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Rezumatul propunerii de proiect:

Utilizarea tehnologiilor moderne de masuratori geodezice si topografice urmareste
atingerea unor obiective importante s1 in agricultura si silvicultura de precizie. Acest proiect
propune utilizarea vehiculelor aeriene fara pilot (UAV) s1 tehnologia LiIDAR pentru a obtine
date geospatiale de interes in timp rapid, care vor contribui la optimizarea problemele legate
de datele din teren cu care se confrunta agricultura, horticultura si silvicultura. Metodele sunt
propuse pentru cresterea eficienter oferite de drone, prin gestionarea s1 organizarea
corespunzatoare a datelor, impreuna cu sistemele de pozifionare globala s1 analiza spatiala
folosind sisteme de informatii geografice. Prezentul proiect is1 propune sa exploreze, sa
evalueze si sa inoveze achizifia de date si sa consolideze nevoia de studii calitative, eficiente
st precise ale modelarii 3D a terenurilor in vederea monitorizarii eroziunilor, precum s1 sa
sprijine procesul de modelare a norilor de puncte in agricultura si silvicultura de precizie.
Avand in vedere ca agricultura este una dintre cele mai mari ramuri ale economiei, care
trebuie sustinuta peremptoriu pentru ca asigura resursele necesare omenirii, s1 masuratorile
topografice trebuie sa evolueze pentru a o putea sustine.
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Noutatea  proiectulu1  propus consta  1in
interdisciplinaritatea datelor s1 cunostintelor, precum si in
combinarea pragmatica si armonioasda a unor abordari din
diferite domenii cu scopul de a asigura generarea unui nor

de puncte de mare precizie, cu ramificatii s1 implementari
ulterioare.

Propunerea de proiect presupune utilizarea
platformelor UAV (drone) folosind ca senzori camera
fotogrammetrice RGB ce ofera o foarte buna rezolutie, cat
s1 scanari laser cu sensor LiDAR.
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Intrucat fiecare senzor are anumite avantaje si
dezavantaje, se doreste fuziunea norilor de puncte s1 a
modelelor de elevatie in functie de particularitatile terenului
s1 a zonel studiate. Astfel, zonele cu textura buna si fara
vegetatie se vor selecta din norul de puncte fotogrammetric,
1ar zonele cu vegetatie vor 1 reprezentate din scanarile laser
LiDAR.

Modelul 3D obtinut o sa asigure o precizie ridicata
pentru reprezentarea terenului, cat s1 a elementelor din
teren. Implementarile ulterioare posibile sunt variate, dar in
cadrul proiectulur se doreste o monitorizare a eroziunii
solului prin metodele descrise, cat si o implementare in
silvicultura.
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Tabelul 3. Cele 4 pachetul de lucru ale proiectului propus cu descrierea activitatilor

WP1 Obiectivul I. Realizarea DFM cu achizitia hibrida de date si fuziunea norilor de puncte cu caracteristici
diferite
Descrierea activitatilor | inceputul - Sfarsitul lunii | L1-L5

ALl Testarea sistemului UAV, a senzorilor si a software-ului; activititi complementare ad interim | L1 - L3
Procedurn: pentru testarea echipamentelor, analiza suplimentar a literaturu de specialitate, pagina web a protectului etc.
A.L2 Zboruri de testare cu sistemul UAV, planificarea misiunii si achizitia de date LIDAR/SfM intr-un mediu controlat.
|L3
Odati ce echipamentul necesar a fost verificat s1 testat, primi pasi pentru dezvoltarea s1 testarea DFM-ulut precomizat vor fi
facuti in curtea si terenul de testare al Facultitn de Constructit, Cladirea Observatorulus, UTCN. Mediul controlat pentru testele
initiale oferd un spatiu de manevri adecvat s1 conditu de sigurantd. De asemenea, acesta contine un amestec de diferite tipun
de teren. nivelur: de vegetatie s1 o multime de structuri solide cu textun diferite. Vor fi testate mai multe softurt de planificare
a mustunilor in functie de sistemul de drone (de la DJI Pilot, la DroneDeploy, UgCS, Pix4D) pentru 2 selecta cea mai buna
solutie compatibila s1 eficientd. Terenul va fi pregitit cu marken specifici, GCP pentru procedee SIM s1 puncte de control pentru
verificarea datelor LIDAR/SEM. coordonatele markerilor fiind determinate cu ajutorul instrumentelor s1 metodelor topografice-
geodezice. Numairul optim de GCP-urt s1 amplasarea lor se va face in conformitate cu concluziile lui Oniga et all (2020).
A L3 Prelucrarea datelor LiDAR si fotogrammetrice | L4
Datele LiDAR vor consta in procesarea tratectoriel senzorului s1 a punctelor brute, pentru a obtine un nor de puncte 1mtial.
Urmatoarea etapd va consta in alinierea benzilor LiDAR, reducerea zgomotului, colorarea norului de puncte, clasificarea s1
eliminarea vegetatier. Softurile utilizate sunt TOPOLIDAR Post Processing, Global Mapper s1 LIDAR360. De asemenea.
aceastd etapa va include transformarea din WGS in Stereografic 1970
Datele fotogrammetrice vor fi prelucrate cu ajutorul softului specializat Agisoft Metashape Proffesional Edition. Fluxul de
lucru va consta in metodologi stabilite (Sestras ef al.. 2020), cu o atentie deosebitd acordatd proceselor de georeferentiere
pentru a obtine cea mai buna precizie. Etapele vor consta in alinierea fotografuler, construirea punctelor de legatura, GCP de
referinta, construirea norului dens, plasa. texturd, DEM, ortomosaic. Ulterior. datele vor fi exportate in diferite formate de fister,
Jpg/.png pentru ortofotografie, .tif pentru analiza spatizld GIS s1in format las pentru procesarea ulterioard a norului de puncte.
A.L4 Fuziunea optima de date a caracteristicilor selectate, DEFN | L5
Ambu non de puncte derrvatt de senzon vor fi analizati s1 expenimentats in contmuare in cadrul acester activititi. Desi studule
LiDAR s1 SfM se bazeaza pe acelasi datum (sistemul de coordonate stereografice 1970). se va acorda o atentie deosebita fuziunn
dintre cele doud setur1 de date s1 evaluaru eventualelor discrepante dintre blocul LiDAR s1 blocul de imagini. Pe baza
cunostintelor noastre de specialitate, diferentele nu ar trebui s3 depaseasca citiva centimetri. Software-ul utilizat in aceste etape
de fuziune a datelor selectate va fi LIDAR 360 si CloudCompare, pentru a obtine DFM-ul preconizat. In cazul in care situatia
o impune, se vor uttliza algoritmi de viziune computerizata, cum ar fi ICP, pentru a minimiza diferenta dintre do1 norni de puncte,
asa cum este descris de Doumit (2020).




Tabelul 4. Descrierea rezultatelor obtinute asociate cu activitatile proiectului

No. Rezultate I"\r I]fata de
activitate livrare
R1 Revizuirea literaturii cu privire la datele disponibile privind scopul proiectului, AL1 I3
verificarea sistemului UAV, galeria foto a site-ului proiectului S
R2 Zboruri de testare, test de calibrare a camerer, achizitie de date Al2 L3
R3 Prelucrarea datelor LiDAR s1 fotosrammetrice AT3 L4
F4 | Fuziunea datelor si dezvoltarea DFM Al4 L3
B5 | Doui studu de caz privind analiza de precizie a norului de puncte s1 DFM zlobal ATLI&ATL2 L7
R& | Unraport de cercetare bazat pe R2-RS5 care urmeaza =3 fie incorporat in vutoarele A3 I8
articole stuntifice T
R7 Identificarea fenomenelor de eroziune st alunecarilor de teren active st ATIT14& 117
monttorizarea multianuzli a deplasiriler pe baza DFL stabilite ATIL2 '
B8 | O lucrare de cercetare bazata pe R 7 trimisa la o revistd cu IF (WoS) s1 o participare _
o . N AIIL3 L18
la o conferintd internationala.
B9 | Identificarea vegetatiel adecvate unw protect de agricultura s1 silvicultura de ATV.1& 113
precizie pe baza DEM stabilite ATIV.2
R10 | O lucrare de cercetare bazatd pe B9 trimisi la o revista IF WoS ATIV3 L18
F11 | Raport final MMomt. L20
Tabelul 5. Planul de lucru esalonat in timp
Numirul lunii
WP ‘!mt'123456?89101112131415161?181920
All
Al2
I AL3
Al4
AILl
II AIL2
AIL3
ALl
I AIIL2
AIIL3 I
AV
v AlIV.2
AIV.3
Mgmt. | Raport final
Management
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Abstract

The complex environmental process of soil crosion is crucial to sustainable land management and
conservation. This study uses the Universal Soil Loss Equation (USLE) model to understand the intricate
interactions that cause soil crosion in Cluj County, Romania, a region susceptible to complex crosion and
landslide phenomenon. The established analysis depicts crosion patterns from localised hotspots to regions of
relative stability, providing valuable insights into this critical issue. Spatial distribution maps with color-coded
gradients show soil erosion risk and identify vulnerable regions, with temporal investigations depicting how
environmental changes affect soil erosion, making it relevant to soil conservation and land management. A
careful analysis of the USLE model’s parameters (Ls, Cs, C, S, K) shows their soil erosion contributions. The
erosion rates were graded in five classes in accordance to general practices of USLE modelling, which range
from vcry-low, low, moderate, high and vcry-high susccptibiliry to soil erosion. While a signific.mr majority of
the counry's surface is represcntcd by very-]ow and low erosion risk, several ]mtspots were identified with

intense crosion processes that highlights the critical need to implcmcm soil conservation measures in the area.

Received: 26 Jun 2023. Received in revised form: 24 Sep 2023, A d: 26 Sep 2023. Published online: 26 Scp 2023,
From Valume 49, Issue 1, 2021, Norulae Botanicae Horti Agrobotanici Cluj-Napoca journal uses article numbers in place of the

traditional method of continuous pagination through the volume. The journal will continue to appear quarterly, as before, with four
annual numbers.
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provide policymakers with uscful information for developing improved guidelines for soil and warter
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Introduction

Soil erosion posesa significant environmental concern on a global scale, since it leads to the depletion of
fertile topsoil and consequent reduction in agriculrural productivity (Spalevic er af, 2020). Due to the
increasing focus on advancing soil erosion models for more accurate estimation of soil loss at watershed and
basin scales, the issues of soil loss and sediment supply have emerged as significant global difficulties in
contemporary times. Direct measures of erosion in a watershed can be obrained by quantifying the mobility of
solid particles within the downstream portion over an extended period of time (Goci¢ er af, 2020; Mohammadi
er al, 2021). In cases where hydrometric and discharge dara for a cerrain watershed are insufficient, the
utilisation of modelling techniques emerges as a viable and established method for assessing the extent of
erosion and discharge within said watershed. Mathemarical erosion models were developed to predict the
extent of erosion and the quantity of silt generated, owing to these causes. A multitude of soil erosion models
have been developed globally with the aim of assessing the extent of soil erosion and the maximum discharge
capacity at the regional or basin scale (Greiner er al, 2017; Sestras er af, 2023). The Universal Soil Loss
Equation (USLE) developed by the Unired States Department of Agriculture (USDA) has played a significant
role in the realm of soil erosion research and land management for an extended period of time (Rosca eral,
2014). Since its establishmenct in the late 1960s, this empirical model has offered significant insights into the
intricate mechanisms thar regulate soil erosion. It has proven to be a pragmaric instrument for evaluating the
hazards associated with soil loss and directing conservation endeavours in various geographical settings
(Devatha er al, 2015; Girmay er af, 2020; Mazigh er al, 2022). Given the escalating complexities associated
with alterations in land use, fluctuations in climatic patterns, and growing global environmental apprehensions,
the USLE model has m.‘quircd htig}mzntd importance in the realm of current soil conservation and land
management.

