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PREFACE 

 
In response to a request from the Government of Colombia, the Government of Japan decided to 

conduct a development study on Monitoring and Early Warning System for Landslides and Floods 

and entrusted the Study to the Japan International Cooperation Agency (JICA). 

JICA sent to Colombia a study team headed by Mr. Kimio Takeya of the joint venture of Pacific 

Consultants International and OYO International Corporation, between June 2006 and March 

2008. In addition, JICA set up a Monitoring Mission which examined the Study from specialist and 

technical point of view. 

The Study Team held discussions with the officials concerned of the Government of Colombia, and 

conducted field surveys at the study area. Upon returning to Japan, the Study Team conducted 

further studies and prepared this final report. 

I hope that this report will contribute to the promotion of the project and promotion in Colombia, 

and to the enhancement of friendly relationship between our two countries. 

Finally, I wish to express my sincere appreciation to the officials concerned of the Government of 

Colombia for their close cooperation extended to the Study Team. 

 

March, 2008 

 

Ariyuki MATSUMOTO 

Vice-President 

Japan International Cooperation Agency 



March 2008 

 

Mr. Ariyuki MATSUMOTO 

Vice-President 

Japan International Cooperation Agency 

Tokyo, Japan 

 

Letter of Transmittal 

 

Dear Sir, 
We are pleased to submit the final report entitled the “The Study on Monitoring and Early Warning 

System for Landslides and Floods”. This report compiles the results of the Study in accordance 

with the contracts signed on June 16, 2006 and May 1, 2007 between the Japan International 

Cooperation Agency and the joint venture of Pacific Consultants International and OYO 

International Corporation. 

In the Study, the Study Team presents the plan on monitoring and early warning system based on 

the analysis of the existing conditions and problems. The report consists of the Summary, Main 

Report, Supporting Report and Data Book. 

All members of the Study Team wish to express sincere appreciation to the personnel of your 

Agency, Monitoring Mission, and the Embassy of Japan in Colombia, and also to the officials 

concerned of the Government of the Republic of Colombia, the Government of Bogota City, the 

Government of Soacha Municipality and the Government of Cundinamarca Prefecture for their 

cooperation extended to the Study Team. The Study Team sincerely hopes that the results of the 

Study will contribute to the disaster prevention for Bogota and Soacha. 

 

Yours Faithfully 

 

Kimio Takeya 

Team Leader 

The Study on Monitoring and Early Warning System for Landslides and Floods 

.   
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Study on Monitoring and Early Warning System for Landslides and Floods 

Outline 
1 Background of the Study 

The Study Areas are landslide area and river/creeks catchment located on the southern part and edge of 
the Bogota city, the capital of the Republic of Colombia. The ground elevation is 2,500 m in the low 
area and 3,600 m as the highest point above mean sea level. The study area has been developed quite 
rapidly since 1970’s as a marginal area of the Bogota city, where in poor condition’s area such as steep 
slope around abandoned quarries and used to be wet land, people started to live densely, forming low 
income neighborhood (barrio). On the other hand, the area has suffered from landslides, steep slope 
failures and floods due to the topography and meteorological conditions. The Bogota city has already 
conducted a lot of studies and implemented some relocation. In the Tunjuelo river basin, along the 
main river course the monitoring and early warning system has been established, however, the system 
within some tributaries catchment has not been established yet, which is not enough from the 
viewpoint of saving people’s life. The Soacha Municipality has a disaster prevention organization, 
however does not have any monitoring system. 

Under the above situations, the Government of Colombia requested the Government of Japan to make 
a plan of monitoring and early warning system for landslides and floods for a part of Bogota city and 
Soacha Municipality. Responding to this request, Japan International Cooperation Agency (JICA) 
dispatched the Study Team headed by Mr. Kimio Takeya on June 2006. 

2 Objectives of the Study 

The objectives of the Study are: 

 To prepare a Plan for monitoring and early warning system for the Study area for landslides and 
floods for the target year 2020. 

 To establish, operate and maintain the monitoring and early warning system for landslides and 
floods for the selected areas through pilot projects relying on the initiative of community people 
in order to enhance the capacity on disaster prevention of the counterpart organizations and 
communities. 

 To transfer technologies and knowledge to the Colombian personnel involved in the Study. 

3 Study Area 

The Study Area is one (1) landslide area and four (4) creek catchment located in the southern part of 
Bogota, and two (2) steep slope areas and two (2) river basins of Soacha city which is next to Bogota. 

4 Plan on Monitoring and Early Warning System 

4.1 Landslides of Bogota 

Present Status of the Landslide 

There is only one place for the landslide study area in Bogota and it is designated commonly by Altos 
de La Estancia, and is located southwest of Bogota, north of the Bolivar Locality. In Chapter 5, the 
landslide in the Sector Altos de La Estancia is referred to as “the Landslide”. The Landslide includes 
two major masses, namely La Carbonera in the south and El Espino in the north, displaces hundred of 
thousand of cubic meters, and forces hundreds of families to resettlement in an approximate area of 
100 ha. The type of the Landslide is related to a mass movement accompanied by some small different 
types of movement. DPAE divided the Landslide area in 3 zones, namely high alert, middle alert and 
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low alert [or Phase I area, Phase II area and Phase III area] with the purpose of relocation program. 
There were no residential houses in Phase I area, but still there were a lot of houses in Phase II area in 
Year 2007. 

Table  Areas in the Landslides 

Area Condition Relocation program 
by Bogota  

Phase I area Surfaces of the land are deformed. Most active area in the 
landslide. 

Relocation program 
has been completed

Phase II area 

The areas locate above and below Phase I. The areas 
were not affected by the landslide, but recently some 
cracks and deformation on the ground were found in the 
areas. 

Relocation program 
is being in progress.

Phase III area The areas locate upper and lower part of the Phases I 
area and II area. The areas are regarded as safe. 

Out of relocation 
program 

Out of the 
Landslide Area Out of the Landslide. Out of relocation 

program 
 

Target 

Enhancement of capacity of DPAE on disaster prevention by implementation of the proposed plan in 
this study 

Purpose of the Project 

The purpose of the monitoring as the pilot project is to verify that the residential areas as for its safety. 
This concerns only the object areas of the monitoring of the residential area (Phase III area and the 
areas outside the landslide area) only as follows. 

  a. boundaries between Phase II and III areas 
  b. the areas above the heads of the main landslide in Phase II area 
  c. the house in which cracks and distortions were found. 
With reference to “b” above, new collapses occurred recently near the heads of the main landslide 
blocks may show expanding of the landslide upward (toward Phase III area). In order to ascertain the 
movement of the ground above the main landslide blocks, the monitoring is carried out in the area 
above heads of the main landslide blocks in Phase II area. With reference to “c” above, some cracks 
and deformations of a house in safe area were found recently.  

Monitoring 

The following five kinds of monitoring works are carried out. Extent of the monitoring is shown 
below. 

Table  Extent of Monitoring 
Location Monitoring Item Quantity 

Survey Points 15 Boundary between the Landslide 
and the Residential Area Survey Point Fix Points (Bench Marks) 5 

Crack Gauges 3 Phase II area Crack Gauge  Pegs (4 pegs for 1 set) 3 set 
Level Survey Survey Points 3 

Sensor 1 Tiltmeter Logger 1 
Laser Distance Meter 1 

Uplift and Deformed House 

Distance Meter Target Plate 2 
The survey Points were installed along the boundary between the residential area and the Landslide in 
order to confirm the safe areas are still in safe. In case any movements on some survey points are 
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observed by the monitoring, the area around the survey points might be affected by the landslide. 
Exploration of the area is necessary to find any damages, distortions and cracks on the ground, houses 
or structures. A total of 15 the survey points were installed, and 5 fix points were installed as bench 
marks. 

The movement of the cracks monitored by simple crack gauges can be summarized in graphs which 
show relations between time and movement. The graphs can show the movement of the head of 
landslide block, and then the velocity of the landslide movement may be estimated. 

In the house which is object of the monitoring, some cracks were found by residents of the house in 
October 2006. The house locates in the safe area (outside the landslide) close to the boundary between 
relocation area, and at the place close to the uplift by the landslide movement. The following 
equipments were installed in and around the house to monitor the slow progress of tilting of the house 
and slow movement of uplift. 

a. Tiltmeters on the basement floor of the house 

b. Laser distance meter to monitor the distance between the house and the uplift 

c. Logger which connected to the tiltmeters in the house 

d. Level survey points to monitor uplifting of the uplift 

For the monitoring of distance between the house and the uplift, laser distance meter is employed 
instead of extensometers which required wires on the ground.  

Data Processing 

Any significant movement has not been seen on all the monitoring during the pilot project. The results 
may show that the landslide has not reached the safe areas, and the residential areas may be still in safe 
status. However, the period of the monitoring is too short to judge the safety of the areas, the 
monitoring should be continued and accumulate the data to confirm the safety of the areas. 

Hazard Map 

DPAE did an area division in three areas named Phase I area, Phase II area and Phase III area based on 
available information and especially in the study of INGEOMINAS (2003) in order to relocate the 
population of all areas, and issued the map to public as Hazard Map. Almost all of the inhabitants in 
Phase I area actually have been relocated, and relocation of inhabitants in Phase II area is progressing. 
The Phase III area, which is counted as stable area and out of relocation plan, corresponds to the high 
slope part.  

Early Warning and Evacuation Plan 

The early warning systems using the automatic monitoring systems are not required in the Landslide 
in terms of saving human loss in the area, because of existing resettlement program and the movement 
speed of landslide. The most recommendable thing is to observe the ground conditions by the 
engineers with regular patrol or by the communities in their ordinary lives. This observation survey is 
performed to examine the extent, direction of movement, and the mechanism of landslides in detail 
when any sign of landslide motion such as slide scarps or cracks are found or when there is any 
possibility of the occurrence of landslides in the future. 

4.2 Flood in Bogota Target Creeks 

Past Floods in Target Creeks 

The target creeks in Bogota are Chiguaza creek, Santa Librada creek, Yomasa creek and La Estrella 
Trompeta creek. The largest catchment area is that of the Chiguaza, 18.7 km2. The bed slopes of these 
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creeks are quite steep whose main reach is steeper than 3 degree.  

The interview survey was undetaken by the Study team about the past floods in the 4 creeks. In the 
Chiguaza, a flood disaster took place in May 19, 1994 which caused 4 victims, 800 people affected. In 
this flood, the Juan Rey rainfall station of EAAB located in the upstream of the creek catchment 
recorded the daily rainfall 22.9 mm and the maximum 30 minutes rainfall 19 mm. The flood damage 
was caused by the flooding on the street of the right side of the creek due to the clogging of culvert 
crossing the creek. In the study area, that is only flood disaster associated with victims and a lot of 
affected according to the survey during the study. 

