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The use of a Geographic Information System and Remote Sensing
Technology for monitoring land use and soil carbon change in
the subtropical dry forest life zone of Puerto Rico

Abstract

Aerial photography, one of the first form of remote
sensing technology, has 1long been an invaluable means to
monitor activities and conditions at the Earth's surface.
Geographic Information Systems or GIS is the use of computers
in showing and manipulating spatial data. This report will
present the use of geographic information systems and remote
sensing technology for monitoring land use and soil carbon
change in the subtropical dry forest 1life zone of Puerto
Rico. This research included the south of Puerto Rico that
belongs to the subtropical dry forest life zone. The Guanica
Commonwealth Forest Biosphere Reserve and the Jobos Bay
National Estuarine Research Reserve are study in detail,
because of its location in the subtropical dry forest 1life

zone.

As the primary source of data was wused aerial
photography, digital multispectral imageries, soil samples,
soil survey maps, field inspections, and differential global
positioning system (DGPS) observations. With the collected
data was build a digital data base and relating it with a
GIS.

The information provided in this report is a valuable
tool in the development of priorities for the management of
the natural resources which are under natural or man-induced
stress. For the Jobos Bay National Estuarine Research
Reserve, a land use and land cover map for the year of 1995
part of this report. Also for the Gudanica Commonwealth
Forest Biosphere Reserve a series of six land use and land
cover maps for the year 1936, 1950-51, 1963, 1971, 1983, and



1989. Those maps will be useful to those interested in the
historical development of this region of Puerto Rico.

Introduction

In accordance with the Ecological Life Zones of Puerto
Rico and the United States Virgin Islands Map by J. J. Ewel
and J. L. Whitmore scale 1:250,000 in which the
Classification of World Life Zones or Plant Formation
developed by L. R. Holdridge is used, most of the south part
of Puerto Rico belongs to the subtropical dry forest 1life
zone classification together with the east Ceiba, Ensenada
Honda, Culebra, part of Vieques; and in the west Mona Island.
In the south of Puerto Rico includes Guayama, Salinas, Santa
Isabel, Coamo, Juana Diaz, Ponce, Guayanilla, Yauco, Guanica,
and part of the municipalities of Lajas and Cabo Rojo.

The life zone are defined by mean annual values of the
three major climatic factors of the environment, namely,
heat, precipitation and moisture. However, it must be
remembered that within a six-sided bar of the three
dimensional life zone figure there may be a whole series of
latitudinal and one Dbasal 1life zone with identical
biotemperature, precipitation and potential evapotranspi-
ration range ratios. Additional climatic factors such as day
length, atmospheric pressure and seasonal variations of
radiation differentiate the life zones within each of those
series. Quantitative values of those additional climatic
factors are not needed on the diagram because they are
correlated directly with mean annual biotemperatures and
altitudes (Tosi, Jr. 1967). As the title of this report
states, Geographic Information System (GIS) and Remote
Sensing was used for monitoring land use and soil carbon
change in the south part of Puerto Rico that belong to the
subtropical dry forest life zone.

This final technical report covered a period of over
fourth years of intensive research. The original proposal
was for three years, but an extension was granted with two
new activities for an extra year. During that period of time
also the principal investigator was doing other endeavors
that enhance the quality of this research. The result of the
Land Use and Land Cover Maps Series of the Guanica
Commonwealth Forest Biosphere Reserve (Gudnica Forest) was
finish, the maps and their analysis are part of this report.
During fiscal year 1995, the principal investigator receive a
one year dgrant (Award No. NA470R0476) from the National
Oceanic and Atmospheric Administration (NOAA) to develop a
digital data base of the Land Use and Land Cover of the Jobos
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Bay National Estuarine Research Reserve (Jobos Bay Reserve).
These results are also part of this technical report.

With the detail study of these two important site within
the Subtropical Dry Forest Life Zone of Puerto Rico, there
are the Guanica Forest and the Jobos Bay Reserve, it will
complement the unsupervised classification of the Airborne
Ocean Color Imager digital image acquired in the NASA mission
number 94-019, dated December 14, 1993. The Appendix 1 -
Image Illustrations and Maps, shown all the maps and images
mention before.

Materials and Method

Changes in forest cover over time are important because
of the role forests play in the global carbon cycle, in
global climatic trends, and in providing species habitat
(Woodwell et al. 1984). Although understanding forest change
is important worldwide, it is especially important in the
tropics, where land use transformation is occurring very
rapidly and where timely ground data are scarce. This
research will provide a better wunderstanding of global
climate change, deforestation, global carbon budget and the
impact of man on the environment.

Along the study area, soil samples were taken and
analyzed at the Soil Conservation Service Soil Survey
Laboratory at Lincoln, Nebraska. A summary of the analysis
are included in the Appendix 2, as bar graphs with a list of
the identification and it location. The area that belong to
the subtropical dry forest life zone within the Lajas Valley,
Ponce, and Humacao Soil Surveys were digitized. On Appendix
3 an index map for each soil survey and a list with the soil
types are part of the appendix 3.

Jobos Bay Reserve

Jobos Bay National Estuarine Research Reserve is located
on the southeastern coastal plain of Puerto Rico, within the
subtropical dry forest life zone of Puerto Rico’s tidal and
submerged wetlands. Important wildlife habitats within the
Reserve limits include coral reefs, extensive seagrass beds,
sand beaches, fifteen small mangrove cays (known as Cayos
Caribe) and the mangrove forest and lagoon areas of Mar
Negro. Endangered species such as the West Indian manatee,
hawksbill and green sea turtles, the brown pelican and the
yellow shouldered blackbird live within the Reserve.
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Jobos Bay Reserve and vicinity is subjected to different
land use and land cover, which could be impacting its unique
environmental characteristics. Examples of these include:
extensive and intensive agricultural activity, thermoelectric
power generation, sanitary landfills, residential areas, golf
courses, and marinas. The ability to identify, quantify, and
up-date these land use and land cover areas are valuable
tools for future research and to ensure adequate management
of the Reserve. Literature about land use and land cover of
the Jobos Bay area 1is very scarce. The only reference
available is Seguinot (1986).

A photointerpretation of a variety of aerial photography
was used as a primary source of information for the land use

and land cover classification. Black and White (B/W), Color
prints and Color Infrared (CIR) transparencies were the
primary photographic sensors used. The CIR transparencies

were taken during the December 1993 NASA Mission flight 94-
019-HR-732, which cover the USGS Topographic Quadrangles
series of 7.5 minutes of Salinas and Central Aguirre at scale
of 1:20,000, also was used. Those topographic guadrangles
were used for georeferencing the data.

The land use and land cover designations followed the
criteria of Mitchell et al. (1977), Milazzo (1980), and
Anderson et al. (1976). Level 1 of the urban classification
was the 1intensity identified in the aerial photography.
Urban or build-up land is comprised of areas of intensive use
with much land covered by structures. Forested wetland are
wetlands dominated by woody vegetation. Forested wetland
includes seasonally flooded bottom land hardwoods, mangrove
swamps, shrub swamps, and wooded swamps including those

around bods, Anderson et al. (1976). Nonforested wetlands
are dominated by wetland herbaceous vegetation or are
nonvegetated. These wetlands include tidal and nontidal

fresh, brackish, and salt marshes and nonvegetated flats,
brackish, and salt marshes and nonvegetated flats and also
freshwater meadows, wet prairies, and open bogs, Anderson et
al. (1976). Barren land is land of limited ability to
support life and in which less than one-third of the area has
vegetation or other cover. 1In general, it is an area of thin
soil, sand, or rocks, Anderson et al. (1976). Agricultural
land may be defined broadly as 1land used primarily for
production of food and fiber, Anderson et al. (1976).

Some land use and land cover designations were modified
to facilitate the mapping. For Forest 1land was used the
open/closed forest designation of FAO (1993). Closed forests
are forests whose canopies cover all the land surface and the



photointerpreter cannot see the forest floor. Open forests
have open canopies and the photointerpreter can see the
forest interior on the aerial photography. The Dry forest is
a land use and land cover classification that was especially
designated for this photointerpretation. Dry forests are
forests of dry or brown bushes and dry grass in the slope of
a hilly terrain. The Grass classification is a level 2
category of Agricultural 1land, where the texture of the
aerial photography 1look smooth as grass. The Water
classification are those polygons that follows in the
categories of lakes (like Lago Melania) or ponds for
agricultural purposes.

In summary, the different land use and 1land cover
polygons 1include: Urban and build-up areas; Agricultural;
Grass; Dry forest; Forest land open; Forest land closed;

Forest and Non-forested wetland; Water; and Barren land. In
addition to the photointerpretation, field inspections were
performed. The location of the toll highway PR-53 and

connecting roads was performed using differential global
positioning system (DGPS) observations in a mobile mapping
mode.

The conversion of the remote sensing data from the
aerial photography to digital form is the foundation for the
digital data base. As a GIS software, it was used PC
Arc/Info version 3.4.2 develop by Environmental Systems
Research Institute, Inc. of Redlands, California. For PC
Arc/Info a coverage is a homogeneous class of data within a
digital map, such as roads. 1In a coverage, map features are
stored as simple points, 1lines, or polygons. Thematic
descriptors, such as feature name, symbol, classification and
any other desired attributes for each point, line, or polygon
are stored in feature attribute tables. As part of the
digital data base were developed the following coverages:
Jobos, Carrl, Carr2, Rio, and Muni. A plotting file is the
file for plot a digital map. The plotting file content the
digital map entitle Land Use and Land Cover 1995 Jobos Bay
National Estuarine Research Reserve, within all coverages
mention previously.

Guanica Forest

Guanica Forest was declared part of the international
network of biosphere reserves by the United Nations on
October 2, 1981. Gudnica Forest was studied in order +to
establish the standard to measure the effects of man's impact



on his environment in other parts of the south of Puerto
Rico.

The Guanica Forest encompasses approximately 4,010 ha in
the southwestern coast of Puerto Rico. The Guanica Forest is
unique because its land use history is well known and forest
vegetation has been studied extensively beginning 1n the

1920's (Gleason and Cook 1926). Other studies describe
vegetation structure, productivity, and dynamics (Lugo et al.
1978, Murphy and Lugo 1986a, Lugo and Murphy 1986). Results

of experiments involving perturbation of vegetation by
cutting and applying herbicides are also available (Ewel
1971, Murphy and Lugo 1986a).

