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Training in Radar Hydrology for the Belize Weather
Forecasters and Meteorologists
In late March (31st) to April 4th, the Belize
Meteorological Service was privileged to have the
services of Dr. Konstantine Georgakakos from the
Hydrologic Research Center (HRC) and Mrs.
Rosario Alfaro from National Weather Service/
NOAA.
The visit of Dr. Georgakakos was quite timely since
the Belize Meteorological Service has an S-band
Doppler Radar used in operational forecasting
duties since September, 2008. Most of the service's
forecasters have studied Radar Meteorology as a
requirement for forecaster training. However, the
extent of that training only covered the basic
principles of radar operation, radar scan types (PPI,
RHI, etc.) and the radar equations. During the 2013
rainy season in Belize, the country witnessed
several flood episodes, some of them quite
disastrous. Floods occurred in June, August,
September, October and November in various parts
of the country. While only one life was lost due to
flooding, the impact on infrastructure, agriculture
and transportation was quite costly. Since HRC's
Science, Cooperation and Technology Transfer
Program offered training in just such aspects of the
Climate Science, Dr. Georgakakos's visit was
understandably quite welcome.
Technical training involved the details of radar and
rainfall adjustments. This was critical to
understanding the use of rain gauge and radar
digital data as a step towards developing the

algorithms for creating radar analysis of rainfall
measurements. We were exposed to case studies
done in South Africa, southern Mexico and Panama.
In addition, the very important aspect of quality
control for network rain gauges was discussed at
length. The final part of the training involved the
use of digital data acquired from the Belize radar
and the presentation of the data using GIS software.
This aspect of the training was perhaps the high
point for all involved, since we had never before
been exposed to such details.

Contributor
Mr. Frank Tench ,
Weather Forecaster
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Supporting Costa Rica’s National
Meteorological Institute
USAID/OFDA’s regional office in
Latin America and the Caribbean
(LAC) demonstrated its support to
Costa Rica’s National Meteorological
Institute (IMN) on June 21 through the
donation of electronic equipment,
including a computer and two
flat-screen monitors.
USAID/OFDA Senior Regional
Advisor and IMN Director
General during the donation of
equipment to monitor flash floods
in Costa Rica.
Photo by Krystal Hartman,
USAID/OFDA

The equipment was presented to IMN
Director General, Juan Carlos Fallas,
by USAID/OFDA/LAC Senior
Regional Advisor Tim Callaghan and
USAID/OFDA Disaster Risk
Management Specialist in Costa Rica
Fernando Calderon.

The equipment, valued at nearly
$5,000, will enhance the research
capacity and data modeling of the
Central American Flash Flood
Guidance System ……. and enable
IMN hydrologists and meteorologists
to better predict the probability of
flash floods both in rural and urban
environments through accurate an
analysis of rainfall accumulation, soil
saturation, and infrastructure and
drainage capacity.

Black Sea and Middle East Flash Flood Guidance
System Forecasters Training in Armenia and Azerbaijan
The Flash Flood Guidance (FFG) system’s
primary purpose is to provide operational
forecasters with real-time information
guidance products pertaining to the threat of
small-scale flash flooding throughout their
region. Because the FFG products are
generated for forecasters at the
Hydrometeorological Services, duty
forecasters must be trained in the interpretation
of each of the products.

in which ten hydrometeorologists participated.
The three-day training consisted of three main
modules: including description and
interpretation of BSMEFFG products, case
studies and local studies. I was told by all
participants that content of the training was
very useful for operational forecasters and
will assist them to better understand the
BSMEFFG system and how to use it in
real-time.

Within the scope of Black Sea and Middle East I would like to thank the Director Generals
Flash Flood Guidance (BSMEFFG) Project,
and the Permanent Representatives for WMO
Armenia and Azerbaijan
of both countries for their help and
delegates requested training
support. Particularly, I wish to express
Contributor
for duty forecasters. With the
Mr. Ayhan SAYIN, my appreciation to Ms. Amalya
support of OFDA, WMO in
Research Division Misakyan and Ms. Armine Danielyan of
Turkish State
cooperation with Turkish State
Armenia and Mr. Verdiyev and Mr.
Meteorological
Meteorological Service
Sahib Khalilov of Azerbaijan. Last but
Service
(TSMS) organized training.
not least, I wish to express my deep
TSMS also provided the
appreciation to Mr. İsmail GÜNEŞ, Ditrainer, Mr. Ayhan SAYIN.
rector General of TSMS, Dr.Sezin TOKAR of
OFDA, all HRC staff and Mr. Tommaso
The first BSMEFFG forecasters training took
Abrate of WMO for support of the
place in Yerevan, Armenia on 20-23 May,
BSMEFFG system. I believe this is an
2014 and eighteen hydrologists and
important Project not only for the Black
meteorologists participated. On 26-28 May,
Sea and Middle East region but also for the
2014 training took place in Baku, Azerbaijan
World.