Erosion is an intrinsic natural phcnomtnnn that can vaidc signific:mt ramifications for the overall
Wcll-bcing of soil, the quality of water, and the intcgriryofecusystcms (Mancino eral,2016; Kruk eral, 2020).
The repercussions of this phcnomcnon have widt-rnnging imp]ic:ltiuns that transcend btyond the :lgricu]turc
sector, exerting influence on the susminabiiiry of urban devc]opmcnrs, infrastrucrure, and the broader
environment (Baghcrz:n:ich, 2014; Alewell eral,2019; Youssef eral, 2023). In light of the ongoing expansion
of the world Populﬂtion, it has become incrcasing]y crucial to comprehcnd and address the hazards associated
with soil erosion. This urgency arises from the need to snfcgunrd food security, preserve water resources, and
cffectively administer our landscapes in a sustainable manner (Ahmad and Verma, 2019).

This research study aims to comprehensivcly explorc the USLE erosion model, cnmmp:lssing its
historical evolution, theoretical foundations, and Prm:tic:\l implemcmations. The Objectivt of this study is to
vaidc a comprc]lcnsivc analysis of the model's inherent acivanmg:s and drawbacks, examine current
dfvclopmcnts and alterations, and evaluarte its app]ic:lbiliry in light ofclmnging environmental circumstances.
In undcrmking this endeavour, our aim is to offer a thorough examination of the Ppresent condition of the USLE
model and its Pprospects for future advancements in the realm of soil erosion forccnsting.

The prim:lry obj:ctive of this article is to Providc researchers, land managers, and Po]icym:lkcrs with a
comprchcnsivc undcrsmnding of the USLE model. By doing s0, it aims to enhance their abi]ity 1o make well-
informed decisions and impicmcnt mrgctcd conservation initiatives. In the context of contemporary soil
erosion Prcdiction, the USLE model continues to serve as a hsipfui instrument, aiding us in the pursuit of
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sustainable land management strategies and the promotion of environmental stewardship (Dmgin:evin: ctal,
2018; Ghosh eral, 2022). The DbjEEtiVC ofacquiring a comprehcnsivc map encompassing all areas ofricgmdcd
terrain is to emphasise their spatial arrangement, particularly the regions exhibiring the highest concentration
of soil erosion. This facilitates the consideration of both structural and non-structural approaches to mitigate
crosion-induced deterioration (Costea cr af, 2022).

The phenomtnon of soil erosion is a multifaceted environmental concern that has wide-mnging
implications, underscoring the necessity of employing rigorous approaches for both forecasting and mitigating
its cffects (Verheijen er af, 2009; Sabzevari and Talebi, 2009). This sccrion provides a description of the
materials and methods employed in our research, whereby it was employed the Universal Soil Loss Equation
(USLE) model to evaluate the potential for soil erosion in the selected study region.

Marcrials and Methods

Smufy:u‘f:i

The study rcgion, which pla}m a crucial role in providing context for our findings, was mcticulously
delineated. The geographical locations, dimensions, and significant environmental factors, including historical
context relared to soil crosion in the region, were taken into consideration. Cluj County, encompassingan arca
of 6674 square kilometres, is situated in the northwestern region of Romania, positioned berween the
laticudinal paraiieis of 46°24'47" and 47°28'44" north, and the iongitudinai meridians of 23°39'22" and
24°13’46" cast. This county has a total of 81 Territorial Administrative Units (TAUs). Cluj County s situated
in the central region of Transylvania, where it intersects with three significant physical-geographical regions:
the Transylvania Plain, the Somegan Platcau (including the Cluj and Dej Hills), and the Apuseni mountain
arca (Figure 1). The presence of diverse gcomorphological, lithological, bioclimatic, and pedological
characteristics contributes to a significant range of vegetaton components within this particular region
(Bilasco eral, 2009).
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Figure 1. The geographical location of the study arca



Sestras P eral (2023). Not Bor Horri Agrobo 51(3):13263

A breakdown of the county's land usage reveals thar agricultural land accounts for 63.8% of the rotal
area, while forest land occupies 25.1%. Constructions occupy 2.9% of the land, roads cover 1.8%, and degraded
and unproductive land make up 5% of the county's territory. The topographically clevated region inside Cluj
County is considered a constituent component of the broader Transylvanian Depression from a geographical
standpoint. This region is characterised as the most extensive negative morphological area within the
Carpathian Mountain range. It was formed as a result of alpine tectonic activity, exhibiting a predominantly
hilly and platcau-like topography. The arca is divided into distinct sequences of geomorphological zones, which
are arranged in a nearly concentric manner. These zones progressively decrease in clevation from the outermost
to the innermost regions. Notably, there are significant variations in both structural composition and relief
characreristics observed across different areas within this region (Sestras eral, 2023).

Methodological approach and darabase

The present study utilised an extensive dataset including soil characteristics, precipitation patterns, and
land urilisation information to foster a full comprehension of the dynamics of soil erosion. The USLE model
is dependent on a number of crucial characteristics, all of which are necessary in order to provide precise soil
crosion prediction. The methodologies employed for determining these characteristics were delincated. The
process of soil crosion is governed by several geomorphological elements, such as slope length and steepness, as
well as climatic and soil propertics (Desmet and Govers, 1996; Jiang cr af, 2023). Additionally, land cover
management practises also play a role in this process. This work presents a geographic information system (GIS)
based model that aims to calculate and visualise the regions that are susccptiblc to soil erosion in C]uj County.
During the implementation phase of the USLE model, a vector and raster GIS dartabase were developed to
encompass the geographic unit under research (Figure 2). This was achieved by the utilisarion of sparial analysis
methodologies and database queries, which facilitated the quantitative assessment of the soil volume eroded

within the designated study region.
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Figure 2. Methods for calcular.ing soil erosion using the USLE model
The calculation of the crosion rate was determined using the widely recognised Universal Soil Loss

Equarion (USLE), as modified by Motoc eral in 1975 based on the work of Wischmeier and Smith in 1965.
The compurarional framework of the model incorporates five primary components in the estimarion of soil
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crosion within a certain geographical region. Each clement represents a quantitative evaluation of a distinct
situation that has an impact on the severity of soil erosion within a certain geographical area. The erosion values
exhibit a concurrent relationship with climaric fluctuations, so rendering the values derived from the Universal
Soil Loss Equation (USLE) more accurate by employing long-term average values (Costea er af, 2022). The
formula can be expressed as follows:

E=K*Ls*S$*'C*Cs (1

The variable E represents the mean annual rate of surface erosion, measured in tonnes per hectare per
year. The correction coefficient, denoted as K, is a measure of climatic aggressivity, specifically in relation to
rainfall. It serves as an indicator of the n:rodibility index associated with precipitation. In its initial form, the
USLE was the camulartive annual product of the erosive rainfalls’ energy (E) and their grearest intensities during
a 30-minute period (I30). Indirect estimation approaches have been developed to address the challenge of
directly calculating rainfall eredibility, given meteorological stations do not currently record rainfall intensity.
These methods rely on statistical relationships between crodibility and other quantifiable factors. The slope
length coefficient Ls and slope degree are topographic factors thar serve as coefficients in the analysis of a
rescarched region. These factors are determined by considering both the slope and length of the arca under
investigation (Kinnell, 2005). As the length of the slope increases, there is a corresponding increase in the
quantity of cumulative runoff. Morcover, it should be noted that there exists a positive correlation between the
steepness of aterrain's sloPc and the vclocity of the runoff, which in turn leads to an increased contriburtion to
the process of erosion. The correction coefficient for soil erodibility § denotes the capacity of soil or rock ro
withstand the erosive forces exerted by rainfall and the micro currents induced by the movement of
meteorically derived water. The correction coefficient, denoted as C, pertains to the cover-management factor
and plant features. It quantifies the ratio between soil loss from land with a certain vegetation type and the soil
loss from an equivalent area of continuous barren land. The values of erosion are contingent upon factors such
as vegetation cover, management practises, as well as the growth stage and degree of cover during periods of
high rainfall-induced erosion. The correction cocfficient, denoted as Cs, is utilised to account for the impact
of crosion control measures. The aforementioned factor pertains to the practise of conservation. Values arc
derived from empirical observations in the ficld pertaining to tables on soil conservation practises. These tables
provide information on the ratio of soil loss in areas where contouring and contour strip-cropping techniques
arc implemented compared to arcas where these techniques are not employed. The final crosion map
encompasses the five previously established coefficients, as depicred in Figure 3.

Soil erosion
(t/ha/yr)

Figure 3. The five coefficients used in the USLE model
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The calibrarion and validarion of the Universal Soil Loss Equation (USLE) model were imporrant stages
in the research endeavour. The calibration method was n:xPlicatEd, Providing a comPrchcnsivc account of the
criteria employed for evaluating the performance of the model, by comparing the arcas highlighted by high
crosion with ficld and Google Earth investigations. Additionally, we provided a thorough explanation of our
validation process, which encompasses the datasets and staristical methodologies utilised to assess the accuracy
of our model (Rizeei eral, 2016; Serbaji er af, 2023). In order to provide a thorough viewpoint, a comparative
study was undertaken, when appropriate, to compare the results of the USLE model with those of other soil
crosion models or historical data, such as the Intensity of Erosion and Outflow (IntErO) model. This analysis
aimed to evaluate the effectiveness of the USLE model in predicting soil erosion (Sestras eraf, 2023).

Rtga:ding software and tools, we have delineated the specific software and Gcographic Information
System (GIS) tools employed for the purpose of data processing, model implementarion, and statistical analysis
(Hysa cral, 2021; Hyka ccal, 2022). Thus, the software ArcMap 10.8 was employed for the USLE modelling,
alongwith open source dara such as the Shuttle Radar Topography Mission Digital Elevation Model (SRTM
DEM), Corine Land Cover 2018 (CLC 2018) dataset that provided information on land cover and land use,
average annual precipitation datasets rcga.rding the rainfall were used from m::tcorological stations inside of
Cluj County, and the soil database constructed by digitizing 1:200,000 scale maps with the SRCS ICPA-1980
(Romanian Soil Classification System). This meticulous approach has been adopted to guarantee transparency
and repeatability in our research methodology. The utilisation of specific materials and methodologies in our
study established the groundwork for a thorough evaluation of the potential hazards associated with soil
erosion, hence facilitating a more profound comprchcnsion of this significant Eco]ogic;ll concern.

Results and Discussion

Our study focuses on soil crosion, an environmental issue of great significance that has far-reaching
implicarions for land management and sustainability. Using the Universal Soil Loss Equation (USLE) model,
our objective was to analyse the complex soil crosion patterns within our sclected rescarch arca. The
investigation was initiated by taking a comprehensive perspective on the patterns of soil erosion. The USLE
model facilitated the identification of a diverse array of erosion risks distribured throughout the landscapc. The
complex interaction among variables such as topography, land cover, and soil properties resulted in diverse
levels of susceptibility to soil erosion. The aforementioned viewpoint provided the fundamental basis from
which we proceeded to explore the intricacies in greater derail.