The northern, and western limits of the study area were
delimited by the two USGS quadrangles (Gudnica and Punta
Verraco) that contained the Guanica Forest. These topographic
maps were also used as base maps for the photointerpretation.
The southern limit of the study area was the coast line. It
was used all the aerial photography available for the region
from the Photogrammetry Office of the Puerto Rico Highway and
Transportation Authority. For the map labeled 1950 to 1951,
two years are used because the photos were taken during
December 1950 and January 1951.

Maps includes what could be seen in the photos. Close
study of maps shows that some trails were shown in the 1950
to 1951 map but not in the others. This is because some of
the trails were not clearly visible in some years. The
charcoal pits were only visible in the 1936 photos. However,
they are hard to detect and not all individual charcoal pits
were mapped. Charcoal production in Guanica Forest ceased at
the end of the 1940s.

The land use designations followed the «criteria of
Mitchell et al. (1977), Milazzo (1980), and Anderson et al.
(1976). It was classified as urban or built up land anything
that had concrete or tarmac and used their level 1
designation of the suggested urban classification protocol.
Some land use designations were modified to facilitate the
mapping and adapt protocols to the particular land uses of
Guanica Forest. For forest cover we used the open/closed
forest designation of FAO (1993). Closed forests are forests
whose canopies cover all of the land surface and the photo
interpreter could not see the forest 1interior on the aerial
photo. Trees tend to have a wider spacing in open forest
designation compared to closed forests. Field survey suggest
that some open forests were disturbed forests in younger
stage of development which over time, matured into closed
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forests. Other open forests also occur were mature stages of
forests growing under harsh edaphic conditions. These stands
remained open forests for decades, even in the absence of
disturbance.

Beachesand rocky shores are grouped as natural barren
land. Mangroves are forested wetlands. Salt flats are grouped
into the non-forested wetlands category. However, these salt
flats can flood, in which case they were interpreted as
water. The timing of rains relative to the time of the
photography can thus affect the interpretation of the land
use. Quarries and sanitary land fills were classified as
artificial barren lands. The category other barren lands
included abandoned house and baseball park sites now being
studied by S. Molina, and cutting and herbicide experiment
conducted by Ewel (1971).

Once the base maps were finalized, they were digitized.
Areas under each land use within and outside of the forest
boundary as well as for all the study area were estimated for
each map. Table 2 shows each land use and land cover
classification with their total area in hectares, within
forest boundary, outside forest boundary and all Guanica. PC
Arc/Info was used for the digitalization and all the
analyses.

Subtropical Dry Forest Life Zone

The image illustration entitle AOCI  Puerto Rico
Subtropical Dry Forest Life Zone show the Airborne Ocean

Color Imager  (AOCI) Rawdata, each band wavelength in
micrometer and a color composite of the area using three
bands. The AOCI is a high altitude multispectral scanner

designed for oceanographic remote sensing. It provides 10-bit
digitization of eight bands in the visible/near infrared
region of the electromagnetic spectrum, plus two 8-bit bands
in the near and thermal infrared. The ground resolution at
an altitude of 65,000 feet is equal to 163 feet(50 meters).

The unsupervised classification is when the computer
separates the pixels into classes with no direction from the
analyst. The unsupervised classification of the AOCI image
of the south of Puerto Rico results are shown in the Image
Illustrations entitle Land Use Classification Puerto Rico
Subtropical Dry Forest Life Zone. Using the same
unsupervised classification of the AOCI image of the
subtropical dry forest 1life =zone of Puerto Rico where
encompass the Guanica Forest and the Jobos Bay Reserve were
enlarged. The ELAS program was used for the unsupervised
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classification, automatically defined 25 classes for the
scene. After the 25 unsupervised classes were calculated,
each class was displayed for inspection, after that, was
combined various categories into the six classes shown in the
Image Illustrations, there are: Forest, water, urban, bare
soil, agricultural/pasture and clouds.

The general distribution of the patterns of the Image
Illustration -Land Use Classification-Guanica Commonwealth
Forest and Land Use Classification - Jobos Bay National
Estuarine Research Reserve are similar to the patterns of the
photointerpretation of the maps of Land Use and Land Cover
1989 Guanica Commonwealth Forest and Land Use and Land Cover
1995 Jobos Bay National Estuarine Research Reserve, although
the output of 1989 and 1995 have more detail in there
classes.

Results

It can be pointed out that the general distribution of

the patterns of the 1Image Illustration - Land Use
Classification - Guéanica Commonwealth Forest and Land Use
Classification - Jobos Bay National Estuarine Research
Reserve are similar to the patterns of the

photointerpretation of the maps of Land Use and Land Cover
1989 Guanica Commonwealth Forest and Land Use and Land Cover
1995 Jobos Bay National Estuarine Research Reserve, although
the output of 1989 and 1995 maps have more detail in there
classes than the Image Illustrations.

The prevailing land use and land cover classification on
the Jobos Bay Reserve area (area within the Salinas and
Aguirre USGS Quadrangles) was agricultural land, followed by
urban or build-up land. Table 1 shows each land use and land
cover classification with their total area in hectares.
Figure 1 shows the percentage distribution of each land use
and land cover polygon of the Jobos Bay National Estuarine
Research Reserve (JBNERR).

A color map entitle Land Use and Land Cover 1995 Jobos
Bay National Estuarine Research Reserve is a hard copy of the
plotting file. This plotting file was plot on a 8 1/2” by
11”7 paper, but the fonts are design for a plot on a 24” by
36" paper.

For each of the six Land Use and Land Cover Maps of

Guanica Forest there will be a quantitative analyses, for
each one of the land use and land cover classification on
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table 2. Also the total forest cover designation is the sum
of open and closed forests, forested wetlands, and tree
plantations. Total natural vegetation was total tree cover
plus non-forested wetlands. Natural areas was the total of
natural vegetation, natural  barren land, and water.
Converted lands was the sum of artificial barren lands, other
barren lands, wurban or built-up lands, and agricultural
lands.

Table 1. Land Use Classification of the Jobos Bay Study Area

Land use Area (hectares)
Agricultural land 8,715,440
Barren land 256,260
Urban and build-up areas 1,525,920
Grass 98,360
Water 71,720
Dry forest 1,137,220
Forest land open 234,080
Forest land closed 280,970
Forest wetland 1,256,530
Non-forested wetland 219,390
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Land use : 1936 1950 1963/ 1971 1983 1989
Within forest boundary _ - FEE N N U IR
Urban or built-up fand f ©026] 334 | a7 aa8] 375 946
+Agmunmg£mg,‘_ 15129 73891415 2189 . 247 . 377
Water o 0.65; 2.28. 261 241 7”772750 N 2.67
Forest land (open) 1442661  1007.83 471.84,  291.61 . 138.69 . 12215
Forest land (closqd) ... 1172445 2249.76 _ _2865.34.  3038. 79 3204.69 3220 16
|Plantations o 13.65] 0.22 0.95 - 0. 97 0. OO B - 0.64
Forested wetland o B 7.81 1153 10.01: 9 18 - 77787746 ~ 107§§
Non-forested wetland 0.01] \ 0.00! 0.24 o OO .0 06‘ - 0.00
Naturalbarrenland 2572 1221, 285 1246 1237 17.82
Artificial barrenland 1400 884 814 141 9597 000
Other barren land ) o 15.09] 1426 001 o v3r 0.78: 1a2
Total forest cover ~3188.58 ! 3269.33° 3348, 14 334055’ 3351, 84 3353.33
Total natural vegetation ~ 5124.59 5219.33  5311.38 531155, 533490 534233
Total natural areas . 5150. 96 - 523382 §3l§§4 - 5326.42. 5349.87 5362 82
Total converted areas 168 04 Lo 100 52 2718 29 IO 16. 58 14.35
Outside forest boundary o ,A,,l,,,,,,:

Urban or bullt-up fand _ ~ 135, 897 220.03° _ 384.89 ©488.29. 689.22 699.37
Agricultural fand ) o 3365 90| 3091.77, 303}7 49 324172 \ o 7275768 38 1795 44
Water o 15004‘7 7 2624 o 1704‘ o 2061 ) 2301

Forestland (open) . &71. 49‘ 578,51 473. 3‘ . _.180. SO 111937
Forest land (closed) 1456.62 | 1696 11 _1668.89 7,1762] 441 2394.27 . 2281.51

Plantations o 27. 97\ 34.81 34.98 - 3378 26. 24 23.64
Forestedwetland  54.74]  57.87° 66.73  68.25] 69.32 77.49
Non-forested wetland . . 83.134 S 7302 103. 54 . 91, 74‘ 77.11 58.22
Natural barren land X 77.37. 30.39. . 28.31 16.2, 17.01, 15.09
Artificial barrenland ~30.09, 99.36 183.14; 50751 4513 11.66
Other bargenland 72961 8272 . . . 2373. 1076 35 48 18.05
Total forest cover . 221081 235004 2349.11 2196. 78T 12670. 34 3502 o0l

Total naturai vegetation 1 2293.94 2423.07 2452 §§ 2288.52:  2747. 45 - 3560.23
Total natural areas oL 2521.35) 2619 17 2507.21 2321716 I 2785 O? 3598.33

Total converted areas . 3605.84. ,37493 88 . 3629.25 . 3791.51 | 3338. 22 2524.52
Al Guanica o ) - _J i o i, o

Urban or built-up land 136.1 5 22357 389.76! 492 77 692.97 I 708.83
Agricultural land o 3517 19 31 65. 66 ) 3051.64 1 3263.61 | - 2570.85! 1799.21

Water : 150.69 158. 99 28. 86\ 1945 23.21 ‘ 25. 68
Forest land (open) » 211415 o 1757679,708 LQSO 34 764 92 j o 319 2 _A 241 52

Forestland (closed) _ 3181.07,  3945.87|  4534.23 ‘ 4660.22|  5598.96,  5501.68

Plantations 4163 34.76. 2624 2428
Forested wetland L 62540 77 43‘ ] _ 77.787 87.86
Non-forested wetland . 83 4»77 B . " 91 741 ,_77.]7; B 58.22
Natural barrenfand o 1037097 | 106, ug{s 66| 29.38: 3291
A[gf[cg\ﬂ)irgnqud o 3149 108.20: 191.28: 527146‘ 54. 721 11.66
Other barrenland 8805|9698 _ __ 2375, 207 36.60! _. 1906
Total forestcover _  _ 5399.39 5619.38 . 5697.25'  5537.33 6022 .18 6855.34

Total natural vegetation ~~ 5482.53 5692.40 _5801.03"! 5629.07|  6099.35 \ ~6913.56

Total natural areas 573631 5894.00 5861 04 567718 6151, 95 ) 6972 15

Total converted areas 3772.871 3594.41 3656.431 3820.61 3354, 80 i 2538.86

Table 2.

