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ABSTRACT

This report addresses the problems in Costa Rican communities during natural disasters
and the selection of locations of new weather stations in the Central Pacific Basin.
Currently, flashloods and landslides cause a devastating amount of damage, especially
to communities that are not warné&limate change is causing an increase in the number
of flash floods and landslides in Costa Ri€here is a need for more weather stations in
the Cantral Pacific Basin to help prevent damage or ingaysed by these destructive
events Our goal vasto investigate the problems communities face during natural
disasters and to choose locations for eighteen new weather statiengoal was
accomplishd throughinterviews and groundtruthing\fter completing our objectives

we, determined that a new network would, indeed, redloeempacts of flash floods and
landslidesMoreover,we found there werphysical and socidimitationslinked to the

site séection processwhich we, nevertheless, completed satisfactovifg conclude the
report with a series of recommendations tolttstituto MeteorolégicaNacional

regarding how to further reduce the impacts of flash floods and landslides and to increase
their efficiency in field work.
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EXECUTIVE SUMMARY

With a changing global climate, Costa Rica has seen an increase in severe
weat her . T h e caruasses:yhé Garilibeao and therPwcificy gash in

the mountainous terrain and dump large amounts of rainfall throughout the country.

These heavy rains contribute to the near yearly occurrences of flash floods and landslides

in the Central Pacific Basis part of their Climate Change Program, The Instituto
MeteorologicoNacional (IMN) wants to place a new network of automatic weather
stations in the Central Pacific Basin. The goal of this project wawéstigate the
impacts of flash floods and lasittes in Costa Ricand to seledbcationsfor weather

stationsn the Central Pacific Basin

Objectives and Methodology
In order to achieve this goal, we created two objectives:
1. Uncover problems communities face during flash floods and landslid&ssta
Rica.
2. Find Specific locations in the Central Pacific Basin of Costa Rica best suited for
weather stations.
Through interviews with th€omisiénNacional deEmergenciagCNE) and local
community members, we collected both quantitative and quali@ditzeand gained two

different perspectives on the same problem. The CNE was able to give us both

guantitative and qualitative data on how disaster situations are handled and the problems

encountered during relief efforts. Interviews with locals gaverusra personal

perspective of disasters and views on the IMN and the CNE.
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In order to find specific locations in the Central Pacific Bain to install weather
stations, we had to analyze sites before field work, establish communication between
sites, and péorm groundtruthing. Our prBeldwork tasks included studying maps to
determine alternate site locations and determine the moseffroent routes to sites.

Once on location, we tested both direct and indirect radio communication between sites.
After we established radio communication, we conducted groundtruthing according to
World MeteorologicalOrganization (WMO) and Environmental Protection Agency

(EPA) guidelines.

Findings

We discovered that new weather stations will have a great impactlpnvaanings for
the CNE and the Central Pacific Basin. We also found that:
1. More real-time data from new weather stations can reduce community

problems associated with flash floods and landslides in the Central Pacific
Basin of Costa Rica.After conductingnterviews with members of the IMN and
the CNE, they confirmed our assumptions that the new weather stations would be
able to provide the necessary rainfall data to provide advanced warnings.
Currently, disasters are generally reported to the CNE andaféx they have
occurred, instead of the IMN and CNE alerting communities about possible
disasters. Utilizing a warning system, the CNE could mobilize its resources
beforehand, which would help reduce the impacts of floods and landslides both

economicallyand socially according to the CNE.
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2. Many communities do not handle methods of disaster relief in an effective
manner, creating problem with housing during disaster relief Some
communities do not trust the IMN and the CNE and ignore their warnings. Not
only are warnings ignored, but CNE protocols are not followed as well. In the
events of flash floods and landslides, the CNE recommends people seek shelter
from friends and family. Unfortunately, many people are unwilling to leave their
homes. Adding to therpblem, we found that some local CNE committees, which
are required by law, do not exist at all. When people do not leave their homes,
they are often forced into shelters. In most cases, the shelters are inadequate,
leading to health problems from oversding and unsanitary conditions.

3. Physical limitations, such as bad roads, poor communication, dense
vegetation and sloping terrain, and social limitations, such as insufficient
security and an unwillingness of property owners to accept the responsibility
of having a weather station, interfered with the site selection procesdle
were unable to place the stations at the theoretical locations, but we suggested
locations as close as possible to the theoretical sites. We determined {twat site
site communicabn was the biggest limitation to site selection. We also found that
security played a larger role than expected. On several occasions we had to find
new locations because of poor security. While we encountered only one or two
limitations at most sites, @were unable to place a station in Naranjo because of a

combination of all the limitations.
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Recommendations
After compiling our findings, we have three recommendations for the IMN:

1. To publicize the new network of weather stationsBy publicizing the ne
network of stations, the IMN can regain the trust it has lost with Costa Rican
communities. The IMN needs to primarily target the highk areas prone to
floods and landslides.

2. To improve collaboration with the CNE. The IMN and the CNE should
collabomte more often during field work. Enhanced collaboration will not only
improve communication between the CNE and local communities, but it will

improve communication between the IMN and CNE as well.

3. To better prepare before conducting field work. The IMN can obtain current
road conditions and updated road maps from the Ministerio de Obras Publicas y
Transportes (MOPT) before future field work. The IMN can also call local site
contacts to determine any unforeseen local problems. More resources will allow

for more efficient routes that will save time and money.
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CHAPTER1: INTRODUCTION

Changing global weather patterns are bringing more severe weather to Central
America, specifically Costa Rica (Trenberthp3D Climate change has led to a
increase in hurricanes anther tropical systems that create heavy raspecially
during the rainy season. From May to Novembeese heavy rains spark destructive
situations marked by flash floods and landslides. The increase in intensity and frequency
of these storms dirdgtrelates to the increase in intensity and frequency of flash floods
and landslides in Costa Rickor instancein October 2007/a deadly landslide mtck
Atenas Costa Ricakilling ten people (Reuters, 200As recently as October 2008, the
town of Rarrita and surrounding communities experienced heavy rains consequently
causing severe flooding and seven deaths. Flash floods and landslides pose a clear and
imminent threat to Costa Rica.

The Central Pacific Basin of Costa Rica experiences flash flodisandslides
yearly. These communities are generally very poor as a result of the constant destruction.
The poverty was obvious after driving through the towns. Most houses were tin shacks
loosely built with any available material, and schools weré gbwn because of
destruction from a recent flood. Ideally, communities should have advanced warnings for
destructive weather phenomena in order to mobilize resources or evacuate people to
mitigate effects of disasters. However, there is not enoughimesatainfall data in order
to provide warnings for the communities. Furthermore, guidelines on how to handle
disaster situations are not followed by some local coordinators.

Thelnstituto Meteorabgico Nacional | MN) , Costa Ricabs premi

weather forecasting and meteorological data collection, has created the Climate Change
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Program in an attempt to conlibe effects of climate change, such as flash fl@odbs
landslides in the Central Pacific Basifihe Climate Change Program investigates how
demographic, social, economic, and technologrcablems impact climatehange By
using the latest technology and digital models, the future climate can be simulated in
various regions with extremely high precision (Herrera & Fallas, 2008).

Our group ad the IMN identified two needs in order to help the Central Pacific
Basin of Costa Rica to prepare for the destructive events that climate change is bringing.
First, more information on the effects flash floods and landslide have on the Central
Pacific Basin was needed. According to themmicion Nacional de Emergencias
(CNE), many problems are often ignored by communities during relief efforts. Although
the IMN already has weather stations in the country, many are outdated and more are
neededspecificaly in the Central Pacific Basin, thus leading to the second need: a new
system of eighteen automatic weather stations to collect data needed for a better alert
system. Without the appropriate rainfall data, the IMN cannot provide warnings to the
CNEreul ting in a delayed disaster recovery pr
the CNE will be able to mobilize people and resources faster in efforts to reduce the
problems in communities during flash floods and landslides.

The goal of our project was investigate how orereattime data can lessen the
sociaeconomic impacts of flash floods and landslides and to select locations in the
Central Pacific Basin of Costa Rica to install eighteen weather stations to transport data
to the IMN headquarters.

