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Abstract

Rooftop rainwater harvesting (RWH) offers a practical adaptation option for Mediterranean
cities where water scarcity is amplified by seasonal rainfall and climate variability. This
study reports early findings from a simplified monthly water balance screening model for
a typical residential building, driven by ERA5-Land monthly precipitation for Antalya and
[zmir (Tiirkiye). Scenarios cover roof areas of 250-3000 m? and practical tank capacities of
2-100 m3 under a fixed non-potable demand of 0.20 m3/day. The model tracks monthly
storage dynamics and supply demand in order to compute demand coverage and monthly
reliability (i.e., fraction of months in which full demand is met). Reliability-based stor-
age thresholds (>0.80) are derived for four evaluation windows (1996-2010, 2011-2025,
19962025, 1950-2025) to explore climate sensitivity. In parallel, a guideline-style sizing
which is consistent with the Turkish rainwater harvesting guideline is implemented using
a three-day storage rule based on the wettest month potential. To enable a like-for-like com-
parison, the collection losses are harmonized by setting loss to 0.10 in the simulation and
efficiency to 0.90 in the guideline method. The results show stable thresholds for Antalya
but stronger period sensitivity in Izmir. They also quantify cases where guideline sizing
does not achieve the target reliability under dry season constraints. This approach supports
the rapid, climate-aware pre-design of small- to medium-scale urban RWH systems.

Keywords: rainwater harvesting; monthly water balance; reliability; climate variability;
ERA5-Land; Mediterranean climate; Antalya; [zmir

1. Introduction

Rainwater harvesting can be traced back to ancient civilizations [1]. However, its
importance diminished when technology made it possible to build large water storage
systems and transport water over long distances. It is currently receiving attention again
due to the depletion of fresh water resources. A significant percentage of rainwater is
discharged through stormwater drainage systems without ever reaching the soil due to the
impervious surfaces in cities [2]. Rainwater harvesting enables water to be stored locally,
which helps to combat water shortages. Examples of rainwater harvesting can be seen
all around the world, and extensive research has been conducted into the applicability,
efficiency and cost of such systems [1,3-5].
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Mediterranean climates exhibit pronounced intra-annual rainfall variability, typically
characterized by wet winters and dry summers [6]. In urban areas, seasonality of rainfall
limits the effectiveness of rooftop rainwater harvesting (RWH) unless the storage capacity
is sized to bridge dry periods. At the same time, climate change can alter not only annual
precipitation totals but also the seasonal distribution of rainfall, affecting system reliability
and the storage-yield relationship. This study uses simplified screening models to provide
a practical route to quantify design thresholds and to compare heuristic guideline sizing
with performance-based targets.

This paper presents an early set of findings for Antalya and Izmir in Tiirkiye using
ERAS5-Land precipitation data and a monthly water balance model. A reliability target of
0.80 (80% of the months meeting full non-potable demand) was used to identify minimum
tank capacities across roof areas and evaluation windows. In addition, three-day sizing
is implemented according to the Turkish Rainwater Harvesting Guideline and compared
directly under harmonized loss assumptions [7].

2. Data and Methods
2.1. Precipitation Data and Evaluation Windows

Monthly precipitation time series (1950-2025) were extracted from ERA5-Land monthly
averaged data [8] at point locations representing Antalya (~36.89° N, 30.71° E) and Izmir
(~38.42° N, 27.14° E). To explore climate sensitivity while keeping the analysis transpar-
ent, four evaluation windows were used: 1950-2025 (long window), 1996-2025 (modern
baseline), and the two recent sub-periods of 19962010 and 2011-2025.

Across these windows, Antalya shows a reduction in mean annual precipitation from
approximately 1213 mm (1996-2010) to 1065 mm (2011-2025), while Izmir decreases from
about 767 mm to 714 mm. Notably, Izmir exhibits a modest increase in average dry season
monthly precipitation (Apr-Sep) from 25.2 mm to 28.0 mm, which is relevant for storage
reliability under a fixed demand.