Area of the land use categories within and outside

Guanica Forest and in all the area of the study in the

quadrangles of Guanica and Punta Verraco between 1936 and
1989. All values are in hectares.
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In 1936, the main land use within the boundary of
Guanica Forest was closed forest, followed closely by open
forest (Table 2). There were 151 ha of agricultural lands
within the forest boundary. Outside the forest boundary, the
main activity was agriculture with closed forests
representing half as much area as agriculture. Urban land
use was 136 ha. Agriculture was the major land use 1in the
region as a whole, followed in order by closed forest, open
forest, water, and urban land use (Table 2).

During the 1936 time period, the prevailing forest type
in the eastern portion of the GuAnica Forest was open forest.
Canyon vegetation is clearly delimited as closed forest and
can be identified by the north-south orientation of the
canyons, which are drainage channels during storm periods.
Most charcoal pits were located within the matrix of open
forest and were easier to detect than in later periods. Near
the northern limit of the eastern portion of Guénica Forest
appears a large tree plantation of Haematoxylon campechianum.
Closed forest areas are concentrated north of Guénica Forest
boundary and on the western limits of the 1936 maps. Urban
uses were concentrated around the town of Guanica and the
sugar mill at Ensenada, both to the west of the Guéanica

Forest. Forested and non-forested wetlands are all coastal.
The large coastal plantation south of the boundary of the
Guanica Forest, was a coconut plantation. A portion of

Guanica Lagoon 1is visible on the north-west portion of the
1936 map. The Bay surrounded by urban and wetland (forested
and non-forested) uses is Guanica Bay.

By 1950, the area of closed forest increased within
Guanica Forest while open forest and agricultural land
decreased (Table 2). Urban built-up land multiplied 13 fold
to 3.5 ha. The dominant land uses outside Guénica Forest
retained their 1936 ranking, but had a different absolute
areas. However, closed forest became the dominant land use
for the study area and exceeded the area of agricultural
lands by 1,000 ha. During this period there was also a
dramatic increase in the area of artificial barren land and a
reduction in the area of natural barren land.

The 1950-51 map shows the expansion 1n area of the
Guanica Forest. After 1950, Guanica Forest had a western and
eastern sector with Guanica Bay and other public 1lands in
between. This land use map 1illustrates the expansion of
closed forest at the expense of what was open forest in 1936.
The eastern and western portions of Guanica Forest east of
Guanica Bay, were areas of rapid change from open to closed
forest with charcoal pits in 1936, appears as open forest.
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The changes in land use in the western portion of the
Forest were not as dramatic as those in its eastern portion.
On the northwest sector south of Guédnica Lagoon, one can
notice the expansion of closed forest and open forest at the
expense of agricultural land. The Gudnica Lagoon was invaded
by agricultural land use. Large areas of barren lands appear
on the east and north central portions of the 1950-51 map.
Around the Guanica Bay one can see a small expansion of urban
land and a 1large expansion of agricultural lands. Other
barren lands decreased in area near the Guanica Bay and were
converted to urban use. There 1is also urban land expansion
on the northeast of the map area. Agricultural land use
remained constant on the northwestern central region of the
map.

There were no dramatic changes in the rank order of land
uses within the Gudnica Forest between 1950 and 1963 (Table

2). However, agricultural land use was reduced from 74 to 14
ha. Outside Guanica Forest, agricultural 1lands remained
constant in area and were the dominant land use. The most

dramatic land use change was the reduction of water as a
result of the drainage of Gudnica Lagoon, which disappeared.
The Commonwealth Government of Puerto Rico drained the lagoon
to use its bottomland for agriculture. Non-forested wetland
area also increased between 1950 and 1963. The rank order of
the top five land uses for the region as a whole remained the
same in 1963 as it was in 1950, with closed forest being the
dominant land use.

The 1963 map, reflects the consolidation of closed
forest over most of the eastern portion of Gudnica Forest.
Pockets of open forest remain on the southern portion of

Guanica Forest. Some of these pockets are associated with
limestone outcrops with very thin soils which cannot support
closed forest (Lugo et al. 1978). Open forest in 1963 had
also invaded lands under agricultural use in 1950, i.e.,
north of the Guanica Bay. Urban uses increased around the
town of Guanica, but also appear near the boundary of Guénica
Forest northeast and north of the town of Guanica. Urban

expansion also occurred to the northeast of the 1963 map, and
inside Guanica Forest (the house of the forest guard and as
facilities in the public beach, Cafia Gorda). Large artificial
barren lands appear on the western central portion of the
1963 map. The Gudnica Lagoon disappeared in this map and its
land was used for agriculture. Coastal wetlands and salt
flats (natural barren lands) show interesting dynamics
(between 1936 to 1963) just west of the town of Guénica on
the north shore of Guanica Bay, and just west of the coconut
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plantations and east of Cafa Gorda Beach (south central shore
of the Guédnica Forest). Cintrdén et al. (1978) contains soil
salinity data and describe periodic disturbances that explain
these wetland dynamics.

By 1971, closed forest became an overwhelming dominant
land use 1inside Guénica Forest (Table 2). Other 1land use
remained minor in area, with the exception of open forest
with some 292 ha which was ten times smaller than the area of
closed forest. Outside the Guéanica Forest boundary,
agriculture and closed forest remained the main land uses
(agriculture had twice the land as closed forest), but the
urban area exceeded by a small margin the area of open
forest. Nevertheless, the area under urban use remain lower
than the area of open forest on the region as a whole.

The area of closed forest on the northwest portion of
the study area reverted back to open forest. A long strip of
closed forest land on the northwest boundary of the 1971 map,
also reverted to open forest. Moreover, a long strip of open
forest appeared just at the boundary of the municipalities of
Guanica and Lajas, on what was agricultural lands. Urban
areas continued to expand with new pockets appearing on the
north and northeastern sectors outside Guanica Forest. Lands
west of Guanica Bay, classified as open forest in 1963, were
transformed to closed forest in 1971. 1In that region of the
map, lands that were classified as urban in 1963, reverted to
agricultural land in 1971, one of the few instances when this
land use transformation occurred. A hectare used in research
on forest dynamics (Ewel 1971) is visible in the center of
the eastern portion of the Guanica Forest and was classified
as “other barren land”.

By 1983, agricultural land reach a minimum area (2.5 ha)

and urban land use was reduced inside Guéanica Forest. Closed
forest remain the dominant land use, with all other land uses
covering small land areas (Table 2). Agricultural land was

reduced in area, closed forest increased in area, and urban
use had a dramatic increase outside the Guanica Forest
boundary. In the region as a whole, closed forest land
increased and continued to dominate the region’s land use.
Agricultural 1land wuse decreased and wurban land area
increased. Open forest reached a low area of 319 ha.

In 1983, the geographic expansion of closed forest at
the expense of open forest and agricultural land reached a
peak. Only scattered open forest areas are visible in the
1983 map and they correspond mostly to limestone outcrops.
On the northwestern portion of the map, the large area of
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open forest in 1971, reverted to closed forest. Urban areas
expanded considerably; mostly towards the west of the region,
but also near Yauco on the east, and around Caha Gorda on the
south. A large area of barren land developed south of an
urban area in the central portion of the map. The
agricultural lands that had substituted the urban area in
1971, was converted to open forest in 1983. Closed forest
developed behind the salt flat west of the town of Gudénica,
and a small patch of closed forest is seen inside the salt
flats. This closed forest patch developed from an open
forest patch that occurred there in 1971.

In 1989, the main land use inside Gudnica Forest was
closed forest (Table 2), distantly followed by open forest.
All other 1land uses covered a small land area (40 ha).
Closed forest exceeded agricultural land as the main land use

outside Guanica Forest. Open forest was third in area with
an increase of 939 ha relative to 1983. The other main land
use outside the forest boundary was urban. For the region as

a whole, the rank order of land uses was the same as that
outside Guanica Forest: closed forest > agriculture > open
forest > urban. Artificial barren land decreased to 12 ha.

In the 1989 map, a large fraction of agricultural 1land
on the north west oOf the study area was converted to open
forest. The large narrow strip of land on the western
boundary which was open forest in 1971, appeared as closed
forest in 1989. Most of the land mass south of the Guanica
Forest northern boundary was c¢losed forest with very few
pockets of open forest. Urban areas grew and small patches
consolidated into larger areas in many instances. The strip
of mangroves on the north shore of Guanica Bay, west of the
town of Guanica, reached its maximum thickness. The original
(1936) mass of agricultural land was fragmented into three
large segments to the west, north central, and eastern sector
of the study area.

Discussion

The hills of the Guanica Forest vicinity and much of the
Guanica Forest are underlain by the Ponce limestone, a Mid-
Tertiary, pink to white, fine grain limestone. In addition,
alluvial and colluvial deposits occur in valleys and at the
bases of the low-lying hills. Soils in the area distinguished
by parent material, rock content, and pedon thickness
(Roberts 1942). The most common soil in Guanica Forest and
adjacent area included in the 1land use maps 1is a dark to
grayish brown, friable pedon derived from relatively soft
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limestone. These calcimorphic soils were originally
classified 1in the Rendzina Great Soil Group and were
considered to have “low agricultural value and low carrying
capacity” {(Roberts 1942). More recently, soils in
experimental plots within the Gudnica Forest have been
grouped into the mollisol soil order (Murphy and Lugo 1990).
These soils have a high pH (7.8), relatively high organic
matter content (18 to 23 percent), and occur in areas were 25
percent of the ground surface is exposed rocks. Soil creep
within these pedons maybe 1limited to the upper soil profile
and while it is a relatively slow process, measured creep
rates are comparable to creep rates observed in other mid-
latitude dry lands (Lewis 1975).

The trends in land use and land use change in the study
area are very clear. Urban use and natural vegetation have
increased steadily at the expense of agricultural and barren
land. Forests changed from open to closed and mangrove
forests expanded in area. The fraction of barren land
decreased over the period of study. These changes reflect
significant changes in the economy of the area. The
transition from an agrarian to an urban society is perhaps
the main causal agent of land use change in the region. When
agriculture was the prevalent human activity in the region
(period of 1936 to 1971), forests were open, and charcoal
pits and exposed barren lands were a conspicuous aspect of
the landscape. Roads, trails, and tree plantations were also
plainly visible while urban areas were a low fraction of the
landscape. Large-scale activities such as draining of Guéanica
Lagoon took place during this time.