Sparial distribution maps played a prominent role in depicring the spatial patterns of soil erosion risk.
The maps shown in this study utilise color-coded gradients to visually depict the vulnerability of the study area
to crosion, so providing a narrative representation. The model's ability to reflect localised dynamics was
demonstrated by the emergence of several variants, ranging from low-risk zones to erosion hotspots. When
apPiicab]e, tsniporﬂ.l ana.]ysis sheds light on the tcmporal evolution of soil erosion risk. Graphs and charts
provide a visual representation of temporal patterns, illustrating trends, variarions, and the influence of altering
environmental factors on the dynamics of soil crosion. The inclusion of the temporal dimension has
contriburted to a more comprehensive display of the erosion process. By examining the inner workings of the
model, it was conducted an analysis on the impacrt of its individual components (Ls, Cs, C, S, K) on the process
ofsoil erosion, thus shcddinglight on the relatve significanc:: ofcachpa.rametcr in inﬂucncingcrosion patterns.

Focusing on the pracrical ramifications of our research outcomes, we have identified specific arcas of
crosion concentration known as hotspots, as well as determined the priority for conservation efforts. These
regions with a high-risk factor necessitate concentrated artention and well-informed methods for conservation.
The rescarch conducted in this context provided practical insights that can be urilised by land managers,
Policymakcrs, and conservationists.

Sestras P eral (2023). Not Bot Horti Agrobo 51(3):13263

The calculation of the modelled erosion rate was determined using the USLE model as modified by
Motoc ct. al. in 1975. The soil crosion map for Cluj County is displayed in Figure 4. The computational
framework of the model incorporates five primary factors to estimate soil loss within a certain geographical
region. Thus, the modelled crosion based on five classes incorporates the following: very-low (tolerable) rate of
below 3 tonnes per hectare per year (t hat! yr’l); low rate which is between the interval of 3.1 to 10 t ha! yr";
moderate rate which is between the interval of 10.1 to 20 t ha” yr'; high rate which is between the interval of
20.1 to 40 t ha! yr'; very-high rate of over 40.1 t ha'! yr'. Highlighted inside of Figure 4 is the percentage chart
of cach of the five crosion susceptibility classes, in regards to the occupied surface from Cluj County total arca.
Thus, it was established that almost half of the surface of Cluj County, namely 49.63%, belongs to the low class
of soil erosion. The highlighted regions belonging to the very-low class of erosion are predominantly situared
in the West and South-West part of Cluj County, which belong to the Apuseni Mountain area, a geographical
unit well constituted in terms of forests and appropriate land use. The low and moderate rates represent
32.40%, rcspcctivn:ly 14.16% of the total area, and are distributed across all the county’s surface. The i\igh and
very-high rates of soil erosion represent 3.56%, respectively 0.24% of the total area, and are considered hotspots
of significant land degradation. The aforementioned discovery denote that the highlighted hotspots are
undergoing substantial degradation, underscoring the imperative requirement for the implementation of soil
conservation measures in those regions. The main regions subjcctcd to }\ig}\ and vcry—high rates of soil erosion
belong to the Transylvanian Plain, located in the Eastern part of Cluj County, a geographical region with
significant agricultural use. Motoc et al. (1975) established that the acceprable limirt for soil erosion in the
Romanian region varies between 2 and 8 tonnes per hectare annually, thus more than three quarters of Cluj
County fall in an expected and manageable threshold (Mogoc, 1983; Motoc and Mircea, 2002).
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The utilisation of GIS technology and geospatial databases enables the modelling and querying of soil
crosion classes, which we find highly advantageous. In order to provide landowners with an initial assessment
of the susceptibility to soil crosion in plots used for agricultural and non-agricultural purposcs, it is necessary
to ensure that they have a comprehensive understanding of the situation. Consequently, determinartions can be
formulated pertaining to the strategies aimed at mirigating the hazards associated with soil erosion,
encompassing both the broader context of the TAU and the specific scope of individual plots. The examination
focused on the plots exhibiting the most significant crosion rates, with particular attention given to the
geographical locations in which they are situated. Figure 5 illustrates the average annual crosion rate for
agriculeural and non-agricultural plots, based on the parcels obtained from Agengia de Plidi s Intervenpic
penrru Agriculruri APIA (Payments and Intervention Agency for Agriculture).
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Figure 5. The average annual erosion rate for agricultural (iefc) and non—agriculmrai (right) piots

By urilising the modelled values of soil erosion acquired at the Cluj County level, it was derived the
average soil erosion value for each parcel within the study region, considering both agricultural and non-
agricultural land use. Based on the APIA obrained parcels, six large distinct classes were identified, respectively:
1. Permanent crops other than vineyards, orchards, hops; 2. Non-productive land; 3. Permanent pasture; 4.
Arable land including greenhouses, solariums; 5. Gravel, sands, rocks, tailings ponds, rubbish pits; 6. Forest
vegetation, shrubs, bushes. In the case of plots designated for non-agricultural purposes, the average rate of
crosion ranges from 640t ha'yr' to 8.58 tha'yr. Iris worth noting that the higher crosion values are typically
observed in isolated plots that arc utilised for non-agricultural activitics, such as the class identificd by gravel,
sands, rocks, tailings ponds, rubbish pits. The individual analysis of agricultural plots focused on identifying
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permanent crops, in addition to arable land that includes greenhouses and solariums. These land uses account
for 28.26% and 36.43% respectively, falling within the categories of moderate erosion.

charding nonfa.griculmral P]ots, it is identified that a significant majority, spccificaiiy 79.08% (449
plots), exhibic a low average crosion value ranging from 3 to 10 c ha! yr'. Converscly, the remaining 21.91%
(126 plots) demonstrate an even lower average crosion rate, thereby enhancing their cconomic worth. In 2022,
there were a total of 281 parcels categorised for agricultural use. These parcels, on average, exhibit moderate
crosion levels. However, it is important to note that there are localised instances of rapid erosion within these
parcels. Figure 6 illustrates the five degrees of crosion intensity (very-low, low, moderate, high, very-high) based
on the USLE modelling, together with the six APIA distinct classes of land use.
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Figure 6. The distribution of soil erosion rates based on the APIA land parcel classes

Within regions characterised by forestvcgttation, the soil erosion rate is seen to be at its minimum level,
encompassing around 88.1% of the total arca. This phenomenon can be attributed to the well-established
understanding that forest vegetation plays a crucial role in water retention, particularly during periods of
excessive precipitation, thereby effectively mirigating the occurrence of floods (Curovic eraf, 2020; Bilasco er
al, 2022). The regions characterised by continuous agriculture exhibit a notable rate of soil erosion, ranging
from 20 to 40 t ha' yr'. This phenomenon can be attributed to the clevated crosivity resulting from the
expansion of non-vegetated land areas. The present study aimed to analyse unproductive areas with the
objective of accurately classifying them in future agricultural circuit classifications.

The regions d::sigmm:d as "Gravel, sands, rocks, tnilings Ponds, rubbish Pits" are primarily situated
alongside the primary watercourses, which do not possess agriculrural significance. However, these regions were
incorporated into the analysis to ensure comprehensive territorial representation at the county level. The
statistical examination of agricultural and non-agricultural parcels in Cluj County reveals that a majority of
these parcels (41.5%) are categorised as having low erosion. However, a small portion of the land (0.4% of the
rotal ;Lrs:a) falls into the high erosion class, with erosion rates r::;u:hing up to 40 ¢ hat yr'l. This necessitates the
implemenration of both structural and non-structural measures ro mitigate crosion, such as agrotechnical
implementations, afforestation, crop rotation, and the cultivation of crops with high soil coverage. In addition
to the aforementioned, the implementation of the works is carried our in accordance with the overall alignment
of the contour lines, while incorporating the establishment of strip crops designed to serve as a protective
measure against crosion, with due consideration given to the pcrmissib]e ycarly erosion rate, which according
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to Motoc et al. 1975 the permissible threshold for soil erosion in the Remanian arca ranges from 2 to 8 tonnes
per hectare per year. The arcas exhibiting soil erosion under the category of permanent pastures are primarily
siuated in the hilly and premontanc regions of Cluj County. This circumstance contributes to the
deterioration of the unique pasture ccosystem and the reduction in the diversity of plant and animal species.
The primary goal of obtaining a complete map that encompasses all degraded terrains is to highlight
their spatial distribution, with a specific emphasis on places exhibiting the greatest concentration of soil
crosion. This enables the examination of both structural and non-structural measures intended to alleviate the
degradation caused by erosion. The research was augmented by incorporating a comparative analysis urilising
several soil erosion models or datasets. The analysis indicated above not only accomplished the purpose of
validating the USLE model, but also drew attention to its notable strengths and revealed areas that may require
further improvement. Figure 7 illustrates the hotspots and coldspots identified in terms of soil erosion at the

TAU level in Cluj County.
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Figure 7. The identified erosion hotspots and coldspots at TAU level in Cluj County

To idenrify agricultural plots with a high suscepribility to soil erosion, we employed GIS staristical
analysis tools. These tools facilitated the extraction of average erosion values for each individual agriculrural
plot and enabled the implementation of the HotSpor model within the studied area. The plots exhibiting a
significant level of confidence in relation to soil erosion were consequently emphasised. A hotspot can be
described as a geographic location characterised by a significantly higher concentration of events in relation to
the expected number of events that would occur if they were randomly distributed. The concepr of hotspor
identification has undergone development through the examination of point distributions or spatial
configurartions of points inside a given location.

The territorial administrative units located in the mountainous region of the Apuseni mountains
(Mérgiu, Sicuicni, Miguri-Raciciu, Valea Lerii, and Biisoara) are susceprible to accelerated soil erosion. This
vulnerability is primarily attributed to the topographical characteristics, including steep slopes and increased

torrentiality. Additionally, the expansion of deforested areas (Hartel er af, 2017; Dragan er al, 2019) further
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exacerbates the crosion process until new forest vegetation is established. In these regions, there is a noticeable
rise in the density of access roads leading to the properties, indicating that the area is at the forefront in terms
ofconstructing vacation residences.

The urban areas of Gherla, Sinmirrin, and Giliu are classified as hotspots due to the significant
expansion of agricultural land, specifically permanent crop cultivation, which mostly caters to the nearby urban
communities. An elevated rate of soil erosion was documented in both regional investigations, such as the one
conducted by PAT] Cluj (Cluj County Territorial Development Plan), as well as in studies conducted at the
level of hydrographic sub-basins.

Despite the increase of the built environment (Dolean cral, 2020), TAU Floresti remains a significant
hotspot. The proliferation of concrete surfaces has resulted in a decrease in the rate of water infiltration into
the soil inside urbanised arcas, while simultancously causing an excessive discharge of water in ncighbouring
regions. TAU Triteni, situated in the Transylvania Plain, is totally within the 99% confidence interval of the
coldspot category, indicating a higher level of clustering of low values. In this particular scenario, the
implemenrtation of agrotechnical measures and the appropriate utilisation of agriculrural plots have a beneficial
impact on soil erosion. The recorded average soil erosion rates at the plot level range from 1.3 to 6.9 tha' yr',
which are within the acceptable threshold for the Romanian territory.

