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The Hydrological Cycle 

Hydrology is the branch of science 
concerned with the properties of the 
Earth’s water, especially its movement in 
relation to land. The hydrological cycle is 
commonly illustrated as the movement 
of water – from the precipitation from 
clouds falling to Earth, water run-off 
down a mountain to a water body such 
as a river or lake, and finally, evaporation 
and trans-evaporation from said 
water body and trees. More detailed 
illustrations show the infiltration of 
rainwater into the ground, with further 
arrows into the groundwater aquifer and 
then on into the lake, completing the 
cycle. 

Urbanisation and a reduction in natural 
environments, such as grassland and 
tree cover, have impacted the natural 
flow of the hydrological cycle, and 
insufficient stormwater management 
systems, coupled with increased storm 
events caused by climate change, have 
led to an increase in flooding of urban 
areas.

Importance of Natural Environments 
on The Hydrological Cycle

Natural environments such as grassland 
and tree cover play an important role in 
the hydrological cycle and in reducing 

the negative impact of increased 
stormwater. Firstly, by providing a 
physical buffer, rainwater is slowed 
down as it makes its way to Earth, and 
therefore, the impact of rainfall on 
an area is lessened. Secondly, plant 
roots spread down through the soil to 
absorb water, keeping the soil structure 
permeable, with little air pockets acting 
as a sponge and allowing the infiltration 
of water down from the surface and 
through the ground. Roots also hold the 
soil together, helping to prevent erosion 
in times of high rainfall and a subsequent 
increase in run-off. 

When replaced with hard, impermeable 
structures such as concrete or buildings, 
the natural hydrology is disrupted, and so 
water can no longer soak into the ground 
to replenish important underground 
water reservoirs, a process known as 
groundwater recharge. Instead, water 
will accumulate on the surface and travel 
the shortest route to a water body – 
overland. With no mediation to the speed 
or amount of water travelling across the 
ground aside from insufficient urban 
drainage systems, the accumulation of 
stormwater, with nowhere else to go, will 
inevitably lead to areas of flooding.

Groundwater Recharge

Groundwater recharge is the process 
of water passing from the surface 
down through the soil to underground 
reservoirs. These reservoirs are 
incredibly important as they provide a 
major source of potable (drinking) water 
for the human populace in the area, and 
a decrease in water levels below ground 
can lead to an increase in the occurrence 
of subsidence or sinkholes. 

Several factors can affect the efficiency 
of groundwater recharge on top of 
urbanisation and removal of vegetation. 
These include the topography of the land, 
the type of soil type present, including 
the type of arenosol (soil made up mostly 
of sand), how deep the groundwater 
lies, soil moisture, slope of the lands, 
rainfall intensity and the porosity of the 
unsaturated zone between the surface 
and the groundwater (known as the 
vadose zone). The characteristics of the 
storm providing the excess water would 
also impact the rate of infiltration to 
groundwater.

Stormwater Management Practices

A range of mitigation measures have 
been designed and implemented over 
the years in areas of high flood risk, 
with most aiming to mitigate the effects 
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of water run-off on communities and 
their nearby receiving water bodies. 
Newer designs, including infiltration-
based stormwater management options 
(ISMOs), try to minimise impacts by 
reducing initial flooding and then by 
improving water quality and maintaining 
groundwater recharge, with low-impact 
development strategies (LIDs) utilising 
or mimicking natural processes to the 
same end goal. 

One example is bioretention areas, 
human-designed depressions in the 
ground which act as swales. Containing 
engineered soils and heavy vegetation, 
the flow of water from heavy rainfall 
is slowed and stored within the basin, 
slowly filtering pollutants as water flows 
out towards a nearby watercourse.

Similarly, infiltration basins capture and 
store excess run-off. However, unlike 
bioretention areas, the engineered soil 
structure of infiltration basins allows 
for water to slowly soak into the ground 
below the basin, and do not provide as 
efficient pollutant filters as basins with 
heavy vegetation. 

Pervious pavements incorporate a hard 
man-made mesh-like structure used for 
walking or parking on, below which lies 
a small stone reservoir which also stores 
excess water and allows it to slowly 
infiltrate into the soil below.

Case Study: Lehigh Acres, Florida

Mr Daniel Schroeder at the Emergent 
Technologies Institute worked with his 
team (including Dr Seneshaw Tsegaye 
of Florida Gulf Coast University, Mr 
Thomas Singleton of Thomas L. 
Singleton Consulting and Mr Ken 
Albrecht of Albrecht Engineering Group) 
to determine the effectiveness of ISMOs 
on groundwater recharge. They utilised 
a unique hydrologic and hydraulic (H&H) 
modelling approach, which incorporated 
percolation links into the design of 
infiltration ponds. The case study area 
selected was a proposed commercial 
development in Lehigh Acres, located in 
the southwest of the Florida peninsula. 
As with most of the drainage basins in 
the area, Lehigh Acres drains into the 
Caloosahatchee Estuary. The Florida 
Department of Environmental Protection 
identified the estuary as impaired in 2005 
and has since established a water quality 
environmental policy to try to improve 
the dissolved oxygen and nutrient 
levels within. To ensure improvement 
and prevent further detriment, new 
developments must meet specific 
requirements in regard to environmental 
protection, floodwater reduction, and 
increased water quality. 