Article Courtesy of
USAID/OFDA
Regional Office for
Latin America and
Caribbean

Question?
Average Soil
Moisture (ASM)
Product

The Average soil moisture
(ASM) product provides
an estimate of the
percentage of saturation in
the upper soils.
How do you use this
product in the forecasting
of flash floods?
Please send your comments
to
Rochelle at
rgraham@hrcwater.org

Intern Mentoring Experience
My name is Renan Alves de Oliveira and I am an exchange
(from Brazil) senior physics undergraduate student attending
California State University San Marcos (CSUSM). I had the
opportunity to do a summer internship at the Hydrologic
Research Center (HRC). I started my summer research
internship in July of 2014 and my mentor was Dr. Ari Posner.
The subject of my research was to understand and use the
Infinite Slope Model (ISM) to predict the stability of different
hill slopes, with different characteristics, under different
conditions.

two features that made my work more efficient. I could do my
research in the library at CSUSM, or at HRC.
My summer research internship was also preparation for
graduate school and post-graduate school. In the beginning my
mentor and other researchers suggested topics that I could
explore, I then had a short period of time to put together a
research plan that would describe my goals and deadlines.
I am very pleased to have had this internship
opportunity this summer at HRC. My mentor Dr.
Posner was my guide through this project. For each
step in this research, he wanted make sure I was doing
a great job. I also would like to say thank you for Dr.
Graham especially for the motivation to work outside
the university, even being undergraduate, and Dr.
Georgakakos for accepting me into the research team.

Contributor
Mr. Renan
Alves de Oliveira,
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In the beginning, I was interested in applying my
background in physics to solve the problem,
suggest changes, and find solutions. I studied
the basics of slope stability and later I derived
the Factor of Safety (FoS) for different saturated
and unsaturated soils. I explored the types of
soils that are stable, when the ISM is used, and how I can use
this method to predict landslides. However, I also learned more
than that.

First, it was the first time I have worked outside a university. In
a research center, there are no classes and most of the required
background you need to learn is by yourself. The amazing part
of this is that everybody in the research center are happy to
help you, just ask! The time and flexibility to do my work are

During the summer of 2014, I have
had the honor of mentoring Renan
Alves de Oliveira, an undergraduate
student from the Physics
Department at California State
University San Marcos campus.
Renan had attended a seminar I
gave on campus a few months ago
and took the initiative to contact me
and request a summer internship.
Renan was supported by the Brazil
Scientific Mobility Program,
Institute of International Education
(IIE) from his home country,
Brazil, to gain the maximum
experience and knowledge while
studying in the United States.
Given his interest in physics, and
mine in landslides, I asked him to
investigate the behavior of a
standard slope stability model
known as the Infinite Slope Model
(ISM). This method relies on a
force balance to predict the ratio

Overall, working with the Hydrologic Research Center
definitely was awesome and it makes me grow as student and
as a person. My hope is that in the in future we can further
work together to find solutions that help those that need help
which I think is part of the mission of HRC.

Contributor
Dr. Ari Posner,
Hydrologic
Research Center

between driving and resisting forces
on a slope. We designed a
sensitivity analysis strategy to better
understand the role of different
input parameters including soil
type, soil thickness, and percent
slope. With a background in
physics, Renan embraced the
opportunity to use these same
principles and strategies to
understand a Geoscience problem
with immediate application and
pressing need. In turn, the HRC
will be extending our landslide
prediction system to incorporate the
ISM and our strategy will be
informed in part by the work of
Renan.
Renan Alves de Oliveira

Graduate Student Experience

Contributor
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PhD Candidate
Scripps Institution
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Operational flash flood guidance (FFG)
systems require accurate estimates of soil
moisture to generate flash flood warnings. Soil
moisture conditions affect the ability of
precipitation to infiltrate into the soil; hence
they are of great relevance when trying to
determine the rainfall-runoff relationship and
the flood potential for a given catchment.
Typically for flash flood applications
non-local inputs are not significant.

As originally formulated the Sacramento Soil
Moisture Accounting Model (SACSMA) does
not take into account water inputs outside of
local precipitation. Moreover, current
operational systems designed for FFG ignore
non-local water inputs. However, satellite
estimates of standing water over a region may
shed light on the effects of these inputs and
help produce improved soil moisture
estimates.