Conclusions

Soil crosion is significandy impacted by global climate change, including the intensity and magnitude of
climaric risk events such as heavy rainfall, uneven precipitation patterns throughout the year, and the
inadequate management of agricultural land, characterised by non-compliance with recommended
agrotechnical practises. Additionally, human activities such as deforestation, alterations in land use, and the
expansion of transportation networks also contribute to soil erosion. The implications of our findings extend
bcyond the scope of this study. These concepts resonate within the domains of land-use p];mning, erosion
control strategies, and sustainable land management techniques. The practical implications of the research
highlight the need for well-informed decision-making and the conservation of the existing valuable soil
resources. The future presents prospects for the advancement of soil erosion modelling, with continuous
progress in dara gathering, technological advancements, and modelling methodologies, thus establishing an
opportunity of enhancing the comprehension of this crucial environmental issue.
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Touch, feel, heal. The use of
hospital green spaces and
landscape as sensory-therapeutic
gardens: a case study in a
university clinic
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It has been documented that patients with mental or physical disabilities
can benefit from being placed within the setting of a natural environment.
Consequently, the concept of creating spaces that can enhance health
preservation or patient recovery, while also augmenting environmental and
aesthetic value, has merged as a contemporary discourse. Green areas around
hospitals can offer a great opportunity to incorporate healing gardens to benefit
their patients and not only. The aim of this paper is to propose a design for
a sensory-therapeutic garden based on key principles derived from selected
academic literature, focusing on the application of these principles in a healthcare
setting in Cluj-Napoca, Romania. The design was informed also by onsite data
collection and analysis, and it aims to create a healing landscape that addresses
the needs of patients, healthcare providers, and visitors. This study seeks to
augment the discourse in the field by demonstrating the practical application
of key therapeutic garden design principles in a specific context and how these
principles impacted the design process.

KEYWORDS

garden design, healing, hospital green space, sensory garden, therapeutic

1 Introduction

Research has shown that human wellbeing and health improves with the ability to
spend time outdoors and to have access to green spaces and other forms of Nature (Cidlof-
7; B 2019; de

son and Ohrstrom, 2007; Bush and Doyon

Gunr 2019; Jennings and Bamkole
Bell et al, 2020). Our connection to Nature is strongly rooted in our evolutionary process
and is an integral part of our regional identity. As humans, we engage with our environment
and the natural world on both a physical and psychological level. The physical level refers
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to the direct interaction between humans and landscape, as a
part of a complex, self-regulating system that includes biotic and
abiotic elements that work together to maintain and perpetuate
the conditions for life on Earth. The psychological level goes
beyond what is tangible and delves into the underlying connection
existent between humans and their environment (Born et al

20013 Rods, 2021). This psychological connection is explored
in the concept of "biophilia,” which was introduced by |
(1973) and later developed by Wilson (1984). The term biophilia
refers to the innate attraction humans have toward nature and
natural elements and is exemplified in the fields of architecture
and urban planning by Kellert o (1995). The impact
of biophilia can be traced to two different origins: first, being
in the proximity of nature and visually interacting with natural
elements (plants, animals, other people) and second, the response
to biomimetic environments, which are designs that incorporate

romm

and Wilson

elements inspired by nature (Fromm, Wilson, 1984; Kellert
and Wilson, 1995; Berto and Barbiero, 2017; Salingaros, 2019;
Zhong et a ). The mechanisms underlying these responses to
the natural environment, as indicated by Philipp (2012), are similar

to those of many other complementary and alternative medicine
(CAM) therapies. External sensory stimuli releases natural opiates,
such as endorphins and enkephalins, in specific regions of the
brain. Thus, biophilic environmental stimuli can reduce depressive
symptoms, speed up the healing process after stressful situations,
and enhance cognitive function (Beute and de Kort, 2018; Gianfredi
et al, 2021; M 2021; Syrbe et al, 2021;
et al., 2022; Szabo et al, 2022; Jin et al, 2023). These scientific
insights bring a greater depth to our understanding of the
strategies for incorporating biophilia in outdoor spaces design,
including in urban design, cities presenting challenges in meeting
environmental and societal wellbeing needs. The profound effects
of biophilia demonstrate the importance of intentionally designing
these spaces with a strong focus on nature, with strategies like
integrating natural elements and processes, large variety of plants
for a rich sensory experience and biodiversity, create habitats for
wildlife, inclusion of water bodies that can add aesthetic value
while providing calming sounds, generally use natural materials
and mimick natural forms and patterns. A successful biophilic
design encourages interaction with the natural world by integrating
areas for gardening and sensory experiences, edible landscape,
walking trails that incite and create curiosity, while learning about
environmental systems, this leading to a stronger connection
between man and nature, reinforcing the vital role of biophilia in
communities, underscoring the potential for created green spaces
to contribute to the environmental, physical and mental health
(Soderlund and Newman, 2015; Lin et al., 2018; Xue et al., 2019;
and Andreucci, 2023). These principles
find exceptional significance and their potential could be explored
espedially in spaces used by people that need recovery and care,
in the context of healthcare facilities. Green spaces around the
hospitals serve as prime locations for fulfilling the potential of
biophilic design, forming a key aspect of the built environment,
and also playing a significant role in the health and wellbeing
of patients (Zhao et al.. 2022). This importance transcends active
engagement with nature; studies show that, sometimes, even a
passive interaction, something as simple as a view of a natural scene
from a hospital bed can have positive effects on patients that had
surgical intervention, creating feelings of hope and strength that

feuwese et al, Bressane

Totaforti, 2020; Russc
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may contribute to a more efficient recovery process (Ulrich 1986).
The healing process consists not only in providing medical care,
access to treatment, and medical procedures; but also in providing
a healing environment for both physical and spiritual rehabilitation
(Bratman et al, 2019; Fancourt et al,, 2021), since “healing is a
psychological and spiritual concept of health” (Ozcan, 2006). The
Optimal Healing Environment (OHE) framework suggests that the
healing process has both inner and outer implications, and healing
spaces that incorporate nmatural elements may be an important
factor that still needs further research (Ananth 8).

Looking back in history, ever since the Middle Ages, the
outdoor spaces of hospitals were designed in order to provide
resting places where the ill could enjoy fresh air. As modern
medicine advanced and the architectural design of hospitals became
increasingly complex, the incorporation of outdoor healing spaces
has been varied in use, new ideas and research directions began to
develop, having as goals to explore the therapeutic opportunities
of healing gardens or restorative landscapes, bringing together
fields like architecture, landscape design and medicine, a blend
that begins to reintroduce the ancient connections between healing
and nature into the contemporary medical environment (Cooper
Marcus and E 2005). Gardens, being
humanity’s closest connection to the natural environment, have
been and continue to be an important adjuvant in the process of
stress rehabilitation being not just spaces for recovery but also for
interaction and exploration. Furthermore, green spaces can be a
statement to the power or adaptability and resilience, their natural
cyclicity and transition trough seasons suggest the potential for
renewal and growth after periods of dormancy, thus serving as a
metaphor for patients on their healing journey, supporting the idea
of hope and resilience during challenging times (Nordh et al, 2009;
2013). Current research has shown that
gardens can offer sensorial places for autistic children, giving them
opportunities to spend time outdoors in a calming environment,
or designed to create invigorating landscapes for hyporeactive
patients (Barakat et al,, 2019; Ghazali etal,, 2019). Other conditions,
like depression and anxiety are experienced not only by mentally
ill patients, but also in cases of convalescence, post-surgery
recovery, COVID-19 measures of isolation or prolonged hospital
stay. Being involved in outdoor gardening activities can have an
ameliorative effect on peaple suffering from psychological distress
by alleviating symptoms (Gerdes et al, 2022; Yang et al, 2022).
During the COVID-19 pandemic, the use of green spaces and
parks and participating in outdoor activities enhanced young
peoples mental health and wellbeing, and was linked to lower
the levels of emotional distress (Jackson et al., 2021;
et al., 2022). Designing areas surrounding hospitals as therapeutic
gardens provides spaces for patients, institution staff, and family
members to use and enjoy. It is proven that spending time in
the garden walking, contemplating, or engaging in gardening
activities could result in a decreased dosage of antipsychotics in
dementia affected patients, in mood improvement and increased
calmness (Rivasseau-Jonveaux et al, 2012; Whear et al., 2014).
This pandemic underscored the critical role that well-designed and
maintained therapeutic spaces can play in human health, and one
way to ensure the effectiveness of these spaces is by conducting
Post-occupancy evaluations.

Post- occupancy evaluation (POE) is a process by which the
performance of a built environment is evaluated by users that

1es, 1995;

den Berg,

Adevi and Martensson,

Larson
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express the satisfaction level concerning the space. This helps to
determine how successful the design intent is and contributes
to improving the design of therapeutic spaces (Moore, 1983;
2015). Even though involving the end-user in the
design process helps to create more suitable environments, post-
occupancy evaluation is an important tool that offers valuable
insight into the newly created space from the perspective of
patients, family, and staff (Jiang et al., 2018; Lygum et al, 2019).
Tt might provide information that may not have been considered
even during the participatory design process (Buse et al, 2017).
The physical environment, even though it has a major influence
in a patient’s recovery, is not the only focus a design should
have but also the social and interaction aspects, psychological or
spiritual implications, thus the exploration and comprehension of
the necessities that the final user has, are vital in developing an
effective outcome (Abbas and Ghazali, 2011; Ghazali and Abbas,
2012a).

The presence of a garden is highly valued, and participating
in garden activities can make nursing home residents feel a sense
of familiarity and comfort (Eijkelenbe 2017). Gardening
activities or even spending time outdoors in a garden have
beneficial implications in the patient’s state of mind, caring for
the plants and enjoying the outcome from that process can have
therapeutic effects (Piat et al, 2017). Horticulture therapy, along
with other forms ofuonvennonai therapy can be an adjuvant factor
and make a difference in the treatment of individuals suffering from
mental disorders. Being involved in activities like fruit harvesting,
planting, weeding, provides patients with a sense of purpose, and a
valuable opportunity to spend time outdoors (Vujcic etal, 2017).

This paper provides a unique exploration of the opportunities
offered by the green spaces around healthcare facilities, specifically,
their development as sensory-therapeutic gardens. While similar
research focuses on the physical characteristics of such spaces, the
present study delves deeper into the importance of user feedback
research for the improvement of design strategies for this type
of garden. This research integrates findings from a selection of
existing Post-occupancy studies conducted in healthcare facilities,
underlining how user experiences can meaningfully inform
the design process. The gathered information has led to the
identification of a set of key principles which were subsequently
applied in the design of a sensory-therapeutic garden in a healthcare
setting in Cluj-Napoca, Romania. The study bridges the gap
between theory and practice, demonstrating how insights from the
field can be transformed into design decisions and its contribution
lies the way the principles are applied, integrating user feedback,
and situational context to enhance the functionality and relevance
of therapeutic gardens. This approach can enhance the quality of
user’s life while contributing to more sustainable, user-centered
healthcare environments.

Preiser et al,

om et al.,

2 Materials and methods

The research methodology for this study consists in three
distinct stages. The first stage, was the consultation of various
articles focusing on Post-occupancy evaluations of healthcare
facilities, with the goal of identifying key principles in therapeutic
landscape design. The second stage involved on site visits for data
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collection and the final stage, the application of these principles,
informed by the literature and on site data, in the specific context
ofa sensory—therapeutic garden design in Cluj-Napoca, Romania.

2.1 Literature resources

Although not systematic, a literature exploration was
conducted to gather information and better understand the key
features of sensory-therapeutic gardens, selecting and examining
papers that focus on the results of post-occupancy evaluations of
healing spaces. From the examined literature, recurring findings
were extracted to form a list of common design principles,
emerging from the collective findings of multiple studies and
provide a base upon which to construct a therapeutic garden that
meets the needs of patients, staff, and visitors. The selected studies,
each contributing to these principles, are discussed below.

