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1 Document Background 
This document has been produced to provide methodology detail regarding the Flood Hazard 

Modelling/Mapping for Belize under the CHaRIM project.  

2 Flood Hazard Types 
Belize is exposed to the three major types of flood hazard: river flooding (fluvial), surface water 

flooding from extreme rainfall (pluvial), and coastal flooding from storm surges. 

2.1 Fluvial (river overtopping) 
This relates to prolonged rainfall across catchments and extremes often associated with hurricane or 

tropical storms. For example, higher rainfall and steep slopes at the headwaters in the Maya 

mountains, leads to very rapid flood wave build and travel times, e.g. Macal River. When these flood 

waves arrive in the lower reaches of the river, where the terrain is very flat, bank overtopping occurs, 

leading to long duration ponded water flooding. These are essentially two very different flood 

mechanisms from the same flood but modified by local topographical context. 

2.2 Pluvial (intense rainfall) 
The tropical context leads to very high intensity, short duration rainfall events which results in rapid 

saturation, overland flow and localised ponding. 

2.3 Coastal (storm surge) 
This is associated with tropical storms and hurricane low pressure systems arriving at the coast. This 

leads to a 1-5 m water surge travelling inland, centred on the depression. The local tide range is small 

and timing with tide peaks is not an issue.  

2.4 Addressing the Flood Hazards in Belize 
For fluvial hazard (river overtopping), we will use a national scale 1D/2D model approach based on 

the best available data. Return period flows for each river and reach are derived from regional flood 

frequency analysis. 

For pluvial hazard, we will use a rain on 2D grid approach with extreme rainfall inputs derived from 

regional intensity duration frequency curves (IDF) analysis. 

For the coastal hazard, we will identify expected storm surge peaks and their spatial range along the 

coast from existing coastal modelling reports. We will derive the dynamics of the event from pressure 

measurements made of hurricane landfalls at Belize City. This will allow us to provide a spatially 

varying water boundary as a boundary condition to the 2D model domain to simulate landfall of the 

storm surge. 
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3 Methodology Objectives 
A national scale flood hazard map is required to provide a large scale overview of flood risk across the 

entire country following a consistent methodology. Resolution must be good enough to enable the 

hazard map to be relevant to planners at a national, district and city scale in Belize (see Section 8.4 for 

more discussion on scale of application).  

The aims are to: 

1. Identify the highest quality datasets available for Belize. 

2. Use local knowledge and data to improve datasets where possible. 

3. Employ state of the art modelling methods that can utilise high quality local data (where 

available) whilst being robust to poor quality data and/or data scarcity.  

4. Create a ~100 m resolution national scale flood hazard map that incorporates the three dominant 

sources of flood risk. 

4 Process Overview 
A simplified overview of the method is provided in Figure 1. From this, it can be seen that there are 

four overall processes involved. The first two steps involve building the model geometry and 

generating the model inputs. The model inputs define the quantity of water in the model at a 

particular time and the model moves this water in/through the model geometry provided to simulate 

channel and overland flow. The hydrodynamic model is the actual software used to simulate the flow 

physics required for realistic hydrodynamics (movement of water). The final validation step is an 

important part of the process used to test the model results, both to check for mistakes and to 

understand the scale of error that is inherent in all model results. 

  

 
 

Figure 1 - Overview process diagram of National Flood Hazard Assessment for Belize 
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5 General Data Requirements 

5.1 Digital Elevation Model (DEM) [Model Geometry] 
The DEM should be bare earth and needs to have the same resolution as the final hazard map (~100m).  

Shuttle Radar Topography Mission (SRTM) has been identified as the best basic DEM for Belize. The 

ASTER DEM, while in theory is at a higher resolution (~30m), has been found to contain significantly 

more noise error, resulting in worse results when used for hydrodynamics modelling. 

5.2 DEM correction data [Model Geometry] 
Spatial urbanisation data (such as satellite luminosity data) and vegetation data (MODIS Vegetation 

Continuous Field (VCF)) are required to assess reduction of vegetation and urban biases in SRTM. 