Also in the Chiguaza the inundation occurred in the most downstream reach near the Tunjuelo river 
confluence in the end of May 2002. This flood is considered that caused by runoff from the Chiguaza 
itself as well as high water of the Tunjuelo river. In the upstream of the Tunjuelo river EAAB’s 
Cantarrana Dam (flood control purpose) was constructed in 2007. The Chiguaza downstream reach 
has been improved by EAAB, so that the safety level is increasing in the Chiguaza. However, since 
there is few monitored data, especially waterlevel data, the safety level is not confirmed yet based on 
the relationship between monitored rainfall data and waterlevel. 

Objectives of the Plan 

By implementing of the plan proposed in the Study, the capacity on disaster prevention of DPAE will 
be enhanced.  

Planning Principle 

The above-mentioned plan was prepared for short, middle and long term. The target year of the plan is 
set up in 2020, assuming that the implementation of the plan starts in 2007 and fourteen (14) years 
would be required for the completion. The reason for starting the said plan in 2007 is that the pilot 
project(s) in this Study was undertaken as a part of the proposed plan.  

Definition of Short, Middle and Long Term Plan 

Plan Year Definition 

Short 2007-2008 It is urgently required and should be implemented as pilot projects which will 
become the basis of middle and long plan.  

Middle 2008-2012 This is an extension for a short term plan in order to secure the target creeks. 

Long 2013-2020 This is a fully advanced system based on the experience of short and middle 
plans. 

 

The purpose of the proposed plan is to prevent the people in the previously affected area from the 
same flood damage in near future, or mitigate the future damage by the plan. Thus, as a tool for the 
above, monitoring of hydro-meteorological conditions by equipment and preparation of early warning 
system based on the monitored data are required. Therefore, it should be pointed out that the people 
who should evacuate in an event of flood understand the meaning of the early warning system and 
they take necessary actions are quite important. In this sense, unless the people understand the 
importance of the system and can make use of the system actually, any expensive equipment for the 
monitoring and early warning is meaningless. 

Based on the purpose, the monitoring system of DPAE should be proceeded as following phases, 

Monitoring and Data Gathering System 

Phase 1：data accumulating and people’s training phase 

The Chiguaza creek catchment is defined as the most important monitoring area and the following 
station were setup. 
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List of Station to be monitored for DPAE (Short –Team) 

Location Monitoring 
item 

Purpose of 
Monitoring Equipment Person in charge of 

Monitoring  

Moralba 
(school) 

10 minutes 
rainfall 

The short duration 
rainfall upper art of 
the affected area in 
1994 will be 
monitored. 

Rain gauge(tipping 
bucket), data logger 
with external display, 
solar panel, battery, 
cabinet and earth 

Security guard of school 
Hourly monitoring 

La Gloria 
Waterlevel 
in upper 
reach 

The affected people 
in 1994 flood should 
start the monitoring 
(waterlevel). 

Staff gauge, waterlevel 
simple alarm device 

3 times day monitoring by 
local people and recording 
time and waterlevel at high 
water. 

Molinos 
(foot bridge 
next to 
school ) 

Waterlevel 
in middle 
reach 

The affected people 
in 1994 flood should 
start the monitoring 
(waterlevel). 

Staff gauge, Non-touch 
stage sensor (ultrasonic 
type), data logger with 
external display, solar 
panel, battery, cabinet 
and earth. 

3 times day by people and 
security guard of the school 

El Hoyo 
Waterlevel 
in 
downstream

The affected people 
in 2002 flood should 
start the monitoring 
(waterlevel). 

DPAE staff gauge 3 times day by Civil Defense

In this phase, the following thins should established. 

 Accumulation of waterlevel monitoring experience of the downstream people and rainfall 
monitoring experience of upstream people. The collaboration between upstream and downstream 
is enhanced. 

 Accumulation of data regarding the short duration rainfall in the upstream and the waterlevel 
response in the downstream 

 Downstream people’s understanding on the phenomena of waterlevel response by upstream 
rainfall(understanding on false alert) 

Phase 2：Rainfall and waterlevel measurement in Yomasa creek catchment 

The Yomasa creek has not suffered from flood damage like Chiguaza 1994, however, the present 
condition of the creek bed has remarkable unstable sediment deposit. 

List of Station to be monitored for DPAE (Mid –Team) 

Location Monitorin
g item Purpose of Monitoring Equipment Person in charge of 

Monitoring  

Alemana  Rainfall Measurement of upstream 
rainfall in the Yomasa creek

Rainfall 
gauge(automatic with 
external display) 

3 time a day 
monitoring by people

Ave. Usme 
downstream 
(Monte 
Blanco) 

waterlevel
Measurement of waterlevel 
response by the upstream 
rainfall 

Staff gauge 3 time a day 
monitoring by people

 

Data Analysis and Processing 

By measuring of waterlevel at Molinos continuously, the data on response of waterlevel for the 
upstream rainfall will be accumulated, as well as discharge measurement (by floating during flood) 
will be conducted to confirm the runoff from the upstream and analyze effective rainfall, which could 
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improve the warning criteria. The velocity measurement by float should be arranged by the people 
who monitored the staff gauge at Molinos in the Short Term. 

Also, the waterlevel at Molinos and rainfall at Moralba will be transferred by telemeter system to 
DPAE, whose system will be included in the existing Tunjuelo River early warning system of DPAE. 

Warning Criteria and Susceptibility Map 

The flood map in May 1994 flood was made by the Study Team based on the flood interview survey 
for the affected people in 1994 in the Chiguaza creek. Also the probable flood area for 25 years return 
period was prepared for the Chiguaza downstream area. 

The flood alert of the Study area was proposed to be daily rainfall 10 mm tentatively. This is based on 
the statistical analysis of rainfall and some kind of flood events in the study area from DPAE recent 5 
years data. In the Chiguaza creek catchment, in recent 5 years, 38 flood events were reported to DPAE. 
The detailed phenomena of such flood was not recorded, however, it is a sum of various flood events 
such as overflow from ditch and inland flood based on people’s information. Among them, 20 events 
(50 %) happened at the time of daily rainfall 10 mm. It means that in the Chiguaza creek catchment, 
when the daily rainfall is 10 mm, some kind of flood would occur with possibility of 50 %, so that this 
rainfall should be set as alert tentatively. In other 3 creeks, when the daily rainfall is 10 mm, the flood 
event possibility is lower, however, considering the small size of catchment, more detailed alert by 
area (catchment) can not be proposed. 

The tentative warning criteria for the Chiguaza creek based on the monitoring and hydraulic study is 
as follows, 

In the downstream reach between Caracas Avenue and Molinos street, there is critical section whose 
flow capacity is only 10 years return period. The discharge for 10 years return period can be brought 
by about 20 mm per 30 minutes. Therefore, the warning criteria is set as follows, alert level 6 mm per 
10 minutes and warning level 20 mm per 30 minutes. 

In the reach from middle stream to upstream of the Chiguaza, basically the channel capacity is quite 
high, however, as they can experienced in May 1994 flood, if crossing structure such as culvert is 
clogged, over flow could take place easily and unexpectedly. Six (6) locations were pointed out 
because they need periodical maintenance. 

In the upstream, there is possibility that crossing structure will be clogged up by garbage and sediment 
deposition as they saw in May 1994. The warning criterion in terms of rainfall for this kind 
phenomenon is difficult because of lack of data. Tentatively based on the measured rainfall amount in 
May 1994, the past 15 days rainfall 78.1 mm and daily rainfall 22.9 mm are proposed as the first 
criteria. If the rainfall exceeds this value, patrol along the creek is recommended. 

Information Transfer Plan 

DPAE is in charge of information transfer to community based on the monitored data. The 
modification of warning criteria should be done by DPAE. 

4.3 Landslides in Soacha Municipality 

Status of Landslides 

Landslides, mostly classified into rock fall and surface collapses, in the study areas occur frequently at 
abandoned quarries in Altos de Cazuca area where houses gathered in the upper and lower area close 
to steep slopes and landslide hazard areas. Also, houses gathered in landslide hazard area formed by a 
quarry in El Divino Niño area. According to the statistic record, the number of residential houses 
suffered from landslides especially in El Divino Niño area and La Capilla area of Altos de Cazuca area 
is the highest in Soacha Municipality. Prompt measures should be taken to save people in these areas. 
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Steep slopes in the abandoned quarries are the most critical conditions among many disasters in Altos 
de Cazuca area. In this study, only steep slopes in the abandoned quarries are the object of the studies.  

Target 

Enhancement of capacity of Soacha Municipality on disaster prevention by implementation of the 
proposed plan in this study 

Purpose of the Project 

Even some landslide disasters occur in dry condition, many landslide disasters have occurred during or 
after heavy rain in Altos de Cazuca area and El Divino Niño area in Soacha Municipality. It may be 
true that the rainfall causes many landslides in Soacha Municipality, but not certain without any 
support data. The information collection of precipitation and disasters are most important to take 
action against the landslide disasters. Accumulating the information about precipitation and occurrence 
of landslides, the relation between rainfall and occurrence of landslides should be studied.  

In order to install the rain gauges as many as possible for the purpose, the simple gauges which are 
low cost and easy to be read were installed in the pilot project area. To monitor many rain gauges 
constantly, the monitoring works are left to the community in where the rain gauges are installed. It is 
expected also that community’s awareness of disaster prevention becomes higher with the monitoring 
works. The record of landslide is being carried out by Soacha municipality, since recording of 
landslides requires more expertise. 

Monitoring 

Precipitation monitoring was carried out in the pilot project area where is Altos de Cazuca area and El 
Divino Niño area in Soacha Municipality. Five rain gauges were installed in five schools in the pilot 
project area. 

The rain gauge consists of funnel and Cylinders and sub cylinder for reading minutely is attached. It is 
very simple rain gauge without any mechanical parts and electric power. 

Basically, the monitoring works are carried out by a person in each school who is assigned by the 
principal of the school. The values indicated by the rain gauges are read three times a day at 6:30, 
14:00, and 18:00. The records are submitted once a week to the Soacha municipality. In the case the 
accumulate rainfall is more than 20mm/24h, the person who read the rain gauge should call the 
firefighter station in Soacha Municipality. 

All of landslides in Soacha Municipality should be recorded immediately after occurrence of the 
landslide using the record format. Especially, the pilot project areas, Altos de Cazuca area and El 
Divino Niño area, are emphasized. The formats are filled by the engineer immediately after he visited 
the landslide site. The report of monitoring contains an analysis of the relation between the rain fall 
and the landslide disasters. Record format which has been recorded should be filed in the engineer’s 
office in Soacha Municipality. 

