qualitative trends have been well documented in the piedmont of
Maryland surrounding Baltimore. The task now is to quantify these trends and to
determine their effects on aquatic organisms. Because studies have shown that
two-thirds to three-quarters of the area in the piedmont surrounding Baltimore is
in first and second order watersheds, it would be impossible to study all of them
in detail. However, by studying a few in selected physiographic zones of
consistent geologic process, it should be possible to transfer the information
gained from one study watershed to others within the same physiographic zone.
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In summary, due to the continuing expansion of urban-suburban areas into
agricultural and forested lands in Maryland, there is a need to assess and monitor
the geologic processes affecting the watersheds. It is important to understand the
hydrologic and biologic changes so that management measures can be devised to
minimize the impacts 1o preserve the watershed values. However, there are so
many small watersheds that all cannot be measured or monitored. Physiographic
provinces and their subdivisions provide a useful framework for information
transfer from studied watersheds to unstudied watersheds within similar
physiographic units,

T T T T T i
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Figure 2: Sediment yield, land use and drainage area. Watershed: circle =
forested; triangle = agriculiural; square = developed (housing,
commercial, mining). (Compiled from Costa [2], and Wolman [3]).

2.2 Utah earthquakes

The Intermountain Seismic Belt in the western U.S. muns porthward from Las
Vegas, Nevada, into Montana. Two notable 7.3 earthquakes have occurred
within this zone during recent memory, the Hebgen Lake Earthquake of 1959
and the Mount Borah Earthquake of 1983. They both occwrred in sparsely
populated, rural areas, but still caused significant damage. Farther south along
this seismic belt is the densely populated Wasatch Front of Utah with an
estimated population of over 1.3 million in an area about 130 km long by 25 km
wide (Figure 3).

Due to the perceived earthquake hazard, the Utah Geological Survey has
recently undertaken two types of studies to determine the earthquake risk to this
densely populated area. The first type of study was aimed at determining the
recurrence interval of large, ground rupturing events along the Salt Lake segment
of the Wasatch fault (Black and others [4]). To do this, they trenched across
suspected fault scarps to locate ancient soil horizons buried by material deposited
from the steep upthrown side of the fault. They then dated these horizons by the
carbonl4 method to determine @ maximum age for ground-rupturing
earthquakes. By estimating the ages of several past earthquakes by this method,
they were able to estimate a recurrence interval of approximately 1,350 + 200
years for such events (Black and others, [4], p.27).
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Figure 3: Aerial photo of the Wasatch Front near Bountiful, Davis County, Utah,
just north of Salt Lake City proper. The mountain front is
approximately the trace of he Wasatch Fault, downdropped to the west.

In addition to knowing the frequency of large earthquakes, it is also necessary
to conduct studies to determine the damage they could cause. The second area of
investigation looked at possible results of an earthquake, specifically liquefaction
of the soils near the fault zone. Studies cited in Keaton and Anderson [5]
identified areas of liquefaction hazard as either high, moderate, low, or very low
for the area along the Wasatch Front. These maps are recognized to be of a
regional nature so that systematic, site specific studies are needed to validate the
predictions for given localities.

To assist local officials prioritise sites for detailed study they produced a
matrix table (ibid., p. 460) showing liquefaction potential vs. type of developed
facility. Thus facilities necessary during an emergency event such as hospitals,
fire stations, etc were suggested as top priority, followed by lifelines such as
water lines, gas lines etc. The priorities went on down through high occupancy
facilities to facilities handling hazardous materials and finally to residential
single lots. The point is that the initial studies were at a recognizance scale
responding to a perceived geologic problem. With continued study greater detail
was brought to the prediction of the consequences of earthquakes along the
Wasatch Front.

2.3 Segovia, Spain

The Segovia example summarizes the geo-environmental assessment that was
carried out in the beginnings of its Agenda 21 process [6].

Segovia is located in Central Spain, fifty-five miles north-west of Madrid.
Due to its Roman Aqueduct, its cathedral, its fortress (dlcdzar) and an
outstanding civil and religious Romanesque architectural style, Segovia was
designated a World Heritage Site by UNESCO in 1985. Segovia straddles an
area where three main physiographic units of the Iberian Peninsula join — the
Northern Guadarrama (granitic-gneissic) piedmont, the limestone terrains of the
border of the piedmont, and the southern part of the Cenozoic Douro Basin
(Figure 4). This variety is the origin of both favourable conditions and complex
geologic problems.
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Figure 4: Oblique aerial view of Segovia. The ancient town (centre) stands on a
strategic limestone hill between two canyon-shaped valleys — Eresma
(right) and Clamores (left); San Lorenzo, and old orchard
neighbourhood, appear in the bottom-right of the image; the new city
grows to the left (south), on a gneissic piedmont; at the top-left (north)
can be seen the bare crop fields on unconsolidated sediments of the
Douro Basin, dissected by the main course of the Eresma river and
preserved from urban development by law. (photo by A. Hoyuela)

