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Introduction 
This rainfall analysis memorandum has been prepared under the pre-project hydraulic and 
hydrologic studies related to the National Roads Authority (NRA) proposed East-West (EW) Arterial 
Highway Expansion Project on Grand Cayman Island.  Remington & Vernick Engineers has been 
retained to prepare a Hydraulic and Hydrologic study for the proposed EW Arterial Expansion by 
NRA.  This report analyzes the Grand Cayman Island rainfall data to determine the intensity-
duration-frequency amounts for various rainfall events and the rainfall distribution.   
Various short term and long-term rainfall data in different time steps were provided by the client.  
Data was analyzed for quality control then used to determine the design storms to be used in the 
proposed highway drainage infrastructure of the study area.  To better represent and understand 
the rainfall data, descriptive statistical parameters including maximum, minimum, average, 
median, and 1st Quartile and 3rd Quartile of the rainfall or calculated rainfall were calculated.  
Frequency analysis, correlation and regression methods were used to study of the similarity of the 
weather station as well as prediction of the events with various return periods. 

 

Grand Cayman Island Climate 
In general, based on the Köppen- Geiger climate map, the climate of the Cayman Islands is a 
combination of tropical hot and humid throughout the year, with a dry, relatively cold months from 
late November to mid-April [1].  The average amount of precipitation is almost 1,400 millimeters 
(55.10 inches) per year, and the wettest months are September and October. 
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Rainfall Analysis 

Figure 1 Köppen- Geiger classification of the study area 

Three sets of rainfall data were received.  The first two sets of data included a set of daily rainfall 
data of the Cayman Islands Water Authority rain gauges or weather stations data that includes, at 
minimum, 16 rainfall stations spanning from 1982 to 2021.  The third set of data received was the 
hourly data of from 4 weather stations including ACWW, AGRI, CWCWB and DVNS (Figure 2).  The 
second set of data spanned from 2009 to 2022.  Table 1 shows the availability of the hourly data.  
HOBOware software was used for retrieving the logged data by HOBO onset data loggers.  A 
spreadsheet of yearly totals at Grand Cayman containing the greatest 24-hour rainfall by month for 
years 1988 to 2022 was also received. 

Method 
The received data was checked for quality assurance.  A correlation study was used to determine 
the correlation between the rain gauges.  The stronger correlation shows the similarity of the 
recorded data between two weather stations and the missing data of one station can be estimated 
by the correlation relation. 
The daily (24 hours) recorded data was used for maximum daily rainfall intensity analysis.  Daily data is 
available from year 1982 to year 2021 for the majority of the rain gauges under the jurisdiction of 
Water Authority across Grand Cayman Island.  The peak 24 hours rainfall from the weather stations 
were identified and then the maximum daily (average 24-hours) intensity was calculated.    The data 
was used for rainfall intensity analysis as well as extreme event identification. 
                                      

Cayman Island 
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Hourly data of 4 weather stations (Figure 2) including ACWW, AGRI, CWCWB and DVNS was used 
for the rainfall distribution analysis.  1-minute logged rainfall data was created from the recorded 
data loggers information and then the 5 minutes, 10 minutes, 15 minutes, 30 minutes, hourly, 6 
hours, 12 hours and 24 hours time series were generated.  The developed time series were used for 
rainfall distribution analysis and creating Intensity-Duration-Frequency (IDF) curves.  The Weibull 
equation (T=m/n+1) was used for return period calculation, if needed, whereas m is the rank of the 
event and n is the total number of the studied events. 
Probability (P=1/T) also was calculated as the inverse of the return period. 

Rainfall Intensity 
The result of the statistical investigation for maximum 24-hours rainfall intensity is shown on Figure 
1.  The intensities calculated are between 3.22 mm/hr (0.13 in/hr) to 20.49 mm/hr (0.81 in/hr) 
with a mean of 8.15 mm/hr (0.32 in/hr).  The analysis showed the value of 20.49 mm/hr (0.81 
in/hr) is an extreme event that corresponds to Hurricane Ivan, 2004.  A time series was generated 
for the 40 years data and the return period was calculated.  The Figure 4 shows the graph that 
includes rainfall intensities versus the return periods.   
The data followed a logarithmic distribution.  A linear logarithmic relation with a goodness of fit of 
0.97 was fitted.  The regressed relation expected a 100-year return period maximum 24 hours 
rainfall intensity as 26.73 mm/hr (1.05 in/hr).  From the calculated return periods, the probability 
of each event was calculated and then the cumulative probability calculated.  The result of 
cumulative probability versus maximum 24-hours rainfall depths are shown on Figure 5.  It can be 
concluded from Figure 5 that 50% of the events have a maximum 24 hours rainfall depth of less 
than 200 mm (7.87 in) corresponding to 8.33 mm/hr (0.33 in/hr) and 90% of the events have a 
maximum 24 hours rainfall depth less than 300 mm (11.81 in) corresponding to 12.50 mm/hr (0.49 
in/hr). 
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Table 1 Available Hourly Data 
 
