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J7ND NPMWOXD NN WNNT7 NWOX! '7INY D700 1AW TXD1,ANE NINTIN DY
Q"OXOD DMINND WA ITN NNXPIN NNODN NPDA TPNNNT7 12N N2'Dn IT

J7N DRI N2INN2 DDTY

AN N7N NIY7270 P N7 |01 L,YPPTNNN NN NNIWE N7y byn N7
NMINTIN ,ANT NP7 .(Qiao et al., 2019a) 0"N2'ADI O"NNAN D'NINN
VapY np"pgTa ninioT7 0rTyvi 2N7 NNwP Ypapgnthn Ninmoa ninmoin
D'V 'WPIPTNNN NINON 7 NIRINNOAE DNANND |27 .2015 Nawa D"IND
|'2 DYPN NN DXIND 4 19DND DWAN PN1TN ('T'O117NXIDOX]AIP) 19D D1DNXD

VPPN RN U NN TINN A7 ,0"07710 DTy

|27 (Sustainable Development Goals) Nn"{7121 NINO7 DITY! 2 19'D :4 D'WIN
(Qiao et al., 2019a) yppapn nn 7v NMINTIN

np"pn/a ninon Ty

YR S | SDGNo.7: | SDGNo.8: MErs Mok gfsf];“:sllbzle SDG NoL13:
(cfel T LTI WO CERRIETEE  Affordable  — Decent work Prr > : > | SDG No.15:
+ resilient and consumption Climate ;
and and. and clean  and economic o N e o Life on land
well-being sanitation energy growth and communities | production

space (UUS)

———ﬁy =
Geothermal ; Historical
[ energy Eroundwateﬂ EEeomatenaD [ heritage

D"YIP NN D'D2)

TXD 'N21IN PN NILDT7 N NNIYPN NMIDTIN AW NIWATID 4 0'wIN2
NNDLAN Y TXNIL,DNPN OMAN ONDY7 NNDNN QDI 'O NN NX TN
N2'DN 1T .D"WPIP NN DMYPIPT7Y ,01ANINN 1D Y ' NITIPON NIDX)
Cui) Vp1pn nn ninto'7 0riwn 72 72 0n NINY NIPTNNNT DDPNN9Y 107
DIPNN97 D'71ITA NIINAY 2INT7 WY VPIPgn NN 72win i :(et al., 2021
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[22N7 |N1IY AT NI TIY 7173 Q191X ,DWIN'Y 2N |2D NN NIYTNNNT
W7 D3 DNNY7 OMPY 178 D'DOPINO QWNKD LNNT .TA72 Ydpgn 7y winwa
7V NI QN 71T2 VX OYI,NPIPO NIND L, NRYEN N7 NN2'ONA L,NNI7702

.(Cuietal., 2021) no1n2a 0'NINS OMNLY

D'DPMAIN O"WP DTNV DNV WP ANN 2NINn NN 1191 ,07INI
,NT 2IDD D'DPNN9 |1DN7 NYPY 127 NNPvn NA'DNl,N7YN1A [IWNKIN 0N
DNNN .(Qiao et al., 2017) ypIpn 7yn nM1a7 DN NN DAIZY NI
D'NLY 7¥ Mwn N2y |DINA D'7'NNN VPP NNN NIN'OaY 0MD11ON
.(Pasqual & Riera, 2005; Mavrikos & Kaliampakos, 2021) D"vpip-nn
TNL,YPIPA NRMDIDIN 119N 1IN 7732 77'V2A NN NNIAAN N7V 72N
010NN 191 2'XD 'WPIPTNNN ANINAY DIFTIND NI'DTINN NI'van Dy
07272 D'7TIN INNID NIINNXD DY 717002 ,NNT N7 .(Nelson, 2016)
771 ,(Kaliampakos et al., 2016) 'V NN NIN'ON DY 20N DM TTIDNNDY
NIN'O 7¢ N1 NIANIN NIVowNNL,(Dong et al., 2021) 17w N1IX'NN NIYORNN
DI .(Li et al., 2016; Tender et al., 2017) NI D'ANT 0'72V01 VPP NNN
7¥ QN7 1202 WPIPTNA NINDYT NI PN (1D NWYTHN NINODA NIXN'7 [N
Xie et al., 2021; Lin et al., 2022;) N2 NI'727> NIDvn 0'77100 ,0'WIN'Y

.(Qiao et al., 2022

0'TNIY DY 'YPIP-NNN ANIDA NN 1191 , ,
112'DNl,N7YN] [IPNIN :011 DADPMIIN DR
,iT AIDD D'DF'N9 [1ON7 NWPY 127 N"1Pvn
YPIpn 7yn nma7 pni ninldan DNI7y Nin

,YPIPNTNN NI NINTINIO] DFTNIYV OPDTINI DMDIO DMANN 1 N7,07IN
DIPNI 7721172 DONI AN WPIPTNNN ANINN.0MIZID'DO DNANN DA N7X
JINYN NNINT7 1P'Wa DWID'YA N1'NAD IXNIN L, TNOND 17'9N1 J1IwN ,MINDD
17NN D'WID'WN 1 .(Lee et al., 2017) TA72 X7 |DT7 DWIN'WT NI 727 ,IX
NN ,7wn'7) 1N Non L('I21 N1 0NN 1NN NINN) ANIRX 11NN
,(DY DAY D'WINY X' DTN 172700 DNPTXNY DYYPIP NN DNAvNa

202 NN WIN'Y - 0112 7Y DP79DIPA IN TTIA 1122 12THWII
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,2ANDD 10D ,QMDIDIY DMIN'Y DWIN'YT7 D) D1YPAEI NN D1ANIN NN97 [Ny
NP2 NYYN NINDNY ININ N7 DD NIRPDY 111y ,DIIODI NPIDYN
N7,]'"0T NINY7 712! 0T DD WP~ NN NIN'O (-1 NniP) Yipn 1197 Ndindin
NIIDYA 21NN D790 NNI YPIPn NI NN NINNY 7X0XADI9 DVI M0