In the studies by Carnemolla et al. (2021) and Giebel et al
(2022), the primary focus was on the interior design of the building
of a residential aged care setting, however, they strongly emphasize
the potential role of outdoor environments in enhancing the
wellbeing of residents, advocating for the inclusion of natural
elements in these facilities, thus providing opportunities for
patients, visitors and staff to interact with nature, explore, or simply
spend time outdoors. Ryan et al. (2014) and Tekin et al. (2023a,b)
note that gardens, as natural healing environments, can offer a
welcoming and relaxing space characterized by the presence of
vegetation. The type of garden and plants used must be chosen
according to the facilities” context; for instance, an abundance
of seasonal plants, even appreciated by most patients, may have
adverse effects on cancer patients by constantly reminding them of
lifé's transient nature; or even traffic noises that can be disturbing.
Among the sensory experiences that a garden could offer are:
stimulation of the sense of smell using flower fragrance and can
be carried by the wind, filling the entire space; and auditory
stimulation through moving leaves, rain, birds, and water features.
The tactile sense can be stimulated by vegetation through organic
textures, by materials such as wood, which visually stand out, giving
the space natural features.

Comments left in a visitor’s book in Lady Cilento Children’s
Hospital (Australia) revealed that even when located in a crowded
area, not having much space, there was still room for a recreational
oasis to be built. There was recorded appreciation from the visitors
for the numerous seating areas (benches or lawn) to admire the
view or colorful plants, or outdoor equipment for physical therapy
and secluded spaces for staff recovery (Reeve et al,, 2017).

Further design considerations are brought to light in the
Whitehouse et al. (2001) study, where, it was observed that a
design skewed toward hardscape elements, led to suggestions
from users for more diverse vegetation, including shade-providing
trees. Younger users expressed a desire for more activities within
the garden, such as gardening tasks and plant identification
opportunities. Existing garden features such as the presence of
water and interactive elements, the plants decor, the bright colors,
and the opportunity it provides to spend time outdoors were
elements mentioned as relevant and helpful in the design. These
examples illustrate the complexity of users needs and preferences
in the context of sensory-therapeutic garden design, and further
inform the evolving list of design principles.
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A POE study of a rooftop hospital garden by Davis (2011)
conduded that providing easy access and visibility to the garden
encourages exploration. The study mentioned that the space should

10.3389/fpsy9.2023.1201030

be organized to avoid ambiguity and help patients get around
instead of creating confusion, and long-term maintenance should
be another aspect to consider in the design process. Providing
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comfortable shaded seating is recommended, and also creating
secluded spots for individuals who want privacy might contribute
to the design’s use. This understanding is reinforced by research
conducted across various children’s hospitals in Texas, where the
provision of shade was found to create a desirable ambiance and
positively influence visitor decisions to spend time in the garden
(Pasha, 2013). The quality and quantity of seating areas also directly
impacted the frequency and duration of visits. Children, being

133816 N3ASVH NDI3JI¥L3d NVADOB

FIGURE 3
Site location

VicTogr BABES-’ A\

10.3389/fpsyg.2023 1201030

more active, particularly benefited from a diverse range of garden
activities. Additionally, staff members were found to value secluded
areas where they could take breaks away from patients, walk or
socialize. Notably, staff visits to the garden were seldom solitary,
indicating a demand for personal space and time (Sherman et al,,
2005; Naderi and Shin, 2008).

The role of gardens extends beyond the mere provision of a
physical space. The literature points to a profound psychological

STREET

FIGURE 4
Site photographies.
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impact resulting from the presence and use of a garden (Boffi
et al,, 2022). For example, Eijkelenboom et al. (2017) suggests that
the simple presence of a garden in nursing homes settings greatly
contributes to residents’ confort and familiarity, furthermore, the
act of getting involved in gardening activities has been proven to
have therapeutic benefits, improving the mental state of patients
(Piat et al,, 2017). Horticulture therapy, along with other forms
of conventional therapy can be an adjuvant factor and make a
difference in the treatment of individuals suffering from mental
disorders. Being involved in activities like fruit harvesting, planting,
weeding, provides patients with a sense of purpose, and a valuable
opportunity to spend time outdoors (Davis, 2001; Vujcic et al,
2017). These findings underline the importance of not only
incorporating a garden within the healthcare facility but also
creating opportunities for users to interact with the garden, further
informing the principles for designing sensory-therapeutic gardens.

Based upon the findings in the selected literature, a series of
recurring design principles have been identified, supporting the
creation of sensory-therapeutic gardens that meets the needs of
patients, staff and visitors:

a. Contextual design: the selected vegetation and the design of
the space should fit the specific context of the healthcare
facility, factors like climate, native species and specific user
demographics should guide design decisions.

. Organization: the design should minimize ambiguity and
confusion risk, be well organized, facilitating user navigation
through the space.

. Accessibility and visibility: the garden should be visible and
inviting, easily accessible to all users.

d. Sensory stimulation: the design should leverage vegetation and
natural processes for sensory stimulation.

. Biodiversity: the presence of wildlife, such as bees, butterflies,

squirrels should be encouraged.

Shade and seating: in order to meet users’ needs for relaxation

and rest, plenty of seating areas and shade should be provided.
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. Softscape dominance: a dominance of vegetation over the

hardscape elements is more appreciated.

. Water features: including water elements in the design

can improve users sensory experience and therapeutic
qualities of the space.

. Staff privacy: private areas for staff are necessary to be

included in the design.

. User interaction with nature: opportunities for the user

to interact with the garden and natural elements directly
should be provided through activities (planting, weeding,
fruit/medicial plants harvesting, sensory experiences).
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2.2 The design process

The design process began with the identification of design
principles in literature exploration, which later guided the design,
translating them into the unique context of the site in Cluj-
Napoca, Romania.

The second stage consisted in an onsite visit for data collection
(sound measurements using Decibel Meter and Recorder eS528L,
ennoLogic), developing a comprehensive understanding of the
site’s topography, and in order to create a visual record of the
site’s current state, photographic documentation was carried out.
These specific site conditions, coupled with the insights from
the literature, informed the design dedisions, ensuring that the
resultant design was both theoretically sound and contextually
appropriate. The last stage consisted in applying the insights
from the design principles to incorporate them into the sensory-
therapeutic garden design concept, in order to create a space for
healing and wellbeing. In order to validate the garden design
we analyzed how well the key features revealed by the scientific
literature were integrated into the design concept (Figure 1).

For the representation of graphical elements such as 2D plans
or renderings, CorelDraw Graphics Suite X8, SketchUp Pro 2021
and Photoshop CS5 software were used.

2.3 Design proposal and representation
of the graphical elements

2.3.1 Site location and context

The studied site is located in Cluj-Napoca, an academic city
in the North-Western part of Romania (Figure 2). The site is
close to the city center, being part of the Universitary Clinics
Ensemble. It is represented by a terraced green space, having a
6,593 m’® surface in the near proximity to the Ophthalmology,

10.3389/fpsyg.2023.1201030

Dermatology, Pneumophtisiology, and Forensic Clinics and close
to the Emergency, Radiology, Gynecology and Surgery Clinics
(Figure 3). In the early plans of the Clinics, this green space
was built to provide recreational space for the patients and the
medical staff. Nowadays, the area is used only for transit due to its
degradation.

2.3.2 The studied area—Current situation

As the photographs taken on the site show (Figure 4),
the terrain has abundant natural vegetation invading the space
and overshadowing it (Fraxinus excelsior, Acer pseudoplatanus,
Rosa canina, Rubus idaeus, Sambucus nigra, Fagus sylvm‘xm,
Phalaris arundinacea, Campanula rapunculoides, Hedera helix),
sometimes with fallen trees blocking the way. The drainage
system is clogged by vegetation and the pathways are also
covered with obstruction by plants. The concrete railing,
the stairs, and the alleys show significant signs of decay
(Figure 4).

2.3.3 Terrain morphology

The studied site consists of four terraces and five slopes of
approximately 20% and the 11 meters difference between the areas
is linked by concrete stairs. At the edges of the terraces, the land
is unlevel. The terrace in the proximity of the stairs has a variable
slope, and one can observe that in the past, that zone was also
terraced (Figure 5).

3 Results

3.1 Noise pollution study

Even though the site is located far from the surrounding streets,
a noise pollution study was needed to reduce noise levels. The
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human ear is comfortable with sounds between 40 and 60 dB, and
the site resides in this range both in the growing season and in the
dormant period, with higher measured levels of noise during the
leafless stage. The central areas are more protected by vegetation
during the growing season while the peripheral zones are a bit
affected by nearby traffic (Figure 6).

3.2 Design proposal—Zoning and
masterplan

A major design recommendation would be for the space to
be cleaned of unwanted vegetation, keeping only the healthy trees
providing shade—a key feature identified in the literature review.
Additionally, its advisable to trim the overcrowding indigenous
bushes so that the sun and light make room inside the space.

Based on the design principles and the results of the site visit,
the proposed design has a primary aim to create a recreational
space that alleviates the patients state, acts as adjuvant in the
healing process and encourages the visitor’s interaction with nature,

10.3389/fpsyg.2023.1201030

by using diverse textured plants or materials, and create activity-
engaging opportunities like fruit or flower harvesting, gardening
or long walks. This approach addresses the principle for providing
opportunities for users to interact with the garden directly. Due to
the present configuration of the terrain, it is considered opportune
to split the site into seven main areas. Each terrace-slope ensemble
would have specific tasks creating platforms with different purposes
(occupational therapy, edible and medicinal plants, sound therapy,
hypo-allergenic area). The area near the stairs would serve two
purposes, the central part would be dedicated to an aromatherapy
area. The upper and lower extremities, being isolated, would create
spaces for the medical staff to relax, supporting the principle for
a more private area for staff. The peripheral areas would act as
sound barriers, for the possible much-elevated noise values after the
unnecessary vegetation removal (Figure 7).

It is considered that the purposes of the created areas
would serve not only the patients with sensory deficiencies
(ophthalmological or dermatological) but would also act as comfort
zones for post-surgery recovering patients, new mothers, and
individuals with respiratory conditions. This fits the clinics’ context,
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TABLE 1 The proposed plant material that would reflect and enhance the functions of the intended area, along with various features.

Species

Aromatic
properties

Therapeutic effects

Decorative
elements

Tactile experience

Plant
type/growth
habit/decorative
period

Tilia cordata Soft pleasant scent; Contains volatile organic Heart-shaped vibrant Rough mature bark, Perennial/treefearly  to
attracts pollinators compounds that released into | green colored leaves; smoother texture of younger mid-summer
the air have calming effect; its clusters of cream-colored trees or branches; delicate
scent can help promote flowers flowers, soft leaves
relaxation and create a
peaceful atmosphere (105
et al., 2006; Al-Essa et al
2007; Redzic, 2010)
Buddleja davidii | Sweet, honey-like Mood improvement; positive | Colorful inflorescences; Rough bark on the stemsand | Perennial/shrub/summer-
fragrance; attracts effects on the respiratory and soft, grayish-green branches; smooth fuzzy early autumn
pollinators nervous systems (Hikal et a foliage textured leaves; soft, velvety
2022) flowers
Lavandula Sweet, floral, Calming effects of the Gray-green foliage; dense | Soft textured leaves; it Perennial/shrub/late
angustifolia herbaceous scent; nervous system; improves spikes or purple flowers releases a gentle fragrance spring to late summer
attracts pollinators sleep quality and alleviates when the leaves or flowers are
headaches; reduces stress, rubbed, adding to the sensory
anxiety, and symptoms of experience; soft, delicate
flowers with velvet texture
etal., 2023)
Mentha Fresh scent, slightly Cooling and invigorating Small lilac flowers Soft slightly velvety textured Perennial/herbaceous fmid-
longifolia sweet; attracts effect on the senses, arranged in whorls; leaves; square-shaped slightly | summer-carly
pollinators stimulates the mind and bright green colored ridged stems; it releases a autumn
improves concentration leaves, grow densely on gentle fragrance when the
(Hanaty et al., 2020) the stems, creatinga lush | leaves are crushed, adding to
appearance the sensory experience
Salvia officinalis Strong, herbaceous, Reduces stress and anxiety, Gray-green leaves; small Leaves and stems with Perennial/herbaceous/late

slightly floral, carthly
scent; attracts
pollinators

enhances mental clarity, and
improves memory (Kennedy

3)

tubular purple flowers
that grow in whorls along
the stems

slightly rough texture

spring to early summer

Rosa damascena

Rich, floral scent;
attracts pollinators

Mood-enhancing properties;
petals can be used in herbal
tea blends or as natural air
freshener (Vinok