These allow artefacts in the DEM due to vegetation and buildings to be removed, correcting the DEM 

to a bare earth DEM required for flow simulation. 

5.3 River network [Model Geometry] 
River network, upstream accumulating area, and geometry are all required for the modelling. The river 

network and upstream accumulating areas can be estimated in an automated fashion from the SRTM 

DEM (e.g. Hydrosheds), with subsequent manual validation and correction where necessary.  It is also 

necessary to measure (or estimate) channel geometry (i.e. width and depth). 

5.4 Flood defence standards [Model Geometry] 
Knowledge of river defence standards can be incorporated into the model. 

5.5 Discharge data [Model Inputs] 
In order to construct ŘŜǎƛƎƴ ƘȅŘǊƻƎǊŀǇƘǎ ŦƻǊ ǊŜǘǳǊƴ ǇŜǊƛƻŘ ŦƭƻƻŘ ŜǾŜƴǘǎ ƻƴ ƭŀǊƎŜ ǊƛǾŜǊǎ όŜΦƎΦ ǘƘŜ Ψм-in-

млл ȅŜŀǊ ŜǾŜƴǘΩύΣ ƭƻŎŀƭ Ŧƭƻǿ ǊŜŎƻǊŘǎ ŀǊŜ ŀƴ ŀŘǾŀƴǘŀƎŜΦ  ²ƘŜǊŜ reliable local discharge records do not 

exist, a regionalised flood frequency analysis (RFFA) is required to estimate appropriate discharges. 

5.6 Rainfall data [Model Inputs] 
As flooding along minor channels and away from floodplains is usually driven by intense local 

upstream rainfall, local rainfall records should be used to estimate intensity-duration-frequency (IDF) 

curves for the region.  If local rainfall data is not available, regionalised IDF curves can be used. 

5.7 Storm surge data [Model Inputs] 
A coastal flood model requires a full coastal water level boundary condition in order to simulate the 

arrival and propagation of a storm surge over the coastal land area. Local tide buoy records of water 

level changes during historical storm surges (if available) allow an understanding of the magnitude 

and duration of storm surges that might be experienced at those locations on the coast. To understand 

how the storm surge hazard varies along the coast (i.e. not just at a single tide buoy), it is common to 

use the water levels derived from a different kind of computer model. These ocean models use sea 

floor bathymetry and storm conditions to model the movement of surge and waves towards the coast 

and then the land flood model will use these water levels as input to model how this surge floods the 

coastal land. We use the water levels reported in the Atlas of Probable Storm Effects (CDMP) by the 

Caribbean Disaster Mitigation Project (CDMP) as water level inputs to our coastal land flood model. 
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6 Analysis steps 
The National Flood Hazard Layer for Belize has been generated using a state-of-the-art Global Flood 

Hazard framework, improved with local data where such data is available.  A detailed breakdown of 

its application in Belize is shown in Figure 2 and explained in the subsections below. The full framework 

contains many modules and sub-modules, and the full structure is shown graphically in Figure 3 for 

completeness, although Figure 2 should be sufficient for understanding its application to Belize. This 

particular framework is one of a number of new global flood models that attempt to apply standard 

methodologies using global datasets (Ward et al., 2015) and allow assessment of risk at a global and 

national scale without using a more expensive and time consuming engineering modelling approach. 

The SSBN model has the highest resolution of these new models and is deemed one of the most 

ǎǳƛǘŀōƭŜ ƎƛǾŜƴ ǘƘŜ ǎŎŀƭŜ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǊƛǾŜǊǎΦ   

 
 

Figure 2 - Detailed process diagram of National Flood Hazard Assessment for Belize 
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Figure 3 - Full process diagram of SSBN Global Flood Hazard Modelling methodology 
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6.1 Step 1a - Terrain Pre-Processor 
¶ The relevant 3 arc second SRTM terrain tiles are extracted and joined to create a continuous 

DEM of the entire country.  