Data Processing 

Though the precipitation monitoring has been carried out for five months in 2007, the precipitation 
data must be accumulated for longer periods in order to have information on rainfall. At the moment, 
the following situation is observed in the monitoring.  

a) Monthly precipitation in August is more than in September. It shows different trends from average 
normal year. 

b) Monthly precipitation is different in each point in August, and is not different in each point in 
September. 
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c) Maximum monthly precipitation was observed with RG-4 by 141.8 mm in October 2007. 

d) Maximum daily precipitation was observed with RG-4 by 58.2 mm on 13th October 2007. 

e) The lower the altitude of the rain gauges is, the more it tends to rain both especially in August. 

Three landslide disasters occurred in the period from 13th October to 15th October 2007 in Los Robbles, 
Terranova and La Capilla in Altos de Cazuca area. Rain continued intermittently from 6th October 
2007 to 14th October 2007 in Altos de Cazuca area. Nearest rain gauge points to Los Robbles is RG-4, 
to Terranova is RG-3 and to La Capilla is RG-1. According to Figure 8-3 in Main Report, excess 20 
mm of accumulate precipitation may be appropriate for Alert Level 1 and excess 50 mm of accumulate 
precipitation may be appropriate for Alert Level 2.  

Hazard Map 

Disaster inventory survey in Altos de Cazuca area and El Divino Niño area was carried out by aero 
photo analysis and site reconnaissance. The results of the disaster inventory survey are seen in Disaster 
Inventory Map. Steep slopes in the abandoned quarries are the most critical conditions among many 
disasters in Altos de Cazuca area. In this study, only steep slopes in the abandoned quarries are the 
object of the studies.  

In the study area, Critical Zones has been set to verify the critical area in the “barrios”. In barrios La 
Capilla in Altos de Cazuca area and El Divino Niño area where houses are dense, slopes are high and 
landslides occur frequently. The Critical Zones are set above and below the steep slopes. Critical Zone 
is defined as the area within the distance of twice the slope height (2h) from toe of the slope and the 
area within the same distance as the slope height from top of the slope. Critical Zone in El Divino 
Niño area and La Capilla is shown in Figures attached.  

The Soacha Municipality introduced a scheme for relocation of houses from high risk areas in a 
disaster prevention program. The Critical Zone maps could provide useful information for the Soacha 
Municipality’s relocation scheme. It is obvious, however, that the early relocation of houses in the 
Critical Zones in El Divino Niño area and La Capilla area is difficult, since many houses are settled in 
the Critical Zones. The Emergency Zone is set in the Critical Zones in El Divino Niño area where is 
found the most serious area in Soacha Municipality. It is imperative that the houses in Emergency 
Zones be relocated urgently. The criterion of Emergency Zone should be within the limits of 10 m or 2 
houses from toe of the slope. 

For the relocation program in El Divino Niño area, the relocation of all people from Critical Zones and 
even Emergency Zones may take a long time. Therefore, it is important to protect the people who stay 
in the Emergency Zones and Critical Zones until they are relocated. To this end, the people should 
know whether they are settled in the zones or not using by Critical Zone map (Hazard maps).  

Early Warning and Evacuation 

The steep slopes are covered by clayey material which was created in process of weathering of 
sandstone and mudstone. The surfaces of the steep slopes are sensitive. In addition, open cracks 
observed on the slopes indicate that the entire bodies of the slopes have been continuously moving 
from the past. Therefore, the steep slopes are delicate state and further cutting on steep slopes is equal 
to removal of toe of the slope and this activity increase the risk of mass movement. Any protection and 
stabilization works on steep slopes in abandoned quarries in El Divino Niño area and Altos de Cazuca 
area is impracticable to implement from the technical viewpoints. 

It is recommendable to relocate from the Critical Zones as measures against slope disasters on steep 
slopes in abandoned quarries. The houses close to the steep slopes should be relocated to safe areas, 
out of Critical Zones.  
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4.4 Flood for Soacha 

Flood Problems in Soacha 

The study area for flood in Soacha is the Soacha river basin (a tributary of the Bogota river) and the 
Tibanica river basin (a tributary of the Tunjuelo River). 

The Soacha river has 24 km length from the Bogota river confluence to the San Jorge in its origin. The 
river suffered from the most serious flood damage on recent 20 years on May 11, 2006. The most 
seriously affected areas were the left bank floodplain between 7K+877 and 9K+000. This reach used 
to be the floodplain (wetland) in 1940’s and the urbanization was proceeded. The barrio called Llano 
Grande suffered from damage most seriously where the inundation depth was over 1 meter. The 
damage in the Tibanica river next to the Soacha river was comparatively small. The plan was focused 
on the Soacha river for the monitoring and early warning system. 

The rainfall in may11, 2006 was observed only at San Jorge IDEAM station located 18km upstream 
from the Bogota river. The observed rainfall was only 7.5 mm (8:40AM to 9:40AM) while the daily 
rainfall was 20 mm. 

According to the people in Llano Grande, the overflow started at 11:30 in the morning, which means 
the flood in Llano Grande took place 2 hours after the rainfall in San Jorge. The distance from Llano 
Grande to San Jorge is about 8 km, while the rainfall distribution in area is not clear, according to the 
people, the rainfall concentrated on the middle basin of the Soacha river. 

The Firefighter Station started to monitor the rainfall from December 2006 in this Study. The 
correlation between the Firefighter Station and IDEAM San Jorge is quite low in terms of daily 
rainfall. 

Objectives of the Plan 

By implementing of the plan proposed in the Study, the capacity on disaster prevention of Soacha 
Municipality will be enhanced. Also it is expected that Soacha Municipality will train other 
municipalities in the Cundinamarca Government, which would enhance the capacity of the 
Government.  

Planning Principle 

The plan above was prepared with short, middle and long term plans. The target year of the plan is set 
up in 2020, assuming that the implementation of the plan starts in 2007 and takes fourteen (14) years 
for the completion.  The reason why the said plan starts in 2007 is that the pilot project(s) in this 
Study was undertaken as a part of the proposed plan.  

Definition of Short, Middle and Long Term Plan 

Plan Year Definition 

Short 2007-2008 It is urgently required and should be implemented as pilot projects which will 
become the basis of middle and long plan.  

Middle 2008-2012 This is an extension of short term plan in order to secure the target creeks. 

Long 2013-2020 This is a fully advanced system based on the experience of short and middle 
plans. 

 

The purpose of the proposed plan is to prevent the people in the previously affected area from the 
same flood damage in near future, or mitigate the future damage by the plan. Thus, as a tool for the 
above, monitoring of hydro-meteorological conditions by equipment and preparation of early warning 
system based on the monitored data are required. Therefore, it should be pointed out that the people 
who should evacuate in an event of flood understand the meaning of the early warning system and 
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they take necessary actions are quite important.  In this sense, unless the people understand the 
importance of the system and can make use of the system actually, any expensive equipment for the 
monitoring and early warning is meaningless. 

Based on the purpose, the monitoring system of Soacha should be proceeded as following phases, 

Monitoring and Data Gathering System 

Phase 1：Waterlevel measurement by affected people in May 2006 flood and rainfall measurement in 
the upstream by local residents 

The Soacha river basin is defined as the most important monitoring area and the following station 
were setup. 

List of Station to be monitored for Soacha (Short –Team) 

Location Monitoring 
item 

Purpose of 
Monitoring Equipment Person in charge of 

Monitoring 
San Jorge 

(ICA) 
Hourly 
rainfall 

To monitor the 
upstream local 

rainfall at 
representative 
position in the 
upper part of 

the catchment.

Rain gauge(tipping 
bucket), data logger 

with external display, 
solar panel, battery, 
cabinet and earth 

Three times a day 
monitoring by 

security guard  and 
reporting to 

Firefighter Station 
by radio 

Fusunga Waterlevel In order to 
assure the 
accuracy of 
warning, 

waterlevel is 
monitored. 

Staff gauge Three times a day 
monitoring by 

people and reporting 
to Firefighter 

Station by radio. 
The person in 
charge is quite 

cooperative to the 
monitoring activity 

in entire basin. 
City 

Prison 
Rainfall 

and 
waterlevel 

Monitoring 
rainfall and 

waterlevel in 
middle part of 
the basin and 

issuing of alert 
to downstream 

target area. 

Staff gauge, waterlevel 
simple alarm device 
and simple rainfall 

gauge 

Three times a day 
monitoring by 

security guard  and 
reporting to 

Firefighter Station 
by radio 

Ladrillera 
Santa 

Fe(brick 
factory) 

waterlevel Monitoring 
waterlevel at 

most 
downstream as 

long as the 
security is 

assured and 
issuing of alert 
to downstream 

target area. 

Non-touch waterlevel 
sensor(ultrasonic), data 

logger with external 
display, solar panel, 
battery, cabinet and 

earth 

Three times a day 
monitoring by 

security guard  and 
reporting to 

Firefighter Station 
by radio 
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Llano 
Grande 

Waterlevel The affected 
people in May 
2006 flood should 
start waterlevel 
monitoring. 

Staff gauge Three times a day 
monitoring by people 
and reporting to 
Firefighter Station by 
radio 

Firefighter 
Station 

10 minutes 
rainfall 

As a Monitoring 
Centre of Soacha, 
the rainfall 
measurement 
should be started.

Rain gauge(tipping 
bucket), data logger with 
external display, solar 
panel, battery, cabinet 
and earth 

Hourly monitoring by 
Firefighter 

Firefighter 
Station 

Web site 
monitoring 
for rainfall 
and 
waterlevel 

All information 
from Monitoring 
station will be 
input into Data 
Base. 

Desktop PC, Laptop PC 
and data download 
software 

 

 

In this phase, the following thins should established. 

 Accumulation of waterlevel monitoring experience of the downstream people and rainfall 
monitoring experience of upstream people. 

 Establishing of information transfer system between Firefighter station and monitoring stations 
and communities by radio, in order to let the Firefighter confirm the current status of the Basin. 

 Accumulation of data regarding the short duration rainfall in the upstream and the waterlevel 
response in the downstream 

 Downstream people’s understanding on the phenomena of waterlevel response by upstream 
rainfall(understanding on false alert) 

Phase 2：Telemeterizing of San Jorge (rainfall) and automatic measuring of Ladrillera Santa 
Fe(waterlevel) and conducting of discharge measurement at Ladrillera Santa Fe  

Data Analysis and Processing 

By measuring of waterlevel at Ladrillera Santa Fe continuously, the data on response of waterlevel for 
the upstream rainfall will be accumulated, as well as discharge measurement (by floating during flood) 
will be conducted to confirm the runoff from the upstream and analyze effective rainfall, which could 
improve the warning criteria. The velocity measurement by float should be arranged by the people 
who monitored the staff gauge at Ladrillera Santa Fe in the Short Term. 