2006; Baydar ar

2013)

Abundant pink flowers;
pinnate green leaves

Soft, velvety petals

perennial/shrubilate
spring to early summer

Rosmarinus Strong, woody, Improves mental clarity,

officinalis refreshing scent; focus and memory; has
attracts pollinators calming effect on the nervous

system, helps relieve stress
and anxiety; used in
aromatherapy to ease
respiratory problems such as
congestion and coughing
(Hamid L, 2
Rahbard

Hosseinzad 2020)

Thymus vulgaris | Strong pleasant, Supports respiratory health;
herbal aroma with has calming and soothing
hints of mint and scent; improves focus and
slightly spicy; concentration (Rizwan, 2021)

attracts pollinators

Needle-like leaves, dark.
green and glossy; small,
blue-violet flowers

Small narrow leaves with
a grayish-green color;
small pink flowers

Slightly rough leaves with a
waxy surface; It releases a
gentle fragrance when the
leaves are crushed, adding to
the sensory experience

Fuzzy textured leaves; it
releases a gentle fragrance
when the leaves are crushed,
adding to the sensory
experience

Perennial/shrub/early
spring to late summer

Perennial/shrub/late
spring to early summer

as one of the key features suggested, while also providing outdoor

static/dynamic ratio of the garden. Every zone would have plenty

space for visiting family or medical staff. The occupational
therapy, aromatherapy, edible and medicinal plants areas are
more activity oriented, and the rest of the garden focuses more
on nature contemplation and relaxation, bringing balance to the
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of seating areas regardless of its use, no matter if they would
be used by the patients or companions. Given the fact that the
stairs are the main and only access in the garden, installing an
inclined platform stair lift for disabled people would be crucial
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This will facilitate access as the literature design principles suggest,
and additionally create widened spaces in the alleys at 15-meter
intervals for the wheelchairs to comfortably pass each other, as
the alleys maximum width does not pass 1.70 meters (Figure 7).
The area would be accessed through the four long alleys that
cross it from one end to the other in order to prevent confusion
in perceiving the environment. Also, the entrance in each zone
would have signage so that the visitor would have a choice
whether to explore that area and create expectations concerning
the possible experiences, and provide visibility and clarity to the
space, according to the principles (Figure 8). Since the presence
of wildlife is a key feature in a healing garden design, animating
the spaces and enchanting the viewers, the installation of bird
houses and feeders, insect hotels and bat boxes is recommended
in each area. Overall, the proposed design primarily seeks to
create a recreational space that aids in the healing process,
promotes interactions with nature and provides engagement
opportunities, meeting the principles of a well-organized space,
being aligned with the facility profile, providing direct access and
visibility.

3.3 Aromatherapy area

The space near the stairs would be an extension of the existing
terraces, thus creating continuity in the design and accessibility.
The central area of this space would be dedicated to aromatherapy.
Besides the olfactory stimulating vegetation and resting places, bird
baths and container ponds would bring movement and sound,
by the presence of water elements, encouraging wildlife, offering
sensory stimulation and integrating water features being between
the found key features. Plant harvesting would be encouraged
and have not only a momentary effect, but allow patients to keep
near their beds the flowers they have gathered would extend the
pleasant olfactory experience they had outdoors. This would offer
opportunities for the patients to interact with the garden directly,
as the design principles suggest. The proposed plant material that
would reflect and enhance the functions of this area, along with
various features, are described in Table 1. The profile of the area
would be designed accordingly to the facility profile, contributing to
the overall organization of the space having a central location and
accessibility, and meeting other literature key features like shaded
sitting areas and softscape dominance.

3.4 Medicinal and edible plants area

This area contains species with curative role and edible
plants, supporting the healthcare function of the facility. The
sensory alley has a greater variety of materials (mulch, different
types of stone, lawn, pine cones, wood, or wood chips) and
it is accompanied by a concrete alley on its entire length to
facilitate mobility, overall contributing to the principles of a well-
organized and accessible space. Besides the generous pathway, the
space can also be explored by the adventurous on the scattered
stepping wood logs arranged on the slope (Figure 9). Visitors
can recognize and learn about the medicinal plants and their
healing properties from information panels. Plant harvesting and
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FIGURE 9
Medicinal and edible plants area view.

fruit eating would be suggested activities, encouraging movement
and providing gustatory stimulation, being in line with the key
findings of providing sensory stimulation and interaction with
nature. The proposed plant material that would reflect and enhance
the functions of this area, along with various features, are described
in Table 2. Various plant species would encourage the presence of
wildlife and the dominance of softscape, while the space can be
enjoyed also from shaded sitting areas as the literature’s findings
suggest.

3.5 Occupational therapy area

Since the importance of activity in therapeutic gardens was
highlighted, it was considered necessary to create a space where
the patients could be directly involved in gardening activities
in specifically designed areas, such as U-shaped pockets in
the slopes with accessible raised beds (Figure 10). The area
also contains a sand play zone and a water fountain. These
features would align with the principles of a well-organized space
and encourage interaction with the natural environment. The
presence of a water feature (recommended in the key features)
associated with indigenous vegetation like the ferns give the
place a wilderness vibe, and according to the key feature list,
plants would offer sensory stimulation and habitat for wildlife,
dominating the hardscape. The space can be explored following a
pathway divided into three different sensory-stimulating materials
(gravel with stepping stones, grass, stone, and wood slices). The
proposed plant material that would reflect and enhance the
functions of this area, along with various features, are described
in Table 3.

3.6 Sound healing area
To complete the idea of a sensory-therapeutic garden it is
beneficial for the inclusion of a sound stimulation area. The plants

from the Poaceae family are representative for the pleasant noises
they make when wind blows and are characterized as relaxing.
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TABLE 2 Plants proposed for the medicinal and edible plants area and their features.

Medicinal/
edible
features

Species

Therapeutic effects

Tactile Plant

experience type/growth
habit/decorative
period

Decorative
elements

Papaver Edible seeds Medical use for pain relief attractsbirds | Large flowers inshadesof | Silky petals, smooth | Annual/herbaceousflate
somniferum and other pollinators ([ Zhu, 2022) | red, pink, purple or white leaves spring to early summer
Helianthus Edible sceds Rich in nutrients seeds; attractive to Large, composite Hairy stems, rough Annual/herbaceous/
annuus butterflies, birds, and bees (P’al, 2011) inflorescences with leaves summer to early fall
prominent yellow ray florets
surrounding a brown disk
Matricaria Flowers Calming, soothing, reduces inflammation; | Small, radiate capitula with Feathery leaves, silky Annual/herbaceous/
chamomilla attracts bees and other pollinators (Mao whiteligulate ray floretsand | flowers summer

et al, 2016; Amsterdam et al., 2020)

Provides vitamins and fibers; attractive to

yellow tubular disk florets

Pyrus communis | Edible fruits White blossoms, aesthetically | Smooth bark and Perennial/tree/spring  to
butterlies, birds, and bees (Koluiak-Osick. | pleasing foliage leaves, glossy fruit fall
2016; Simionca Marcisan et al., 2023) surface
Amaranthus Edible seeds and Rich in nutrients; attractive tobutterflies, | Pendulous red inflorescences | Rough leaves and Annualfherbaceous/
cavdatus young leaves birds, and bees (Gamel et al, 2004) stems, soft summer to early fall
inflorescences
Malus domestica | Edible fruits Rich in vitamins and fiber; attractive to ‘White or pink flowers in Rough textured bark, | Perennial/tree/spring  to
butterflies, birds, and bees (¥ tal spring, colored fruits in smooth leaves, and fall
2020; Sestras and Sestras, autumn fruit

Ribes nigrum Edible berries High in vitamin C, supports immune Racemes of greenish-yellow | Hairy leaves, smooth | Perennial/shrub/spring to
system health; attractive to butterilies, flowers followed by black berries fall
birds, and bees (Karjalainen et al., 2009) berries
Monarda Edible flowers and | Antiseptic, antibacterial, antifungal; Vibrant red flowers that Slightly rough textured | Perennial/herbaceous/
didyma leaves artractive to butterflies, birds, and bees attract pollinators leaves, soft flowers summer
(Coté etal, 2021)
Rubus idaeus Edible berries High in vitamin C; attractive to butterflies, | White flowers that develop Softand fuzzy leaves; Perennial/shrub/spring to
birds, and bees (Zhbanova, 2019) into red berries delicate hairy flowers | fall
Echinacea Roots, leaves and | Boosts immune system, reduces Large, daisy-like flowers with | Softand smooth petals | Perennial/shrub/summer
purpurea flowers inflammation; attractive to butterilies, purple ligules and to fall
birds, and bees (Goel et al, 2003) orange-brown central cones
Centaurea Flowers Mild anti-inflammatory and soothing Blue, purple, pink, or white Silky petals, rough Annual/herbaceous/late
cyanus properties; attractive to butterflies, and flowers with involucre bracts | leaves spring to carly fall
bees (Garbacki et al,, 1999)
Achillea Aerial partsofthe | Anti-inflammatory, antispasmodic, Flat-topped corymbs with Feathery leaves, Perennial/herbaceous/
millefolivm plant astringent effects; attracts bees and white, yellow, pink, or red smooth flowers summer to fall
butterflies (Tadi¢ et al., 2017) flowers
Prunus avium Edible fruits Rich in vitamins and antioxidants; ‘White or pink blossoms in Smooth bark and Perennial/tree/spring  to
attractive to bees, and other pollinators, spring, followed by red leaves fall
birds are attracted to the fruit (Kelebek berries
and Selli, 201 1; Nuneset al., 2021)
Ribes rubrum Edible berries High in vitamin C, supports immune Greenish-yellow flowers Slightly hairy leaves, Perennial/shrub/spring to
system health; attractive tobees, and other | followed by red berries smooth berries fall
pollinators, birds are attracted to the fruit
(Zdun 2016)
Calendula Edible flowers Reduces inflammation, promotes skin Liguliflorous capitula with Smooth petals, slightly | Annualherbaceous/spring
officinalis health; attractive to bees, and other bright orange ray florets rough leaves to fall

pollinators (Parente et al.
2021)

; Silv:

The feeling of calmness is highlighted also by their diaphanous
appearance. Additional species that would complement the
planting are Populus tremula, Betula pendula, Campanula sp., and
also the placement of garden bells. Even though this zone has a
primarily purpose relaxing and the enjoyment of sound is made
by vegetation, tactile exploration experience is also encouraged,
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since ornamental grasses are known for their captivating texture.
The proposed plant material that would reflect and enhance the
functions of this area, along with various features, are described
in Table 4. The area provides a variety of sensory stimulation
trough the presence of plants and not only, this providing habitat
for wildlife and dominance of the softscape while supporting and
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3.7 The hypo—Allergenic area

Being in the proximity of the Pneumophtiziology Institute, it
is necessary to create a safe space for the patients with respiratory
diseases, taking in consideration the fadlity profile, as the key
feature suggest. Pollen is considered to be a major allergenic factor
and the use of plants with none or few flowers is recommended
(such as ferns, Buxus sp., Euonymus sp.). Non-flowering plants
still contribute to the sensory stimulation, especially tactile and
visual, and for providing habitat for wildlife. The space has plenty of
shaded sitting areas for rest or to enjoy a pleasant conversation in
an outdoor space, aligning with the principles. The planned plant
material, together with different characteristics, that would reflect
and improve the functions of this area are listed in Table 5.