The decline of agricultural activity unleashed rapid
trends of land use change that included the increase in urban
area, the maturing of open forests towards closed forests,
the expansion wetlands, and the reduction of barren lands.
For example, the decline in agricultural activity is usually
associated with increases in mangrove areas because of
abandonment of drainage canals along the coastal areas. The
result 1is the restoration of hydrological conditions
favorable for the expansion of mangroves.

Areas that were under agriculture in 1936 were used for
a variety of land uses in 1989. After 53 years, 45 percent of
these lands remained in agriculture and 43 percent had been
converted to either open or closed forests. Twelve percent of
these relatively fertile agriculture lands had been urbanized
by 1989.



In 1936, agriculture within the present forest boundary
was found on 5 different soil types. Sixty nine percent of
this agriculture was on Aguilita clay, a shallow, dark to
grayish brown, friable soil derived from soft limestone (Soil
Type 17 of Roberts 1942). The Ensenada clay (type 14), a
shallow, red, friable soil derived from limestone, supported
27 percent of the 1936 agriculture. Both of these soils were
not considered suitable for cultivated crops and were
recommended for cattle pasture or charcoal production. By
1989, forest occurred on all the soil types that had
agricultural on them in 1936. This suggests that if the
opportunity and time are available, dry forest vegetation can
be restored on a diversity of soils, even those considered
relatively infertile. Moreover, soil type 1is not an
impediment to the restoration of this forest ecosystem.

The rates of land use change were higher inside Gudnica
Forest compared to outside the Forest. The transition towards
a natural landscape was much faster under the protection of
Guanica Forest than it was outside, where agricultural and
urban use of the land remained active. However, the landscape
as a whole changed towards a more natural state with more
mature vegetation as a result of the protection management of
the Guénica Forest and the doubling of the protected forest
area.

There were alarming land uses changes between 1983 and
1989, which have exacerbated in recent years. The area of
closed forest decline and that of open forest increased. Open
forest tends to increase after agricultural lands are
abandoned or when closed forest 1is disturbed. 1In Gudénica
Forest area, forest lands are being converted to urban uses,
a trend that places mature vegetation in closed proximity to
intensive urban uses. These intensive urban wuses are
associated with abundance of exotic species, including feral
mammals that endanger mature forest wildlife such as the
mariquita and guavairo, both endangered species. Clearly the
boundary of the Biosphere Reserve requires protection by
buffer zones of land uses that slowly increase in intensity
with distance from the central core of mature vegetation
inside Guénica Forest (cf. Lugo 1990, Canals Mora 1990).

Fundamentals of Remote Sensing Workshop

With the idea of spread the interest and knowledge of
the fundamentals of Remote Sensing within the future Land
Surveyors, a workshop for the students of the Land Surveying
Program and others students of the Mayagiez Campus was
offered during the summer of 1995. This fundamentals of
Remote Sensing Workshop (FRSW) was presented in two session
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for a maximum of ten students in each one, with a duration of
five days of 7.5 hours per day each session.

This FRSW was presented by two instructors, the
principal investigator of this project and professor José L.
Flores Malavé, both from the Land Surveying Program of the
Civil Engineering Department. The participants received a
remuneration in addition to the experience and knowledge.
The workshop was announce in the bulletin board on campus,

and by mail to the Land Surveying students. The selection
was based on the student grade point average and in an essay
where he or she was demonstrated their interest. The two

session where on July 10 to 14, 1995 and August 7 to 11, 1995
at the facilities of the Land Surveying Laboratory. A 1list
of participants for each session are part of Appendix 4.

The topics that was covered during the FRSW are
presented on the schedule in the Appendix 4. A field trip to
the Guanica Forest was offered at the middle of the week. so
they were able to correlate the research with the reality.
The copies of the evaluation forms filled out by each
participant of the FRSW are also included in the Appendix 4.

N
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Appendix 1: Image Illustrations and Maps

Airborne Ocean Color Imager (AQCT) - Puerto Rico
Subtropical Dry Forest Life Zone

Land Use Classification - Puerto Rico Subtropical Dry
Forest Life Zone

Land Use Classification - Guanica Commonwealth Forest

Land Use Classification - Jobos Bay National Estuarine
Reserve

Land Use and Land Cover 1995 Jobos Bay National Estuarine
Research Reserve

Land Use and Land Cover 1989 Guanica Commonwealth Forest
Land Use and Land Cover 1983 GuAnica Commonwealth Forest
Land Use and Land Cover 1971 Guénica Commonwealth Forest
Land Use and Land Cover 1963 Guanica Commonwealth Forest
Land Use and Land Cover 1950-51 Gudnica Commonwealth Forest

Land Use and Land Cover 1936 Guanica Commonwealth Forest
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Land Use Classification
Jobos Bay National Estuarine Reserve

Source: Airborne Ocean Color Imager (AOCI)
Mission No. 94-019
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Appendix 2: Bar Graphs of the Soil Samples Analysis

Sample ID 'Sample Loc.

S93PR-055-001 'Maniel PR-334 Km. 4.18 Guanica

S93PR-055-002 Ballenas S of Plantation Guanica

S93PR-055-003 Ballenas Trail S of Guayacan Guanica

S93PR-055-004 ‘Ballenas 300 ft. N of PR-333 Guanica

S93PR-055-005 Evergreen Comm. Gutierrez Trail Guanica

S93PR-055-006 Granados Trail 500' ENE of Beginning

S93PR-055-007  Surface Sample 100ft. SW of RPT August 92

S93PR-055-008 Lajas Exp. STA. 1/4 Mi. E of LAB

S92PR-000-001 'Just S of HWY 333 along Guanica Path Sothware

S92PR-000-002 Lat 17°-58'-15"N Long 66°-51'-57"W

S92PR-000-003 Lat 17°-58'-10"N Long 67°-11'-43"W

S92PR-000-004 Lat 17°-59'-3"N Long 67'-07"W

S92PR-000-005 Guanica Forest

S92PR-000-006 ‘Guanica Forest

S$92PR-000-006A Guanica Forest

S92PR-000-007 Guanica Forest

S92PR-000-007A  Guanica Forest

SO02PR-000-008 Guanica Forest

S92PR-000-009  Guanica Forest

S92PR-000-009A 'Guanica Forest

S92PR-000-010A Guanica Forest
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Appendix 3: Digital Soil Survey Maps and Soil Tvpes Index

Lajas Valley Soil Survey
Ponce Soil Survey

Humacao Soil Survey

Lajas Valley Soil Types Index
Ponce Soil Types Index

Humacao Soil Types Index



Lajas Valley Soil Survey

BOSQT 1.2 LAJART 3 LAJA4T 4 SUSUAT 5 YAUCOT 6

BOST 10.11.12,16,17.18

Key

- Guanica Dry Forest
| Susua

- Yauco "
North of Lajas
Lajas

| Bogqueroén
Parguera
Cabo Rojo

Note : The numbers are the maps identification in the Soil Survey



Ponce Soil Survey

GTP 27,28,29,35,36.37 PJD 30.31,32.38.39.40 > PSI33,34,41

Key
- | Cerrillo

| Villalba N
] Ponce and Santa Isabel
| Ponce and Juana Diaz
Juana Diaz

] Guayanilla,Tallaboa and Ponce
Coamo

S

Note : The numbers are the maps identification in the Soil Survey



Humacao Soil Survey

GUAYART 43,50

e z
SALT 48,49,55,56 s GUYT 50,51,57

Key

North of Salinas

Salinas A
Guayama W E
North of Gayama '

Note : The numbers are the maps identification in the Soil Survey



Lajas Valley Soil Survey

LAJAS VALLEY SOIL SURVEY

|
Type of Soil | SHADING #| CR PARG | SUSUA | BOS3 BOQ | LAJAR | YAUCO | LAJA4
DeD 19 YES | YES YES YES YES YES YES . YES
DeF 30 YES | YES YES | YES YES YES YES YES
Jac 43 YES | YES YES | YES YES YES YES YES
SgF | 8 YES | YES YES | NO YES YES NO YES
JaB T 42 YES YES YES YES YES | YES YES YES
Sa 32 YES NO YES | YES YES YES YES YES
DeC 18 YES YES YES YES YES YES YES YES
i Lr 12 YES YES YES YES YES YES YES YES
JaD2 44 YES YES YES YES YES YES NO YES
SgD ! 7 YES YES YES YES YES YES YES YES
Co . 10 YES YES NO NO YES NO NO NO
Jcc i 48 YES YES YES YES YES YES YES YES
| FvA | 34 YES YES YES YES YES YES YES YES
SsD2 50 YES NO NO NO YES NO NO . NO
Ca 94 YES YES YES YES YES YES YES | YES
AcD | 59 YES NO NO YES YES NO NO | NO
FrA [ 20 YES YES YES YES YES YES YES | YES
AcE ; 66 YES NO NO YES YES NO NO NO
WATER 4 YES YES YES Pump YES YES YES NO
Tc 14 YES YES NO NO YES NO NO NO
| Fva 34 YES | YES YES YES YES YES YES YES
Ts 16 YES YES NO NO YES NO NO | NO
PcB 24 YES NO NO NO YES YES NO NO
AmC2 91 YES YES NO NO YES NO NO NO
PzC f 99 YES YES YES YES YES YES YES YES
SoA ‘ 11 YES NO NO NO YES NO NO NO
~ va 27 YES NO YES YES YES NO YES NO
Gf 33 YES NO NO NO YES NO NO NO
Ge 6 YES NO NO YES YES YES NO YES |
Ag 90 YES YES NO YES YES YES NO YES
FrB 31 YES YES YES YES YES YES | YES YES
Jac2 47 YES YES YES YES NGO YES YES‘ ] YES
JcB 16 YES YES YES YES NO YES YES  YES
PzB 98 NO YES YES YES NO YES YES | NO
PzD 100 YES YES NO YES NO NO YES | NO
PaC2 55 NO | NO NO NO YES YES NO ' NO
MaD2 87 NO | NO NO NO YES YES NO | NO
FvB 2 NO | YES YES YES YES YES YES , YES
MaE2 77 NO | NO NO NO YES YES NO | NO
PaA 73 NO NO NO NO YES YES NO | NO
Sn 92 NO NO NO NO YES YES NO | YES
PcC2 56 NO NO NO NO NO YES NO NO
Cc 22 NO NO NO NO YES NO NO NO |
Ft 36 NO YES NO YES NO NO NO NO
AmB 79 YES YES NO NO NO NO NO NO
GuF 71 YES YES NO NO NO NO NO NO
Mining 57 NO YES NO NO NO NO | NO NO
Tf 15 YES YES NO NO YES NO | NO NO