After telemeterizing of San Jorge and Ladrillera Santa Fe, the Soacha monitoring system will be 
integrated into IDEAM system. An agreement between Soacha Municipality and IDEAM regarding 
future maintenance and data exchange has been discussed. The discussion should be continued after 
the study in order that the Soacha will receive technical support from IDEAM. 

Warning Criteria and Susceptibility Map 

The flood map in May 2006 flood was made by the Study Team based on the flood interview survey 
for the affected people in 2006 in the Soacha river. 

The flood alert of the Study area was proposed to be daily rainfall 10 mm tentatively. This is based on 
the statistical analysis of rainfall and some kind of flood events in the study area from Soacha 
Municipality recent 10 years data. In Soacha Municipality, in recent 10 years, 101 flood events were 
reported to Municipality. The detailed phenomena of such flood was not recorded, however, it is a sum 
of various flood events such as overflow from ditch and inland flood based on people’s information. 
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Among them, 56 events (55 %) happened at the time of daily rainfall 10 mm. It means that in Soacha 
Municipality, when the daily rainfall is 10 mm, some kind of flood would occur with possibility of 
50 %, so that this rainfall should be set as alert tentatively. 

The warning waterlevel and rainfall was tentative setup based on the actual waterlevel on May 2006 
flood and monitoring and hydraulic analysis. 

Information Transfer Plan 

The Soacha Municipality is in charge of transfer of warning to communities based on the monitoring 
data. The firefighter station will collect all monitoring data and manage them, and provide information 
with CLOPAD for warning issue. 

The updating of warning criteria will be done by Soacha Municipality receiving of support from 
IDEAM. 

Evacuation Plan 

The evacuation plan for the pilot project area was formulated based on the actual inundation in May 
2006 flood. People should evacuate to their 2nd floor or community center outside of the inundation 
area. 

Institutional Aspects 

The proposed plan will be implemented basically by CLOPAD of Soacha Municipality. CREPAD of 
Cundinamarca Government which is the upper level organization of the Municipality, is in charge of 
Bogota river committee whose members are municipalities along the Bogota river. The monitoring 
data which will be accumulated in Soacha river and experience of community activities will be a 
model for other municipalities. In this sense, CLOPAD in Soacha Municipality and other 
municipalities and CREPAD should coordinate more and contribute to the activities of the committee. 

 

4.5 Community-based Disaster Prevention Plan in Soacha 

(1) General 

Regarding community organizations of Soacha Municipality, quite a few international organizations 
have been studying, however, the study on disaster prevention activities was done first in this Study. 

(2) Community Survey 

According to the communities’ awareness survey in the Study area, a lot of people are interested in 
participation to disaster prevention activities, however, they did have few training on disaster 
prevention. 

(3) Focus Group 

Based on the survey on communities’ awareness, some barrios were selected in which they have 
experiences on past disasters (landslides and floods) and have high awareness on participation to 
disaster prevention activities, and also have leaders who can actually participate into the activities. 
Inviting of those communities leaders, focus group meetings were held and some barrios for the pilot 
project were selected. 

(4) Community Workshop 

In the course of the Study, a series of workshops were held to invite community’s organizations called 
JAC and to formulate community based disaster prevention plan in the pilot project area.  
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(5) Community-based Disaster Prevention Plan 

Main Component Outline 

Rainfall and 
waterlevel 
Monitoring System 

Rainfall and waterlevel stations which were installed in Soacha river and Altos 
de Cazuca area and El Divino Niño area will be monitored by communities and 
related entities. The monitored data will be reported to Firefighter station by 
radio. 

Information 
Transfer System 

Communities will receive information (alert and warning, etc.) from Firefighter 
station through speaker system installed in JAC leader’s houses. 

Early Warning 
System 

The proposed system is based on collaboration among upstream people and 
downstream people. The upstream people will participate in the rainfall and 
waterlevel monitoring. The person in charge of monitoring at each station will 
report the data to firefighter station. The Firefireghter station will inform 
communities by radio information (alert and warning) based on warning criteria.

Operation and 
Maintenance 

The radio and speaker system necessary for information transfer will be 
maintained by communities. However, advanced equipment such as automatic 
rainfall gauge and waterlevel gauge will be maintained by Soacha Municipality 
with support from IDEAM. 

Consideration of 
Lead time for early 
warning criteria 

The necessary lead time for evacuation in communities including time for 
information transfer, preparation and moving) was assumed to 50 to 105 minutes 
according to communities’ leaders, which will be revised in the course of the 
drill. 

Evacuation Plan The evacuation plan for the pilot project area was formulated based on the actual 
inundation in May 2006 flood. People should evacuate to their 2nd floor or 
community center outside of the inundation area. 

Community 
Disaster Prevention 
map 

In the course of repeated community’s workshops, necessary information were 
compiled in maps for each barrio in the pilot project area. 

Meeting Point and 
shelter for 
evacuation 

In the community disaster prevention map, evacuation route and meeting points 
are indicated. At present, the capacity of evacuation center is not enough for 
emergency situation, and the Soacha Municipality and Communities should 
discuss to improve the situation. 

 

5 Implementation of Pilot Projects 

The pilot project was conducted in the study as the first step of the plan on monitoring and early 
warning system formulated for DPAE and Soacha Municipality. 

5.1 Landslides in Bogota 

Pilot Project for landslide in Bogota is to execute the monitoring works mentioned in Section 4.1. The 
monitoring equipments were in stalled in July 2007, and the monitoring works are still in progress. 

Any significant movement has not been seen on all the monitoring at the moment. The results may 
show that the landslide has not been reached to the safe areas, and the residential areas may be still in 
safe status. 

5.2 Flood in Bogota 

The pilot project for flood in Bogota is the implementation of Phase I area proposed in section 4.2. 
DPAE already started to monitoring activities using installed equipment in the Study. 
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5.3 Landslides in Soacha 

Pilot Project for landslide in Soacha Municipality is to execute the monitoring works mentioned in 
Section 4.3. The monitoring equipments were installed in July 2007, and the monitoring works are still 
in progress. 

Reading of rain gauges has been done by school teachers and security guards. In the first stage of the 
monitoring, some mistake like the unit wrong can be seen in record sheets. Reliable monitoring can be 
done after workshop which held after one month monitoring.  

Three landslide disasters were recorded in the period from 13th October to 15th October 2007 in Altos 
de Cazuca area. Rain continued intermittently from 6th October to 14th October 2007 in Altos de 
Cazuca area.  

Precipitation monitoring was carried out for five months in 2007, still the precipitation data must be 
accumulated for longer periods to have information on rainfall. 

5.4 Floods in Soacha 

The pilot project for flood in Soacha is the implementation of Phase 1 proposed in section 4.4. This is 
the establishment of system that resident or security guard monitor the rainfall gauge and waterlevel 
staff gauge and report the data by radio to the firefighter station at least 3 times a day. 

Also in the case of Sacha Municipality, for the seriously affected area in May 2006 of the Soacha river 
left bank between Autopista Sur (7+877) and upstream 9+000, information transfer system was 
established among 4 barrio leaders in those areas and one administrator of El Silo downstream of the 
Autopista Sur. The Firefighter station will inform those leaders by radio alert and warning about floods. 
In this Study, speaker system was installed in those barrio leaders house and handy radio receivers 
were provided for the communication with firefighter station. By this system, people in communities 
will take action based on the instruction of leaders who receive message from the firefighter station. 

In the last phase of this Study, the drill for the information transfer between monitoring stations and 
the firefighter station, and for the process that the firefighter station sends message to community 
leaders based on the warning criteria and the leaders prompt proper action to their community people 
was conducted, receiving of support of the Municipality, Red Cross and Civil Defense. 

6 Temporary Works in Soacha Municipality 

6.1 Background 

In the Territorial Ordering Plan (POT) Soacha Municipality, the municipality classifies the area of El 
Divino Niño area as a “Hazard Zone by Landslide”, and the municipality is going to implement a 
relocation program of houses which are located in the hazardous zone. At the preparatory stage of this 
study (September 2005), Soacha municipality requested the study and implement emergency measures 
of slope protection against the landslide in El Divino Niño area. As a result, the it was concluded that 
the relocation of houses is the only way to assure the safety of residents and any other measures are 
impractical even some measures have possibility to induce further dangerous situation. 

The Study Team examined and decided in concrete form the Critical Zone in El Divino Niño area. The 
Critical Zone is signified by the criteria of; slope angle is not less than 30 degree and slope height is 
not less than 5m, and distance from the slope toe is within twice of height of slope. Since there are 
many houses to be relocated in the Critical Zone, the Critical Zone was classified into two zones; 
Emergency Zone (the area within 10m or 2 rows of houses from the toe of the slope) and the 
remaining. And the priority for the relocation of houses was given to the relocation program by the 
Municipality. 
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Although the relocation of houses in the Emergency Zone is implemented by Soacha municipality, 
there are many remaining houses facing critical situation in the Critical Zone. Therefore the Study 
Team planed to implement temporary works in the Emergency Zone after the relocation of houses to 
reduce the damages to remaining houses by small-scale slope failures and rockfalls.  

6.2 Design of the Temporary Protection Wall in El Divino Niño 

(1) General 

From the background as mentioned above, the objectives of temporary works are 1) to reduce the 
damages to remaining houses in the Critical Zone by small-scale slope failures and rockfalls, 2) to 
inform that the Critical Zone is a risk zone to the neighbors, and 3) to be a symbol of a emergency 
measures to avoid new settlement in the risk zone. 

(2) Area for the Temporary Works 

The temporary works is installed in the area of 5,100m2 (0.51ha) defined as the Emergency Zone; the 
area within 10m or 2 rows of houses from the toe of the slope. 

(3) Temporary Works 

The temporary works is consisted of four items, which are a) temporary gabion wall for rockfalls, b) 
drainage channel at the house side of the wall, c) conventional drainage channel at the top of slope and 
4) hazardous sign board. 

 

7 Recommendations 

7.1 General 

The Study Team proposed the above plan on monitoring and early warning system to DPAE and 
Soacha Municipality and desires the system on landslides and floods will be made use of by them in 
the future in order to enhance the safety of people and early warning system on flood will be improved. 
Therefore the Study Team would like to recommend the following. 

7.2 Recommendations for DPAE (Landslide) 

Continuous of Monitoring Works 

The results of the monitoring works as the pilot project may show that the landslide has not been 
reached to the safe areas, and the residential areas may be still in safe status. However, the period of 
the monitoring is too short to judge the safety of the areas, the monitoring should be continued and 
accumulate the data to confirm the safety of the areas. When significant movement is found in the 
monitoring result, the following steps should be taken to make sure that the landslide reaches the 
place. 