2.2. Monthly Water Balance Model

A conceptual building-scale RWH system was evaluated using a simplified monthly
mass balance. Monthly inflow is computed as [9]:
[ = Pmm,month A-C .(1 . L) (1)
" 1000 ' '
where P monsn is monthly precipitation (mm/month), A is roof area (m?), C, is runoff
coefficient (0.85), and L represents effective collection losses. Monthly storage volume, S,
cannot exceed the tank capacity; therefore, it is calculated as:

S = min (Smax, max (0, Sy1y + I = D)), @)

where S,y is the tank capacity (m3), S,_1 is the storage volume left from the previous
month (m?), I, is the monthly inflow from rainfall (m?), and D,, is the monthly water
demand (m3). The formulation ensures non-negative storage and prevents overflow beyond
the tank capacity. Whether or not the monthly demand can be met according to accumulated
water volume can be calculated as:

Qu = min (D Spyry + I ), 3)

A fixed non-potable demand of 0.20 m3/day is converted to monthly demand using
the number of days in each month. Scenarios span roof areas of A = 250, 500, 750, 1000,
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1500, 2000, and 3000 m? and practical storage capacities of S = 2, 5, 10, 20, 30, 40, 60, 80,
and 100 m3. Losses were set to L = 0.10 (i.e., 90% effective capture) for all simulations.

2.3. Performance Metrics and Reliability Threshold

A reliability analysis [10] was carried out to check whether the minimum tank capacity
met the required demand. Demand coverage is defined as the ratio of the total supply to
demand (i.e., £Qy, /XDy,). Monthly reliability is defined as the fraction of months where
supply equals to demand (Q;; = D), and, therefore, where full demand is met for each city,
period and roof area, the minimum tank capacity meeting reliability >0.80 is reported as
the screening threshold. The analysis includes all months within the defined evaluation
windows for each city, period and roof area.

2.4. Guideline (Guideline-Style) Sizing and Harmonized Losses

To compare performance-based thresholds with common design heuristics, a guideline-
style sizing was implemented using a three-day storage criterion anchored to the wettest
month daily potential. The simplified guideline storage volume, Squideline (m3), was esti-
mated as:

Sguideline: 3 - min (Dday/ Iday, max-month) 4)

where D, is the average daily water demand (m3/ day) and Ly max-montn Tepresents the aver-
age daily inflow (m3/day) derived from the wettest month within each evaluation window.

The daily inflow was calculated by dividing the maximum monthly precipitation
P ax-montn (m/month) by the number of days in the respective month 74, and multiplying
by the catchment area A (m?), runoff coefficient C,, and system efficiency Es

Priax-month
Idﬂy,max—month = %W‘A -G - Ef (5)
ays

To ensure a like-for-like comparison with the dynamic simulation framework, the
guideline efficiency factor was set to E¢ = 0.90, consistent with the assumed 10% system
loss used in the simulations.

3. Results

Table 1 shows the minimum tank capacity (m3) required to achieve a monthly reliability
threshold of 0.8 for each roof area and evaluation window, hereafter denoted as Sg,gp. It
can be stated that despite the reduction in mean annual precipitation in 2011-2025, Antalya
exhibits stable reliability thresholds across all evaluation windows. The minimum tank
meeting reliability threshold value, 0.80, remains at 10 m? for a roof area of 250 m?, at 5 m?
for a roof area of 500 m?, and at 2 m? for a roof area 750 m2 or more. This robustness reflects
both Antalya’s higher winter rainfall volumes and the fact that modest storage can satisfy
fixed demand for moderate-to-large roofs.

In contrast, Izmir exhibits greater sensitivity to small roofs, where limitations during
the dry season are more significant. For an area of 250 m?, the required tank size decreases
from 20 m3 between 1996 and 2010 to 10 m® between 2011 and 2025, while the long-term
(1950-2025) and modern (1996-2025) figures converge at 20 m®. For an area of 500 m?, the
threshold is 10 m? across all windows. For an area greater than 1500 m?, a tank capacity
of 2 m? is sufficient. These patterns suggest that the last few decades in Izmir have seen
marginally higher dry season rainfall (see Figure 1), which improves month-to-month
reliability for small roofs, even though annual totals have declined.
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Table 1. Minimum tank capacity (m?) required to achieve >0.80 monthly reliability for each roof area
and evaluation window (demand = 0.20 m3/ day, C, = 0.85, L = 0.10).