Page 1



Lajas Valley Soil Survey

Salinas 64 YES YES NO NO NO NO NO NO
Unsur 89 NO NO NO NO YES NO YES YES
POA 54 NO YES NO NO NO NO NO NO
PaB 28 NO NO NO NO YES NO NO NO
PcC2 86 NO NO NO NO YES NO NO NO
Sc 78 NO NO YES YES YES NO YES YES
GuD 67 YES NO NO NO NO NO NO NO
AcE2 70 YES NO NO NO NO NO NO NO
Vo 41 YES NO YES NO NO NO NO YES
SmE 38 YES NO NO NO NO NO NO NO
AsB 29 YES NO NO NO NO NO NO NO
Ao 68 YES NO NO NO NO NO NO NO
SsB 13 YES NO NO NO YES NO NO NO
Se 35 NO NO YES YES NO NO YES NO
URBAN AREA 96 NO YES NO YES NO NO NO NO
Fe 97 NO NO YES YES NO YES NO YES
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Ponce Soil Survey

PONCE SOIL SURVEY
Type of Soil | SHADING #| GTP PJD PST CMTR | VILLAT | CERRIT
Jg 35 YES YES YES YES YES YES
FtB 30 YES YES YES NO NO YES
CoE 19 YES YES YES YES YES YES
Ftc2 31 YES YES YES NO NO YES
CoF2 20 YES YES YES YES YES YES
AgF 7 YES YES YES NO YES YES
AgD 6 YES YES YES NO YES YES |
YcB 66 YES YES NO NO NO YES
Sa 71 YES YES YES NO NO NO
YeC 67 YES YES YES NO YES NO
JzD 42  YES YES NO NO NO YES
JZE 43 ~ YES YES NO NO NO NO
InC 40 YES YES YES YES YES YES
CoD 18 YES YES YES | YES YES YES
AhF 8 YES YES YES | YES YES YES
WATER 4 YES YES YES NO YES YES
ct 10 YES YES YES NO NO NO |
Te 78 YES YES YES NO NO NO
Hz 26 YES YES YES NO NO NO
Mr 51 YES YES YES NO NO NO
- Se 76 | YES YES NO NO NO NO
To 92 YES NO NO NO YES NO
QeD2 54 YES NO NO NO YES NO
QeF2 55 YES NO NO YES YES YES
MsC 60 YES NO NO YES NO NO
MtF2 62 YES NO NO YES YES YES
TuF 94 YES NO NO NO NO NO
_UNSUR 89 YES NO YES YES YES YES
Cx 32 YES YES YES | NO NO NO
EnC 21 YES NO NO ' NO NO NO
Ma 79 YES YES YES NO NO NO
TE 83 YES YES YES NO NO NO
LAND FILL 91 NO YES NO NO NO NO
PaB 22 NO YES YES NO NO YES
GoF 23 NO YES NO NO YES NO
LnC2 68 NO YES YES YES YES YES
LnB 98 NO YES YES YES YES YES
Cr 34 NO YES NO NO NO YES
GRAVEL PIT 92 NO YES YES NO NO YES
GoF2 90 NO YES NO NO NO NO
Fe 70 NO YES YES NO NO NO
B Hy 47 NO YES YES NO NO NO
Rw 46 NO YES YES NO NO YES
cy 24 NO YES YES YES NO YES
G.P. 99 NO NO YES NO YES NO
MuF2 44 NO NO NO YES YES YES
MuE2 80 NO NO NO YES YES YES
MuD2 48 NO NO NO YES YES YES
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Ponce Soil Survey

CbF2 97 NO NO NO YES YES YES
CdF 5 NO NO NO YES YES YES
QeE2 J 17 NO NO NO NO YES YES
Re I 29 NO | NO NO NO YES YES
Q.U. 100 NO | NO | NO NO YES | NO
MtE2 69 NO NO | NO NO | NO | YES
MeF?2 72 NO NO NO NO NO YES
CuF?2 58 NO NO NO | NO NO YES
JnC2 15 NO NO NO YES NO NO
CoF 1 36 NO NO NO NO YES _ NO
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Humacao Soil Survey

| l

HUMACAO SOIL SURVEY

Type of Soil | SHADING #| GUAYART | GUYT SAL2T SALT
DrF 30 YES YES YES YES
DgF2 20 YES YES NO NO
Rs 64 YES YES YES YES
Cn 23 YES YES YES YES
UNSUR 89 | YES YES |  YES YES
AmB 80 YES YES YES YES
GyC2 | 36 YES YES NO NO
Gm | 31 YES YES YES YES |
JaB ! 34 YES YES YES YES |
DeE2 [ 19 NO | YES NO YES
DeC2. | 18 NO | YES | YES YES
McB | 71 NO YES | NO NO

| Jac2 . 54 YES YES YES YES
VvB l 96 | NO YES NO | YES
CIB | 92 NO YES | YES | YES
VVA 32 NO YES | NO NO
PIB 43 NO YES YES YES
McA 55 NO YES NO NO
Va 66 NO YES | NO | NO

| Ar 79 NO YES YES | YES
Vs 95 NO YES NO YES
WATER 4 NO YES NO YES
Po ] 98 NO YES NO YES
Ce 94 NO YES NO YES
Ts 16 NO YES NoO | YES

| Tt | 15 NO YES NO YES

| An | 48 NO | YES YES YES
MrB 42 NO | YES NO YES
Sm 14 NO YES | NO . NO |
Ad 90 NO YES | No |  NO ]
Cm 10 NO YES NO NO
AmC2 ; 47 YES YES YES YES
LsF2 T 100 YES NO NO NO
CbF2 91 YES NO YES NO
LsE2 93 YES NO NO NO
LsD 2 YES NO NO NO
NaF2 8 YES NO NO NO
PaF2 46 YES NO NO NO
NaE2 | 68 YES NO YES NO
PmE2 | 53 YES | NO | NO . NO
MuE2 | 45 YES | NO | N0 | NO
MuD2 ‘ 12 YES NO NO | NO
DeE2 | 15 YES NO YES | NO |
FrA ' 24 NO NO | NO YES
cf 40 NO | NO | NO | YES
PrC2 70 No | no | No [ vES
FrB 78 NO NO | NO | YES
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Appendix 4: Fundamentals of Remote Sensing Workshop

Fundamentals of Remote Sensing Workshop Schedule

List of Participants at the Fundamentals of Remote Sensing

Workshop during the week of July 10 to 14, 1995

List of Participants at the Fundamentals of Remote Sensing

Workshop during the week of August 7 to 11, 1995

Evaluations Forms filled out by the participants



Fundamental of Remote Sensing Workshop

Schedule
Da ne Day Four
Start at 8:15a.m. Start 8:15 a.m.

Instructions for the week, breaks,
participation and other requirements

Why a Fundamental of Remote
Sensing Workshop (FRSW) and their
relationship with NASA?

What is NASA?

Video: NASA the 25th year

Duration 50 minutes
Break 10:00to 10:15 a.m.

What is Remote Sensing?

Lunch 11:45a.m. a 1:00 p.m.

Basic Principles of Remote Sensing
Break 3:00 p.m. to 3:15 p.m.

Photographic Sensors
End 5:00 p.m.

Day Two
Start 8:15a.m.

Principles of Photointerpretation
Break 10:00to 10:15 a.m.

Exercise of Photointerpretation

Lunch 11:45a.m. a 1:00 p.m.

Land Uses Maps of Guanica Dry
Forest by Remote Sensing
Break 3:00 p.m. a 3:15 p.m.
NASA Grant NAG13-17
Video: Sentinels in Space
Duration 20 minutes
End 5:00 p.m.

Day Three
Visit to the Guanica Dry Forest
Departure at 7:30 a.m.
Return at 5:00 p.m.

Video: LANDSAT: 15 years of
Learning Duration 15 minutes

Sensors and Platforms
Break 10:00 a 10:15 a.m.

Remote Sensing Tutor at CAIDEL

Lunch 11:45a.m. a 1:00 p.m.

Visit to LARSIP at S-222
Break 3:00 p.m. a 3:15 p.m.

continues the visit to LARSIP
End 5:00 p.m.

Day Five
Start B:15 a.m.
Mission to Planet Earth
Video: Climate Factor
Duration 30 minutes
Video: Beyond the Clouds-The
Upper Atmosphere
Duration 10 minutes
Break 10:00 a 10:15 a.m.
El Niflo
Global Warming
Clouds and the Energy Cycle

Lunch 11:45a.m. a2 1:00 p.m.

Biosphere

Ozone:What is it, and why do we
care about it?

Volcanoes and Global Climate
Change

Video: In the Shadow of Versuvius

Duration 60 minutes
Break 3:00 p.m. a 3:15 p.m.

Summary

Evaluation of the workshop
End 5:00 p.m.



List of Participants at the Fundamental of
Remote Sensing Workshop during the week of
July 10 to 14, 1995

Carmine Annexy MArquez Manuel Riego Cuevas
Duke 917 University Gdns. P. 0. Box 24
Rio Piedras, P.R. 00927 Mavaguez, P.R. 00680

Tel. 758-2873 (H) 834-0879 (hosp) Tel. 831-2921
Abdel Juarbe Rodriguez Joel R. Maldonado
Bzn. S§-134 Arenales Bajos Calle Amapola F-16

Isabela, P.R. 00662 Terrazas de Guaynabo

Guaynabo, P.R. 00969

Tel. 872-6110 (H)
Tel. 790-4617

Brenda I. DAavila Rodriguez

HC-04 Box 42112 Brenda Claudio Cruz

Mayagdez, P.R. 00680 Calle 25 2z 32 Urb. Rio Verde

Caguas, P.R. 00725

Tel. 832-2578
Tel. 743-1876 (H)

Maria Ortiz Soto

Calle 16 BB #23 Fajardo Gardens Edgar A. Vélez Gonzdlez
Fajardo, P.R. 00738 HC-03 Box 11249

Camuy, P.R. 00627-9712

Tel. 863-4907 (H)
Tel. 898-2177 (H)

Alex Rivera Rolén

Calle 2 B-28 Colinas Verdes Glenda Liz de Lebn

Rio Pirdras, P.R. 00924 HC-01 Box 16452

Humacao, P.R. 00791-9728

Tel. 752-5878



List of Participants at the Fundamental of
Remote Sensing Workshop during the week of

August 7 to 1ll1l, 1995

Ragquel Am Acevedo Rulléan
HC-04 Box 42502

Maiai"ez| P. R. 00680

Luis A. Ramirez Ramirez
P.O. Box 287

Cabo Roios| P.R. 00623

Tel. 851-2817 (H)

Soraya Osorio Pérez
Bo. Cantito Calle 3 Bz. 37
Manati, P.R. 00674

Tel. 854-3389 (H)

Omar I. Molina Bas
Calle 23 0-16
Alturas de Flamboy&an

Baﬁén| P.R. 00959

Tel. 786-6208 (H)

Juan G. Guerra Cabrera
P.O. Box 704
Rio Grande, P.R. 00745

Tel. 876-8304 (H)

Vilsa Troche Troche
HC-01 Box 1873

Boieron, P.R. 00622

Tel. 851-7626 (H)

Eduardo Rios Plaza
Apartado 245

Bo. Angeles
Utuado, P.R.