 

January × × × × DA DA × C DA DA × × × × 
February × × × × DA DA C C DA DA × × × × 
March × × × × DA DA C C DA DA DA × × × 
April × × × × DA DA C   ×  DA DA × × × × 
May × × × × DA DA C × DA DA × × × × 
June × × × × DA DA C C DA DA DA × × × 
July × × × × DA DA DA × DA   ×  DA × × × 
August × × × × DA DA DA DA DA × DA × × × 
September × × × × DA DA DA DA DA DA DA × × × 
October × × × DA DA × DA DA DA DA × × × × 
November × × × DA × DA DA DA DA × × × × × 
December × × × × DA DA × DA DA DA × × × × 

 
January × DA DA × × DA DA C × × DA DA × × 
February × DA DA × × DA C C DA DA DA DA × × 
 March  DA DA DA × × DA C C DA DA DA DA × × 
 April  DA DA DA × × DA C DA DA DA DA × × × 
May DA DA DA × × DA C DA DA DA DA × × × 
June DA   ×  DA × × DA C C × DA DA × × × 
July DA × DA × × × × DA × DA DA × × × 
August DA × × × × DA   ×  DA × DA DA × × × 
September DA DA × × × DA   ×  DA × DA DA × × × 
October DA DA × × × DA   ×  DA × DA DA × × × 
November DA DA × × × DA   ×  DA × DA DA × × × 
December DA DA × × × DA × DA × DA DA × × × 

 
January × DA DA DA × ×  C DA DA DA DA × × 
February × DA DA × × × C C DA DA DA DA × × 
March DA DA × × × × C C DA DA DA DA × × 
April DA DA × × × DA C DA DA DA DA DA × × 
May DA DA × × × DA C DA DA DA DA DA × × 
June DA DA × × × DA C C DA DA DA DA × × 
July DA DA DA × × DA   ×  DA DA DA DA × × × 
August DA DA DA × × DA × DA DA DA DA × × × 
September DA DA × DA × × × DA DA DA DA × × × 
October DA × × DA × × DA DA × DA DA × × × 
November DA × × DA × × DA DA × DA DA × × × 
December DA DA × DA × DA DA DA × DA DA × × × 

 
January × × × DA × × DA C × × × × × × 
February × × × DA × DA C C × × × × × × 
March DA × DA DA × DA C C × × × × × × 
April DA × × DA × DA C DA × × × × × × 
May DA × × DA × DA C DA × × × × × × 
June DA DA   ×  DA × DA C C × × × × × × 
July DA DA   ×  DA × DA DA DA × × × × × × 
August DA DA × DA × DA DA × × × × × × × 
September DA DA × × × DA DA × × × × × × × 
October DA DA × × × DA DA × × × × × × × 
November DA DA × × × DA DA × × × × × × × 
December DA DA × × × DA DA × × × × × × × 

 

 DA 
× 
C 

Data Available  
Data was not available 
Data Available Among all Four Weather Station 
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Figure 2 Map of the Cayman Island weather stations (red circled shows the station with hourly data) 
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Figure 3 Maximum 24 hours rainfall intensity statistics 
 

 
Figure 4 Maximum 24 hours rainfall intensities versus return period 

Hurricane Ivan (2004) 
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Figure 5 Cumulative probability versus maximum 24 hours rainfall depth 
 

Hourly Rainfall Analysis 
A correlation study among the rain gauges with hourly data was performed and the results are shown in the Table 
2.  Two periods, yellow highlighted in Table 1, in 2015 and 2016 when the data was available for all four rain 
gauges were selected for correlation study and the daily rainfall depths were used for analysis.  CWCWB and 
DVNS showed the strongest correlation among the study rain gauges.  The data from these two rain gauges can 
be used interchangeable and the missing data of one station can be estimated from the other one.  The larger the 
correlation coefficient, the more accurate will be the predicted data. 