Roof Areas (m?)

City Period 250 500 750 1000 1500 2000 3000
19502025 10 5 2 2 2 2 2
Antalva 19962010 10 5 2 2 2 2 2
y 1996-2025 10 5 2 2 2 2 2
2011-2025 10 5 2 2 2 2 2
19502025 20 10 5 5 2 2 2
i 1996-2010 20 10 10 5 2 2 2
Zmir 1996-2025 20 10 5 5 2 2 2
2011-2025 10 10 5 5 2 2 2

Antalya izmir

250

Mean monthly precipitation (mm/month)
Mean monthly precipitation (mm/month)

50

-~ 1996-2010
~o- 2011-2025
-~ 1996-2025
04—~ 1950-2025

-8~ 1996-2010
~e- 2011-2025
8- 1996-2025
0 —o= 1950-2025

Py

@Y S @S Y

Figure 1. Monthly precipitation climatology for Antalya and Izmir across the evaluation windows
(ERA5-Land monthly series).

The reliability curves in Figure 2a,b further illustrate the roof-area effect: larger catch-
ment areas reach the target reliability with smaller tank capacities, whereas small roofs
remain more sensitive to storage volume and seasonal rainfall variability.

Monthly reliability versus tank capacity — Antalya
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Figure 2. (a) Monthly reliability versus tank capacity for selected roof areas in Antalya (demand =
0.20 m3/day, C, = 0.85, L = 0.10). (b) Monthly reliability versus tank capacity for selected roof areas
in Izmir (demand = 0.20 m3/day, C, =0.85, L =0.10).

4. Discussion

Table 2a,b compare the guideline-based sizing and reliability-based sizing (>0.80)
presented in Table 1 for Antalya and Izmir, respectively. Storage capacity according to the
guideline is based on a three-day criterion and rounded up to the next practical tank size
before achieving the reliability target.

Table 2a,b illustrate the divergence between heuristic sizing rules and performance-
based reliability targets in seasonal climates. Under the harmonized loss assumption
(Ef=0.90, L = 0.10), the guideline-style three-day criterion yields a theoretical storage
of approximately 0.6 m® (3 x 0.20 m3/day) in many cases. However, when rounded to
the smallest practical tank size (2 m?), it often fails to achieve a reliability level of at least
0.80 for small roofs. For instance, for an area of 250 m? between 1950 and 2025, the reliability
achieved with the rounded guideline tank is 0.671 in Antalya and 0.626 in Izmir, which is
below the target due to deficits during the dry season.

An insight relevant to climate change is that changes in annual totals alone are insuffi-
cient for design screening; the seasonal distribution of rainfall determines how frequently
the system can meet monthly demand without depletion. In Izmir, despite lower annual
totals, recent decades have shown slightly higher dry season precipitation (Apr-Sep), which
has reduced the required tank size for an area of 250 m? from 20 m? (1996-2010) to 10 m3
(2011-2025). This demonstrates that climate change can modify seasonality in unexpected
ways, shifting reliability thresholds, and highlights the importance of evaluating multiple
time periods rather than relying on a single climatology.

For Antalya, the thresholds remain unchanged across the different time periods, sug-
gesting that, given the assumed level of demand and the sizes of the roofs tested, the system
is less sensitive to the recent reduction in annual precipitation. This robustness is consistent
with higher winter rainfall volumes, which enable storage to recover after dry months.
However, the reliability of the smallest roofs during the dry season remains substantially
lower than during the wet season. This implies that climate-driven lengthening of the dry
season or reductions in spring rainfall would increase the required storage, a factor that
should be considered in future work through the use of perturbed seasonal scenarios.
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Table 2. (a) Guideline-based sizing versus reliability-based sizing for Antalya. (b) Guideline-based
sizing versus reliability-based sizing for [zmir.