Mariel R. Quevedo
Calle Rio Caguitas L-2
Rio Hondo

Baiam6n| P.R. 00961

Esteban Luis Llop Ramirez
Jardines de Arecibo
Calle PQ #10

Arecibo, P.R. 00612

00611-0245
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HNJA DE EYALUACTON

1e agradecereros curplimentes la siguiente hoja de evaluacidn,

Hobre de la Actiyidad: iﬁ“?%h&Nhj;Q A /2&n4d: 4%9V3ﬂ%§ o

T

Facha:  7//0-19 ] 95 Lugsr: _L[n?mw*/— C%L

Favor de evaluar esta actividad utilizando la siguiente escala:

5 Excelente 2 Regular
4  Huy buena 1 Deficlente
3 Buena
5 A 3 2 1
1. 1mportancia del centenido X
2. QOrganizacién del contenido X
3. Participacién de los
asistentes X
4. Dominio del tema por los
recursos X
5. Técnicas y materiales utili-
zados en la actividad X
6. Utilizacibn del tiempo X
7. La actividad satisfizo mis T
expectativas sobre el tema )(

Comentarios: Wt ke Jut Ope ey R Ao -3 ou44«k»
0 Ganphan m«oW m&lﬂ mwﬁom

o vy ngaqao y Wt Gu»;n9 mocho N omdids que akaa~uJLJys~ en !
e ndén JAAuawoJL.

AN EQUAL 0PPOATUNITY EMPLOYER - MY



Pepartamente de Ingenicria Civil
Iacultad de Ingenieria

Civit I'nginceritg Departinent
IInginecring Faculty

Recinto Universitario de Mayagticz Mayagitez Campus
Apartado 5000 : e F.0. Box 50%)
Mayagiiez, Pucrto Rico 00681-5000 Mayagiiez, Puerto Rico 00681-5000

A DE EYALVACTOH

T2 agradecercmas cerplimentes la siguiente hoja de evaluacidn,

Mosbre de la Actividad: __ Jundementto (0Dt

Fecha: ?/ /S»J47/ ko) tugar: L. (Ciud
Fa¥or de evaluar esta actividad utilizando la sigufente escala:
5 Excelente 2 Regular
4 Huy buena 1 Deficlente
3 Buena
5 A 1 3 2 1
1. Importancia del contenido | /( .
Organizaci6n del contenide X
FParticipacidn de los
asistentes X
4. Dominio del tema por los
recursos X
5. Técnicas y materiales utili-
zades en la actividad X
6. Utilizacidn del tiespo X
La actividad satisfizo mis
expectativas sobre el tema X

Comentarios: ndidero MM na __Guine. 22U /mL W
3 dpter 23 2! ow/y//zcﬁo mad_ _alie, &Zé//wt/ﬁm
fars._amplian  Lm mmw}ﬁé’m E s 7t |

AN EQUAL OPPORTUNITY EMPLOYER - MTAM



Departamento de Ingenierfa Civil
Facultad de Ingenicria

Civil Engineering Derarsmernt
Engineering Facully

Recinto Universitario de Mayagiiez Mayagticz Campus
Apartado 5000 5 P.0. Box 5000
Mayagiicz, Puerto Rice 00681-5000 Mayagilez, Puerts Rico 00681-5000

HA DE EYALUACTON

Te agradecercmes cumplimentes 12 sigulente hoja de evalvacifa.

L ) f
— 5 E? 2
Howhre de la Actividad: F o 40\ htan TG 5".( ?U-/Ww“«g{

Censing L«/erﬁ;Sé“*ﬁi?-
e o ol
Fecha: ‘U\.[x o /8- I e ;'j?s—’wgar; /J,wj . vt

Favor de evaluar esta actividad utilizando la siguiente escala:

5 Excelents 2 Regular
4 HMuy Dbuena 1 neficienté
3 Buysna

1. lsportancie del centenido

2. Organizacién del contenido
3. Participacién de los

NN Y

asistentes
4. Dominio del tema por los
recursos
5. Técanlcas y materiales utili-
zades en la actividad v’
6. Utilizacidn del tiesmo v
7. la actividad satisfizo mis
expectativas sobre el tema V//y»

Comentarios: LA}; .*Jb 98 e gﬁf (AY  wn ¢ O cz'jﬂl& 40 N ¢l
4 ‘ 7 wr

L—) - Do /, 2 { ] . ‘
s / A {Lw 5«-‘—(;1( fon A{fe,a-wu'{;'{ ' }{2 LT < N e £ [N (f_rmm o
¢ : [ [t > )
ha e gl YA & als Ay 2o dey N S & s JoS 8% ;‘ﬁ,é&'\ i A A K f
< 4

> - 14 - /
UALA t wé “ A&J o Ap PP NUT %M c&S(O“ﬂOC!A/.

AN EQUAL OPPORTUNITY EMPLOYER - MFNMH



Departamento de Ingenierfa Civil
Facultad de Ingenieria

Civil ngéincerivg Department
Engineerizg Facnlty

Recinto Universitario de Mayagricz Mayagiice Campus
Apartado 5000 GRS PO Rax 5000
Mayagiicz, Pucrte Rico 00681-5000 Mayagiicz, Puerte Dico 00431-5000

HMA DE EYALUACTIX

Te 2gradecarerms crrplimentes Ta siguiente hoj2 de evaluacicn,

Ho~tire de la Actividad: Eéﬂg/&/ﬁe/{/f 5/6 _/?J.’A.f,éi’ﬁd__ /7757//

70 - /¢
Facha: 7/ /40 7S Lvgsr: Edificie e Zng Cvl <13
Favor de evaluar esta actividad utilizando la siguirnte escala:
5 Excelente 2 Reaular
4 Huy buena 1 Deficlente
3 Buena
5 A |3 2 1
1. Importancia del contenido X A
Organfzacidn del contenido K -

3. Participacidn de los

asistentes A
4. Dcwinio del tema por los

recursos X

5. Técnicas y materiales utili-
zades en la actividad X

6. Utilizacidn del tiesmpo
7. La actividad satisfizo mis
expectativas sobre el tema

Comentarios: (/(74/\(&?/7/619;4 c& /7//7Z ,ra// /4 Ay Z‘.‘cgy/ﬂ‘

/}/ /{L( /€S-€ C}L&Z)//C M J=« //(/e(/ Co-A -Q/C/C(C(O é fdﬂd{éfl
[& C&%ﬂ Q()//7(1/‘- / L P (75“\4‘( 7& j_f %”7’(&"((’4 1
/',z/(&u//dcc{}/ B J/"‘% ca de A fah'za crom

X

AN EQUAL NTCORTUNITY EMPLOYER - MFVH



Departamento de Ingenieria Civil e N Civil Engineering Deportiment

Faculiad de Ingenizria ! \,i "\’-, Engincering Facnlry
( %’! | \'i“v
Recimo Universitario de Mayagiicz . ’:“*?t. P i ‘; Mayapiicz Compus
o N 1.0, B 500
Apartado 5000 kg ). Box 50t
Mayagiicz, Prerto Rico 00681-5000 ’ Mavagiicz, Fucrto Rico 00631-5000

HOJA DE EVALUACTON

Te agradeceremos cwrpllimentes la sigulente heja de evaluacidn,
Nehirn de la Actividad: .TO. chli 'CU‘(\AQ eV rﬂl&f __Q& .
-/
_Paupu i Rumo foe e
et 10 <14 yolo - 95 weses Dple. Toa. Gooil 1ROM
U

Favor de evaluar esta actividad utilizando 1a siguiente escala:

5 Exceiente 2 Regular
4 Heyv buena 1 Prficlente
3  Buena
5 | 4 | 3 2 1

1. Importancia del centenido v

Organizacién del contenido v’

Participacidn de los o

asistentes

4. Dominio del tema por los

recursos

5. Técnicas y materiales utili-

zados en la actividad L///,
L///

6. Utilizacién del tiempo
7. La actividad satisfizo mis
expectativas sobre el tema L///’

Comentarios: Jﬁ ucﬂwdud}u J/L Y M
@OVLJ’)Q TR N- J’LJ0+(05 los cs*fchb‘g fes

(‘\ADC’V'_*Z‘“M"—AA{‘O QLLb{)\_,LCu d,t XW BISIN MD”‘\VCL/?C,O I
cova &cv{\/,c‘ad,“ [ vy © irto U

AN EQUAI OPPORTUNITY EMPLOYER - MFA/MY



Civil Enginecring Departnie-d
Engincering Faculty

Departamento de Ingenieria Civil
Facrltad de Ingenicria

Recinto Universitario de Mayagriez Mayagiiez Canpus
Apartado 5000 i P.O. Bex 50t
Af(l_)’(l pricz, I'iusrto Rico 00681-50000 B [\{(1).'(18:"'@2. Pucito Ricer 00681-500%)

POJA DT EVALVACTON

le agradacercmns corplimentes la siguionte hnja de evatuacién.

Horbre de la Actividad:  laller  sohve kndameﬂ.ﬁi__.,ﬁlf,_

f—?ev sfpifo}\ ’?cmc'\c\ ' e
Fecha: _ 10 = 14 de (ulio 1995 Lugar: DL&C\;}_&Q{_Q.{‘?,;!\_%:.-;@E!\
— 4

Favor de evaluar esta actividad utilizando la siguiente escala:

5 Excelente 2 Regular
4 HMuy buena 1 Peficiente
3  Buena
5 A 1.3 2 1
v
1. Il=portancia del contenido
2. Organizacién del contenido v
3. Participacién de los o
asistentes
4. Dominio del tema por los e
recursos
5. Técnicas y materiales utili-
zados en la actividad ”//
6. Utilizacidn del tiempo v
7. 1la actividad satisfizo mis -
expectativas sobre el tema

Cmntarios: £| ‘\'C\\\QV de$091 ‘ko' ﬂ\q.s ‘”\)(fffs n my 50\319
A

My orea de estudio .