We pursued two objectives to complete this goal. First, we investigated the social

and economic problems of floods and landslides on the Central Pacific Basin. We



conducted interviews with tH&N, the CNE and locals at the proposed weather station
locatonsin order togaindifferent perspectives on the same issue. Second, we found
specific locations in the Central Pacific Basin of Costa Rica best suited for weather
stations We cetermined if there was radio communication between selected sites and if a
new repeater was necessafje sent two teams to separate locations to test both direct
and indirect radio communication. Another site was located if communication was not
successful. We then performed groundtruthing to determine the best location where
obstructions would not interfere with data collectioraccordance with Environmental
Protection Agency (EPA) and World Meteorological Organization (WMO) standards.
This network will communicate the data to the IMN central headquarters where it can be

aralyzed to provide early warnings for high risk communities.



CHAPTER2: BACKGROUND

The following background chapter contains information regarding three subjects:
1) Costa Ricabés climate, how clhowflashe change
floods and landslides affect Costa Rica not only physically, but socially and economically
as well, and 3) weather station limitations and capabilities, radio communications, and
site selection specifications. The following information is essential torstaaheling the
main problem; there is not enough available data in the Central Pacific basin of Costa
Rica for the IMN to make strong, reliable predictions in order prevent-sgoieomic

issues.

COSTA RI CAO SANDLTE ERAHEME ON PRECIPITATION

Undersandi ng a count r yt@oweatherdfdreceastingge Arecente s sent i ¢
case study ol Nifio and the Costa Rican climate was conducted by Doctor Jeffrey R.
Jones, who is laboratory chief at the Tropical Agronomic Center for Research and
Education in Tuiielba, Costa Rica. Jones and other various team members, including
Eladio Zarate from the IMN, stigt the impacts and responses to the 19998EI| Nifio
event . l ncluded in the case study is a descr
Joneq2007) statestha@tue t o the wide range of topogr
weather can change at any instant, makimgcasting exeemely difficult. Costa Rica has
two tropical climates, the Pacific and the Caribbean, both of which are separated by a
volcanic mountain chain irné central part of the country. One climate thatuslied is
the rainy climate of the eastern Caribbean. In contnastharacterizes the Northern

Pacific climate adavinga period of heavy monsoons followed by several months of



drough. Healsoclaimg hat another aspect of Costa Ricabd

difficult to forecast is the interaction between ocean and land. Since Costa Rica is

bordered by two different ocearike Pacific and\tlantic, air masses from eaténd to

clash causingpresure dropsresulting inadisturbancen the atmosphere&Consequently

thisleads tdheavy precipitationvith intensified rates in the mountaifi®rrential rainfall

of this magnitudeftenleadsto destructive consequenc¢sasich as flash floods and
landdides.Jonesargueghat with increasing evidence fglobal warmingthere are

increased chances of destructive weather eventwithat mpact Costa Ricads

climate.

WARMING OF THE CARRIBEAN WATERS AND HURRICANES

With increasing evidence, clate change and global warming are affecting many
locations worldwide with alarming consequences. Along with rising temperatures, the
increasing number of hurricanes in the Atlantic Ocean is a major impact of climate
change (Trenberth, 2005). Hugo Hearedata acquisitioner for the IMN, states that
although hurricanes in the Atlantic Ocean often do not affect Costa Rica directly, there
are indirect consequences of tropical systems that pass riparbgnal communication
November 10, 2008 Even when &opical system passes near Cuba, which is
approxi mately nine hundred miles away, it
pattern, stated Herrera, resulting in increasing chances of heavy precipitation. Many
scientists argue that risimmgeantempeatures, cause by global warmingdirectly affects
the number of hurricanes that are generated each year (Trenberth, 2005).

Since hurricanes influence Costa Ricads

global warming increases the number of hurricakesin Trenberth (2005), who is the
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head of the Climate Analysis Section at the National Center for Atmospheric Reslearch
the United Statesrgues that rising sea surface temperatures (SSTs) affect the number of
hurricanes each year. Hurricane activéysually generated in oceans where the SSTs
surpass twentgix degrees Celsius, or about sevemitye degrees Fahrenheit. Over the
past thirty years, there has been a significant upward trend of SSTs in the North Atlantic

shown in Figure 1.
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Temperature (°C)

FIGURE 1: ANNUAL MEAN SST ANAMOLIES IN THE NORTH ATLANTIC OCEAN
Anomalies from 1880 ta2004(Trenberth ,2005)

In addition, over the past ten years, there has been a significant increase of hurricanes in
the tropical North Atlantic Trenbeth argues that there is a direct relationship between
increasing SSTs and increasing hurricane frequency. Figure 2 represents the increasing
hurricane activity in the Nortitlantic over the past ten years. He also states that there is
no way of predictig the number or tracks of hurricanes each year, but there is evidence

that hurricanes are changing for the worse. Increased hurricanes in the North Atlantic not



only affect the area in which they strike, bty can affect weather patterns and areas

indirectly, as observed in Costa Rica.
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FIGURE 2: HURRICANE: ACE vs. YEAR
The median percentage of hurricanes from 1950 to 2004 against the average number of hurricanes

that occurred during that pericCE, Algebraic multigrid Compution of Eigenvectorgefers to the
percent of thenedian From 1995 to 2004 there is a jump in the ACE, meaning more hurricanes.

(Trenberth, 2005).

Pounds, Fogden, and Campbell (1999), who work at the Monteverde Cloud Forest
Preserve and Tropical Scien€enter in Costa Rica, examined how climate change
affects the Dbiological devel opment on Cost a
how rising SSTs have altered the climates in mountainous areas of CostePRioads
et d. (1999) state that mtospheric warming has accelerated due to an increasing amount
of evaporation from the warming SSTs, which causes an enhanced amount of water
vapor. Due to the increased water vapor levels, the decline in temperature with

increasing elevation has simplysdppeared, thus creating an amplified warming trend



for mountains. Increased temperatures and enhanced water vapor creates an ideal
atmosphere for heavy precipitation, especially at greater altitudes where low pressure air
cannot hold as much watas hider pressure air (Pounds et 4099). Ultimately, global
warming greatly affects Costa Rica climate. Intense rainfall combined with complex

terrain make Costa Rica extremely vulnerable to flash floods and landslides.

THE | MN6S CLI MATE CHANGE PROGRAN

In 2007, to counteract climate change, the IMN developed the Climate Change
ProgramThel MN st ates, AGI obal warming and the i m
i mmi nent. o0 This program was developed to hel
throughout Costa Ra. In order to help mitigate the impacts on Costa Rica, the IMN has
theorized climatological models that extend up to one hundred years and focus on various
regions of Costa Rica. With these models, national action can be taken to help lessen the
sociaeconomic impacts of climate change. A new network of weather stations will not
only help reduce the effects of flash floods and landslides, but it will also aid the IMN in
climatological forecasts, which will be extremely important to natidealsions irthe

years to comehttp://cglobal.imn.ac.cr/english.htjnl

COSTA RI CA6S COMPLEX TERRAI N, FLASH
LANDSLIDES

T h e tlash flnodfindicates a rapid effect @fflooding eventoften leading
to an increase in water level in a matter of minutes or hours. The major problem of flash
floods is the extremely short amount of time it leaves for a warning. Flasts
typically occur from extreme rainfall rates in thunderstorms or a band of tropical

showers. There are three ingredients for a flash flood to occur: a large supply of water
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vapor, a mechanism for uplift in air, and a mechanism that causes precipitation to fall
repeatedly in one aréblational Research Council, 2005)

Thecontasti ng topography of Costa Ricadbds Cent
difficulties for local meteorologists. As intense precipitation falls in mountainous areas,
gravity pulls the excess runoff to lower elevations tr@lebycreating water buildup. In
an extrene case, water can rise so fast that a flash flood can occur, resulting in injury and
damageA recent case study conducted by the National Research Council shows the
effects of complex terrain and flood forecasting at Sulphur Mountain in Southern
California. The National Research Council (2007) argues that complex terrain provides
another challenge for forecasting flash flobésausetorm systermoften react
differently to the topographat barriers. At Sulphur Mountain, the Pacific Ocean creates
a largesupply of water vaporContrasting air masses between land and ocean causes
uplift in the air, and the mounta@melevation often creates even more uplift and repeated
precipitation over one area. The basis of the study waspimveflash flood forecastg
in California by placing NEXRAL{Next Generation Radair) the most favorable
| ocat i on. maotans and &irema Westher pattemesvery similar to those
in California Both have an ocean air mass colliding with a land air mass and contain
mountain ranges that are rather close to their respective coastlines

Although the primary concern for flash floods is water damage, a secondary problem
is landslides. Landslidemnly occur as a result of sudden environmental changes in the
land The USGS (United States Geological Survey) indicates that there are several factors
that initiate a landslide. The four major factors include erosion from rivers or oceans,

moisture content of the soll, the terraamd human overdevelopment. Human



overdevebpmentin Costa Rica includedeforestation and farmin@ultivating coffee

and bananas is an i nt e g(Rahowipcki,20@02)of Costa Ric
Fragmentation from deforestation leads to an increased risk of landslides is®esise

that once heldoil together areemoved When mountainous terrain, heavy rainfall, and

human overdevelopment are combined, there is a great risk of a destructive, life changing

event occurringySGS, 2008)The combination of flash floods and landslides create a

seriousthreat to Costa Rican communities and enhances the need for a strong, reliable

alert system.