FIGURE 10
Occupation therapy area view.

3.8 Sound barrier area

creating opportunities to interact with the materials and relax in
shaded sitting area, these components are in alignment with the key
features of therapeutic garden design.

Even though the sound study didn’t reveal any concerning
results regarding the noise, once the invading vegetation is
removed, it is considered necessary to incorporate the abundant

TABLEZ Plants proposed for the occupation therapy area and their features.

Plant
type/growth
habit/decorative
period

Species Therapeutic effects Decorative elements Tactile experience

Dinu Roman Szabo et al.

TABLE 4 Plants proposed for the sound healing area and their features.

10.3389/fpsyg.2023.1201030

Species Sound- Therapeutic effects = Decorative Tactile experience Plant
generating (He etal. 2022) elements type/growth
features habit/decorative
period
Koeleria glauca Leaf and Calming rustling sounds; the Silvery-blue foliage Fine leaves, delicate seed Perennial/herbaceous/late
inflorescence seeds can be foods for birds heads spring to early summer
movement
Cortaderia Inflorescence and Soothing swaying plumes, Tall, elegant Feathery texture; slender Perennial/herbaceous/late
selloana foliage movement rustling leaves; the seeds can inflorescences; green to leaves with sharp edges summer to early winter
be attractive to birds golden foliage
Hordeum Leaf and Calming rustling sounds; the | Slender, arching Fine, feathery texture Perennial/herbaceous/late
Jjubatim inflorescence seeds can be attractive to inflorescences; green to spring to autumn
movement birds golden foliage
Pennisetum Inflorescence and Relaxing swaying plumes, Bottlebrush-like plumes, Fluffy plumes, soft texture Perennial/herbaceous/
alopecuroides foliage movement rustling leaves; the seeds can | arching foliage summer to fall
be attractive to birds
Miscanihus Foliage interaction Calming rustling sounds, Arching foliage with Smooth leaves, feathery Perennial/herbaceous/late
sinensis and inflorescence swaying plumes the seedscan | silver/pink plumes inflorescences with a silky summer (o winter
movement be attractive to birds touch
Briza media Seed head movement | Soothing seed head Delicate seed heads Fine leaves, delicate seed Perennial/herbaceous/late
and foliar interaction | movement; the seeds can be heads that create alight, airy spring to early summer
attractive to birds texture
Imperata Foliage interaction Gentle rustling sounds Striking red to crimson Smooth leaves with sharp Perennial/herbaceous/
oylindrica and inflorescence foliage edges summer to fall
movement
Hakonechloa Foliage interaction Delicate swaying Cascading, bright green | Smooth, flowing texture Perennial/herbaceous/
macra and plant sway foliage spring to fall
Populus tremula | Foliage interaction Calming rustling leaves, Fluttering leaves Smooth leaves with fine veins | Perennialltree/spring o
and plant sway swaying branches; attracts and rough branches fall
bees, provides cover and
nesting opportunities for
birds
Betula pendula Toliage interaction Soothing, whispering leaves, Pendulous, graceful Smooth leaves, rough Perennial/tree/year-round
and branch swaying branches; attracts branches; white bark textured bark
movement bees and other pollinators,
provides cover and nesting
opportunities for birds
Carex oshimensis | TFoliage movement Gentle rustling sounds Arching foliage in Smooth, arching leaves Perennial/herbaceous/year-
and plant sway various shades of green round

use of trees and bushes with great variety of decorative elements to
minimize sounds (Le., Photinia x fraseri, Weigela florida, Cornus

the healthcare professionals are the ones at the left extremities of
the garden. The upper area would serve the personnel from the

Ferns Stress reduction, connection to nature due | Delicate, feathery foliage in Soft, feathery, finely textured Perennial/herbaceous/
to its texture; air purification; attracts bees | various nuances of green fronds offer a delicate tactile spring to fall
and butterflies (Lee and Shin, 2010) experience

Heuchera sp. Raises interest and creates a relaxing Colorful foliage in shade of green, | Diverse textures from smooth, Perennial/herbaceous/
environment due to diverse foliage colors | purple, bronze, silver; delicate slightly rufiled, or veined leaves; | spring to fall
(Xu etal, 2023) bell-shaped flowers delicate small flowers

Juniperus Calming effects, has evergreen foliage that | Attractive blue-green foliage Needle-like foliage, spiky texture Perennial/shrub/year-

horizontalis can create a sense of stability and round
continuity; provides nesting opportunities
for birds (Cantrell 2014)

Astilbe arendsii | Attracts pollinators, promotes relaxation | Plumes of flowers in various Feathery flowers Perennial/herbaceous/
(Kharchenko etal., 2016) colors spring to late summer

Cerastium Provides visual contrast and rises interest; Silvery foliage and masses of Soft, velvet textured leaves Perennial/herbaceous/

tomentosum attractive to bees and other pollinators small star shaped white flowers spring to fall
(Khalaf and Stace, 2001)

Prinuda Veris Colorful flowers can uplift moods and Bright colorful flowers Smooth flowers with silky texture | Perennial/herbaceous/
reduce stress stimulating the senses; spring
attracts bees and butterflies ( Tarapatsiyy
etal., 2021)

Yucea Provides visual interest; attracts Sword-shaped leaves and Stiffleaves Perennial/shrub/year-

Sfilameniosa pollinators (A} 1., 2005) creamy-white bell-shaped flowers round

Cotoneaster Calming effects, has evergreen foliage that | White small flowers, red berries Smooth, glossy textured leaves Perennial/shrub/year-

procumbens can create a sense of stability and round
continuity provides habitat for wildlife
(Dmitruk et al, 2022)

Lobelia erinus Colorful flowers can uplift moods and Tubular flowers in shadesof blue, | Smooth leaves, delicate flowers Annual/herbaceous/late
reduce stress stimulating the senses; violet, pink or white spring to early autumn
attractive to butterflies (Folquitto et al
2019)

Aquilegia Graceful nodding flowers that can Various colored flowers Lacy leaves with soft flowers Perennial/herbaceous/late

vulgaris promote relaxation, offer visual spring to early summer
stimulation, and attract pollinators
(Hassan et al., 2010)
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sanguinea, Prunus laurocerasus). This area would not only decrease
the sound coming from passing cars passing but also add an
aesthetic part to the garden by having an animating and refreshing
effect. Table 6 describes the suggested plant material that would
represent and enhance the functions of this space, as well as
various ornamental aspects. The plant material would serve as
visual stimulation, but the absorption of sound would contribute
to the auditory comfort of the area, minimizing the external noise,
thus enhancing other pleasant auditory stimulation, as the key
features suggest.

3.9 Dedicated employee area

Taking in account the fact that medical staff need privacy, and
considering the site’s structure, the most suited zones dedicated to

Frontiers in Psychology

Pneumophtisiology clinic, while the lower area would serve the
specialties in its proximity. The vegetation would not present much
diversity in colors nor textures, mostly composed by green shrubs.
The suggested benches would have the proper dimensions for users
to recline, thus creating a non-triggering, neutral background for
relaxation. Table 7 details the suggested features and plant material
that would accurately reflect and improve upon the area’s many
uses, dominating the hardscape, providing habitat for wildlife and
privacy as the design principles suggest.

4 Discussion
Green spaces within the proximities of hospitals offer

opportunities for patients to break a monotonous daily indoor
routine and to spend time in nature. It is also beneficial for
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TABLES Plants proposed for the hypo-allergenic area and their features.

10.3389/fpsyg.2023.1201030

Species Allergenic Therapeutic effects | Decorative Tactile experience Plant
potential elements type/growth
habit/decorative
period
Hex aquifolium | Low (female Calming effects, has Glossy, dark green leaves; | Glossy, stiff leaves with spiny | Perennial/shrub/year-
cultivar- does not evergreen foliage that can bright red berries that edges round.
produce pollen) create asense of stabilityand | add color during autumn
continuity, attractsbirdswith | and winter
their berries (Obeso, 1995)
Ferns Low, they do not Stress reduction, connection | Delicate, feathery foliage | Soft, feathery, finely textured | Perennial/herbaceous/
produce pollen to nature due to its texture; in various nuances of fronds offer a delicate tactile spring to autumn
air purification (Mannan green experience
ela 008; Lee and Shin,
2010)
Nanding Low, produces Creates a relaxing Colorful, lacy foliage that | Lacy, compound leaves with i -
domestica minimal pollen, its environment through changes color slender, smooth leaflets rond  foliage,  white
notknowntocause | visuallyappealing foliageand | throughout the seasons; flowers in spring, red
significant allergy wildlife attraction; can attract | produces clusters of ‘berries in autumn
issues butterflies and birds white flowers in spring
and red berries in
autumn
Skimmia Low, female cultivars | Relaxingeffects due to the Glossy, dark green leaves | Smaooth, glossy leaves; Perennialishrubyear-
Japonica donot produce evergreen foliage, evokes the | provide year-round smooth textured small round foliage, flowers in
pollen idea of continuity; wildlife interest; fragrant pale flowers spring, colorful berries in
attraction; attracts bees and pink flowers in spring autumn
butterflies (iiro and colorful berries in
Rizovska Atanasov autumn
Hosta sp. Low, produces Creates a relaxing Large, bold leaves in Diverse textured, smooth, Perennial/herbaceous/
minimal pollen, is atmosphere inshadingareas | variousnuancesofgreen; | veined foliage with slightly foliage -spring to autumn,
not known tocause | duetto the bold, visually spikes of trumpet-shaped | wavy or ruffled margins flowers in summer
allergy issues appealing foliage; attractive flowers
to bees and other pollinators
(Suzuki et al,, 2002)
Weigelaflorida | Low, produces Suggests calmness and Arching branches with Smooth leaves; delicate Perennial/shrub/spring to
minimal pollen relaxation due to the flexed abundant flowers carly summer flowering
branches abundant in trumpet-shaped flowers and foliage until autumn
flowers; attractive to
butterflies and bees (Stawiarz
and Wrdblewska, 2016)
Heuchera sp. Low, produces Raisesinterest andcreatesa | Colorful foliage inshade | Diverse textures from Perennial/herbaceous/spring
minimal pollen relaxing environment due to | of green, purple, bronze, | smooth, slightly ruffied, or to autumn foliage, spring
diverse foliage colo silver; delicate veined leaves; delicate small to summer flowers
pollinators (s bell-shaped flowers flowers

family members and visitors to interact with patients in a
comfortable, relaxing environment and for the medical staff to
have a peaceful place to retreat during a break. Using program
clements like the present study suggests can help to redeem
underautilized places in healthcare areas and help to transform
them into healing environments (Cordoza et al., 2018 Weerasuriya
et al, 2019). This paper adds to this body of knowledge by
presenting an integrated approach toward designing sensory-
therapeutic gardens. Drawing from a range of literature sources
focusing on Post-occupancy Evaluations, rather than conducting
a traditional literature review, to gather a set of key principles for
therapeutic garden design. However, despite the design principles
presented in this study, the design of sensory-therapeutic gardens
remains a challenge due to the complexities of users’ needs and
specific site conditions, underpinning the need for continuous
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refinement and adaptation of design principles based on site-
specific evaluations (Jiang, 2014; Thaneshwari et al, 2018). Our
research included a literature exploration of various articles
focusing on Post-occupancy evaluations of healthcare facilities,
gathering insights from a spectrum of healthcare contexts, further
translating these principles into the specific context of a sensory-
therapeutic garden design in Cluj-Napoca, Romania (Polat et al,
2019). Implementation of such initiatives and feedback from the
users can bring improvements in the design process and thus lead
to better understanding about the requirements of a therapeutic
garden (Ivarsson and Grahn, 2010; Uwajeh et al, 2019). Post-
occupancy research emphasizes the user’s needs, and highlights the
positive and negative aspects of the newly created space. This then
contributes to the constant improvement of the therapeutic garden
design guidelines, aiding specialists in developing enhanced healing
environments (Abbas and Ghazali, 2012; Sidenius et al., 2017).
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TABLE 6 Plants proposed for the sound barrier area and their features.