AN EQUAL OPPORTUNITY EMPLOYER - MTAM



Departasaento de Ingenicrfa Civil A AN Civil Engineesing Departrent
Facultad de Ingenieria <{f ( w\‘; N Enginecring Foculty
o g u.! s
R Lo { hadl
Rectnto Universitario de Mayagricz ; ;:: LA )( May.apitez Campus
Apartado 5000 R rhod .0, Box 5000
Mayagiiez, Pucrto Rico 00681-5000 o Mayagiicz, Pucrto Rico (0681 5000

EOJA DE EYALIACTOM

Te agradecers®cs curplirentes Ta sigulente hojz2 de evaluacicn.

- / y; ] /) ’,/4 ) ~
Nowbro de la Actividad: Zbd& iionts 7{’%‘/4/”““/.,&“/ AL ) 186G Lapp
/@‘/MML/@- . . — N
7
Fecha: /Y- ﬂ/ [‘“4;”” B Lugar: ”C4L7 Cwt = gé.//A/L/
Fa¥or de evaluar esta actividad utitizando la siqulen19 esca':
5 Excelente 2 Regular
4  Huy buena 1 Deficlente
3  Buena
R
] 4 3 2 1
1. I=portancia del contenido ‘ X
Organizacibn del contenido X
3. Participacidn de los _
asistentes <
4. Decminio del tema per los
recursos \

5. Técnicas y materiales utili-

zades en la actividad X
6. Utilizacifn del tiempo e
7. La actividad satisfizo mis

expectativas sobre el tema ,)(

e // A / / /, B
Comentarios: } M _ e ‘a/(//(/u T ) o Jw/‘fr S el
p /, = -
éﬁl %lﬁﬂbwu/%éliawu 497 /ém.;Z§%%4/ ,&ﬂﬁxxﬁf 7y AL
J
/@5(///1, Cz/'n/{/w/z« ce Y /am/t, W(/Mtd/é& /C( /I/IV‘M f

A Z(' e }/W/Zé’/ (o //’Z/V/l &4 ’ 20 l&é l(«{ . vé'\n, /(/;Lc(,l/,:(_,
uawﬁwwwtzpv U ’é wéﬁmz /éww/#mmf4ijwwx7

AN EQUAL OPPORTUNITY EMPLOYER - M/FN’H a e /‘// My ity 7,




Departemento de¢ Ingenicria Civil e
Faculiad de Ingenicria

Recinto Universitario de Mayagiiez
Apartado 5000

Muayagiicz, Pucrte Rico 006815000

HOJA DE EYALUACION

Te agradecerems curplimentes la

Mohre de la Actividad:

Civil Engincericzg Deporimary

Enginecting Faculty

Mayagiicz Camprs
r.0. Box 50i%)

Mayaglicr, Fuerto Rice 00081

sigulente hoja de evalyacidn.

.
rd SN |
'.4,'2!' ! T'—/

f;zm’zzzt/j/t/ A, /gﬂ/,c/'//

. ! oer
Facha: /O — /¢ //,(,&0/ A Lugar: &l de /QN‘;; Ot CIL /12
=/ 7" /
Favor de zvaluar esta artividad utilizando la sigufente escala:
(:) Excelente 2 Rzgular
4 MHuy buena 1 Deficiente
3 Buena
5 A 3 ]2 i
1. Importancla del contenideo :K:
. Orgsnizacidn del contenido )x<
. Participacién de los
asistentes )X<
4. Dominio del tema por los
recursos ;x(
5. Técnicas y materiales utili-
zades en la actividad X
6. Utilizacidn del tiempo )<_
7. La actividad satisfizo mis
expectativas sobre el tema )Ki
Comentarios: .ZZ)aéemé@xf?/méxgé U 700 a0 4/7%”[&#@42'

elad s o dernac

.

un e/ préna’/'za['é con [os

~ ’

4 e
[N F1 02 /05 ﬂpn qrofi A

K.D)’YLC/U//) /”J /

/ famé)e"r‘,

Mas

f/é,/d/ ’7L)///£

/ma Pf/) contnvara” Bara

Doboyr a  coruir s Le ANEDUM TPPORTUNTY BMPLOYER -,

UL

f’/a/ ng 77) 23

tvoe

Serin 0/(/‘ 9
DV?/”r
YR, - J/f//,, P AN

ye oSTL

z/édzm A1 // Lﬁv/o’?l

/)7L«'4 " giag

-5000)

4~aJ



Civil I'ngiancering Depor {rent
I'ngineering Faculty

Departaricnto de Ligenierfa Civil
Facultad de Ingenieria

Recinty Universitarie di Moyagiics Maovagiicz Caypns
Apartada 5000 R 5.0, Box 5000
Mayagiirz, Pucrto Ricn 00681-5060 Mayagiicz, Pusrto Rice CO631-5090

ROIA DE E¥ALUALTCM

1o agradacere~os cemplimentes la slge’  te boja ¢ evaluacidn,

Nombre de Ja petivided: Fauw dowmentel of ‘}_{f_xy\_uNtﬁ_ﬁigg_;_w_gﬂ_»(ﬁJ_.j;:_k~3;.g_oAﬂ__

Facha: (0- /Y de qulio de 194§ Lugar: def Ithc“lerlc\ Civil

Favor de cvaluar esta actividad utilizando la siguiente escala:

5 Excelente pd Ragular
4 HMuy buena 1 Deficlente
3 Byena

) 4 3 2 1
1. Ilmportancia del contenideo v/
2. Organizacidén del contenido v/
3. Participaci6n de los V//
asistentes
4. Dominio del tema per los

recursos

v~
5. Técnicas y materiales utili- b//

zades en la actividad

6. Utilizacién de! tiempo
7. La actividad satisfizo mis
expectativas sobre el trma

Comentarios: Esde dgller awm gl les conp Cmientos Seiyre “Yemed o Sensing
r =

G fos QS“L“f-ll&n4QS adem,r d4 mestrurles c/‘}flri:«.\lq L inoyudoyes frvews

Ll
se dvabigy, !

g

AN EQUAL OPPORTUNITY EMPLOYER . MFAVH



Departamento de Ingenierfa Civil
Facultad de Ingenicria

Civil Engineering Department
Engineering Faculty

Recinto Universitario de Mayagiiez Mayagiez Campus
Apartado 5000 o P.0. Box 5000
Mayagiicz, Puerto Rico 00681-5000 Mayagiiez, Puerto Rico 00681-5000

HOJA DE EVALUACION

Te agradeceremos cueplimentes la sigulente hoja de evaluacién.

Nombre de 1a Actividad: _ Talley enbr fundamentos de
/@zrz;e;x;ic5yn I%€1Vﬂcrﬁ3\

Fecha: T\ deagostn de 1995 Lugar: ab. de Agrimensuis

Favor de evaluar esta actividad utilizando la siquiente escala:

5 Excelente 2 Regular
4 Muy buena 1 Deficiente
3  Buena

1. Importancia del contenido

Organizacién del contenido

Participacién de los
asistentes

4. Dominio del tema por los
recursos

5. Técnicas y materiales utili-
zados en Ja actividad

6. Utilizaci6n del tiempo

La actividad satisfizo mis
expectativas sobre el tema

la R W k7< WX e

Comentarios:

AN EQUAL OPPOATUNITY EMPILOYER - MM



Civil Engineering Department
Engineering Faculty

Departamento de Ingenierfa Civil
Facultad de Ingenierfa

Recinto Universitario de Mayagticz Mayagilez Campus
Apartade 5000 i P.0. Box 5000
Mayagtiez, Puerto Rico 00681-5000 Mayagiiez, Puerto Rico 00681-5000

HOJA DE EVALUACION

Te agradeceremos cumplimentes la siguiente hoja de evalyacidn.

No=bre de la Actividad: /4;AZ£( szué;<, /éazmé;}%27¢2§T 44? /éiagzaorv”
2
Ao
. 3 ) v ) /
Fecha: 7~/ a/;z);% /‘ff" Lugar: ol L éz’ﬂ‘/’,wy"ﬂ”fy 2

7

¢

Favor de evaluar esta actividad utilizando la sigulente escala:

5 Excelente 2 Regular
4 Huy buena i Deficiente
3 Quena
5 A 3 2 1
1. Importancia del contenido /(
Organizacién del contenido A
Participacidn de los '
asistentes X
4. Dominio del tema por los 7
recursos X
5. Técnicas y materiales utili-
zados en la actividad X
6. Utilizacidn del tiempo e
7. La actividad satisfizo mis |
expectativas sobre el tema A
Comentarfos: _ S . AM/Q /wm Gt oy g Aéa/’i/’//

(//,»///’4 Pé //@7 mﬁ/ ///// /4 /Z/Ap 14 guLls 2
& /12/47 A“zé%t&://, P _,5£;€ z/; /£:)§Z¢a//r ///A;
7 7 éjr

AN Ot ATPORTUNITY EMPYONER - AT/



Civil Engincering Department
Engineering Faculty

Departamento de Ingenierfa Civil
Facultad de Ingenierfa

Recinto Universitario de Mayagiicz Mayagilez Campus

Apartado 5000 R P.0. Box 5000
Mayagiiez, Puerto Rico 00681-5000 o Mayagiicz, Pucrto Rico 00681-5000
HOJA DE EVALUACION
Te agradeceremos cumplimentes la siguiente hoja de evaluacidn.
Nombro de la Actividad: /@ //CV ;,-ﬂévc C&‘V«y\cﬁmmn’ﬁ‘ﬁ

JC r/\el/(f’TMC/\oV\ ﬁp Vimg —60\
Fecha: ?‘ // O/G CJ\)‘&)A*?'S Lugar: A&ﬁ ,’%}/-MAJMV"A\ ce -2

Favor de evaluar esta actividad utilizando la siguifente escala:

5 Excelente 2 Regular
4 Muy buena 1 Deficlente
3 Buena
-
5 4 3 2 i
=
1. lmportancia del contenido
Organizacién del contenido “
3. Participacién de los o
asistentes
4. Dominio del tema per los
recursos v
5. Técnicas y materiales utili- p///
zados en Ja actividad
6. Utilizacidn del tiespo v
7. La actividad satisfizo mis v o
expectativas sobre el tema

Comentarios: Me o, Pt ¢4 Zzt‘hev b ) v Brre
sobve ~LJ\ f‘t‘w\: . é:/p Eer //GY VXL
)&!w'fV)ﬁ ~ e oS s Sevar 7o A s
e)(w%/%) y»héﬁfm NV /Wf;.