1. Increasing of frequency of the monitoring at the place where the movement was found. Frequency 
of the monitoring may be about once a week. 

2. Conducting of visually observations around the place to find the landslide reaches the 
place. This observation survey is performed to examine the extent, direction of movement, and 
the mechanism of landslides in detail. 

3. If it is concluded with the result of the monitoring and observations that the landslide affect the 
place, the phases should be reconsidered. 

Recommendation for Stabilization Works in Altos de Estancia 
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DPAE is planning stabilization works in the Landslide, however the details are not confirmed yet at 
the moment. Generally stabilization works are classified into two major categories, works for 
reduction of driving forces and works for increase in resistance force. In a large scale landslide like the 
Landslide in Altos de Estancia, method for reduction of driving forces is given to priority, since cost 
effectiveness for a large scale landslide is normally better than method for increase in resistance force. 
As remarkable thing in Altos de Estancia, surface water which comes from inadequate drainage 
system in Phase III area flows into the Landslide area at all over the place of heads of the Landslide. 
Water flow into the Landslide makes many channels and pools in the Landslide. The most important 
and effective stabilization works for the Landslide is to reduce the groundwater level, and prevent 
water penetration into the ground especially from sewer and rainwater. 

7.3 Recommendations for Soacha (Landslide) 

It is recommendable to relocate from the Critical Zones as measures against slope disasters on steep 
slopes in abandoned quarries. The houses close to the steep slopes in abandoned quarries should be 
relocated to safe areas. However it may take a long time to relocate from Critical Zones because there 
are many steep slopes in abandoned quarries and houses in the Critical Zones. The following 
non-structural measures are recommended. 

1. People in Critical Zones should be relocated. Priority of relocation should be given to the people 
in most danger in Critical Zones. 

2. Until all the people in Critical Zones relocated, Soacha Municipality should take care of safety of 
people remaining in Critical Zones. 

3. People remaining in Critical Zones should be informed that they are in Critical Zones and always 
are at risk even in fine weather. 

4. In heavy rain, Soacha Municipality should be on the alert for people in Critical Zones 

5. To obtain the basic information about alert level of rain fall, Soacha Municipality should collect 
rainfall data. 

As it could take a long time to complete the plan, relocation from more dangerous area with the 
following steps is necessary. 

1. Complete the relocation program from Emergency Zone in El Divino Niño area 

2. Set up Emergency Zones in La Capilla area. 

3. Proceed relocation program from Emergency Zones in La Capilla area following the process in El 
Divino Niño area. 

4. Set up Critical Zones and Emergency Zones in El Arroyo area (Villa Esperanza area) where is 
surrounded by steep slopes formed by mining activities. 

5. Proceed relocation program from Emergency Zone in El Arroyo area (Villa Esperanza area) in 
accordance with the process in El Divino Niño area. 

6. Set up Critical Zones and Emergency Zones in other areas where steep slopes in abandoned 
quarries are exist, and proceed with the program of relocation from Emergency Zones. 

7. After completion the relocation program from Emergency Zones, proceed relocation program 
from Critical Zones in El Divino Niño area, and continue the relocation program from Emergency 
Zones. 

Precipitation monitoring and record of landslides which commenced in the pilot project of this study 
should be continued in order to collect and accumulate the basic information for analysis of the 
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relation between rainfall and occurrence of landslide and to study landslide disaster prevention 
measures. After the precipitation data accumulated and analyzed, automatic record type rain gauge is 
recommendable in Altos de Cazuca area in order to improve the resolution of precipitation monitoring. 

7.4 Recommendations for DPAE (Flood) 

The early warning criteria tentatively proposed by the Study Team are only estimations given the 
conditions derivate from scarcity of registers Such rainfall criteria and waterlevel should be updated to 
precise their reliability through the use of registered information by the community even after the 
Study; therefore those tentative criteria are not definitive values. 

After the Study, DPAE will conduct the following activities, (a) Continuous monitoring, (b) Studies for 
early warning criteria using the monitored data, (c) Establishment of more reliable early warning plan, 
(d) Dissemination of the plan to the communities, based on the recommendation of the Study Team. 

7.5 Recommendations for Soacha (Flood) 

(1) Monitoring of Rainfall and Waterlevel 

The activities carried out in this Study, such as monitoring of rainfall, waterlevel and riverbed 
elevation, information transfer/evacuation drill, etc. should be continued by the Soacha Municipality’s 
initiative. Soacha Municipality and community will take necessary actions and/or measures if 
necessary things rise in the activities. 

Equipment installed in Firefighter station, Llano Grande station, Ladrillera Santa Fe station, Prison 
station, Fusunga station and San Jorge station should be maintained by each station with the support of 
Soacha Municipality. 

(2) Training on Information Transfer and Evacuation 

The Soacha Municipality should organize to conduct continuous training of information transfer and 
evacuation. 

(3) Dredging of Soacha river and Tibanica river 

Management and maintenance of Soacha river and Tibanica river including dredging should be done 
by CAR, EAAB and Soacha Municipality. 

7.6 Recommendations for Soacha (Community Disaster Prevention Activities) 

(1) Role of Soacha Municipality 

In the course of a series of community workshop held in the Study, Soacha Municipality recognized 
that the importance of its role as facilitator between CLOPAD and communities. It means Soacha 
Municipality should put a emphasize on making of supportive, inclusive and safe working 
environment for disaster prevention, rather than setting top down rules or limiting information sharing 
to a minimum. Soacha Municipality should confirm its role and maintain and develop the disaster 
prevention activities. 

(2) Expanding to other communities 

Through the repeated community workshops in the Study, an interchange between communities in the 
study area and disaster prevention related organizations proceeded a lot. Also the communities who 
participated in the monitoring and disaster prevention activities, especially the community leaders 
became interested in the Soacha river itself and hydrological data, as well as gained some confidence 
to hold a workshop by themselves. Soacha Municipality should expand the community disaster 
prevention activities to cooperate with the community leaders involved in the pilot project. 
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7.7 Recommendations for Soacha (Temporary Works) 

The Study Team sincerely expresses fully respects for the Soacha Municipality’s efforts on the 
relocation from landslide emergency zone.  

Even after the temporary works are completed, the Study Team does not guarantee the safety of the 
remaining critical zone in El Divino Niño area. Therefore the Study Team recommended that 
relocation program should be continued by the Soacha Municipality.  

The temporary works is implemented in the Emergency Zone after relocation program by the 
Municipality. In this situation, following recommendations are given. 

(1) Manual for the Relocation Program 

Until now the Municipality does not have any experiences of the relocation from the hazardous area, 
and the relocation in El Divino Niño area is defined as the first experience for the Municipality. The 
processes and methods for the municipal relocation program; for example 1) understanding of the risk 
in the hazardous area to the community through the seminars, 2) examination of the legal process and 
3) solutions for the new settlement area, etc., are legally implemented. The results of the relocation 
works which the Municipality has examined and decided are very useful for other dangerous areas of 
the Municipality. In order to apply easily to other relocation program, the relocation manual which 
includes the experience and results of the relocation activities until now is required.  

(2) Countermeasures including Temporary Works 

In the period of this Study, several countermeasures have been executed by the Municipality according 
to the disasters. The countermeasures for the disasters require a suitable and adequate execution in 
short time. In order to correspond promptly to the disasters, it is recommended that the unified 
management system which organizes executed measures by the Municipality until now is prepared. 
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CHAPTER 1 INTRODUCTION 

1.1  General 

In response to the request of the Government of the Republic of Colombia (hereinafter referred to as " 
Government of Colombia" or “GOC”), the Government of Japan has agreed to conduct the Study on 
Monitoring and Early Warning System for Landslides and Floods in Selected Areas of the Capital 
District of Bogota and Soacha Municipality in the Republic of Colombia (hereinafter referred to as 
"the Study") in accordance with the relevant laws and regulations in force in Japan. 

Accordingly, the Japan International Cooperation Agency (hereinafter referred to as "JICA"), the 
official agency responsible for the implementation of technical cooperation programs of the 
Government of Japan, undertook the Study, in close cooperation with the authorities concerned of the 
Republic of Colombia. 

The final report contains all the Study results. 

 

1.2  Background of the Study 

Bogota city and its surrounding area are called Bogota Metropolitan Area of the Republic of Colombia. 
They cover the vast area of 1,949 km2 with a population of 6.99 million in 2000. The area for this 
Study is located in the southern part of the Metropolitan area. The total area for the Study is about 84 
km2, which is 4% of the Master Plan area. 

The Study area includes a lot of landslide-prone areas in terms of topography and geology where the 
low-lying areas have suffered from flooding of the Tunjuelo River. In addition to such natural 
conditions, the population of Bogota city and Soacha city increased very rapidly in the 90’s due to the 
migration into those cities by national refugees. Because of a rapid increase of the population, slopes 
of landslide areas and flood-prone areas in the Tunjuelo river basin, which are supposed to be 
protected, were developed extensively, resulting in high vulnerability in terms of natural disasters such 
as landslide and floods. In responding to this situation, the organizations related to disaster prevention 
in Bogota and its surrounding area have implemented disaster prevention measures such as monitoring 
in major landslide areas, flood control projects for the Tunjuelo river, and a flood monitoring system. 
However, the implementation of structural measures for the entire area including tributaries will 
require a long time. For a priority in saving lives, monitoring and early warning system has been given 
priority. 

Under these circumstances, the Government of Colombia requested the Government of Japan to 
implement a study on monitoring and early warning system for landslides and floods. 

This Study made use of existing and valuable outputs made by the Colombian side, and also formulate 
a plan on monitoring and early warning system for landslide and flood for the areas in which disaster 
prevention measures have not yet been completed. Further, pilot project(s) for the selected areas shall 
be implemented in the course of the Study for a better preparation against disaster by governmental 
authorities as well as communities. 
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1.3  Objectives of the Study 

The objectives of the Study in the Scope of Work are as follows: 

• To prepare a Plan for monitoring and early warning system for the Study area in Tunjuelo 
middle river basin and the Soacha river basin, for landslides and floods. 

• To establish, operate and maintain the monitoring and early warning system for the selected 
areas as pilot projects relying on the initiative of community people as much as possible. 

• To transfer the technologies and knowledge to the Colombian personnel involved in the Study.  
 

In accordance with the Scope of Work, the Inception Report was prepared in the preparatory work 
period in Japan (June 2006). When the Study Team mobilized in Bogota end of June 2006, the Study 
Team was planning to do some study items related with community aspects for both DPAE and Soacha. 
During the Inception Report discussion, DPAE strongly requested the Study Team to let DPAE handle 
with communities aspects such as community workshops, community survey, etc. The Study Team 
understood the request and decided to concentrate on the study for Soacha regarding the community 
aspects. While the study items for Soacha were not changed, the revised Inception Report was 
submitted by the Study Team on July 14, 2006. 