2.3.1 Urban development and geo-environmental effects
Even though this ancient city covers a small area, its growth over the centuries
has produced undesirable environmental effects. The main problems are: (a) a
reactivation of geclogical processes; (b) a noticeable increase of the namral risks,
from the movement of people and goods into the domain of active-and-
hazardous geological processes. In addition geologic resources such as sand and
gravel, silica sand, and ground water have not been adequately exploited.
Ancestral human activity in the Segovia area has interfered with the natural
dynamics of geological and geomorphological processes, changing their spatial
distribution and their rates, The following are the most prominent.

2.3.1.1 Fluvial processes The landmark of Segovia, its Roman aqueduct,
represents an early example of human changes to fluvial regimes and
hydrological resources; it transferred water from one drainage basin (the Riofrio)
to another (the Eresma). Urban development has also modified the hydrologic
regime by increasing peak discharges and decreasing basin lag times of the
hydrographs. One of the most obvious consequences of this change to the
hydrograph is recurrent flooding at several locations in the city, which were not
traditionally affected by this problem (Somorrostro square, San Millan and San
Marcos quarters...). The flooding happens during torrential storms, when
precipitation is higher than 20 mm per day — exceeding the capacity that gutters
were designed to handle.

2.3.1.2 Collapse/subsidence Due to lawn watering, outsianding collapse
cavities have recently developed in colluviom and landfill materials within the
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urban area (for example, Santa Lucia). In addition, leaking from the water supply
system within the historical city (located on a limestone mesa) has increased
karstification. This hasn’t triggered the formation of noticeable collapses within
the city. However, the formation of new springs on the slopes and cliffs
surrounding the mesa has sapped the weaker layers of those slopes, triggering
fall and collapse of historic city walls at several locations during recent years,

2.3.1.3 Mass movements Urban development activities have accelerated pre-
existing mass movements, and triggered new ones, on the slopes near Segovia.
Common examples of these activities are: (a) opening of road cuts; (b) removal
of support from the toes of slopes; (c) accumulation of loose materials for road
embankments and dump fills; (d) addition of weight, by buildings or filling, to
meta-stable slopes; (e) increasing the moisture content of loose materials.
Therefore, examples of man-induced and triggered landslides, affecting human
goods, are common within the Segovia urban area and its surroundings (Figure
5).

2.3.14 Rock weathering Air pollution from heating, traffic and industrial
emissions have accelerated weathering of several historical buildings of the city
(Aqueduct, Cathedral, Romanesque buildings) and forced expensive restoration
projects to preserve these international landmarks.

Figure 5: (A) Failure of a road fill within urban Segovia in June of 1999, B)A
rotational slump covering tracks at the Segovia station. This slump
first occurred in the middle 1950’s and was reactivated in the 1980’s.

Referred to natural risks, due to its proximity to Madrid, Segovia province is
experiencing rapid growth of both second or weekend homes, retirement
residences, and homes of commuters to Madrid. This spreading of Segovia’s
urbanized area within the domain of active geologic processes —along with the
activation and reactivation of existing geologic processes— has noticeably
increased the lives and properties at risk. Far from learning the lessons provided
from historical catastrophes, the growth of the city has repeatedly occurred in
areas with a high hazard (Figure 6).

2.3.2 General geo-indicators

As indicated in the introduction, we have differentiated two types of geo-
indicators for the Segovia’s Agenda 21 issues [6]. General geo-environmental
information useful for landscape and urban planning are shown in table 2.
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Figure 6: Areas of hazardous geologic processes and the growth of Segovia over
time. The shadowed area indicates zones of hazardous geologic
processes. The perimeter of Segovia's urban area is shown by a dotted
line for Antiquity, a dashed line for the middle of the XIX century and
a continuous line for the current boundary.

Table 2: Proposed geo-indicators for assessing general geological and landscape
conditions of the Segovia area.