Table 2 Correlation study among the rain gauges with hourly data 
 

Year- Correlation 
(R2) Rain gauge ACWW AGRI CWCWB DVNS 

   
20

15
 

ACWW 1.0 0.24 0.39 0.17 

AGRI 0.24 1.0 0.4 0.33 

CWCWB 0.39 0.4 1.0 0.59 

DVNS 0.17 0.33 0.59 1.0 

   
20

16
 

ACWW 1.0 0.03 0.02 0.06 

AGRI 0.03 1.0 0.1 0.03 

CWCWB 0.02 0.1 1.0 0.4 

DVNS 0.06 0.03 0.4 1.0 
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Rainfall Distribution Analysis 
Hourly data was used for distribution analysis.  Each event was created from the rainfall data using a minimum of 
25.4 mm (1 inch) and then 24 hours fractional rainfall depth calculated for each event.  An average of the events 
was used for distribution analysis.  Figure 6 shows the calculated distribution for the Water Authority rain gauges 
and its comparison with NRCS rainfall distribution and FDOT [4] in Figure 6 and the comparison with NOAA rainfall 
distributions and FDOT is depicted in Figure 7.  While the expectation was that Grand Cayman Island follow the 
NRCS TYPE III rainfall distribution, the data mainly showed tendency towards the NRCS TYPE I distribution for 
hours 0 to 9 and the NRCS TYPE III distribution from hours 17 to 24 (Figure 6).  Both the NRCS and NOAA types of 
distribution centered the events around mid-day and NRCS TYPE curves considered 50% of the event between 
hours 12 and 14 while NOAA considered 70% of the event between hours 12 and 14.  FDOT uses a gradual type of 
distribution that centered around 12.  Attachment B shows the NRCS type rainfalls across the United States. 
Attachments C & D shows the NOAA and FDOT rainfall distribution for various periods.  
 

 

Figure 6 Estimated Grand Cayman Island rainfall distribution with regards to the NRCS 
distributions and the FDOT distribution 
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IDF Curves 

Figure 7 Estimated Grand Cayman Island rainfall distribution with regards to the NOAA 
distributions and the FDOT distribution 

 

For the generated time series with 5 minutes, 10 minutes, 15 minutes, 30 minutes, 1 hour, 6 hours, 12 
hours, and 24 hours durations, associated rainfall intensities and return periods were calculated then the 
values were used for generating IDF curves.  Initial IDF curves for the study area are shown in the Figure 
8.  As expected, the graph shows that the larger intensities are as the result of shorter duration rainfall 
events. 
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Conclusion 

Figure 8 Calculated IDF curves for the study area 

The available daily and hourly rainfall data was analyzed in this report.  As it was discussed in earlier 
literature, there are a number of missing information and a lack of a long-term rainfall data in the study 
area that precludes identifying the IDF curves precisely [2].  The results of the IDF analysis correlate with 
the results presented by Baird and Associates [3] for the Cruise Berthing Facility (2015).  Larger values 
for both the IDF curves and 25-years rainfall intensity were calculated.  Additionally, it is demonstrated 
that the overall rainfall distribution shows a good agreement with FDOT rainfall distribution pattern. 
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Attachments 
A- Descriptive statistics of maximum 24 hours rain 

 
 
 

Descriptive statistics (Quantitative data): 

Statistic Intensity 
                   (mm/hr)  
Number of observations 40 
Minimum 3.217 
Maximum 20.492 
1st Quartile 5.749 
Median 7.477 
3rd Quartile 10.180 
Mean 8.154 
Variance (n-1) 11.723 

Standard deviation (n-1)  3.424  
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B- NRCS rainfall distribution across United States 
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C- NOAA rainfall distribution across United States 
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D- FDOT various rainfall distribution 
 

 
 
 
 
 
 
 
 
 

Rainfall Depth vs. Time
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Introduction
This hydraulic and hydrology analysis memorandum has been prepared under the pre-project 

hydraulic and hydrologic studies for the Cayman Islands Government National Roads Authority 

(NRA) proposed East-West (EW) Arterial Roadway Project on Grand Cayman Island. Remington 

& Vernick Engineers has been retained to prepare a Hydraulic and Hydrologic study for the 

proposed EW Arterial Expansion by NRA. This report employed the results of the Grand 