SOCIGECONOMIC IMPACTS OF NATURAL DISASTERS IN
COSTA RICA

Landslides and floods not only affect the physical landsdag@lso impact the
sociaeconomic aspas of the surrounding communities and Costa Rica as a whole.
These two weathaelatedphenomena can cause economic losses that are direct and
indirect. Directlossesnvolve the costs to build, repair, or replace anything that was
damagd in anevent. Iirect costsepresenthe decrease in real estate value of homes in
vulnerable areas and the funds that are allocated to help prevent further sitanasgas.
Private costs are also allocated to replace
businesses where devastation hit. The largest public costs are the repairs that need to be
administered to the roads that are destroyed (USGS, 2001). Without adequate roads,
entire sectors of the country can lose communication and accessibility from tbethest
country (. Fallas, prsonalcommunication November 10, 2008). As a result of climate

change, natural disasters are becoming more prevalent in Costa Rica, therefore putting a
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larger burden on the governmental associations that respond to landstidiéssh

floods.

CNE AND NATURAL DISASTERS IN COSTA RICA

In order to investigate the impadtash floods andandslideshaveon
communitiesgualitative and quantitativéata must be gathered pag events. The
Comisién Nacional de Emergenci@&NE) is responsible for coordinating preventive
measures against imminent dangessvell agnitigating and respondintp emergency
situations. The CNE haarioustypes of data on floods, landslides, and other weather
phenomena that i mp ascCentrdde BacumenRci§@®&DO) The CNEDOS
division compiles information on all events that have major secanomic effects on
Costa Rica. This informatioran indicatavhether having an early warning helps lessen
the effects dlash flood orandslidecan fave onan area.

Thenew network of stations will allow the IMN the opportunity to obtain more
data on the Central Pacific region in order to release the quickest and most accurate
warning to the CNE in hopes to manage fldigsbdsand landslidesore effectively The
current infrastructure of the CNEcomprisel of many committees at different levels in
society. The system begins with the CNE headquanteich then branches tegional,
municipality, and local committee$his system allows information to flow either
direction without major difficulty. Sheillyallejos, an employee of the CNEasstated
that this system was the reason why Costa Rica was able to avoid devastating losses
during Hurricane MitciS. Vallejos, personal communicatiddovember, 122008).

These committees are mandatory according to a law located in Chapter 2 article 9 of the
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National Law of Emergency and Risk Prevention that requires all communities to have a
committee to manage any hazardous event.

This system operates under twdeiént situations. The first occurs when the
IMN releases a warning to the CNd&hd the CNE advises the appropriate branches of the
committees to prepare and try to prevent any large losses due to a natural disaster. The
second happens when an event tgdtase and the communal committee contacts higher
committees about the disaster until the information reaches the AjEopriate action
is thentakenin orderto manage the damage and attempt to rescue and sustain all affected
people in the disaster. Thaeal case is the firsicenariojn which the CNE is given
enough time to prepare provisicies each communityAccording toVallejos every
communityhas a building that houses some suppbesd in the event of a disastbut
notenoughin the cas®f large lossesThe CNE has knowledge of the supplies a
community has and whatill be nee@din adisaster. Prevention and preparation are the

most important actions that allow the CNE to deal effectively with a disaster.

WEATHER STATIONCAPABILITIES AND LIMITATIONS

Weather stations are composed of different devices and instruments that observe
or record meteorological variables. Single weather stations recordtdatarticular
locationin routine intervals. A network of stations can provide moreegad information
on a larger area using re&che communication that can be used by meteorologists in
tasks sch aswveather monitoring, forecasting,eating locaivarnings, and climatic
modeling(Campbell Scientific, Inc., 2007). Weather networks haeee applications
otherthan strictly meteorologicgrocesses. Theetworks can involvanything from

agriculture utilities, energy and wnd power (Campbell Scientific, Inc., 2007)
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Weather stations can lotassified into either &ll or partial stationThe
difference between a partial and a full station is that a full station measures or monitors
manymeteorological variables, while a partial station only measures or monitors a
limited number of variablesA6hraf, Loftis& Hubbard, 1997). For certaipplications a
full station may be impractical if only a few variables are needed to be observed or
recorded. A partial station is a cadtective way of obtaining pertinent information
without using excess equipment. The use of one over the other depethgspurpose
function, or applicationof the station For the applications in Costa Rica, the IMN is
considering partial weather stations that measure only a few variables, such as wind and
precipitation. However, depending upon our recommendatioasMN may
contemplate installing either a full weather station or a new headquarters in an
appropriate location (HHerrera, personal communication September 30, 2008).

Weather stations have advantages and disadvantages. The stations are physically
located in desired areas and collect raw data that is then relayed to a central location via a
communication network. The station can house multiple sensors to measure different
variables at the same time. The pitfalls of a weather station are that it isatlérier
meteorological phenomenon that may damage or destroy the statithratthdy have to
be regularly serviced in order tionction properly A small network of stations may
result in gaps of data for certain areas, which require meteorologistdiotprhat is
occurring in between stations. All of these factors require attention in order to create an

effective weather station network.
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RADIO COMMUNICATIONS THROUGH COMPLEX TERRAIN

The weather stations must communicate effectively in order tgrdegieliable
weather station network. Only with reliable, riahe communication can forecasters
issue warnings for severe weath&here are many different systems of transferring data
from one location to anothéncluding radio, internet, or tite. Although these other
forms of communication are used throughout the world, the IMN requested the use of a
radio repeateto-i nt er net network, because it is best
infrastructure and complex terrain. A radio communication netwsekl in the state of
Washington demonstratéow a radio can be used in complex terrain.

Transmitting data through radio communications is widelygein the United
States and in CosRica Radio communicatioralow eachndividual statiorto emitits
data through particular radio frequencies. The radio waves can only travel to aremas with
line of sight andhave a maximum range of approximateignty-five miles. To counter
this limitation, the radio transmissiorisst travel to a radio repeatemhe repeater relays
the signal to another repeater until they are received at a centralized |¢NatR®ik,
personal communication September 24, 200&his system of radio tramitters and
repeaters allowdata to be transferred viglly anytime tle user desiresOne negative
aspect of using repeaters is that if there are multiple stations transmitting data through
one repeateif that repeatefails, no data can be transmittadtil the repeater is fixed.
The IMN has stated that if repeaters meeded, they would be able to install them

However, many Campbell weather stations can double as radio repieterfoe,
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lessening the need for installing individual ones (H. Herrera, personal communication
September 30, 2008).

Francis JPierceandToddElliott (2008)created and analyzed such a radio
repeater network in Washington State with great sucéésshington State, like Costa
Rica, has an ocean coastline and mountainous teffaiey placed weather stations on
farms throughout the setand linked them using a network of transmitters and repeaters
to a maindatabaseThe farms were located in areas from the coastline to the mountains.
From the mairdatabasethe information was sent via internet to wdre datavas
analyzed. This stem willbe applied to Costa Rica where statioastransmit their
data to repeatergventuallytransmiting the information talatabases connected to the
internet The | MN6s willingness to instal/l repea
From theinternet terminals, the data would travel to the IMN. The network could have
up to 60,000 individual weather statiorowever the rate of data transfer from the
stations, every fifteen minutespuld limit the number oindividual stationgo 300,
whichismoret han t he | Migbteen The fifteer minute trdnsfer rate is
very close to real timeand according to the NW$ould be sufficient for real time data
analysis(N. Belk, personal communication September 24, 2008