However, some basins near large rivers and
lakes experience standing water long after
precipitation has ceased which could be the
result of backwater effects from swollen
rivers or raised groundwater levels from
upland source areas. For these catchments
non-local inputs can play a dominant role in
the determination of their rainfall-runoff
relationships.

An effort to assimilate data from NASA’s
Office of Applied Science standing water
products (Figure 1) into the SACSMA was
performed. We used a Kalman Filtering
approach to assimilate the measured inundated
fraction of the basin area to update the values
of soil moisture for affected basins. Results
show a significant increase in the soil moisture
content for those basins that experience
inundation even at low fractions (Figure 2).

Figure 1: NASA Office of Applied Science generates near realtime flood water maps based on MODIS measurements.

New Research Paper
Operational Flash Flood Warning
Systems with Global Applicability (2014)
by Modrick, T.M., Graham, R., Shamir, E.,
Jubach, R., Spencer, C.R., Sperfslage, J.A.,
Georgakakos, K.P.,
In: Ames, D.P., Quinn, N.W.T., Rizzoli, A.E.
(Eds.), Proceedings of the 7th International
Congress on Environmental Modelling and
Software, June 15-19, San Diego, California,
USA. ISBN: 978-88-9035-744-2
(http://www.iemss.org/sites/iemss2014/
papers/iemss2014_submission_195.pdf )

Figure 2: Time series of results of the
data assimilation for a basin in
Cambodia. The soil moisture fraction
for the results with assimilation (blue)
differs significantly from the expected
soil moisture fraction without
assimilation (green). The inundated
fraction of the basin’s area is plotted
in red.

The Importance of Providing
Local Data for Flash Flood
Guidance System Development

I work for the Turkish Meteorological Service and have been involved in the implementation and operation of the Black
Sea and Middle East Flash Flood Guidance (BSMEFFG) System from the start of the project. What I have learned through
the process of development and implementation of the BSMEFFG system is that historical and in-situ observations must be
provided by participating countries to assist in the development of the flash flood guidance (FFG) systems in order to reflect
the local conditions that are unique to each country and region.
Like all models, the accuracy of the Flash Flood Guidance
(FFG) System products depends on data. From an operational
view point the local data requirements are critical for the
forecasting of flash floods from any regional FFG system. The
FFG system is an innovative project and meets the needs of
Hydrometeorological Services worldwide to cope with flash
floods which inflict heavy property damages and human
losses. However, there are several conditions for the
successful implementation and operation of a FFG system.
Satellite precipitation is an important product in the FFG
system. However, the satellite precipitation data must be
“bias adjusted” with climatological and real-time in-situ
observations to increase accuracy for specific regions. In our
case, Turkey was able to provide thirty years of
meteorological data “normals” from 1971-2000 and available
data up to 2010 including precipitation, temperature and
evaporation data. By providing this data before the project
was implemented a “climatological bias adjustment” was
done before the system became operational thereby
increasing the accuracy of the FFG products.
Similarly, precipitation reports must be provided from
“in-situ” surface observations for real-time bias adjustment.
For Turkey more than two hundred (250) surface synoptic
stations are providing meteorological observations through
World Meteorological Organization (WMO) Global
Telecommunication System (GTS) that are used for real-time
precipitation and adjustment of Mean Areal Temperature
(MAT) estimates.
Another example is the ASM (Average Soil Moisture)
product, which provides an upper (20-30 cm) soil moisture
fraction, and is estimated from Sacramento Soil Moisture
Accounting Model (SACSMA). The SACSMA model
requires data including soil type and texture and land cover
to estimate hydrological parameters like infiltration, soil
moisture and interception, which along with
evapotranspiration may account for losses in soil moisture.
Because we are dealing with flash floods the spatial and
temporal upper soil saturation of catchments are crucial and
must be monitored by forecasters. If no soil data are
provided HRC utilizes the FAO soil maps which may be
coarse and assign single values for a region. By providing
HRC with local soil data (soil type, texture and depth data)

from Turkey’s Ministry of Agriculture there were significant
changes in FFG values in Black Sea, Central Anatolia and
Eastern Anatolia Regions. This is an excellent example of
how much local data can improve FFGS products.
Another example is Watershed delineation. Turkey was able
to provide high resolution DEM data, allowing for the
delineation of eleven thousand basins for Turkey. This
improved FFG values, increasing forecaster confidence in the
flash flood threat products. I think that these high resolution
delineations are more realistic and reflect real field conditions.
Having outlined my experiences on the local data
requirements for the FFG system, I must say that the
quality of the FFG products depends on, among others,
both provision of “local data” by
member states to the system
Contributor
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