 

1.4  Study Area 

The study area covers part of the Capital District of Bogota and Soacha Municipality as shown in 
Figure 1-1.  

With regard to flood disaster and landslide disaster, the Study covers the six (6) creek/river basins and 
three (3) specific areas as shown in Table 1-1. The term “flood disaster” covers “disaster caused by 
flood, and flash flood containing sediment such as debris flow”. The term “landslide disaster” covers 
“disaster caused by mass movement such as slow landslide, steep slope failure and rock fall”. 

Table 1-1  Basic Features of Study Area 
Monitoring and early Warning System for Floods 

City 
Creek/River 

Catchment 
Area (km2) 

Principal River 
Length (km) 

Monitoring and Early Warning 
System for Landslides 

Chiguaza Creek 18.9 7.0 
Santa Librada Creek 5.5 5.0 
Yomasa Creek 15.4 5.0 Bogota City 
La Estrella-El Infierno Creek 
(Trompeta creek) 

8.3 1.5 

Altos de La Estancia 
(100 ha) 

Soacha River 44.3 13.0 
Soacha City 

Tibanica River 19.2 6.0 
Altos de Casuca and El Divino 
Niño (total 230 ha) 

Total No. 6 creeks/rivers 3 areas 
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Figure 1-1  Study Area 
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1.5  Study Schedule 

The Study was undertaken in three (3) Phases: Basic Study (Phase I), Formulation of the Plan for 
Monitoring and Early Warning System (Phase II), and Implementation of Pilot Project(s) (Phase III), 
for a period of 22 months starting from June 2006 and ending in March 2008. The workflow of the 
general approach of this Study is shown in Figure 1-2 and Figure 1-3 

Phase Time Schedule
Fieldwork/

Homework
Study Contents Report

P
h
as

e
 I First Fieldwork

in Colombia

(2.0 months)

Second Fieldwork

in Colombia

(3.0 months)

Third Fieldwork

in Colombia

(3.5 months)

Fourth Fieldwork

in Colombia

(3.0 months)

Fifth Fieldwork

in Colombia

(5.0 month)

3rd Homework

in Japan

(0.5 month)

P
h
as

e
 I
I

P
h
as

e
 I
II

Presentation and Discussion on Inseption Report

Supplemental Data

Collection and

Study

Review of Existing

Study
Study on Past

Disasters

Inception

Report

Progress

Report(1)

End of June

End of August

Study on Landslide

Disaster(including to create

Hazard map etc.)

Beginning of September
Study on Flood and Debris Flow

Disaster(including to create Hazard

map etc.)

End of November
Interim

Report

Topography and

Geotechnicla

Survey

Detailed Study on Topography, Geology and

Hydrology including Detailed Hazard Mapping

Beginning of December

Mid. of March

Beginning of May

Design of Monitoring and early Warning System

Procurement of Equipment for Pilot Project(s)

Draft Final

Report

Beginning of September

End of February

Installation of Monitoring

Equipment and Training on

the Operation/Maintenance

Final ReportMid. of March

Presentation and Discussion on Draft Final Report

Preparation of Final Report

2
0
0
6

2
0
0
7

End of July

Study on Basic Policy for 2nd Field Survey in Colombia

Draft Planning on Monitoring and Early Warning System

Discussion and Selection of Areas for Pilot Project(s)

Progress

Report(2)

2
0
0
8

Technology Transfer Seminar

 
Figure 1-2  Flowchart of Work in Study Phases (Bogota) 
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Phase Time Schedule
Fieldwork/

Homework
Study Contents Report

P
h
as

e
 I First Fieldwork

in Colombia

(2.0 months)

Second Fieldwork

in Colombia

(3.0 months)

Third Fieldwork

in Colombia

(3.5 months)

Fourth Fieldwork

in Colombia

(3.0 months)

Fifth Fieldwork

in Colombia

(6.0 month)

3rd Homework

in Japan

(0.5 month)

P
h
as

e
 I
I

P
h
as

e
 I
II

Presentation and Discussion on Inseption Report

Supplemental Data

Collection and

Study

Review of Existing

Study
Study on Past

Disasters

Inception

Report

Progress

Report(1)

Mid. of May

Mid. of July

Study on Landslide

Disaster(including

to create Hazard

map etc.)

Beginning of September Study on Flood

and Debris Flow

Disaster(includin

g to create

Hazard map etc.)

Study on

Community

Conditions

End of November
Interim

Report

Topography and

Geotechnical

Survey

Detailed Study on Topography, Geology and

Hydrology including Detailed Hazard Mapping

Beginning of December

Mid. of March

Beginning of May

Design of Monitoring and early Warning System

Procurement for Temporary Works in Divino Nino

Procurement of Equipment for Pilot Project(s)

Draft Final

Report

Beginning of September

End of February

Installation of Monitoring

Equipment and Training on

the Operation/Maintenance

Construction of

Temporary Works

in Divino Nino

Final ReportMid. of March

Presentation and Discussion on Draft Final Report

Preparation of Final Report

2
0
0
6

2
0
0
7

End of July

Study on Basic Policy for 2nd Field Survey in Colombia

Draft Master Planning on Monitoring and Early Warning System

Discussion and Selection of Areas for Pilot Project(s) and

Urgent Landslide Countermeasure

Design and Cost Estimate of Urgent Landslide

Countermeasure

Community Disaster Prevention Planning

Progress

Report(2)

Community Hazard

Mapping and Drill for

Community Disaster

Prevention

2
0
0
8

2
0
0
8

 
Figure 1-3  Flowchart of Work in Study Phases (Soacha) 

 

1.6  Study Organization 

1.6.1  Study Organization 

The Study was undertaken in close cooperation between DPAE, Soacha Municipality and the Study 
Team with the support of the Cundinamarca Government (OPAD) and JICA Colombia. JICA 
Headquarter (see Figure 1-4) dispatched the Monitoring Team related to the Study in November 2006 
and November 2007. The members of the Monitoring Team had a discussion with the DPAE and 
Soacha Municipality as well as the Study Team and gave technical advises to JICA. 
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Figure 1-4  Organization for the Study 

1.6.2  Counterpart 

The Study was conducted through the close coordination between the Study Team and the counterpart 
of Colombian side. Since the Interim Report, there has been replacement of counterpart personnel in 
DPAE and Soacha City. The latest counterpart personnel for the Study were appointed by the DPAE 
and Soacha Municipality as shown in Table 1-2. and Table 1-3. 

Table 1-2  List of Counterpart of DPAE 
Name Position Area 

Guillermo Ávila General Coordinator of DPAE Counterpart 

Doris Suaza Deputy General Coordinator of DPAE Counterpart 

Carolina Rogelis 
Studies and Concepts Group. Research and 
Development Coordination 

Flood 

Jorge Rosas 
Studies and Concepts Group. Research and 
Development Coordination 

Flood 

Diana Arévalo  
Studies and Concepts Group. Research and 
Development Coordination 

Landslide 

Lucy Bohórquez 
Rural and Slope Areas Group, Territorial 
Management Coordination 

Landslide 

Paola Sánchez  Expert on Community Participation  Community Participation 

Ligia Cañón  
Rural and Slope Areas Group, Territorial 
Management Coordination 

Community Participation 

Neida Alvarado  
Studies and Concepts Group. Research and 
Development Coordination 

Geography and Geological 
Analyses 

Piedad Camargo 
Studies and Concepts Group. Research and 
Development Coordination 

Geography and Geological 
Analysis 

Diana González National and International Relations Logistics 
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Table 1-3  List of Counterpart of Soacha Municipality 

Name Position Area 

Jose Ernest Martinez T. City Mayor City Mayor 

Jesus Ochoa Sanchez Former City Mayor City Mayor 

Jose Ernesto Morales 
Morales 

Former Government Secretary Administrative 

Ligia Goyeneche Government Secretary Administrative 

Ivan Demostenes 
Calderon Ulloa 

General Coordinator of Soacha Counterpart Expert on Administrative Law 

Angela Piedad Alfonso 
Cruz  

Lawyer Legal Advisory 

Olga Yaneth Infante 
Ramirez 

Former Planning Secretary Flood 

Ismael Molina Planning Secretary Flood, Landslide 

Manuel Puentes Former Infrastructure Secretary Flood, Landslide 

Pastor Humberto Borda Infrastructure Secretary Flood, Landslide 

Sandra Milena Vasquez 
Mancera 

Civil Engineer Landslide, Flood 

Oscar Danilo Gomez 
Veloza 

Housing and Treasury Secretary Community 

María Eugenia Casas 
Buenas 

Civil Engineer Landslide 

Ramón Augusto 
Mendoza López 

Former Planning Secretary Flood 

Sandra Bacca Former Catastral Engineer Geographical Analysis 

Oscar Fernando Charry Catastral Engineer Geographical Analysis 

Rodrigo Cumbe Civil Engineer Flood 

Jorge E. Barragán Geologist Landslide 

Sonia Marentes Social Worker Community Participation 

Nelson Cifuentes Civil Engineer Landslide 

 

1.7  Composition of the Report 

This report presents all results of the technical studies achieved during the Study. The report consists 
of the following; 

Summary 
Main Report 
Supporting Report 
and Data Book 1,2 and 3. 
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CHAPTER 2  NATURAL CONDITIONS 

2.1  Topography and Geology 

2.1.1  Topography of Colombia 

The territorial area of Colombia is 1,138,910 km2, ranging between latitude 4.2 degree south and 12.4 
degrees north, and between longitude 66.9 degrees west and 78.8 degrees west. Colombia faces Pacific 
Ocean in west side, Caribbean Sea in north side, and is bordered on the northwest by Panama, on the 
east by Venezuela and Brazil, and on the southwest by Peru and Ecuador. 

The northern Andes in Colombia curve in an arc from northeast to southwest. The arc consists of three 
main parallel ranges, known as the Cordillera Occidental (Western Cordillera), the Cordillera Central 
(Central Cordillera), and the Cordillera Oriental (Eastern Cordillera). There are plateaus and valleys 
between the each cordillera, see Figure 2-1, in which are the most densely populated parts of the 
country. In addition to three main ranges, there is a coastal mountain range on the Pacific coast of 
Colombia, the Baudó Mountains (Serranía de Baudó). Geologically, the Baudó Mountains represent an 
extension of the Isthmus of Panama. They are separated from the Cordillera Occidental by the Atrato 
valley where the Atrato River flows and Quibdó is located. 