The AWN200O dataloggr used for Pierce and EIlIliotods
use the least amount of power necessary. The data loggers would go into a sleep mode
between transmissions to save energy for the spike in power consumption during the time
the signal was beingse Using this methogthe weather stations require the least
amount battery and solar panel accessories to operate. In turrgretsigeredand

efficiency increased. This system allows for a large number of stations in remote
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locations to be set tgnd linked together to send information through one continuous
network. The abilityof the radio frequencies to be converted to an intesigetlwould

reduce the need for repeaters over large dissaragvarying terrain.These functions,
especially he capability to be set up in remote locations with no direct power source,
make the system Pierce and Elliot created an ideal system for Costa Rica because of the

countryoés varying terrain and remote | ocatio

THE IMPORTANCE OF CORRECTLY PLACING WEATHR
STATIONS

The locatiorof aweather station is an important variable that governs the
effectivenessindoverall reliabilityof the stationA correctly placedtation willgather
accuratereliable data andill relay the information in a desired tinrafe with no
difficulties. The statiomeeds tdavea sufficient powersourceto function and be easily
accessible by maintenance personnel. A pqadgedstationwill not be able to perform
its required functionandcancause problems for the meteaugists attempting to
interpret the data and make forecasts

The stations used in the project are made by Campbell Scientific. Campbell
Scientiic has standards for placitigeir weather stations based Environmental
Protection AgencyEPA)and World Meterological OrganizatiogWMO) standard,
which can be found iAppendices and E These standards may notfodowed when
dealing with complex terrain

Not taking the time t@lace a station in the right location can be disastidus
study done in Coladoillustrateshow sited meteorological equipment that does not

follow WMO standards can poorly illustrate regional temperature readings. The study
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assessdthe Cooperative Observer Progra@QOB, which is run by the NWandrelies
oncivilians to instl meteorological equipment in their neighborhoodsitbia
meteorological data collectigNOAA, Cooperative Observer Program, paragraph 1).

A specificsensorthe Maximum Minimum Temperature SengMMTS), was
targeted in thstudy, which revealed thanly a smaliminority of the devices mehe
standardslescribed by the WMO. The majority of the sites were situated in areas that had
many obstructions andariousdevices such asir conditioning unitsthatskewed
temperature reading®avey andPelke, 2004). The units were in locations that did not
reflect the majority of the environment aroundrthenakingthe data irrelevant for that
region. All the factors presented in the study demonstiatethe functions of a station,
in this casea temperatw sensqrcan suffer due to poor planning.

The overall placement of the stations is vital to predict flash floods by ensuring
that the station generates accurate reliable data. The planning of the location must
incorporate all standards that the manufaatspecifies. If the station is placed without
following proper guidelines and standards, then the overall effectiveness of the station
will suffer. The placement of the stations dictates the effectiveness and accessibility of a

station.
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CHAPTER3: METHODOLOGY

The overall goal of our project wés investigate how more aétime data can
lessen the socieconomic problemsf flash floods and landslidesdto slect locations
in the Central Pacific Basin of CtasRica to install eighteen neautomatt weather
staions to transport data in retine to the IMN headquarterd/e developed the
following objectives to achieve thipals:

1. Uncover problems communities face during flash floods and landslides in Costa

Rica.

2. Find specific locations in the CeatPacific Basin of Costa Rica best suited for
weather stations.

In order to achieve maximum efficiency, we divided the site selection process into
three different trips. From Novembéef & November ¥, we traveled to six points in the
Quepos area. ONovember 18, we organized a day trip to visit three points southwest
of SanJosé We concluded site selection by visiting the final nine points surrounding the

San Marcos area during the week of Novemb&t ¥7e visited a total of eighteen points.

OBJECTIVE 1: UNCOVER PROBLEMS COMMUNITIES FACE
DURING FLASH FLOODS AND LANDSLIDES IN COSTA RICA

In order to investigate the problems communities face during flash floods and
landslides, we conducted interviews with experts and locals to obtain qualitative
information. In addition, we utilized case studies from past natural disasters in the Central
Pacific Basin to retrieve quantitative information.

We interviewedShelly Vallejos, an employee of tlk@®mmision Nacional de

Emergencias (CNEand an expert orosial implications of disasters in Costa Rica. The
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interview consisted of questions pertaining to the IMN, communities, and problems with
disaster relief. The interview questions with Vallejos are located ingipe.
Additionally, we interviewed commutyi members regarding the problems communities
face during disaster relief. The interview questions with community members are located
in AppendixB.

Furthermore, and equally as important as the qualitative information, was
guantitative information. To aess this data, we analyzed case studies that focused on
the costs of disaster relief. We concentrated our studies on the CReapits area over
the last ten years. By analyzing such case studies, we could determine how more weather
stations will help dcrease the number of community members affected during natural

disasters.

OBJECTIVE 2: FIND SPECIFIC LOCATIONS IN THE CENTRAL
PACIFIC BASIN OF COSTA RICA BEST SUITED FOR WEATHER
STATIONS

We dvided this objective into three different tasks:

Analyzing sites before fieldwork. By studying maps, we became familiar with
the areas we visited. We used ArcGIS, a geographical information system used for
spatial analysis, mapping, and data management, and GoogleEarth. These resources
allowed us to brainstormtaknative locations if the theoretical locations, selected by Juan
Carlos Fallas and Hugo Herrera, could not be reached. While brainstorneing, t
proximity of our alternative locations to the theoretical sites was our primary cotrcern.
addition, we angkzed the maps to choose the most efficient routes that would save time

and money.
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Establishing communication. We split our team into two groupsd travelled
to two different sites Each group was equipped with radios that could communicate
directly andindirectly. When testing direct communication, a radio sent a signal directly
to the other radio. The radio had a range of five kilorseted needed a direct line of
sight between the two radios to transmit effectively. When testing indirect
communicabn, the radio sent a signal with a range of twenty kilometers to a radio
repeater on El Cerro de la Muerte in the Talamanca Mountain Range. The repeater then
amplified and sent the signal to the other radllds process was repeated for every series
of two sites.

Performing groundtruthing. After verifying successful radio communication,
we conductedroundtruthing andollectedmetadatanformation Groundtruthing and
metadata collection consisted of recording various measurements and obtaining
information necessary to our group and the IMN for a thorough description of the site.
Metadata sheets, locatedAppendix F are essential to any site because they include
information needed for complete site description. Information located in the metadata
sheets includes GPS coordinates, personal contact information, and a physical description
of the site. We used a Garmin GPS device to measure coordinates and elevations of the
site and cameras to capture the surrounding geography in a 360 degree viewced/e pla
particular focus on surface vegetation, slope of the land, overhead obstristizinas
trees and buildings, and any other unforeseen geographical phenomena particular to that

site.
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CHAPTER4: RESULTS AND ANALYSIS

Our fieldwork and interviewked to discoveries regarding how new weather
stations will aid the IMN an€omisionNacional deEmergenciagCNE) in providing
warnings to communities, the problems communities encounter during flash floods and

landslides, and thebstructiondo weather &tion site selection.

FINDING 1:

More reaktime data from new weather stations can reduce community problems
associated with flash floods and landslides in the Central Pacific Basin of Costa Rica.

Insufficient precipitation data results in too few amaccurate alerts for flash
floods and landslides. Often, the IMN and CNE are informed by communities of disasters
after they occyrinstead of predicting when and where they will strike. This ineffective
warning system does not provide the CNE and comtiesnivith sufficient time to
prepare for flash floods and landslides, leading to injury, death, and destruction.

The information provided to the IMN by the new weather stations will reduce
these problems by allowing for earlier and more accurate abettie {ICNE and local
communities. Sheilly Vallejos an employee of th€entro de Documentaci§@EDO)
branch of the CNE;onfirmed our assumptions thet earliewarning time would allow
the CNE to mobilizats people and resourcé@sorder to reach thaffected areas faster.

Not only would an earlyarningsystem be beneficial to the CNE, but Bernando
Barrantes Mora, a community member of Savegre Abajo, stated that it would give local

communities time to prepare themselves and evacuate.
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FINDING 2:

Many communities do not handle methods of disaster relief in an effective manner,
creating problems with housing during relief efforts.

Because of h e ¢ o mmu n i niisyrustrardram ignoranée of the CNE
protocol, problems arisguring flashfloods and &andslides:inadequate communal
shelters, poor nutrition among the displaced population, and psychological problems
These issues ar®t prioritized highly by the Costa Rican government and are therefore
not addressed adequately.