Cayman Island rainfall analysis report (Memorandum 1) and land data to perform a two-

dimensional hydraulic model.  The Hydraulic model was used to prepare inundation flood maps 

under various rainfall events or scenarios. This report was initially prepared for the only 

proposed East-West roadway option and the revised report has been prepared for several 

roadway alternatives. Inundation flood maps for a 2-year, 10-year, 25-year, 50-year, 100-year, 

and Hurricane Ivan of 2004 were prepared for a bigger drainage area. In general, the results 

showed that for the studied scenarios the depth of the floods from a 2-year to a 100- year 

event would be between 0.15 ft and 6 ft along the proposed inland roadways and the flood 

depth can be up to 10 feet for the roadway alternatives near the coastal area on the southwest 

of the site. 

Grand Cayman Island Climate
In general, based on the Köppen- Geiger climate map, the climate of the Cayman Islands is a 

combination of tropical hot and humid throughout the year, with dry, relatively cold months 

from late November to mid-April [1]. The average amount of precipitation is almost 1,400 

millimeters (55.10 inches) per year, and the wettest months are September and October.

Method
Three software packages including QGIS, HEC-HMS and HEC-RAS were used to perform this 

study.  The results of the rainfall study along with GIS information (lidar, land use, and soil 

information) were input into the models.  QGIS was used to extract an approximate general 

limit of the study area from the larger GIS information that was provided by the client (Figure 

1).  The US Army Corps of Engineer’s Hydrologic Engineering Center Hydrologic Modeling 

System (HEC-HMS), that is designed to simulate the precipitation-runoff processes of dendritic 

drainage basins, was used for hydrologic analysis.  Using Lidar information from Cayman Lands 

and Survey website, a terrain model, in Grand Cayman datum, of the study area was built using 

QGIS for input into HEC-HMS [2].  HEC-HMS was used for delineating the drainage area and 
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subcatchments from the terrain model and to define their characteristics for the model and 

rainfall-runoff studies (Figure 2 and Figure 3).  Watershed and subcatchment boundaries are 

determined in the analysis at the accuracy of the terrain model.  Refinement of the boundaries 

requires greater accuracy of the terrain model and local investigation, particularly along Frank 

Sound Road.  From the model, the general runoff direction is from the east and west towards 

the north.  

The groundwater lenses are generally situated under the high ground areas at the top of the 

watershed.  There is an exfiltration of the lenses into the mangrove areas of a small amount 

that is not included in the analysis.

Future land development along with the roadway corridor without stormwater volume and rate 

reduction measures will increase runoff occurring at a faster time into the mangroves.  With 

stormwater volume and rate reduction measures, such as the deep well injection methods 

currently utilized, is expected to reduce rates and volumes, but at an unknown amount due to 

the differences in the hydrologic methods utilized.  Future development has not been 

addressed in this study.

The outputs from the HEC-HMS model, including the delineated drainage area and hydrographs, 

were input to the US Army Corps of Engineer’s Hydrologic Engineering Center River Analysis 

Program (HEC-RAS) for preparing two-dimensional flood maps of the study area.  A 2D area of 

almost 22 sq miles was defined over the study area (Figure 4). The 2D area mesh contained 

more than 427,733 computational cells.  Additional information to run the HEC-RAS 2D model 

[3] including land use, infiltration, and manning’s coefficients [3&4] were prepared from the GIS 

information received along with information from the Cayman Water Authority, Department of 

the Environment, and Department of Agriculture on the soils and land use shown in Figures 5 

and 6.  The assumed Manning’s coefficient, percent impervious area, and soil infiltration 

information parameters are summarized in Table 1 and Table 2.  USGS guidelines and the HEC-

RAS 2D user manual were used for Manning’s coefficient and soil parameters selection.  The 

proposed roadway alignments were exported from AutoCAD into QGIS. The Proposed roadway 

shape files were generated in QGIS and then imported into HEC-RAS 2D for demonstration on 

the flood inundation maps.  Figures 10 through 15 show the final developed flood inundation 

and depth maps. 
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Figure 1 Study area boundary terrain model extracted by QGIS
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Figure 2 Delineated hydrological subcatchments for the study area
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Figure 3 The delineated drainage area overlayed with a bigger Cayman Island map
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Figure 4 defined two dimentional flow area in HEC-RAS
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