AN ECHAL OPPORTUNITY EMPIOYER . My



Departamento de Ingenierfa Civil Civil Engineering Department

Facultad de Ingenieria Engineering Faculty
Recinto Universitario de Mayagiiez Mayagilez Campus
Apartado 5000 i P.0. Box 5000
4ayagiiez, Puerto Rico 00681 —5000 Mayagiiez, Puerto Rico 00681-5000

HOJA DE EYALUACION

Te agradeceremos cusplimentes la siguiente hoja de evaluacidn.

. / . ) P Ve
Nosbre de la Actividad: (o (L “:SZZKQ);~\ \52Z§%”595%5777T627
: : 7

4 - . -3 ’-:7\' - - /'_ M ”’
;f, ‘?-’ I 1 (/7 e 7A - /'}(:/-7?,’ AN

4

i : o/ o/ .
Fecha:/-/; /4 i; L\/>/2‘~iﬁi./ i Lugar: X LA A ”Z;" fulioe

Favor de evaluar esta actividad utilizandoe la sigulente escala.

5 Excelente 2 Regular
4 Muy buena 1 Deficlente
3 Buena
L) 4 3 2 1

1. lImportancia del centenido Vv
2. Organizacién del contenido v
3. Participacidn de los .

asistentes \//
4. Dominio de)l tema por los

Tecursos ' \//
5. Técnicas y materiales utili- '

zades en la actividad \//
6. Utilizacitn del tiespo v
7. La actividad satisfizo mis

expectativas sobre el tema V//

ﬁiﬁen’;riss* /j;iéa/ LLLTE /"V (7 //gﬂfgjbk ;{(// /7// (22¢
& ’ﬂ’ /(/'4'//11' j/// //////// A /VJ (}:’/’L//(/ 7?\f ///// //ZC

AM ENUIAL OPPORTUNITY EMPLOYER - SUFAMH



Departamento de Ingenierfa Civil
Facultad de Ingenieria

Recinto Universitario de Mayagticz

Apartado 5000

Mayagiicz, Puerto Rico 00681-5000

HOJA DE EVALUACION

Civil Engineering Department
Enginecring Faculty

Mayagilez Campus
P.0. Box 5000
Mayagitez, Puerto Rico 00681-5000

Te agradeceremos cumplimentes la siguiente hoja de evaluacidn.

Nombre de la Actividad: _ Jallec
?erce DC1S anqeﬁ'o

<o b€ ondamentos,  de

Facha:

- CLC}Q@JW_} - 45

Lugar: fiﬂo du qu{ulnqerxstro
)

Favor de evaluar esta actividad utilizando la siguiente escala:

(®  Excelente Reqular
4 Muy buena pDeficlente
3  Buena
5 2 1
1. Isportancia del centenido v
2. QOrganizacién del contenido v
. Participacidn de los
asistentes v
4. Dominio del tema por los
recursos v
5. Técnicas y materiales utili-
zades en la actividad 4
6. Utilizacidn del tiespo v’
La actividad satisfizo mis
expcctativas sobre el tema Vo
Comentarios:

AN EQUAL OPPOATUNITY EMPLOYER - NV



Civil Engineering Department
Engineering Faculty

Departamento de Ingenierfa Civil
Facultad de Ingenieria

Recinto Universitario de Mayagiicz Mayagiiez Campus
Apartado 5000 i 5 i P.0. Box 5000
fayagiicz, Pucrto Rico 00681-5000 Mayagiicz, Pucrto Rico 00681-5000

HOJA DE EVALUACION

Te agradeceremos cumplimentes la siguiente hoja de evalyacion.

\ \ . Bt o !
Nombre de la Actividad: —Allce b S dnccay =S o Torty . Cron

l}’ rer ,1\&‘1”).,‘
Fecha: /- [ QQDJ§9‘§@1QQ5’ mer:Aat@erQvglf#(Qxﬁw"uﬁ;ura\
\} ~
Favor de evaluar esta actividad utilizando la siguiente escala:
5 Excelente ¢ Regular
4 MHuy buena 1 peficlente
3  Buyena
5 4 3 2 1
1. Importancia del centenido -
Organfzacién del contenido “
3. Participacién de los
asistentes “
4. Deominio del tema por los
recursos v
5. Técnicas y materiales utili-
z3dos en la actividad e
6. Utilizacidn del tieepo %
7. La actividad satiszfizo mis |
expectativas sobre el tema -

Comentarios:

AM €OUAL COPORTUMITY EMPLOYFN - MFAA



Departamento de Ingenierfa Civil Civil Engineering Department

Facultad de Ingenierfa Engineerinig Facully
Recinto Universitario de Mayagiiez Mayagilez Campus
Apartado 5000 iy P.0. Box 5000
Wayagiiez, Puerio Rico 00681-5000 Mayagiiez, Puerto Rico 00681-5000

HOJA DE EVALUACION

Te agradeceremos cumplimentes 1a siguiente hoja de evaluacida.

o,

el ’_ LL ) /-2 ) : . ‘(»,../ N . ‘\Nf-—f‘(
Nomhre de la Actividad: Yo WL A% h;ﬂ;(@?cLU/\. eme e
{

Y - e S
Fecha: T+ - ;v o C.&,ckg]lz_, [CIC{5 Lugar: LU?‘“‘ ‘/ /_,/;CI (1o ({
, ~ .
Favor de evaluar esta actividad utilizando la siguiente escala:
5 Excelente 2 Regular
4 HMuy buena 1 peficlente
3  Buena
5 4 3 2 1
1. lmportancia del contenido -
/

2. Qrganizacidn del contenido
3. Participacidn de los

asistentes v
4. Dominio del tema por los
recursos v
5. Técnicas y materiales utili-
zades en Ja actividad i
6. Utilizacién del tiespo L
7. La actividad satisfizo mis
v

expectativas sobre el tema

Comentarios: 7% 242 fﬁ?ﬁ ol Ty de  La Ly
Ayl A 7N PO

AN EQUAL OPPORTUMITY EMPLOYER - MIFA'H



Departamento de Ingenieria Civil Civil Engineering Department

Facultad de Ingenierfa Engineering Faculty
tecinto Universitario de Mayagiiez Mayagiiez Campus
Apartado 5000 P.0. Box 5000
dayagiiez, Puerto Rico 00681-5000 Mayagiiez, Puerto Rico 00681-5000

HOJA DE EVALUACION

Te agradeceremos cumplimentes la siguiente hoja de evaluacifn.

Nozbre de la Actividad 72 //5;/ 5&/5% /2;;//()42/ 277 27 /és /l/‘j
* /;' 20 L 5’/’ Ke s 7’5&, |
Fecha: 7@/ // (’é/L,?@S o /?5 Lugar: /“4 ok 4?"’/'”/‘”54"5‘/
a: ; A -

Favor de evaluar esta actividad utilizando la siguiente escala:

5 Excelente 2 Regular
4 Muy buena 1 Deficiente
3 Buena

1. Importancia del centenido

2. Qrganizacién del contenido

3. Participacidn de los
asistentes

4. Dominio del ‘tema por los
Tecursos

5. Técnicas y materiales utili-
zades en Ja actividad

X[ x| XX

Ytilizacidn del tiespo

L2 actividad satisfizo mis /ki B
expectativas sobre el tema

Comentarios: ;dd/&// o 4,,,,/ (//// V4 /¢ z%j/&/l /////”92

<y

oy /{742f<5 y7;7§7/;é? /;gz%é} /4;/’//‘“§;ivzz2 e
/

K//&) 46(/7/(7/ / PR /;)/&(?:<& % Y iz /f.s/j ﬂ{ /PR 2k S f
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Departamento de Ingenierfa Civil Civil Engineering Department

Facultad de Ingenieria Engineering Faculty
Recinto Universitario de Mayagiiez Mayagiiez Campus
Apartado 5000 P.0. Box 5000
Mayagiiez, Puerto Rico 00681-5000 Mayagiiez, Puerto Rico 00681-5000

HOJA DE EYALUACION

Te agradeceremos cumplimentes la sigutente hoja de evaluacidn.

Nombra de 1a Actividad: %//)/ 0P %/ )57 0 TS /P
/ °r ”//’/f//// /<<//2 it

Fecha: 7 -// % //77 /775 Lugar: AN (D b %ga/ pir 5L
Za £
Favor de evaluar esta actividad utilizando la siguiente escala:
5 Excelente Z Regular
4 Huy buena 1 Deficliente
3 Buena
. 5 4 3 2 1
1. Importancia del contenido \////
2. Organizacidén del contenido L
3. Participacidn de los ///
asistentes !

4. Dominio del tema por los

TeCUrsos \«//

5. Técnicas y materiales utili-
zzdes en la actividad

Utilizacién del tiempo
La actividad satisfizo mis
expectativas sobre el tema

\i\

Comentarios: _4/52(3/7 50 474%?’ (1(7é” Cl5E 5/35 szﬁf§24/CQZjﬁ??>lD =
bl _repery o 00 s Sors . Care by ooz
Vzl. /zﬁﬁ//ﬂ/)//ﬁ/) (0 LUriso0 & w2 dusyorids.
S gy g ///Zﬁ/ﬂg//g// DU PP 2 Vias (F

/ Cr //7////} 77 =207 ]mn EOHM OPPORTUNITY EMPLOYER - WFAVIH




Departamento de Ingenierfa Civil
Facultad de Ingenierfa

Civil Engineering Department
Engineering Faculty

Recinto Universitario de Mayagiie:z Mayagilez Campus
Apartado 5000 ' P.0. Box 5000
Mayagiiez, Puerto Rico 00681-5000 Mayagiiez, Puerto Rico 00681-5000

HOJA DE EVALUACION

Te agradeceremos cumplimentes la sigulente hoja de evaluacidn,
o

Hozhre de la Actividad: ;f:-/,» <ok, c 3/0w»lh,r»/1w
‘."(/r-“ "‘-'k L\\l;-wgir& .

Fecha: 71 @903 L Le 1997 Lugar: ? U M. /V/ag.xn—',)

Favor de evaluar esta actividad utilizando la siguiente escala:
5 Excelents 2 Regular

4 Muy buena 1 Deficiente

3 Buena

1. Importancia del centenido

2. Organizaci6n del contenido

3. Participacién de los
asistentes

4. Dominio del tema por los
recursos

5. Técnicas y materiales utili-
zades en la actividad

6. Utilizacidn del tiespo
La actividad satisfizo mis
expectativas sobre el tema

NN NEAN AN

Comentarios: {;ﬂ,.f g, < @7{ 71«//” ILTN a;é(/Jo e/u,w-v 74
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