Community Mistrust Toward s the IMN. Somecommunitiesareskepti@l and
mi st r u s t forechsts. ThisNhstiusidevelopedrom inaccuracies and unreliability
of the IMN in the past. Often, community members do ey attention to forecasémd
only respnd toalerts when coritlons becomecritical. Mistrust has reached such a high
level that some Costa Ricans trust the United States National Weather Sesracthan
theIMN (M. Jimenez, prsonakommunication November 24, 200& contrast,Jorge
Brennes Vargathe headf P a r r GNE aotnsiunal committesaidthatthe
community hagull confidence irthe IMN and CNHJ. Brennespersonal
communication November 24, 200Bhe new network of weather stations will help
rebuild trust between the IMN, CNE, and the community mamb

Ignoring the CNE Protocol. In times of crisisCNE protocols suggethat
peopleseek shelter from their friends and familriends and family provide emotional
support and can also tailor care to individual neBldsvever,the CNE has difficulties

evacuating victimgecause of an unwillingness to leave their own homes
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The unwillingness of individuals to leave their property develops from an
attachment to their limited possessions, including their holt@sy of the disaster prone
regions of Cost&ica, especially the Central Pacific Basin, are very poor. Because the
families have so little, they are reluctant to leave behind what they do own. The fear of
theft is a major factor in choosing to stay. The poor do not have enough money to insure
their homesor relocate so they are stuck reliving the same disasters every Yaar.
people are urged to leave their homes and told to go elsewhere, but according to Maritza
Jimenez Navarro, some people do not have family to rely on. Ingéitipersonnel
attempt to organize the community and gather them into one location for shelter.
However, we found some communities do not even h&@EBcommittee, even though
one is required by lawd,. Solis,personal communication November 24, 2008).

Inadequate Shelers. Communal buildings, such as schools and churches, are
often used for shelter after a disaskéowever, nany of the schools and churches are
vastly inadequate to serve as disaster shelters. Thegedenlybecause they can ko
the largest numbef people. e shelters were not designed to house pemsalting in
overtaxed facilities during natural disastef$ie lack of sufficienbathrooms and space
can have negative i mpacts on Aftdrthe disastert i ms 6 ph
hassubsidedthe shelters are left deteriorataald are not restored to their previous
condition.

The inadequate facilities of disaster shelters can create both health and
psychological problemsOverused bathrooms can cause unsanitary conditions and
problems for the property owndn addition,limited to no shower facilities and close

guarters can cause widespread sickness.
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Close quarters also create psychological problems. The cramped living
conditionscreateprivacyissueswhich can cause conflidtetweernvictims. Animosity
from everyday life in the same communities can come to a head when living tpgether
especially with increased stress lev&lsaring living arrangements in a moment of a
crisis can spike emotions that could have an impact@map on 6 s mé&lany a | heal tt
times, psychological help is not offered, only increasing the feeling of despair and
sadness The physical living conditions alone do not account for the entirety of the
problem with large shelters

The cost of housing the viots and providing food becomes the responsibility of
the Costa Rican government. Disasters can affect thousands of people and can cost the
country up to one billion colones, or approximately $1.82 million (CNE, 2007). The
housing the CNE provides is tentpoy, and is only intended to be used to help a person
until the disaster is over and the affected area is stabilized. If the people have time to

evacuate, the burden of paying for shelters would be lessened.

FINDING 3
Physical limitations such as bad rods, poor communication, dense vegetation and

sloping terrain, and social limitations, such as insufficient security and an
unwillingness of property owners to accept the responsibility of having a weather
station, interfered with the site selection process

We could not place weather stations at any of the exact proposed locations
because of physical and social limitations, including:

Poor Roads.A major problem we encountered while groundtruthing was the

Costa Rican road system. Often, a theoreticaltpmmintained a minimal number of roads.

The difference between the roads on the maps studied and the roads we encountered
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posed a problem for us during our field work. On several occasions, we relied on local
knowledge for directions to certain locations®ese of the discrepancy with the maps.
We experienced this problem at all locations, but it was most prevalent at El Caite. When
looking at maps at the IMN, we determined that the theoretical point picked by Fallas and
Herrera for El Caite was not feagblThe point was located in an extremely mountainous
region with limited roads and houses. We found that because the roads in reality did not
match the roads depicted by the map, we could not travel to our proposed location.

The road conditions presentas with another problem. Most roads were either
dirt or gravel in the mountainous areas, which made for an extremely slow and bumpy
ride. Costa Ricabs rainy climate combined wi
conditions. Heavy rains can completelieathe roadway, making it impassible.
Additionally, evidence of past landslides was clearly visible on all of the roads we
traveled. At El Silencio, which is located to the northwest of Quepos, we had to cross a
river to get to the other side of the rodthere had been so much rain that a river

expanded making it close to impassible, as shown in Figure 3.
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FIGURE 3: ROAD IN EL SILENCIO
Road covered in water. (El SilencioNovember, 2008

Two workers from the Ministerio de Qds Publicas y Transport@dOPT), were

working vigorously to extend the road on the right side. After speaking with the workers,
we were informed that if it started to raand we crossed to the other side, we would be
stuck until the level of the riverdpped. Although this section of the roadway posed
accessibility problems on the returip, we felt it was worth the risk to cross in order to
collect critical information on the area. This scenario depicts how fast the roadways can
be altered due to hey rain.

The cost of repairing and fixing the roads in Costa Rica may be overwhelming,
but is a necessary public works project because it reestablishes communication and
contact to other regions of the country. The Costa Rican government invests
approximately seventeemillion colones for the sole purpose of helptogepair and
mitigate the effects of floods and landslidgSNE 200§. These investments usually

involve repairing and upgrading roads that are either damaged or obsolete. The roads
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demand costant cleaning and clearing of debris, which requires heavy machinery and
many laborers to accomplish the task. Mawmgds can be affected one meteorological
event For instance, during the week of October 12, 2008 in Parrita, a flashciisbd
CostaRica226,580,00@olones in sixteen different road repairs.

Ineffective Communication. We found that the ability to communicate with the
other stations was the driving force in the site selection process. Luis Fernando Zumbado,
a radio communications expdor the IMN, stated that if the stations cannot effectively
communicate with the IMN, data will be lost, ultimately rendering the weather stations
useless. We were not able to communiegeadiowith each other effectively at every
site, forcing usd find new locations thatot only met the site selection criteria as
described irAppendix E but more importantly, allowed for effective radio
communicationWe tested direct and indirect communicati@sll sitesWe found that
the radios at every sitneeded to communicate with the repeater located on El Cerro de la
Muerte, resulting in indirect communication between all of the stations.

Dense Vegetation and Slopping TerrainAfter finding the exact points given to
us by the IMN, or at least gettirag close as we could without having to leave the road,
we found that there were no theoretical sites acceptable to place a weather station.
Generally, the sites contained too much vegetation, which did not meet our placement
criteria. The trees and suarading buildings created obstructions to odtileg accurate
measurementsWe traveled around the general area until an acceptable site was found
that had enough open space for the stations. We found that schools and houses were the
best locations to pte the weather stations because of open space and a limited number

of obstructions.
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For example, in Damas, the given point was in the middle of a palm tree farm.
There were no locations within the farm that met our criteria for open space. We found
analternate location that was best suited to sustain a weather station at the Damas School.
However, the location at tHigamas School was not perfe#&lthoughthe obstructions
presentould cause inaccurate data collection, we felt raising the heighe ¢ipping
bucket would minimize the inaccuracies. After searcfonglternative spots, we feel
confident that the sites chosen are in the best possible locations for collecting
precipitation data. Figure 4 shows our placement of the new network dfexnstdtions.
Table 1 shows the distances from our r ecomme
We found that our sites have an excellent average of only 1.02 miles from the theoretical

sites.
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Green- Theoretical Points
Purple- Recommended Points

arcGIS map of the central pacific basin in Costa Rica. (arcGIS, 2008)

Station Name
Albergue-Silencio
Candelarita
Caspirola
Damas
Frailes
Granja Carmelita
La Gloria
La Lucha
Lanas-Cerro
Palmichal
Parrita
Providencia
Quepos
Rodeo/San Isidro
San Jeronimo
San Marcos
Savegre Abajo
AVERAGE

Approx. Distance (miles)
1.25
0.68
1.16
0.85
0.93
0.86
2.66
0.56
1.72
0.85
1.19
0.65
0.59
1.76
0.65
0.82
0.09
1.02

TABLE 1: DISTANCES FROM THEORETICAL POINTS TO RECOM MENDED POINTS

Approx. Distance (km.)
2.01
1.09
1.87
1.37
1.49
1.39
4.28
0.90
2.77
1.37
1.92
1.05
0.95
2.83
1.05
1.32
0.14
1.64
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Inadequate Security.During ou groundtruthing, adequate security of the
weather station was of much importance. In prior years, the IMN has experienced theft
and vandalism at some of its other stations. Ultimately, it was a main concern to find a
site where the station could be praéetcat all hours of the day. We found that sites on
personal property or at sable provided ample protection ftre stations. Many of the
homes had fences surrounding them already, and the homeowners agreed to watch the
stations for vandalism or theffthe schools generally had better security than the private
homes. They all had fences surrounding them. During the day, teachers would be able to
watch the stations, and at night, many schools had security guards.

