Uncertainty Analysis of Urban Green Space Water Requirement
Estimation Using the LCM-WUCOLS Method
(Case Study: Park-e-Shahr Tehran)

Abstract

Water scarcity in arid and semi-arid metropolitan areas has increased the need for accurate estimation of urban green-space
water requirements and improved irrigation efficiency. This study assessed the uncertainty of the LCM-WU COLS approach
and evaluated its applicability under Tehran conditions by comparing its estimates with those obtained from i-Tree Eco for
Plot 48 of Tehran City Park. Annual ETo, calculated from Hyderabad Station data using CROPWAT, was 1,286 mm. To
assign WUCOLS species factors, the climatic similarity between Tehran and selected California stations was evaluated, and
WUCOLS climate region 2 was identified as the most appropriate analogue. Considering the existing vegetation,
approximately 98% of the plot area was covered by turf grass, the annual landscape water requirement estimated by LCM-
WU COLS was 1,225 mm, while irrigation efficiency based on applied water was 45.5%. For direct'comparison with i-Tree
Eco, turf grass was excluded from the analysis. Under this condition, the baseline LCM-WU COLSgstimate was 772 mm
yr !, whereas i-Tree Eco estimated 1,043 mm yr'. Uncertainty analysis showed that varying the'Species and density factors
within their allowable ranges changed the LCM-WU COLS estimate from 566 to 1,003 mm ¥y ', corresponding to
approximately 27% below to 30% above the baseline estimate. The proximity“ef the upper uncertainty bound ta the i-Tree
Eco estimate highlights the decisive influence of coefficient selection on model aceuracy. he findings emphasize the need
for local calibration, improved irrigation scheduling, reduced use of water-intensive Vegetation, and field validation before
broader application across Tehran.
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Introduction

Urban green spaces provide important ecological and ocia} services, including microclimate
regulation, mitigation of the urban heat-island, effect, thproved air quality and, recreational
opportunities, and reduction of surface runoff. Maintaining these functions, however, requires
sustained irrigation, which is increasinglysehallenging in arid and semi-arid metropolitan
areas such as Tehran, wuhere watergresources;are limited. Accurate estimation of landscape
water requirements is therefore essemtial for irrigation scheduling, assessment of supplied
water, and identification of opportunitiesyto reduce losses caused by over-irrigation, runoff,
evaporation, and degpipercolatiomy, These considerations are particularly important where the
sustainability of conventionaland alternative water supplies is increasingly constrained.
Landscape water demand differs from agricultural crop water demand because urban green
spaces commonly, contain” mixtures of trees, shrubs, groundcovers, and turfgrass with
different water-use| GHaracteristics, canopy densities, and microclimatic exposures. The
Landscape Ceefficient Method (LCM) addresses this heterogeneity by adjusting reference
evapotranspiration (ETo) using three multiplicative factors: species (ks), vegetation density
(kd), and micreelimate (kmc). The Water Use Classification of Landscape Species (WUCOLS
[11), developed for California, is commonly used to assign relative species water-use
categories.

Previous studies have shown that LCM-WUCOLS is practical, requires relatively limited
input data, and can account for differences among landscape plant species. Applications in
Iran and other regions have generally reported acceptable performance for estimating urban
landscape water requirements. Nevertheless, their transfer to other environments may
therefore introduce uncertainty, particularly because the selection of specific coefficient
values within recommended ranges partly depends on expert judgment. Moreover, LCM-
WUCOLS does not explicitly represent individual plant characteristics such as age, size,
crown dimensions, leaf area, health status, and growth conditions. In contrast, i-Tree Eco



incorporates actual structural attributes of woody vegetation together with meteorological
information, providing an independent basis for evaluating LCM-WUCOLS estimates.

The present study was therefore designed to evaluate the applicability and uncertainty of
LCM-WUCOLS for estimating urban green-space water requirements under Tehran
conditions. Plot 48 of Tehran City Park was selected as the case study because of its diverse
vegetation and mixed irrigation system. The specific objectives were to: (1) estimate annual
landscape water requirements using LCM-WUCOLS; (2) compare the estimated requirement
with the actual amount of irrigation water applied to evaluate irrigation efficiency; (3)
independently estimate the water requirement of the non-turf vegetation using the hydrologic
module of i-Tree Eco; and (4) quantify the uncertainty associated with plausible variations in
the LCM-WUCOLS species and density factors. The central hypothesis was that coefficient
selection can substantially influence LCM-WUCOLS.

Method

A quantitative environmental case-study design combining deterministic Water-requirement
estimation, comparative modeling, field measurements, ane, scenario-basgd sensitivity and
uncertainty analysis was adopted. The study area was Plot 48 ofy\T ehramgCity Park, Tocated in
the eastern section of the park and covering an area of 4,343, m?\J he vegetatiominventory
comprised 997 plants or plant units representing 28 species_of trees, shrubs,“ornamental
plants, and turfgrass. Approximately 98%%ef thepplot area‘was occupied_by turfgrass, while
the remaining area consisted mainly of tree basins and%ose shrubs.

Annual ETo was estimated using meteorological data from Mehrabad Airport Synoptic
Station and the CROPWAT/CLIMWAT software envif@nment. The resulting annual ETo was
1,286 mm. Because WUCOLS Il is organizedhaccording to six California climate regions,
climatic compatibility between Tehran and_Califognia was evaluated before assigning plant
species factors. Monthly ETo values “from 18 representative stations of the California
Irrigation Managementinformation System (CIMIS) were compared with the Mehrabad data.
The comparison employed Tour evaluation eriteria: R?2, NRMSE, NNSE, and mean relative
ETo difference. Based,on the combined performance of these indicators, WUCOLS climate
region 2, showed the“greatest similarity to the climatic conditions of the Mehrabad reference
station and was therefore selected for assigning species water-use factors.