¶ Urban areas are identified using satellite night time luminosity data (Elvidge et. al., 2012). 

¶ Depending on the degree of urbanisation, a filter of varying strength is applied to the SRTM 

data to remove local high points (which represent building roofs) and reconstruct the surface 

by interpolating between the remaining lower points. 

¶ Vegetation bias is reduced using an algorithm based on MODIS VCF. 

¶ A feature-preserving smoothing algorithm is applied to the entire DEM to reduce the noise 

inherent to SRTM data (Gallant, 2011). 

6.2 Step 1b - Channel Pre-Processor 
¶ It is critical to explicitly model river channels within flood models as most water is conveyed 

across the land surface within them; their omission leads to severe over-estimation of flood 

hazard. 

¶ The channel network is generated using GIS-based hydrological analysis tools; the basic 

network used here was created as part of the Hydrosheds project (Lehner et. al., 2008).  The 

Belize network has been validated manually, with corrections made where necessary. 

¶ Simple models of river width can be built by surveying, using aerial and satellite photography 

and constructing a database of sample points along the river network that relate upstream 

accumulating area to river width; sample measurements on smaller rivers are taken in un-

forested areas to ensure line of sight is not obscured by vegetation cover. A total of 200 

measurements were made from satellite imagery using the measure distance tool within 

Google Maps. A spline model is then fitted to the data that allows river width to be estimated 

at any point based on the relationship between width and the upstream accumulating area.  

The spline model is used to assign widths to all channel cells within the model.  

¶ wƛǾŜǊ ŘŜǇǘƘ Ŏŀƴ ōŜ ŜǎǘƛƳŀǘŜŘ ǳǎƛƴƎ ǘƘŜ aŀƴƴƛƴƎΩǎ Ŝǉǳŀǘƛƻƴ ƎƛǾŜƴ ǘƘŀǘ ōŀƴƪŦǳƭƭ ŘƛǎŎƘŀǊƎŜ Ŏŀƴ 

be estimated using the RFFA. Width can be estimated using the width model and slope can be 

calculated using the DEM. Cross sections are assumed to be rectangular as no surveyed cross 

section data is available. 

 

6.3 Step 2a - Regional Flood Frequency Analysis 
¶ The RFFA (Smith et. al., 2014) has been developed to enable return period discharges to be 

estimated anywhere on Earth based only on KöppenςGeiger climate classification, upstream 

area and upstream annual rainfall.  By making an assumption of bankfull return period 

(typically ~ 1 in 2 years), it is possible also to estimate bankfull discharge using the RFFA. 

¶ Flows estimated via the RFFA approach have been validated by comparing with observed 

flows for the Belize stations for which flows were judged to be reliable. Not all stations were 

used in this process, as some of the data were clearly erroneous at higher flows. 

¶ Validation involved comparing estimates of the Mean Annual Flood and the Q100 (100 year 

recurrence interval) event. The Mean Annual Flood is defined as the mean of the annual 

maxima flow rates for a given station and can be assumed to be the bankfull flood defined in 

the RFFA.  More broadly, flood frequency curves estimated from observations and from the 

RFFA method were compared. 

¶ The RFFA operates for channels with an upstream area of >~40 km2.  For channels below this 

size, intense rainfall is simulated within the hydraulic model.  The rainfall intensity for an event 
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of given duration and return period is estimated using IDF curves generated from local rainfall 

data if available, else using regional IDF curves.   

6.4 Step 2b - Boundary Condition Pre-Processor 
¶ Simple hydrographs are generated based on the rational method, where time to 

concentration is used to estimate the period of rising and recession limbs.  The time to 

concentration is estimatŜŘ ōȅ ǳǎƛƴƎ aŀƴƴƛƴƎΩǎ Ŝǉǳŀǘƛƻƴ ǘƻ ŎŀƭŎǳƭŀǘŜ ǾŜƭƻŎƛǘƛŜǎ ŀƭƻƴƎ ǘƘŜ 

length of the river network to the furthest point.  The peak discharge is taken from the RFFA. 