Community MemberséUnwillingness to Have a Station Not only did security
factor into our site selection process, but the willingness of the people to inherit the
responsibility of having a station was considered as well. Although not as prexfaent
problem as security, an unwilling propeowner or school director would completely
stop the progress of our site selection process. For the most part, everyone we spoke with
was very enthusiastic about having a station on their property. Only in La Gloria did we
encounter resistance. A s and a home were both investigated and proved to be good
sites for stations, but ironically, the home belonged to the director of the same school.
Unfortunately, he did not want the responsibility of having a weather station on his
property, at schoolrat home. We were forced to find an alternative location in La
Gloria. As seen in Table 1he situation in La Gloria caused the greatest disparity in the
proposed and selected site location, highlighting the importance of willing community

members.
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Naranjo. Due to the physical and social limitations listed above, we found that
we could not recommend an appropriate site in Naranjo. This location was intriguing
because it incorporated most of the impedances we encountered in our fieldwork,
whereas otheokations only demonstrated one or two restricting constraints. We cou
not physically reach Naranjfmecause the road was destroyed by a landslide, as shown in

Figure 5.

FIGURE 5: COLLAPSED ROAD IN NARANJO
The road collapseddue seismic activity in the area. (Naranjo, 2008)

We searched for nearby locations, and although we found sites that met our site selection
criteria, the sites could not communicaad there was no way to secure the stations.
This site will need to be assessed by the IMN in order to locate an appropriate site for

the station.
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CHAPTERS: CONCLUSIONS AND RECOMMENDATIONS

In this chapter, we summarize our key findings and provide practical
recommendations for solving problems that developed duringeddwbrk. In addition,
we suggest areas for further research that could help the IMN become a more efficient
organization. Lastly, we offer concluding statements about our project.

SUMMARY OF KEY FINDINGS:

We have discovered and analyzed how more weathBons can greatly affect
local communities and the Costa Rican government by diminishing disaster relief
problems and decreasing costs. Additionally, we analyzed the limitations regarding the
weather station site selection process.

Weather Stations Can Reduce Disaster Relief ProblemdVore weather
stations in the Central Pacific Basin of Costa Rica will give the IMN more data to make
shortterm forecasts and flash flood alerts. The new network of weather stations will
allow the IMN to inform the CNE ahcommunity members that a flash flood is
occurring instead of the CNE and community members informing the IMN.

Communities Do Not Handle Disaster Relief in an Effective ManneDue to
their insufficient data and inaccurate forecasts, many communitiesdeaeloped
mistrust towads the IMN. An ignorance &ENE protocas regarding disaster relief
formed partly due to the mistrust and the
their homes. When community members ignore the praoomblems arise witbhelter
in communities.

The Site Selection Process had Physical and Social Limitationsimitations

interfered with our site selection process, which caused the inability to select a site for the
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weather station at Naranjo. Limitations for siteesgon included poor roadgeffective
communicationgdense vegetation, sloping terrainadequate security, and the

unwillingness of community membeis have stations on their property

RECOMMENDATION 1: PUBLICIZE THE NEW NETWORK

The issue omistrust & a significanproblem that negatively impacts the
effectiveness of both the IMN arf@NE. Thisissue should be counteracted by
publicizing projects that promote advancements in forecasts and alerts in order to
diminish the skepticism that exists. Puldiog the projects will give the IMN positive
media exposure and will demonstrate how the organization is making efforts to improve
their current meteorological systerRemote, high risk communities should be the target
audience for the IMN because theywbahe most to lose if forecasts and alerts are
ignored Fortunatelymanyinterviewees were excited abdbe new network and early
alert systemlaying the foundation for new truftublicizing similar projectsvill instill
enthusiasm and confidence imetommunities towards th&IN, which could garner
more cooperation from individuals during a disastée.recommenthat the IMN
investigate the most effective medium to communicate with their target audi€éice.
more cooperatiogrcommunities will hopeflly heed the recommendations provided by

the IMN and CNE.

RECOMMENDATION 2: IMPROVE COLLABORATION WITH THE
CNE

We recommend that the IMN convey to the CNE the ne@dpoove i overall

communication to théhigh-risk areas of the Central Pacific BasThese towns interact
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with the CNE only when conditions are critical, and the national committee arrives to
provide relief. A more significant presence and constant communication with these
regions, even in stable conditions, will give people confidamtiee CNE.
In order to improve overall communication, we further reoctend that the IMN
encourag€NE personnel to travel with the IMN at least once every year during site
mai ntenance. This wil/ all ow thernlCNE t o vi si
existing committees, and to inform community members of any updated protocols. Not
only would this establish a better relationship between the CNE and the community, but

it would also improve the collaboration between the IMN and CNE.

RECOMMENDATION 3: BETTER PREPARE BEFORE FUTURE FIELD
WORK

Although the IMN cannot improve the Costa Rican road system, we recommend
that they contact the Ministerio de Obras Publicas y Transportes (MOPT) before future
field work. A phone call to the MOPT regarding raamhditions would not only
decrease the risk of injury to the people traveling to the sites, but would also save time
and money. In addition, the IMN should contact local site contacts to determine any
unforeseen local problems that could delay field wéicording to the IMN director,

Juan Carlos Falls, the IMN currently receives limited funding from the government. Any
money saved by making the site selection process more efficient could be crucial to later
projects. Several times during our groundtinghwe wereunable to proceed because of

a flooded or collapsed road, causing us to retrace our path and find a new road, thus

wasting time and money.
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In addition to contacting the MOPT for road conditions, we recommend that the

IMN acquire anupdatedmpa of Costa Ricabs road system.

because the maps we used were last updated in thés1®@paating old maps would
lessen travel time by reducing time lost and correcting inefficient routes, thus saving

more time and money.

FURTHER RESEARCH

During our research and fieldwork, our group found areas that the IMN can benefit from
with further investigation.
1. Investigate the origins of mistrust between the IMN and local communities.
Wit hout the trust of gsamfowecastswillds , t he
ignored. By studying the origins of the mistrust, the IMN can work to fix the
specific problems creating the gap in trust.
2. Investigate ways to gain funding.As funding becomes more difficult to come
by, the IMN needs a supplemehsource of money. The IMN should investigate
ways of increasing their funding. More money could result in projects that could

further help the I MN and protect the
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PROJECT CONCLUSION

Before completing the fieldwrfor the IMN, our project goal was to simply
select locations for eighteen new weather stations in the Central Pacific Basin of Costa
Rica. While groundtruthing, we found that there was a whole new aspect of selecting
sites for weather stations. We diseoed that many communities face problems during
flash floods and landslides which could be prevented. By providing a better warning
system from theMIN and CNE and regainingo mmuni ty member sdé confi d
forecasts, the new network of weather statiorteénCentral Pacific Basin will help

decrease disaster costs, and more importantly, help decrease injury and save lives.
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APPENDIX A: INSTITUTO METEOROLOGICO NACIONAL

TheInstituto Meteorolégico Nacion&lMN) was established in 1888 by Director
Henry Pitier Dormond. Central headquarters is located inJ&# Its purposes to
monitor systems of rainaide mper at ure and study the weat he
successes aided in the creation ofNteisterio de Industrias Energias/ Minas
(MINEA). MINEA now governs the IMNoecausét is the highest branch of the
government that deals with the environment tatlimateof Costa RicaThe IMN has
over one hundred years of experience forecasting and stutigi@gsta Rican climate.

They publish regiar statistics and studiese gar di ng t he nationds weat
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APPENDIXB: INTERVIEW QUESTIONS FOR COMMUNITY
MEMBERS

Questions for peoplehat are having stations placed on their property

First, reintroduce ourselves; ask them if they hawainute to answer a couple of
questionsEx pl ain that theyodre responses could be
and the IMN, ask for consent.

Do you know your communities emergency plan in case of a flood or landslide
(whichever is appropriater that area)?