Period Roof Area (m?) Sguideline 155'35:323 Reliability SRelgo Sguideline — SRelso
(m?3) (m?) (Guideline) (m3) (m3)
(a)
250 0.6 2 0.671 10 —9.400
500 0.6 2 0.759 5 —4.400
750 0.6 2 0.805 2 —1.400
1950-2025 1000 0.6 2 0.832 2 —1.400
1500 0.6 2 0.861 2 —1.400
2000 0.6 2 0.891 2 —1.400
3000 0.6 2 0.928 2 —1.400
250 0.6 2 0.689 10 —9.400
500 0.6 2 0.772 5 —4.400
750 0.6 2 0.828 2 —1.400
1996-2010 1000 0.6 2 0.856 2 —1.400
1500 0.6 2 0.894 2 —1.400
2000 0.6 2 0.922 2 —1.400
3000 0.6 2 0.950 2 —1.400
250 0.6 2 0.686 10 —9.400
500 0.6 2 0.764 5 —4.400
750 0.6 2 0.814 2 —1.400
1996-2025 1000 0.6 2 0.842 2 —1.400
1500 0.6 2 0.872 2 —1.400
2000 0.6 2 0.906 2 —1.400
3000 0.6 2 0.942 2 —1.400
250 0.6 2 0.683 10 —-9.400
500 0.6 2 0.756 5 —4.400
750 0.6 2 0.800 2 —1.400
2011-2025 1000 0.6 2 0.828 2 —1.400
1500 0.6 2 0.850 2 —1.400
2000 0.6 2 0.889 2 —1.400
3000 0.6 2 0.933 2 —1.400
(b)
250 0.6 2 0.626 20 —19.400
500 0.6 2 0.732 10 —9.400
750 0.6 2 0.772 5 —4.400
1950-2025 1000 0.6 2 0.786 5 —4.400
1500 0.6 2 0.814 2 —1.400
2000 0.6 2 0.840 2 —1.400
3000 0.6 2 0.884 2 —1.400
250 0.6 2 0.628 20 —19.400
500 0.6 2 0.706 10 —9.400
750 0.6 2 0.756 10 —9.400
1996-2010 1000 0.6 2 0.767 5 —4.400
1500 0.6 2 0.817 2 —1.400
2000 0.6 2 0.828 2 —1.400
3000 0.6 2 0.889 2 —1.400
250 0.6 2 0.636 20 —19.400
500 0.6 2 0.725 10 —9.400
750 0.6 2 0.769 5 —4.400
1996-2025 1000 0.6 2 0.781 5 —4.400
1500 0.6 2 0.817 2 —1.400
2000 0.6 2 0.831 2 —1.400
3000 0.6 2 0.881 2 —1.400
250 0.6 2 0.644 10 —9.400
500 0.6 2 0.744 10 —9.400
750 0.6 2 0.783 5 —4.400
2011-2025 1000 0.6 2 0.794 5 —4.400
1500 0.6 2 0.817 2 —1.400
2000 0.6 2 0.833 2 —1.400
3000 0.6 2 0.872 2 —1.400
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5. Conclusions

A simplified monthly water balance screening framework was used to derive
reliability-based storage thresholds for rooftop rainwater harvesting (RWH) in two Mediter-
ranean cities in Turkey: Antalya and Izmir. ERA5-Land precipitation data was used for
this analysis. With a fixed demand of 0.20 m®/day and a loss of 0.10, Antalya exhibits
stable reliability thresholds of >0.80 across all evaluation windows (10 m?3 for 250 m?,
5m3 for 500 m? and 2 m? for >750 m?). Izmir requires larger storage for small roofs and
exhibits sensitivity to periods linked to changes in dry season rainfall, which highlights the
importance of climate-aware evaluation windows. Even when harmonized via efficiency
(Ef = 0.90), a guideline-style three-day sizing can under-size storage with respect to a
reliability target for small roofs, highlighting the importance of performance checks during
the early design stage.

Future work will extend the screening to additional Mediterranean cities and test
climate-perturbed precipitation regimes (e.g., seasonal scaling factors) to quantify robust-
ness margins for both guideline-based and reliability-based designs.
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