¶ River network is decomposed (split) into reaches, with each reach having its own hydrograph 

simulated. If tributaries are present along a reach, inflow discharge is distributed amongst the 

tributaries and main-river according to their relative upstream accumulating areas. Flow 

convergence (or divergence) in junctions cells is handled automatically by the model. 

¶ Reach decomposition is dependent on change in bankfull discharge: the maximum difference 

in bankfull discharge between boundary condition points along a river is 5%.  

¶ Downstream boundary conditions are set to sea level if terminating in the ocean. 

 

6.5 Coastal Storm Surge Analysis (specialised Step 2b) 
The coastal storm surge analysis is effectively a specialised version of (Step 2b) Boundary Condition 

Pre-Processor. Here we need to define the water levels experienced at the coast, allowing the model 

to simulate what would happen as this surge spreads over the coastal topography. 

6.5.1 Storm surge amplitude 
The Caribbean Disaster Mitigation Project (CDMP) created the Atlas of Probable Storm Effects in the 

Caribbean Sea. In brief, this used the conditions of 973 tropical cyclones in the region to force a 

numerical ocean storm surge model. It provides estimates of storm-tide elevations accounting for tide, 

pressure, wind and wave influences upon the ocean (but not run-up) over a 1 km resolution grid. From 

the ensemble of simulations, return period water levels were calculated (10, 25, 50, 100 year) for each 

cell in the domain. Interpolation between points enables representation of spatial variability in surge 

characteristics along the coastline (Figure 4). The storm surges for the standard five hurricane 

categories (1-5) were also calculated in the report and these were used to provide the amplitude of 

five different storm surge simulations used in the Belize national flood mapping modelling. 
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Figure 4 ς Spatial variation of 100 year surge along Belize coastline from Atlas of Probable Storm Effects (CDMP) 

 

6.5.2 Storm surge time series 
Due to a lack of tide gauge data, past data can be used to infer a relationship between atmospherics 

and surge. For instance, Figure 5 shows the water level and pressure time series at 2 gauges along the 

coast of the USA during hurricane Rita in 2005. This infers that we can at least make an approximation 

of the time series of extreme surge events based on historical pressure charts where we have no water 

level data. 

 

Figure 5 - Water level and pressure at 2 gauges along the coast of the USA during hurricane Rita in 2005 

 

Pressure records at Belize during hurricane Hattie will be used as a first approximation of extreme 

event time-series. This event could be characterised by a triangular function in which a linear 

interpolation is used from the peak (100% of the surge peak magnitude) to 0% at approximately 6 

hours either side, derived from pressure records for hurricane Hattie at Belize City in 1961 (Figure 6). 
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Figure 6 - Pressure records for hurricane Hattie at Belize City in 1961 

 

 

 

6.6 Step 3 - Hydraulic Model 
¶ The models are executed using a full 2D hydraulic model based on a simplified momentum-

preserving variant of the shallow water equations (Bates et. al., 2010). 

¶ The model explicitly models channels using a subgrid scheme (Neal et. al., 2012) that 

decouples the channel geometry from the model grid, allowing channels of all sizes to be 

represented. Essentially, it is similar to a 1d river channel (with correct flow area) embedded 

within a 2d overland flow domain. 

¶ A surface water routing scheme is incorporated into the model to handle situations where the 

assumptions underlying the shallow water equations are violated.  This usually applies to 

areas of very steep or discontinuous terrain.  The routing scheme moves water downslope at 

a velocity that is dependent on slope gradient; the velocity-gradient relationships were 

developed from empirical studies of surface water flow velocities (Sampson et. al., 2013). 