Do you know who the community CNE contacts in your town, and do you know what to
do in an emergency?

Do you trust the CNE and the IMN (in case they give an order, will people follow the
order)? Why or why not?

What are your psonal experiences, or experiences of friends and family, with floods or
landslides?How have they directly or indirectly effected you?

Were you ordered to evacuate and did you follow the ortlény or why not?

If placed in a shelter, where wdmsetshelter (church, school, etc ldbw was the food,
cleanliness, privacy?

Do you have any questions for us?
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APPENDIX C INTERVIEW QUESTIONS FOR SHEILLY
VALLEJOS

When a natural disaster happens, what occurs?
Response Time?
Economically?
How are you alerted?
What is your communication with the IMN?
Are their case studies of any natural disasters in Costa Rica that we could use?
Where do the people go? Do they move back? Do they have insurance?
How does evacuation work?

What do yai need to better the disaster recovery process?

Have there been attempts to relocate towns that are continuously hit by natural disasters?
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APPENDIXD: WEATHER STATION COMPONENTS

The components that make upvaatherstation have apecific funtion and
measureertain variable The prinary components make up a fathtion measure the
following: wind speed, wind direction, temperature and temperature difference,
atmospheric water vapor, precipitation, press radiation, mixing heightJ.S.
EnvironmentalProtectionAgency June 1987).

These variables can be measured with different equipment and devices that will
provide the information that is desired. The application is the driving constraint that
determines which device is more advantagedhssedevices have different properties
and factors that make them more desirable. Factors such as cost, durability, and accuracy
are some that play a crucial part in determining the most efficient device for the
application. The device itself is not thely part of the equatiorgut the systems that
support the sensors and instruments must be taken into acsauvell all of these
systems must work together to create an accurate and efficient station that is cost
effective.

The ability to record and mdor the variable oprecipitation will be important in
determining the potential of a flash flood occurring in Costa Rica. Heavy precipitation is
the cause of flash floods because it raises existing water levels or causes the ponding of
water (National Rsearch Council, 2005The instruments &t measure precipitation are
tipping buckets and/eighing rain gage Both devices have the ability to measure the
total amount of liquid precipitation, but only the tipping bucket measures the rate at
which precipiation is falling at. The instruments have their advantages and disadvantages
due to their designs and both can send electrical signals in order to relay information to
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digital processors. The tipping bucket system that consists of two buckets is @iable

long as it is installed properly, measurement errors occur when there is heavy rainfall due
to water splashing out or during the dumping action. The weigiaggis able to record

data during any type of rainfall due to its design unlike the buckleé&sgage has a

tendency to give inaccurate readings when there is a strondWiBdEnvironmental
ProtectionAgency June 1987).

The functions and capabilities of these instruments vary and could require the
need for a combination of both in order togedy gather information to determine
possible flash flood conditions.

A secondary variable that IMN desires to investigate would be to gather wind
speed and direicin information. Winds simply measured ame vector with magnitude
and direction, but bb measures are not easily attained. Most stations measure each
guantity with its own component.

Wind speed can be measured using aangmometer or a propeller anemometer
in the majority of cases, other equipment exists for more specialized measurdrents
cup anemometer uses three to six esin@ped cups that spin around an axis when air
contacts the cups. Propeller anemometers are made up of two, three, or four bladed
propellers that spin around a horizontal shaft that is turned into the windabg. These
blades can be made out of diffetenaterials that will yieldlifferentdurabilitiesand
sensitivities to measure wind speeds. A combination of propellers can be used to
determine the different components of wind speed and directions of thamdrzhn be

used to determine standard deviatioftse propellers are not completely flawless, for
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example a verticgiropellermeasuringat an angle to the wind from (890°) can lead to
underestimates.

The variable of wind direction is defined as thelarige wind is blowing at,
measured in degrees clockwise from true north. Measuring this direction requires wind
vanes, WV, or UVW systems to obtain the data. The most common instrument is the
wind vane, which comes in many shapes and sizes. The maaaaise configuration
of a weather vane depend on the application. Thedystem uses a horizontally
orthogonal fixeedmount propeller to measure the direction as the UVW system uses a
vertical propeller.

The components that measure wind speed and viiaction all can be connected
to their own corresponding transducer that converts the rotation of the component into an
electrical signal. These signals can be transmitted te@mgrthat then converts the

information into useful data that can be usgadrieteorologists.
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APPENDIXE: SITE SELECTION CONSTRAINTS

The site selection for the weather station is as important as the equipment on the
station itself. The incorrect gaioning could cause inaccuracesdcouldlead to an
unreliable station. Eactomponent on a weather station has its own set of guidelines on
the placement and location on the station as well as the proximity to other surrounding
objects.

The primary component to be used is the precipitation component. These
components have to @rizontal to the sky and at an optimal position low to the ground,
but high enough to avoid splashes from the grotihdse instruments must be positioned
to collect as much falling rain as possible, but at the same time need to be protected from
high wind speeds that could lead to inaccuracies. To preventinid shields could be
installed as long as they do not impede the data collection, such as fences or other
effective fAiwind breakerso in frouodserof the
thanat least two, but preferably four times the height of the obstrutbamthe station
(U.S. EhvironmentalProtectionAgency June 1987).

The secondary components of wind speed and wind direction have certain
parameterghat enable the best measuremémtse recorded. The instruments should be
at least 10 meters above the ground and should not be placed within ten times the height
of the nearest obstruction. For example, if there is a twenty foot tree, the wind gauge
should be at least 200 feet fronetinee. In the case of dense vegetation, any wind
measurement should be taken at 10m above the vegetation canopy. It is recommended to

have several levels of wind measurements to improve wind profile measurements.
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The overall location plays a part in thecision on the location of a station. In a
complex terrainthe ideal location may not exjsthich can cause problems obtaining
vital information. The ideal locatiois a flat area thatanyield measuremesfor all the
variables desired. Such locatiahs not always exist, which lestb compromises in
order to achieve maximum effectiveness of the station.NM& recommends a 400
foot radius of clearance around any typevefather stations. Obstructions and clearances
need to be taken into consideoatiwhen choosing locations for stations in order to

collect accurate data.
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IMN Site Evaluation Metadata Sheet
DIVISION

Surveyor NameMatt Moreau, Maynor Alfaro, Julio Sandoval

Date of Visit:11/19/08

Location (City, County, District)Division

Site Contad Information

Contact Name:

Organization:

Address:

Phone:

Fax:

Email;

Prior to Leaving to the Sites

e Have at several sites proposed to evaluate in the general area

e Get general site description and digital pictures, aerial photos, topogragbsc m
etc.

e Review accessibility and maintenance

e Evaluate current and future uses of the proposed site and area with the IMN
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Specific Site Properties

Latitude:

Longitude:

Elevation: 2287 meters (7503 feet)

Type of Property (Private Property, National Park, etc.):

Types of Meteorological or other Scientific Sites in the Area:

N/A

Comments:
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Physical Properties of the Site

(PREPARATION: Have Topographic Maps for eatfdividual site anadne that
includes all potential sites in theea.Bring aerial fhotos)

Take a 360 degree panoramic picture at the proposed locatianth multiple
pictures

Describe the use of the Land and the General Are@e. farm land, lumber field, sports
field, etc.)

The use of the land is for housing andhang. XXXX has a small coffee plantation,

livestock, and is currently in the process of constructing a tilapia farm.

Give a description of the terrain in words for 360 degreeé.e. hills, valleys, level
plane, distances, directions to the nearest f@nound cover, etc.)

At 7,500 feet the terrain is very hill)X X X X graundcover is mostly grass.

Obstructions in the Area 360 degreeftrees, buildings, other structures, distances, and
heights)

X X X @reperty contains many structures but most aig b story. His house shown in

the first photo is the tallest at 2 stories. His property contains many trees especially

towards the front his house. Although there are a lot of tl€XX has a lot of space

between his two houses, which extremediphthe site selection proce¥sXXX also

informed us that we would be able to place the station wherever we would like on his

property. Willingness to place weather stations also benefits the site selection process.

48



Examine Site Meteorological Eqipment Constraints

Al sensors should be about 1.5 meters from

Case that matches the site (1 through 5). Include an explanation on the assigned number)
1 = Excellent 2 = Good 3 = Fair 4 = Poor 5 =Very Poor

Wind Speed(Sensor should be at ledsh times the height of nearby buildings, trees, or
other obstructions)

1 2 3 4 5

The trees will somewhat affect the wind data collection.