(base data : NASA SRTM-30 and SRTM-3) 
Figure 2-1  Topographic Map of Colombia and Cross Section of Andes Mountains 

 

The rivers flowing toward the Pacific are short and small in volume because the rainfall on the western 
slopes of the mountains is limited. The streams to the east are long and supplied with an abundance of 
water from the trade winds, which deposit precipitation as they approach the mountains. These 
mountain streams are the source of the major headstreams of the three great river systems of South 
America: the Amazon, which flows through Peru and Brazil; the Orinoco of Colombia and Venezuela; 
and the Parana-Paraguay-Uruguay river system, which empties into the Rio de la Plata, a large marine 
estuary along the Atlantic coast between Uruguay and Argentina. 

Bogota is located at an elevation of about 2640 m on a mountain-rimmed plateau high in the 
Cordillera Oriental of the Andes Mountains. 
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2.1.2  Topography of Bogota and Surroundings 

Bogota is located on a flat plateau that is designated by Bogota Plateau or Sabana de Bogota, found 
approx. at 2,560 m above the sea level and the height of eastern mountainous area reaches 3,000 m or 
more, and beside the west side slope of the Cordillera Oriental as shown in Figure 2-2. Bogota Plateau 
(Sabana de Bogota) is extending about 40 km from northwest to southeast and 60 km from northeast 
to southwest as shown in Figure 2-1. The City is located in the area limited by the surrounding hills in 
the east and by Bogota River in the west.  

 
Section A Section B 

 

(base data : NASA SRTM-3) 

Figure 2-2  Topographical Cross Sections correspond to the lines in the Figure  

 

2.1.3  Geology of Colombia 

Colombia is generally classified into two measure geological areas, Orogeny and Shield. The 
south-eastern part of Colombia is flat land of the Shield area which is the oldest and most stable 
structural element of the continent. It comprises a Precambrian (before 570 million years ago) 
complex of igneous and metamorphic rocks. In most places the shield is overlaid by sedimentary rocks, 
mostly of Paleozoic age (570 million to 225 million years ago). The north-western part of Colombia is 
the Orogenic area where is active area of folding, faulting, and uplift of the Earth's crust to form the 
Andes Mountain ranges, often accompanied by volcanic and seismic activity. The Orogenic area in 
Colombia is the northern end of the Andean range formed by collision of eastward subjecting Nazca 
plate with a moving rate of 70 mm / year. Colombia is distinguished into nine areas harmonizing 
furthermore with the topographic classifications, and the areas correspond with geological features as 
shown Figure 2-3. 

The Shield Area 
1) Guayama Shield 
2) Sub-Andean Basins 
 

The Orogenic Area 
3) Cordillera Oriental, Serrania de Perija 
4) Cordillera Central 
5) Cordillera Occidental 
6) Serrania de Baudo 
7) Patia-Cauca-Romeral 
8) Mountain and sedimentary basin in Guajira 

Peninsula 
9) Inland basin between mountains 
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(Source: USGS-INGEOMINAS, 1984) 

Figure 2-3  Topographic Classification in Colombia 

2.1.4  Geology of Bogota and Surroundings 

The geology in the area and its environment distributes sandstone, siltstone and claystone of 
Cretaceous to Tertiary in mountainous area. Quaternary sediment of lake origin spreads in Bogota 
Plateau (Sabana de Bogota), while the mountains area in the east and south of Bogota Plateau is 
mostly composed of Cretaceous or Tertiary origin sediment rock. They are made mostly of sandstone 
or siltstone. Thickness of the Quaternary sediment in Bogota Plateau is over 500 m as shown in Figure 
2-4. 
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(prepared based on IGAC, 1995) 

Figure 2-4  Sediment in Sabana de Bogota (Bogota Plateau, Section A) 

 

Condition of Study Area 

Landslides in Bogota ; Landslides in Bogota are generally distributed at steep slopes in the eastern part 
of the Bogota. Many landslides are located along Bogota Fault which runs along the eastern rim of 
Bogota Plateau.  

Landslides in Soacha; There are large scale quarries, from which sand and stone as material for bricks 
and construction is extracted, along Soacha River. Many of the open quarries are abandoned, and there 
are many residential houses in the abandoned quarries. Most of the landslide disasters have occurred 
along excavated steep slopes in the abandons quarries.  

Rivers; The total area of the river basin in Bogota and Soacha is 41.8 km2 that consist of Chiguaza 
River (18.7 km2), Santa Librada River, (15.4 km2), Yomasa River (5.5 km2), La Estrella-Trompeta 
River (2.2 km2) and is 40 km2 that consist of Soacha River (30 km2), Tibanica River, (10 km2), 
respectively. 
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2.2  Meteorology and Hydrology 

2.2.1  General Description in Cundinamarca including the Study Area1, 2 

Colombia is located in the equatorial zone and presents an inverse relationship between clouds cover 
and sun brightness, registering a high cloud covering with high rainfall. The climate is affected by the 
relief, whose more important effect is the temperature conditioning. In the west cordillera that 
influences Cundinamarca, the variation of the temperature is 0.63°C for each 100 meters in their west 
flank (Sabana de Bogota and Bogota’s east hills), this variation is known as “Thermal Floors” or 
“Pisos Térmicos” in Spanish. According with this, Savanna of Bogota corresponds to the cold thermal 
floor among 2000-3000m (height above sea level) and its temperatures is among 12-18°C.  

In Colombia, the rainfall values varied due to interaction between equatorial zone and Andes cordillera. 
Colombia is included in the Inter tropical Convergence Zone (ITCZ), for this reason, the trade winds 
from northeast and southeast to get into the territory, generating the rains for convective phenomena. 
The ITCZ is displacing in latitudinal sense, and is located at the south in the first months of the year, 
and in the northern extreme of the country during July - August, with intermediate position during the 
rest of the year. Displacement of ITCZ is shown in Figure 2-5. 

 
(Source: “Fig25,ESTUDIO DE LA CARACTERIZACIÓN CLIMÁTICA DE BOGOTA Y CUENCA ALTA DEL RIO TUNJUELO”, 
FOPAE - IDEAM, 2006) 

Figure 2-5  Displacement of ITCZ 

The ITCZ displacement generate two (2) types of temporary rain fluctuation, registering in 
Cundinamarca the bimodal pattern, that is to say, two (2) wet or rainy periods alternated with two (2) 
dry periods. The varied relief is conditioning for the rainfall regime, because it serve as an obstacle for 
the air currents and it originates high rainfall volumes when the winds collide with the cordillera, and 
the air masses ascend and are condensed. The forced ascent for the air masses due to the relief, 
produce an orographic rain type that are characteristic for the Andean zone. In some sectors will be 
produced some temporary droughts in the interior area caused by masses of air that ascend by 
windward and they descend for leeward, warming and drying off (Phenomena of Fohen). 

The inter-Andean valleys, such as the cordilleras above the 2,000 meters, present different annual 
rainfall amount (≈ 1,500 - 3,000 mm/year) with a bimodal regime of two (2) dry periods alternating 
with two (2) high rainfall periods.  

In general, the relative humidity varies from high to low through the year. In the middle Magdalena 
valley including Cundinamarca, the relative humidity is contrasting the values below 60% during the 
first months of the year and from July to September with the values of about 80 % in other period. On 
the other hand, the relative humidity in Sabana de Bogota is almost constant in 76-85% through the 
year. The example of monthly humidity in San Jorge station located in Soacha is shown in Table 2-1.  
                                                  
1 IGAC, 2002, Atlas de Colombia 
2 IDEAM, 2000, Proyecto red de alertas hidrometeorológicas para inundaciones y fenómenos de remoción en masa 

January        July 
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Table 2-1  Monthly Humidity in San Jorge (GJA) Station (IDEAM) 
Station Unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

SAN JORGE (GJA)  (IDEAM) % 81 81 82 84 83 82 82 82 82 83 84 82 82 
(Source: “Tabla 2,ESTUDIO DE LA CARACTERIZACIÓN CLIMÁTICA DE BOGOTA Y CUENCA ALTA DEL RIO TUNJUELO”, FOPAE - 
IDEAM, 2006) 
The average temperature in Bogota (Multi-Annual Average Temperature, MAT) is registered in Table 
2-2, and monthly temperature in San Jorge station is shown in Table 2-3.   

Table 2-2  Multi-Annual Average Temperature in Bogota 
Item(unit) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
MAT (°C) 12.8 13.3 13.0 13.0 13.4 12.8 12.6 12.9 13.0 12.8 12.8 12.8 12.9 

 

Table 2-3  Monthly Temperature in San Jorge (GJA) Station (IDEAM) 
Station Item(unit) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average(°C) 11.5 11.6 11.8 11.9 11.9 11.6 11.1 11.3 11.5 11.5 11.7 11.6 11.6
Maximum(°C) 20.8 20.6 20.2 19.4 20.2 19.4 19.4 19.0 20.0 19.4 19.6 20.0 20.8
Minimum(°C) 0.5 0.2 0.2 2.0 0.7 0.5 0.0 3.8 0.5 0.7 3.2 1.0 0.0 

Average Maximum(°C) 16.5 16.7 16.6 16.0 16.2 15.6 15.0 15.4 15.8 16.0 16.0 16.2 16.0

SAN 
JORGE 
(GJA) 

(IDEAM) 
Average Minimum 6.3 6.9 7.3 7.7 7.5 7.3 7.2 7.1 6.9 7.1 7.2 6.8 7.1 

(Source: “Tabla 3, ESTUDIO DE LA CARACTERIZACIÓN CLIMÁTICA DE BOGOTA Y CUENCA ALTA DEL RIO TUNJUELO”, FOPAE - 
IDEAM, 2006) 

 

The historical winds mean values registers 8-10.7 m/s with NE-SW direction and 10.8-13.8 m/s with 
E-W direction. The calm period of the wind is 21% of the year.  

2.2.2 Meteorological/Hydrological Stations in and around the Study Area 

Quite a few meteorological and hydrological stations are found nowadays or existed in and around the 
Study Area, which are/were monitored and operated by DPAE, EAAB, CAR, IDEAM and other 
organizations. Some of the stations are telemeter stations, but most of the stations are conventional. 
Figure 2-6 shows the location map of meteorological and hydrological stations managed by DPAE, 
EAAB, CAR and IDEAM in and around the Study Area, and Table 2-4 shows the list and conditions 
of the stations.   

Meteorological and hydrological data for the Study are collected from within the stations shown in 
Table 2-4. The list of collected data is shown in Table 2-5 to 2-8. 
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2.2.3  Characteristic of Rainfall in and around the Study Area 

(1)  Annual Rainfall 

The Annual Rainfall Distribution in the area in 2003 is shown in Figure 2-7. The annual rainfall 
amount in the Study Area varies by the area from 470 mm to 1040 mm in 2003. Its spatial distribution 
has a similar tendency for which the rainfall amount is high in the eastern hilly area in Bogota and 
southern mountain area in Soacha, and it is low in the lowland area such as along the Rio Tunjuelo and 
near the confluence of Tunjuelo river and Bogota river. 