¶ Large rivers are modelled at 30 arc second resolution (~1km), as a coarser grid produces a 

more stable simulation of water surface elevation on large flood plains when using noisy 

digital elevation data (DEM) like that from the shuttle radar topography mission (SRTM).  This 

is because when the DEM is resampled (averaging), it reduces the noise present by providing 

more accurate mean water elevations over the cell. This resampling does reduce some of the 

detail in the topography, but this is ameliorated by re-projecting the more accurate water 

surface onto the original 3 arc second (~90 m) DEM for the final output. 

¶ Small rivers and pluvial simulations are simulated at 3 arc second (~90m) resolution as the 

higher resolution is necessary to resolve the small scale topographical features that constrain 

the flow of smaller channels. 

 

6.7 Step 4a - Post Processor 
¶ 30 arc second simulations of large rivers are re-projected onto the 3 arc second DEM by 

interpolating between water elevations at the centre of each 30 arc second cell to create a 

smooth 2D surface of water elevations at 3 arc second resolution. 

¶ Simulations of individual reaches are combined to create a continuous flood hazard map. 

¶ Fluvial / pluvial / coastal simulations can also be merged to create composite flood hazard 

maps if required. 
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6.8 Step 4b - Model Validation 
The validation of a flood hazard map is challenging, as such a map does not attempt to describe any 

single real event, but instead attempts to describe the areas affected by all events of a certain 

probability and magnitude.  

However, we can test the following: 

1. The underlying methods are sound and robust. 

2. Generalisations and regional values with local information, where available. 

3. Compare results with other studies and event data sets. 

6.8.1 Assumptions to test with Validation 
The following assumptions will be tested explicitly during the validation: 

1. SRTM with correction realistically represents actual topography.  

¶ Raw random noise error ~5-6 m, resampled to a 1km resolution is ~0.5 m. 

¶ Vegetation/urban bias. Assume this can be corrected for (i.e. removable). 

2. Regional flow method provides reasonable estimates for ungauged catchments locally. 

3. Regional rainfall depth duration relationship is appropriate locally. 

4. Hydrosheds drainage network represents actual river network. 

6.8.2 Validate river network against national network data 
The national river network vector data set provided by the Belize Government will be used to check 

the model river network derived from SRTM topography. 

6.8.3 Quality of SRTM corrected DEM 
LIDAR (1 m resolution) topography has been obtained from the University of Florida for a 1,200 km2 

region of Western Belize. This is used to assess whether vegetation bias in SRTM has been usefully 

reduced by the use of vegetation-type correction factors based on a MODIS VCF data. It is also used 

to test the effects of the urban area correction applied, to see if it improves the DEM. 

6.8.4 Validation of river flows and rainfall 
Data was collected from the Belize Government for all available river and met gauging stations. This 

will be processed to extract rare high magnitude events for extreme value analysis (Figure 7). The 

results of this local data analysis will be compared directly to the regional values used in the model at 

the station locations.  
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Figure 7 - River flow data processing and annual maxima analysis 

 

6.8.5 Comparison to existing flood hazard information 
An important part of the validation process is to compare the results of the national flood hazard map 

(NFHM) to existing data that is available to the Belize Government. This is not just a numerical 

comparison exercise, but also serves as an important part of the credibility acceptance of the output 

by the users of the hazard information within the Belize Government. Therefore we produced draft 

model output for the Belize Government personnel to comment on and feedback initial thoughts and 

ideas for the validation phase. This draft output also serves the purpose of preparing the users for the 

final output and begins the process of thinking about how best to integrate the new hazard 

information in their work. There are also three primary existing datasets that are available for 

comparison to the draft NFHM: An observed flood extent from October 2008 (Landsat, Meerman), 

Kings et al., 1992 ς Geomorphological assessment, NEMO DANA reports. These data sets are kindly 

provided by the Belize Government via their geonode webserver (http://geoserver.bnsdi.gov.bz/). 

While the existing datasets are not the same as a return period based nationwide hydrodynamic 

model output, they can still provide valuable information as to what might be expected and where.  
































































