(g-informstion Measure Toal
= | Reserve rocks, gand, | Percest of proven ressrves Wimeraliore reserve
Mineral resouroes le.-dl:ﬂ:ulh availsble evaluation
Wter supply Surface waler reserve m“:w*” Waer resources evalustion
Geotech it Fropertles of surficial geology for Cost of remediation Gentochnical pvalut .
e Cost of prevention vi. Geologlo'geomorphic
Goobogical bazards Activity of bazmrdons processes vahas of kit i |
Geclogical sites Greological sites nveatory, Sites avalble vi. tites | Existing literatere, geaiogical
| """"I charscierization md assessment destroyed maps, field work
_"‘“"’"""““m Physiographic diversity Dousity por it arsa GIS techniques

To provide the planners with information for future environmental and urban
planning, a physiographic map of the Segovia area, showing both favouring and
limiting conditions of the lands, was done [6]. In addition, we propose a measure
to quantify the diversity of the landforms in the surroundings of a city.

2.3.2.1 Physiographic diversity Indexes on diversity are common in biological
sciences, but rare in earth sciences. Figure 7 plots the mumber of different
landform units included in a series of circled-areas of 1-km-radius from 1 to 24
km from the centre of four urban locations in Central Spain. The data is from
existing landform maps of both Segovia and Madrid Provinces. Geographical
Information System techniques were used for overlaying, counting, and
compiling the information.

The graph shows higher values of diversity for the location of Segovia. This
might help to understand why both the pre-Roman and Roman people selected
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this place for a permanent city. The variety of terrains might mean various
natural resources were within a short distance from Segovia: surrounding
mountains to supply water, wood and grazing on the piedmont, rocks for
buildings in the piedmont and limestone terrains, orchards, springs and rivers in
the valleys, and crop fields in the Douro tertiary basin. On the other hand, the
relatively high diversity of the larger circle suggests problems for the wise use of
the land for future development. In contrast Madrid has a relatively lower
diversity index with increasing area. This city is expanding very rapidly in part
due to the relatively uniformity of terrain which permits ease of development.

We realize, however, that this indicator has to be combined with
complementary information to have significant meaning. First, the higher
diversity is due, in part, to the small size of the landforms close to the
Guadarrama Mountains, relative to those in the middle of the Duero or Tagus
basins, where landforms are large, broad and flat. Thus, this higher diversity may
be important for some aspects (such as strategic or defensive locations or
scenery), but monotony may be important for others (ease of construction and
farming, higher farm productivity, predictable conditions, Etc).

—— Series 1
40 ~g— Series 2

20 s Serics 3

different landform units|

0 5 10 15 20 25
km of the radius of the circle

Figure 7: Number of different landforms surrounding four urban locations in
Central Spain, where: Series 1, Segovia; Series 2, Cantimpalos; Series
3, Colmenar Viejo; and Series 4, Madrid.

2.3.3 Specific problem geo-indicators

Specific problem measurements are generally developed after a problem is
identified. They generally measure physical and chemical properties of rocks,
soils, and water. Because this group is most commonly known, for the Agenda
21 issues, we have adapted geo-indicators [7] that apply to Segovia specific
conditions (Table 3).

3 Discussion and conclusion

Geo-indicators provide invaluable information to decision-makers and agencies
involved in sustainable development and urban planning processes. It is
important to also indicate the proper use of this geo-environmental information
considering scale, probability, and precision.
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Table 3: Site- and problem- specific geo-indicators, adapted for assessing
environmental conditions of the Segovia urban area.

Problem Propased geo-indicatar Measure — Taool
. ) Sitructares and population Slope stabalsty measurements,
Mass movements | Lives and vaes LUK | T wiiin areas | landslide susceptibility, hazand and
wilin Rgh WS %S | mapped ashighbazard | riskmupping
= — Magaimude and Walues af risk within the 5, | Stream ganges, food frequency |
looding frequency of flooding | 10 and 50 year flood plain | and risk amalysia |
i o Trpervicus (umbanized) Mapping and messurement of |
. “".‘""m Urkas growing rates area vi. nom-urhan of urban areas at regular intervals |
| impervious s 3 watersheds {GI5-hased) 1
0 | ; - : | Monitering  regular inservals; |
. . Changes in land surface Sail loas in iom per ' o
Sail erosion susceptibility mapping, eresion
N Do SO oo NN~ NS
( Surficial and Water meets cstablished mg/, s, pH. Bte | Regular monitering, sampling and
_ proundwater pollution _ suindards diosk analysis
Collapse, subsidence | Lives and values strisk | Percent of total urban area E‘:"E:P"hm”r& mrra[ué
{sinkholes) within hazard areas | underlain by active karst g "'ﬂ%‘!“j + geologl
" Rock weathering on Acceberation of matural | | Pewclogie malysis atregular |
| heritage buildings s o weatheriog | e fughesing bn mm intervals
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