 
Figure 2-7  Annual Rainfall Distribution (2003) 

(2)  Monthly Rainfall 

The monthly rainfall variations in several stations in the Study Area is shown in Figure 2-8 As 
described in “(1) General Description in Cundinamarca including the Study Area” in this Chapter, 
there are two (2) rainy season from March to May and from September to November in the Study Area. 
As for the characteristic of the Study Area, the rainfall amount is comparatively high in the eastern 
hilly area in Bogota and southern mountain area in Soacha through the year, and especially the rainfall 
amount in July is also high in these areas apart from the two (2) rainy seasons as registered by the 
Micaela station located in eastern and southern hilly area in the Study Area. This trend is also observed 
in other years such as 2002, 2004 and 2005.   
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San Jorge (IDEAM)
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Bosa Barreno No.2 (EAAB)
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Tanque Quiba (DPAE)
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Tanque Vitelma (DPAE)
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Micaela (DPAE)
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Figure 2-8  Monthly Rainfall Variation in 2003 

 

(3)  Number of Rainy Days in Month 

Table 2-9 shows the number of rainy days in month in 2003, when rainfall amount more than 0.1 mm 
was recorded, in the same stations as Figure 2-8. High numbers of Rainy days are recorded in April, 
July, October and November in all stations. The monthly variation among the stations is almost similar 
except Micaela station. The highest number of rainy days of 29 days is recorded in May in the Micaela 
station. 

Table 2-9  Number of Rainy Days in 2003(unit: days) 
Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Las Huertas (EAAB) 1 6 14 16 6 11 19 13 13 19 20 9 147 
San Jorge (IDEAM) 1 8 11 16 11 13 13 10 8 17 15 5 128 
Bosa Barreno No.2 (EAAB) 1 8 13 14 7 12 15 11 14 19 21 7 142 
Tanque Quiba (DPAE) 1 11 13 17 11 12 15 9 8 18 19 8 142 
Tanque Vitelma (DPAE) 3 12 14 21 19 20 23 20 18 24 27 13 214 
Micaela (DPAE) 2 11 15 21 29 21 26 24 21 21 20 15 226 
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(4)  Daily Rainfall 

Figure 2-9 and 2-10 show the monthly maximum daily rainfall in DPAE stations from October 2000 to 
August 2006. Figure 2-9 shows the value of eastern side of Tunjuelo river, and Figure 2-10 shows the 
value of western side. As a general trend, daily rainfall is bigger in eastern side than western side. In 
eastern side, daily rainfall is heavy in June and July as well as rainy season, although the daily rainfall 
in western side tends to be heavy in rainy season. Maximum value of 54.2 mm is recorded in May 3, 
2005 in Tanque Vitelma station located in eastern side.  

Table 2-10 shows the probable daily rainfall amount with several return periods in 5 (five) stations. It 
was analyzed through the Gumbel method using collected data in this Study. 

Table 2-10  Probable Daily Rainfall (unit :mm) 
Return Period (year) Station 

3 5 10 25 50 100 
Las Huertas (EAAB) 29.19 32.03 35.60 40.12 43.47 46.79 
San Jorge (IDEAM) 35.38 38.74 42.96 48.30 52.26 56.19 
Bosa Barreno No.2 (EAAB) 33.56 37.23 41.83 47.65 51.97 56.25 
Juan Rey (EAAB) 47.74 52.98 59.56 67.88 74.06 80.18 
La Picota (CAR) 35.91 40.33 45.89 52.91 58.11 63.28 
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Figure 2-9  Maximum Daily Rainfall in DPAE Stations in Eastern Side of Rio Tunjuelo 

 from 2000 to 2006 
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Figure 2-10  Maximum Daily Rainfall in DPAE Stations in Western Side of Rio Tunjuelo 

 from 2000 to 2006 

(5)  Hourly Rainfall  

Figure 2-11 and 2-12 show the monthly maximum hourly rainfall in DPAE stations from October 2000 
to August 2006. Figure 2-11 shows the value of eastern side of Rio Tunjuelo, and Figure 2-12 shows 
the value of western side. Hourly rainfall is bigger in eastern side than western side as is the case with 
daily rainfall. In both side, the value of maximum hourly rainfall is heavy in rainy season. Hourly 
rainfall of eastern side in June and July is comparatively low unlike with the tendency of the daily 
rainfall. It shows that rainfall intensity of eastern side in June and July is not strong whereas rainfall 
duration is long. Maximum value of 42.1 mm is recorded in September 25, 2005 in Tanque Vitelma 
stations.  

Figure 2-13 shows the zoning of rainfall pattern by EAAB, 1995, with Study Area. Almost all the 
Study Area is included in zone of Z4, Z5 and Z7. The rainfall pattern varies by the zone. The rainfall 
intensities in several return periods in each zone by EAAB, 1995 are shown in Table 2-11.   

Figure 2-14 shows the relation between daily rainfall and hourly rainfall in DPAE stations in 
2000-2006. The daily rainfall has a maximum value for each month from 2000 to 2006, and the hourly 
rainfall has also the maximum value for each month from 2000 to 2006. From the figure, we can see 
that the percentage of hourly rainfall amount to the daily rainfall amount is about 40-60%, which 
means the heavy rainfall finishes in short time. Figures 2-15and 2-16 shows rainfall distribution, in 
1:00-24:00 for Tanque Quiba and Micaela stations, respectively. These 10 examples in each figure are 
top 10 of high daily rainfall amount from October 2000 to August 2006 in Tanque Quiba station, and 
from October 2000 to July 2006 in Micaela station. In Tanque Quiba station, rainfall distribution can 
classify two (2) patterns. One is comparatively moderate curve such as 2002/4/25 and 2003/4/12 and 
2002, and other is very steep curve such as 2005/9/25 and 2006/4/30, which highest hourly rainfall 
almost equals daily rainfall amount. In Micaela station, the rainfall distribution can include also two 
(2) patterns. One is a very moderate curve such as 2001/11/12 and 2002/6/22, and the other is 
comparatively steep curve such as 2003/9/27 and 2005/10/23. 
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Figure 2-11  Maximum Hourly Rainfall in DPAE Stations in Eastern Side of Rio Tunjuelo  

from 2000 to 2006 
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Figure 2-12  Maximum Hourly Rainfall in DPAE Stations in Western Side of Rio Tunjuelo 

 from 2000 to 2006 
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(Source: “ESTUDIO PARA EL ANALYSIS Y CARACTERIZACION DE TORMENTAS EN 
LA SABANA DE BOGOTA”, EAAB, November 1995) 

Figure 2-13  Zoning of Rainfall Pattern  

 

 

Table 2-11  Rainfall Intensity in each Zone 
Zone 4 (Z4)       
Duration (min.) 3 years 5 years 10 years 25 year 50 years 100 years 

15 48.72 57.42 68.38 82.21 92.49 102.67 
30 34.47 39.91 46.74 55.40 61.82 68.19 
60 22.09 25.34 29.43 34.59 38.43 42.23 
120 12.68 14.55 16.95 19.92 22.15 24.35 
360 4.85 5.50 6.37 7.47 8.27 9.06 

Zone 5 (Z5)       
Duration (min.) 3 years 5 years 10 years 25 year 50 years 100 years 

15 39.30 44.10 50.10 57.70 63.40 69.00 
30 27.80 31.60 36.30 42.30 46.70 51.10 
60 17.50 19.90 23.00 27.00 29.90 32.80 
120 10.10 11.80 13.80 16.40 18.30 20.20 
360 3.70 4.30 5.10 6.00 6.80 7.50 

Zone 7 (Z7)       
Duration (min.) 3 years 5 years 10 years 25 year 50 years 100 years 

15 42.35 53.25 66.90 84.15 96.95 109.65 
30 28.60 34.45 41.85 51.15 58.10 64.95 
60 17.40 20.10 23.50 27.75 30.95 34.05 
120 11.25 13.45 16.30 19.80 22.40 25.00 
360 5.35 6.55 8.00 9.95 11.35 12.75 

(Source: “ESTUDIO PARA EL ANALYSIS Y CARACTERIZACION DE TORMENTAS EN LA SABANA DE BOGOTA”, EAAB, November 
1995) 
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Figure 2-14  Relation between Daily Rainfall and Hourly Rainfall in DPAE Stations in 2000-2006 
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Figure 2-15  Rainfall Distribution in 1:00-24:00 in Tanque Quiba Station 
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Figure 2-16  Rainfall Distribution in 1:00-24:00 in Micaela Station 

 

2.2.4  Correlation of Rainfall Stations 

(1)  Correlation of Rainfall Stations in and around the Study Area 

In order to examine the correlation of stations and the rainfall pattern in and around the Study area, the 
correlation coefficient of each station is calculated using the monthly rainfall data from 2000 to 2006 
and daily rainfall data in 2003. It can be said that if the correlation coefficient is high between two (2) 
stations, the rainfall pattern is similar in relevant area. Figure 2-17 and 2-18 show the result of 
correlation calculation of monthly rainfall and daily rainfall in and around the Study Area, respectively. 
The values on the lines between stations designate the square value of correlation coefficient of each 
station.   

The correlation of the stations, particularly of daily rainfall, is summarized as follows: 

- The correlation is high in each stations located in lowland area such as along the Rio Tunjuelo and 
northern area of Soacha 

- The correlation is comparatively high in the stations of Juan Rey, Micaela, Dona Juana (DPAE) 
and U. Antonio Narino, which are located in southeastern part of the Study Area 

- The correlation is comparatively high in the stations of Tanque Vitelma, San Benito and La Picota, 
which are located northeastern part of the Study Area 

- The correlation of comparatively low in east - west direction 
 

(2)  Correlation of DPAE Rainfall Stations 

Figures 2-19 and 2-20 shows the result of correlation calculation of monthly rainfall data from 2000 to 
2006 and daily rainfall data in 2003 only in the DPAE rainfall stations. However, the data of Juan Rey 
station of EAAB are used for analysis instead of Juan Rey station of DPAE because operating period 
of Juan Rey of DPAE is very short. The numerical characters in the figures designate the square value 
of correlation coefficient of each station.   

The correlation of the DPAE rainfall stations, particularly of daily rainfall, is summarized as follows: 
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- The correlation is extremely high in the stations located along the Rio Tunjuelo in north - south 
direction 

- The correlation is high or comparatively high in the stations located in western side of the Rio 
Tunjuelo 

- The correlation of comparatively high in east - west direction except Sierra Morena - Tanque 
Quiba, Tanque Quiba - Juan Rey, and Tanque Quiba - Micaela station 
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