Landscape evapetranspiration under the LCM-WUCOLS approach was calculated as:
ETL=ETo x ks x Kdpx Ko

where kguissthe species factor, kq is the vegetation-density factor, and km is the microclimate
factor. Species, factors were assigned from WUCOLS IIl. Since WUCOLS provides
qualitative water-use categories rather than one unique numerical coefficient for each species,
the midpoint of the corresponding coefficient range was used in the baseline calculations.

For the existing vegetation, the dominance of turfgrass and its high water-use classification
resulted in an area-weighted ks of 0.794. A density factor of 1.2 was selected because of
relatively high vegetation density, short spacing among plants, substantial shading by mature
plane trees, and considerable vertical structural diversity. The microclimate factor was set to
1.0 because Plot 48 is located within a park and represents typical urban green-space
microclimatic conditions. Using these parameters together with the annual ETo of 1,286 mm,
the LCM-WUCOLS water requirement was calculated. Total annual applied irrigation water
(TWA) was subsequently calculated from measured discharge rates, the number of irrigation
devices (bubblers and sprinklers), irrigation duration and annual frequency. Irrigation



efficiency (IE), as defined within the LCM-WUCOLS framework, was calculated as the ratio
of ETL to TWA.

For an independent comparison, the hydrologic model implemented in i-Tree Eco was
applied to the tree and shrub vegetation. The model combines meteorological variables with
vegetation characteristics such as species, diameter at breast height, plant height, crown
characteristics, health status, and leaf area. It estimates potential evapotranspiration (PET),
actual evaporation and transpiration, intercepted precipitation, and avoided runoff at an
hourly time step and subsequently aggregates the outputs to annual values. Because the i-Tree
Eco analysis did not include turfgrass, the turf component was excluded from the
corresponding LCM-WUCOLS analysis to direct comparison between the two approaches.
Under the baseline non-turf scenario, ks = 0.5, kg = 1.2, and kmc = 1.0 were assumed.

Finally, a scenario-based sensitivity and uncertainty analysis was performegdsfer the non-turf
condition. kmc remained fixed at 1.0, consistent with the WUCOLS recommendation for park
environments. The species factor was varied from 0.4 to 0.6 because mostyspecies in Plot 48
were categorized as moderate water users, while the density factor was varied between 1.1
and 1.3 because the vegetation was classified as highly dense."kour cembinations of.the lower
and upper coefficient limits were evaluated in addition to the baseline scenario.

Results

Considering the existing vegetation configukatiom; tncluding, the turfgrass-dominated surface,
LCM-WUCOLS estimated an annual landscape watct, requirement of 1,225 mm yr'. Total
irrigation water applied to the site was approximately 2.69‘m°> m2 yr~'. Consequently, IE, was
approximately 45.5%. This result indicates a substdmtial discrepancy between estimated
beneficial water demand and the volume supplied through the existing irrigation program and
therefore reveals considerable potential for reducing water use through improved irrigation
management.

Under the non-turf condition, the annual ETo estimated by LCM-WUCOLS was 772 mm yr!
while i-Tree Eco hydrologieymodel estimated total annual potential evapotranspiration of
approximately 1,043 mam yr'. The LCM-WUCOLS baseline estimate was therefore 273 mm
lower, corresponding to_ amn,_approximately 26% lower estimate than i-Tree Eco. The
uncertainty apalysis demonstrated that coefficient selection constituted an important source of
variability in the,LCM-WWCOLS calculations. When ks and kg were simultaneously assigned
their lower values of 0:4 and 1.1, respectively, estimated annual water demand decreased to
566 mmgyrt, approXimately 27% below the baseline. The maximum estimate occurred when
both coefficients were set at their upper limits (ks = 0.6 and kq = 1.3), resulting in 1,003 mm
yr !, or appreximately 30% above the baseline value. Thus, variations in coefficient selection
within the recommended WUCOLS ranges produced a total estimation interval of 566—1,003
mm yr .

A particularly important observation was that the upper LCM-WUCOLS estimate of 1,003
mm yr ' approached the i-Tree Eco estimate of 1,043 mm yr'. This convergence suggests
that the discrepancy between the two approaches cannot necessarily be attributed only to a
fundamental difference between the models; rather, the particular values assigned to
WUCOLS species and density factors strongly influence the resulting estimate. Therefore,
locally appropriate selection and calibration of these parameters may significantly improve
agreement with models that incorporate actual vegetation structure and condition.

Conclusions



The findings demonstrate that LCM-WUCOLS is a relatively simple and operationally useful
approach for estimating urban landscape water requirements; however, its results are
sensitive to the selection of the coefficients. Because WUCOLS was developed under
California conditions, direct transfer of its empirical coefficients to Tehran without local
evaluation may introduce considerable uncertainty. The baseline non-turf LCM-WUCOLS
estimate was substantially lower than the i-Tree Eco estimate, whereas the upper uncertainty
scenario yielded a considerably closer value. This result confirms that coefficient selection is
not merely a procedural detail but a major determinant of estimated landscape water demand.

From a water-management perspective, the estimated IE of 45.5% is especially significant. It
indicates considerable potential to reduce applied irrigation water through better management
without necessarily compromising the estimated water requirement of the vegetation.
Recommended management actions include revising irrigation schedules, improving
operation of the existing irrigation system, separating irrigation zones according te the water
requirements of different plant groups, and reducing the proportion of“turfgrass and other
water-intensive vegetation. The present findings therefore Support the use of RCM-WUCOLS
as a practical estimation framework, while emphasizing that local calibrationand field
validation are essential prerequisites for its broader application.
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