Precipitation (Tipping buckets shoulde no closer than four times theight of an
obstruction, the orifice of the gage must be in a horizontal plane, wind shields are
recommended

1 2 3 4 5

X X X @reperty is clear enough in places that precipitation data collection should not be

affected by trees or structures.

Review Weather Phenomenon in the Areé.e. flash floods, land slide, tornadoes,
hurricanes, etc.)

This area is at a high risk of landslides and at a low risk for flash floods.

Security and Maintenance of the Site

X X X X @goal is to become completely slifficient at his farm, so a person should be

there at all times, this is great for security.
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Additional Information
Governmental Restrictions(i.e. permits, construction codes, etc.)

N/A

Other:

We recommend placing the weather station orbdek left corner oK X X X iasn

house. It is the clearest spot on his property for rain collection and we want to try and

place the station as high as possible for wind data collection. At higher elevations, the

trees should not interfere with winata collection. This site communicated with

Providencia.
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Further Criteria for the Classifications of Component Constraints
Classification for Wind Speed:

Class 1: Sensor located at a distance of at least ten (10) times the height of the obstacle
(elevation angle <5.7 degrees). Object considered an obstacle if seen at angular width
>10 degrees. Obstacle is below 5.5m height within a 150m radius and 7m within a 300m
radius. Wind sensor located a minimum distance of 15 times the width of thin nearby
obgacles (i.e. mast, tree with angular width <10 degrees). Surrounding terrain relief
change </=5m within a 300m radius.

Class 2 (error 10%): Same as Class 1 except terrain change </= 5m within a 100m radius.
Class 3 (error 20%): Same as Class 1 except nbstacles within five times the height

of the nearby obstacles (elevation angle <11.3 degrees). Wind sensor located a

minimum distance of 10 times the width of thin nearby obstacles. Terrain change

</= 1m within a 10m radius.

Class 4 (error 30%): Same @kss 3 except no obstacles within 2.5 times the height of
the nearby obstacles (elevation angle <21.8 degrees).

Class 5 (error >40%): Obstacles within 2.5 times the height of the nearby obstacles.

Class 6 (error >50%): Obstacles with a height >10rmm se#h an angular width greater
than 60 degrees are within a 20m distance.

Classification for Precipitation:

Class 1: Flat horizontal ground surround by a cleared surface with a slope below 1/3
(<19degrees). Any obstacle must be located at a distanceabfieast 4 times the

height of the obstacleAn obstacle is an object seen from the precipitation gauge
with an angular width of =/>10 degrees.

Class 2 (error 5%): Same as Class 1, except an obstacle is located at a distance of at least
two (2) times itdheight.

Class 3 (error 10% to 20%): Ground with a slope below 1/2 (<30 degrees). Any obstacle
is located at a distance of at least its height.

Class 4 (error >20%): Ground with a slope >30 degrees. Obstacles located at a distance
less than their height.

Class 5 (error > 50%): Obstacles overhanging the gauge.
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IMN Site Evaluation Metadata Sheet
EL CAITE

Surveyor NameMatt Moreau, Maynor Alfaro, Julio Sandoval

Date of Visit:November 18, 2008

Location (City, County, District)El Caite

Site Contact Information

Contact Name:

Organization:

Address:

Phone

Fax:

Email:

Prior to Leaving to the Sites

e Have at several sites proposed to evaluate in the general area

e Get general site description and digital pictures, aerial phtmtpsgraphic maps,
etc.

¢ Review accessibility and maintenance

e Evaluate current and future uses of the proposed site and area with the IMN
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Specific Site Properties

Latitude:

Longitude:

Elevation: 1452 meters (4764 feet)

Type of Property (Private Property, National Park, etc.):

Types of Meteorological or other Scientific Sites in the Area:

N/A

Comments:

The land is owned b}XXX . They have a coffee plantation on one side of the main road

And keep livestock on the other side of thedroBhey said it would be best to call them

atNight or during the weekends.
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Physical Properties of the Site

(PREPARATION: Have Topographic Maps for eatfdividual site anadne that
includes all potential sites in the ar&aing aerial fhotos)

Take a 360 degree panoramic picture at the proposed locatianth multiple
pictures

Describe the use of the Land and the General Are@e. farm land, lumber field, sports
field, etc.)

The use of the land is for farmingXXXX own a coffee plamtion andkeep livestock

Give a description of the terrain in words for 360 degreef.e. hills, valleys, level
plane, distances, directions to the nearest town, ground cover, etc.)

The terrain is very mountainous, but the ground is flat where dhiersivill be placed.

There is only one road through the main town of El Caite and it is all dirt. Rain will be an

impedance if anyone were to travel to the site.

Obstructions in the Area 360 degreefirees, buildings, other structures, distanced, an
heights)

There is a clearing of around 100 square feet where the weather station will be placed.

There are trees to one side that could interfere with the wind readings, but precipitation

data collection should not be a problem. As of this momkeatatea we selected is all

dirt, butXXXX andXXXX stated that they will be building a small house at that

location. Putting the weather station on top of the house they will be build would be

better not only for wind and precipitation collectiont bar security as well. The trees to

one side are approximately 30 feet tall.
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Examine Site Meteorological Equipment Constraints
Al | sensors should be about 1.5 meters
Case that matches the site (1 througHriclude an explanation on the assigned number)

1 = Excellent 2 = Good 3 = Fair 4 = Poor 5 =Very Poor
Wind Speed(Sensor should be at ledsh times the height of nearby buildings, trees, or
other obstructions)

1 2 3 4 5

The wind speedddlection should be good at this collection as there are only trees to one
side.

Precipitation (Tipping buckets shoulde no closer than four times the height of an
obstruction, the orifice of the gage must be in a horizontal plane, wind shields are
recommended

1 2 3 4 5

Precipitation collection should be excellent at this location as the site is very clear.

Review Weather Phenomenon in the Areé.e. flash floods, land slide, tornadoes,
hurricanes, etc.)

Since the area is mountainous, the adgcern idandslidesl|f it rains hard enough the

access roads will be a problem because of the steep slopes.

Security and Maintenance of the Site

If the house is built the security of the site will be excellent. If not, then it would only be

good & no one is there 24 hours a day. Maintenance should not be a problem as the

station would be right on the main road in El Caite.
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Additional Information
Governmental Restrictions(i.e. permits, construction codes, etc.)

N/A

Other:

We recommend tthe put the station on the house to the corner that is not surrounded by

trees. This is the best location for wind and precipitation readings. This site

communicated with Candelerita.
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Further Criteria for the Classifications of Component Constraints
Classification for Wind Speed:

Class 1: Sensor located at a distance of at least ten (10) times the height of the obstacle
(elevation angle <5.7 degrees). Object considered an obstacle if seen at angular width
>10 degrees. Obstacle is below 5.5m hewgthin a 150m radius and 7m within a 300m
radius. Wind sensor located a minimum distance of 15 times the width of thin nearby
obstacles (i.e. mast, tree with angular width <10 degrees). Surrounding terrain relief
change </=5m within a 300m radius.

Class 2 (error 10%): Same as Class 1 except terrain change </= 5m within a 100m
radius.

Class 3 (error 20%): Same as Class 1 except no obstacles within five times the height of
the nearby obstacles (elevation angle <11.3 degrees). Wind sensor located arminimu
distance of 10 times the width of thin nearby obstacles. Terrain change </= 1m within a
10m radius.

Class 4 (error 30%): Same as Class 3 except no obstacles within 2.5 times the height of
the nearby obstacles (elevation angle <21.8 degrees).

Class 5 (gor >40%): Obstacles within 2.5 times the height of the nearby obstacles.

Class 6 (error >50%): Obstacles with a height >10m, seen with an angular width greater
than 60 degrees are within a 20m distance.

Classification for Precipitation:

Class 1: Flathorizontal ground surround by a cleared surface with a slope below 1/3
(<19degrees). Any obstacle must be located at a distance of at least 4 times the
height of the obstacleAn obstacle is an object seen from the precipitation gauge
with an angular width of =/>10degrees.

Class 2 (error 5%): Same as Class 1, except an obstacle is located at a distance of at least
two (2) times its height.

Class 3 (error 10% to 20%): Ground with a slope below 1/2 (<30 degrees). Any obstacle
is located at a distance dflaast its height.

Class 4 (error >20%): Ground with a slope >30 degrees. Obstacles located at a distance
less than their height.

Class 5 (error > 50%): Obstacles overhanging the gauge.
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