The site lies within a Federal Emergency 
Management Agency ‘X’ flood zone, 
which is an area of minimal flood risk 
outside the 500-year flood area (0.2% 
chance of annual flooding) and is 

protected from 100-year floods (1% 
chance of annual flooding) by a levee. 
The overall planned development 
covered an area of 3630 m2, with the 
proposal including 490 m2 of parking 
spaces, 152 m2 of roof space, and 642 m2 
designated for Low Impact Development 
(LID) consideration. Run-off through the 
site flows from the north to the south 
and east, with water retained on the 
southern boundary by a pavement 
additionally acting as a dyke.

Hydrologic and Hydraulic Modelling 
Approach

The approach taken by Mr Schroeder and 
his team used Geographic Information 
System (GIS) and Interconnected Pond 
and Channel Routing (ICPR) software 
to model the effects of storm events, 
estimate groundwater recharge levels, 
quantify the benefits of using ISMOs, 
and evaluate the effectiveness of 
including LID sites in proposed urban 
development areas.

Their approach incorporated percolation 
links from the ICPR software whilst 
utilising the curve number (CN), an 
evidence-based parameter often used 
in hydrology for predicting run-off or 
infiltration from excess rainfall, and the 
Green-Ampt (GA) infiltration method, 
which assumes a standard initial 
moisture content, homogenous (same 
all over) soil with constant hydraulic 
conductivity (how easily water passes 
through), porosity, and suction. The 
ICPR software integrates surface water 
and groundwater modelling whilst using 
three primary building blocks: nodes, 
links, and basins. 

Spatial GIS data were input into the 
software along with other important 
data, including elevation, existing 
surface structures, and soil type (which 
was classified as the same arenosol type 
both pre- and post-development), and 
then a computational mesh of irregular 
polygons forming a honeycomb across 
the surface area was created, with each 
polygon containing its own infiltration 
loss calculations. A secondary 
groundwater mesh was also created 
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incorporating any existing drainage systems and underground 
saturated zones known as surficial aquifers. Further vertical 
interaction between the surface and groundwater honeycomb 
meshes allows for the multidirectional movement of water.  

Nodes placed at strategic locations across the drainage network, 
such as at existing and planned stormwater management areas 
and in unaffected depressions, were connected by links such as 
pipes, channels, and pumps to basins such as lakes, wetland 
depressions, and bioretention basins. 

Mr Schroeder’s team then modelled a range of rainfall scenarios, 
developed and designed stormwater management strategies, 
and evaluated mitigation benefits, modifying and refining 
the designs as they went along in order to meet development 
requirements. 

Flooded with Findings

Four analyses were performed using both the GA and CN 
hydrology methods, both run with and without percolation 
links. A substantial reduction of stormwater leaving the site 
was seen overall, especially in the two larger storm scenarios 
when percolation links were included in the modelling. The CN 
method was shown to capture additional infiltration volume 
compared to the GA method.

Three South Florida Water Management District storm event 
scenarios (100-year 3-day storms, 25-year 3-day storms, and 
5-year 1-day storms) were then run through the system to analyse 
the effects of percolation in modelling ISMOs and to determine 
maximum flow rate and peak stage for the study area. The 25-
year 3-day storm event was considered to determine maximum 
pre- and post-development flow rate design requirements, 
resulting in flow rates of 141 L/s and 11 L/s, respectively.

Minimum berm elevation was determined by results from the 
25-year 3-day design storm, with heights increased to consider 
construction tolerances such as berm settling or high storm 
winds pushing stormwater against a boundary. Building floor 
elevations were determined by 100-year 3-day design storms. 

A further 50% water quality treatment volume was able to be 
applied to the system with an increase in perimeter berm height 

and through interactive use of the two ponds connected by 
percolation links and surrounded by percolation zones. 

Cycling Back Around to Nature

Three scenarios were run using the GA method to model the 
effects of including nature-mimicking LIDs in the proposed 
development. These scenarios were the incorporation of roof 
rainwater harvesting methods, modification of impervious 
parking into pervious parking areas, and finally, a combination 
of the two. All storm events modelled with LID inclusion showed 
a reduction in stormwater leaving the site, with the 5-year 1-day 
storm showing a whopping six times reduction! 

Putting a LID on it

The results from Mr Schroeder and his team’s study indicate 
huge increases in infiltration and groundwater recharge, along 
with a reduction in the amount of stormwater leaving the site 
when ISMOs and percolation links were utilised. Even in a 100-
year 3-day storm event scenario without percolation links, one-
third of the stormwater that would have previously left the site 
as run-off instead contributed to groundwater recharge. 

Mr Schroeder’s study also leans positively towards the inclusion 
of LIDs in proposed development sites, and small-scale 
implementation of LIDs with percolation could be used to 
promote pre-development site hydrology. The study indicates 
how restoring natural infrastructure and LIDs can help address 
flooding and water resource scarcity issues, supporting 
sustainable development.

This study and approach did not fully incorporate neighbouring 
developments and their own stormwater management facilities 
and predicted run-off, nor the inclusion of wider regional or 
historical understandings of storm events. However, with 
maintenance plans put in place post-development, the H&H 
modelling approach allows for easy additions and modifications 
to a site, provides the ability to narrow down an area to gain 
greater detail, and helps provide clear predictions of water 
movement both horizontally and vertically within and out of a 
study area.
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