10.3389/fpsyq.2023.1201030

Species Sound barrier | Therapeutic effects Decorative Tactile Plant
features elements experience type/growth
habit/decorative
period
Taxus baccata Dense, evergreen Galming effect, creates a sense of Dark green foliage: Needle-like foliage, spiky | Perennialishrubfyear-
foliage privacy; provides nesting bright red fruits texture round
opportunities and food for birds
(Lavabre and Garcia, 2015)
Comus Dense branching Visual interest due to colorful stems | Intense red stems Slightly roughtextured | Perennial/shrubfyear-
sanguiriea structure with thick in winter, can have positive impact on stems round
foliage ‘mood; attracts bees, birds (K anc
Debussche, 1988)
Photinia x Evergreen with Provides privacy, attractive red new Red new growth Glossy and slightly Perennial/shrublyear-
Jrasierii dense foliage growth can have good influence on leathery leaves round
mood; attracts bees and other
pollinators
Philadelphus Dense branching Fragrant flowers can havea calming Dense white flowers | Soft, delicate flowers Perennial/shrub/spring to
coronarius structure effect; attracts bees and other
pollinators (Mach and Potter, 2018)
Weigda florida | Dense arching Dense colorful flowers, can have Dense pinkflowers | Slightly waxy -flowers; Perennial/shrub/spring to
branches with uplifting effect on mood: attracts bees, sighdy rough textured fall
abundant foliage ‘butterflies (Stawiarz and Wroblewska, leaves
2016)
Prunus Evergreen, dense Dense foliage createsa sense of Glossy, datk green Glossy, fine leaves Perennial/sheub/year-
laurocerasus foliage closure, privacy; attracts bees and foliage; small white round
other pollinators, birds might be flowers
attracted to the fruits (Mach and
Potter, 2017)
Forsythia Dense, arching Brightyellow flowers can have Bright yellow flowers | Soft, delicate flowers; Perennial/sheub/spring to
suspensa branches with ‘positive impact on mood by providing dightly rough branches | fall
abundant foliage avibrant visual display: the flowers
«can be attractive to bees and other
pollinators (Mach and Potter, 2017)

Healing gardens with therapeutic properties are spaces that
assist the recovery process and have both physical and spiritual
implications (Hastuti, 2020; Hastuti and Lorica,
from the user feedback and design key principles extracted
from the literature exploration, the defining design features of
therapeutic gardens encompass: (1) creating a well-organized space,
(2) taking in account the facility’s profile when designing the
space, (3) prioritizing softscape over hardscape, (4) supporting
human-nature interaction, (5) ensure access and visibility, (6)
provide plenty of seating and shaded areas, (7) include water
features (8) design secluded areas for staff, (9) use vegetation and
natural elements for multi-sensory stimulation, and (10) encourage
biodiversity. This comprehensive set of principles provides a
blueprint for the sensory-therapeutic garden design, that aligns
with the previous findings (Vapaa, 2002; Asano, 2008; Pouya and
Demirel, 2015). Furthermore, the design process presented in this
study demonstrates how the principles derived from the literature
exploration and user feedback were translated into a specific
garden design, thus proving their applicability in real-world design
scenarios.

The design features of the therapeutic garden should ideally
meet the specialization of the hospital and the pathology of
the users, as different types of patients have different needs. It
is important to emphasize that not all pathologies have been

Frontiers in Psychology 15

extensively researched in terms of therapeutic gardens design, thus
there still might be cases where in order for the user's needs to
be met, the specialists creating the garden need to rely on their
professional experience and on a collaboration with the end user
in developing the design (Eckerling, 1996). For example, garden
design for cancer patients should have different properties than the
one designed for children, mentally ill patients, or hospital staff in
terms of colors, activities, fragrances, and accessibility; but they all
should create a safe space with plenty of vegetation, provide shade,
comfortable seating and facilitate independent movement (Fleming
and Figueiredo, 2013; Paraskevopoulou and Kamperi, 2018). These
are facts that are in concordance with the design proposal, having
specific vegetation for lung pathology-related patients, providing
medicinal plants and fresh fruits through the medicinal and edible
plants area, that enhance the tactile sensory experience for patients
with visual impairments.

By design, the aim of sensory-therapeutic gardens is to
offer sensory experiences, with a recreational and/or educational
outcome, actively engaging its visitors in exploration by stimulating
all the senses: tactile, gustatory, olfactory, visual, auditory and
movement (Hussein, 2010; Stepansky et al, 2022), the present
proposal includes these features by integrating tactile, visual or
auditive stimulating vegetation. Such gardens, besides a senses-
themed design, should afford activities like fruit harvesting,
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TABLE7 Plants proposed for the staff dedicated area and their features.

Species

Therapeutic effects

Prunus Calming effect, creates a sense of

laurocerasis privacy and closure due to the
evergreen foliage; attractsbees
and other pollinators (Mac
Potter, 2017)

white flowers

Decorative elements

Glossy, dark green foliage: small

10.3389/fpsyg.2023.1201030

Tactile experience Plant type/growth
habit/decorative
period

Glossy, fine leaves Perennial/shrublyear-round

Hydrangea
paniculata

Visual appealing flowers, in
contrast with the background can
have invigorating effects on the
mood; attractive to bees,
butterflies, and other pollinators
(Mach and 2017)

Large flower clusters that can
rangein color from white topink

Rough textured leaves; soft and
fuffy leaves

Perennial/shrubllate spring to fall

Deutzia scabra Visual appealing dense flowers, in | Dense, white flowers
contrast with the background can
have invigorating effects on the
‘mood; attracts bees and other
pollinators (Mach and Potter,
2017)

Vibumum

Coarseleaves Perennial/shrublspring to fall

and uplifting effect on mood; can
be attractive to bees and other
2019)

pollinators (Yucedag ct o

Tts textures and color Textured leaves; Small white Soft and delicate flowers with silky | Perennial/shrubfyear-round
davidii ‘combinations provide visual flowers texture

interest; attractive to bees and

other pollinators (Sh

etal, 2021)
Euonymus Variegated leaves rise visual Green variegated foliage Glossy and smooth leaves with Perennial/shrub/year-round
japonicus interest, can have invigorating leathery texture

exploration, interaction with the environment by using species
with interesting foliage, incorporating water features, diversifying
hardscape materials, stimulating curiosity, being accessible to all
visitors, and to encourage social gathering (Hussein et al., 2016; Siu
et al.. 2020), a requirement sustained by the proposed occupational
therapy area.

A very important part of a successful therapeutic design would
be the patient’s, family members and medical staff involvement
and/or opinion in the design process from the beginning, since
they will be the final users of the space, and maybe have different
expectations, needs or ideas for the garden (Heath. 2004; Senes
et al, 2012). This was an aspect that in this study was not
considered. Also, staff members are directly involved in the patient’s
recovery and are as equally important when making design choices
about their working environment. Research indicates a significant
gap in finding what medical staff needs in order to provide quality
services while preserving their own health (Huisman et al, 2012;
Smidl et al, 2017), so in the present design proposal it was
considered necessary to integrate a secluded area for the medical
staff. Besides recommendations from scientific literature or user
feedback, another factor that might influence the outcome of a
therapeutic garden design is the site’s location and surroundings.
Aspects like the terrain topography (slopes, flat terrain, or mixed),
climate (influences the vegetation palette that can be used in the
design), vicinities (can bring the necessity to create sound barriers
being located near a noisy area, or some sights might need to be
highlighted or, conversely, hidden) can have major implications
in the decision making process regarding the zoning, functions
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and aesthetics of the garden (Salamy, 1995; Shahrad, 2012). In the
present study, the fragmented space led to the partitioning of the
functional zoning of the space.

While POE method can provide valuable information on
designing healing spaces, more modern evaluation methods can
be used, that offer more objective, time efficient and standardized
approaches. For instance, in individuals with dementia, the
positive impact that the garden exposure had on the mood and
reduced medication was reflected in the lower levels of cortisol
and blood pressure, offering a more accurate evaluation of the
therapeutic effects (Pedrinolla et al, 2019; Murroni et al., 2021).
Electroencephalogram technology is a non-invasive approach that
allows the measurement of mood indicators, and in the context of
evaluating individuals participating in gardening-related activities,
revealed that, in addition to experiencing relaxation, participants
also felt a sense of interest and engagement in the activity (Du etal.,
2022). Other methods, like wearable sensors can be used to measure
physiological resp , a method that,
combined with the use of virtual reality can reveal the potential
impact of a proposed design even before it was built (Skulimowski
and Badurowicz, 2017; Zhang et al., 2021). Eye tracking technology
can reveal insights on what elements of the garden capture visitors’
attention and for how long, allowing designers to understand
what elements are most engaging and appealing, or aspects
that may be less successful in capturing interest, and even
more, it can help uncover any discrepancies between what the
subjects verbally report as their preferences and what their gaze
patterns disclose (Amati et al, 2018; Junker and Nollen, 2018).

to outdoor envi

frontiersin.org



Dinu Roman Szabo et al.

The evolution of technology and new findings in medicine
provide hospitals with equipment that improves the quality of the
medical services. However, studies have shown that often this is
not enough, and the quality of the environment around the patient
has a major impact on the recovery process and length of hospital
stay. There has been a preference for the design of old hospitals
as compared to the new ones, and there is a correlation between
the time spent in the hospital and the user’s satisfaction level
concerning the surrounding environment. This shows that over
time, designers have lost something of essential value in conceiving
healing environments (Ghazali and Abbas, 2012b).

5 Conclusion

Since ancient times man has felt a deep connection with nature
and natural environment, always seeking to integrate it in the
healing process, and green spaces around hospitals can provide
a great opportunity to create sensory-therapeutic gardens. This
study has shed light on the importance of these types of spaces
showcasing their potential to facilitate interaction not only between
people, but also to encourage a human-nature connection, to
provide access to all visitors, and to create a recreational space
also for staff and family members. Not only does this enrich the
aesthetic of a place with great variety in color and texture given by
the materials and vegetation used, but also can invite for further
investigation, to bring curiosity into the visitor's mind. They can
create opportunities for outdoor activities like gardening or sensory
exploration of nature, by using intriguing and captivating elements
in the design but they can serve also as contemplative spaces where
one can just spend time outdoor observing nature in silence. Since
there are not any precise guidelines for how sensory-therapeutic
garden should look like, the design often reflects the landscape
designer’s perspective and intuition, but post-occupancy studies
often reveal new perspectives, bringing constant improvements.
Through an exploration of scientific literature focusing on Post-
occupancy evaluations, we have identified key features of healing
landscapes that contribute to the effectiveness of these spaces.
This paper offers an innovative perspective by translating these
general principles into a spedific design context, filling a gap in
existing guidelines, bringing practical aspects for future sensory-
therapeutic garden design, combining literature-derived principles
with user feedback and site-specific condition, demonstrating
the flexibility and adaptability of these features. However, it is
crucial to acknowledge that further research is needed in order
to continually refine and improve de design of healing spaces by
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