.0nnn

WPND NIZRYILNNVD 1.4

NTID NP Y NN NIYTNNNT 07173 D'DPINO7Y NININYT NN PN0nn Non
LJINNNDY7'D2 .DNNN YPIP™NNN ANINN 7Y 'NIYDYN NIND'YT7 DINNNT7 NYVY
7V NIANYDL,TRN TXD NIDIRN NMYIN 7Y ARTIFIWONT 017101 17X 0'DP7'ND
JVVWNY DNIQD NN NNT L7TIA7 NN 71X 1IN, TX0D 0MD19 011737

https://www.hel.fi/static/hel2/ksv/julkaisut/esitteet/esite_2009-8_en.pdf 1
https://www.myhelsinki.fi/en/see-and-do/sights/temppeliaukio-church

https://www.mtl.org/en/experience/guide-underground-city-shopping
https://www.fosterandpartners.com/projects/canary-wharf-underground-station

https://www.ymcasport.org.il/swimming-pool

2
3
4
5
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Y ,N1Y .N72701 N'DTIN NANAN PP NN NN JITXN7 WY N1aN qpn
N1 TPN ,qIDA7 .7'VON7 |NIY YN7 101201 DMIIDN D'XMNN NIPPN NIvA7
D"7270 DIXIINN VIXN'7 D710, NINTWENIYDN NIIPNN NN 71 X71,N0XY

.N7 YW DNNN YN7 101107 QD112 ,0MI0NI

:]N NITOIXODN NN NITNY |27

2VIPNTNN NINIDYT7 NIIYA NI2DIDTNA NIMOXN NMZVRl NIZvinn jnn- .1
0N D'PINNTNYPNAN,DMY700 NIYXDNA NIWYT7 [nan .2

VPPN NN NINO NIVXDNA JOD7 N1 DM DN 7w 70 AN .3
217X D'OPNO]
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,NI2X 7'9DN DNA YN NI7YY NINIFNA 71 MPON 'WPIPF™NN NINDY NIYD
Vg0 NI7YY 017N INI72 ,12a00 ATND [NIAN MPn0 TNN NX 1702 D71
,N1PDNDN N7NY7 DNANT 7212 70 N1 NDIN 12 NI7YnY DIgna awnl,nnil

.NLYN 19 7V YN 1NNT7 ¥ YgIpan NN NiNe nnd Ty

7AN DT 12 WI7IRNY TN IR 1WA NN [IWNIN NN NIPTNNNT DPNon
141 0y,"122 129" 00 NN T E("N /2031 /700" NN2IN) D12 TIND N7
.DPNNoN DDA T NITAY 1,005 1T NINX7 NINIDXY 017 T 7w niTne
NPIDYNNINMWYNN TN T'7,0M10 NIRIDYT TINY W1 1N 12102 XINITND
N7 N2D7 NN TX71 11N 7w IWND ©12D TX7 NXDI DINON ,qDIA JWNIN
7PDNN,DPNNON 112V DTN DRININ NINAN ANDIDDN NNDIN 197 101NN
17V 7j7'va DDINALLNI7D'72 NINTD 7V NVT NN NN 1202'N20 01 2IwNin
NINPY,NPI7NETINK 7207 NINEY ,DIYA |20 DA 0MNF 17N QDI 7N

120X 1D71X7 NNNOIAIZING AFD /NN NOD ,NIN'OI N

MITND TNNX 272 ,YOND TN KXN1 1PN NDNWR DIWTNNNN DPIN9
NIYTNNNYT N12IN 02 'NIT 0NN NND 1A ™410-0856021" NdIN :wipan
NnINN7 TINX ,NINPN NN9 7¢ 1117WA 0PINN 1IN 122719 AIDD NNy
NIINN 212D N2 NNXYN 7Y NN NYab7 Dal L7091 ATV NN
,NVIIN 10 DYND 17901 NINMPIN AT NITN! 1,256 ,N1D1INN N1IDN2 .1NLHNN
NIDNNN NPT NYIT7 QDA LITA NN2INN 1Y 03 AT DTN 4,70077
,DI7PN1 NI77X0 N™IT DM L1012y Mvn DN NINY DA19NN N172'700

121X 1D71X7 1NNOILN12N N9DY,NAD NIT

https://mavat.iplan.gov.il/SV4/1/3005290850/310 :1 |'DT LF'NON 7¢ NIDANYTNHN7D 6
https://mavat.iplan.gov.il/SV4/1/4005067830/310 :1 |'DT bF'NON 7¢ IDANYTHN7D 7
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Below the Surface

exemptions), in the long term we estimate that these will be covered
by the increase in the local authority’s income from property taxes. The
willingness-to-pay analysis was conducted using a hedonic regression
about the potential increase in the value of properties following the
construction of a large medical center. The results show that in Petah
Tikva and Nesher, an increase of 10% in the value of apartments in the
project is reasonable. However, in most cases, even if the increase is
smaller, the entrepreneur’s profit is expected to reach the required
level.

The following conclusions can be drawn from the research: First, the
model for underground development in large urban renewal projects
is feasible, and our method makes it possible to analyze what are the
best alternatives for underground development, while performing
sensitivity analyses. Second, government intervention is still vital
to incentivize underground development. The research shows that
increasing the allowed built area in a project is the most effective
incentive, since this can compensate for the additional costs of
underground development. When urban underground functions are
attractive, an increase in the willingness to pay for living in the area can
be expected. A combination of the three factors opens new horizons
for the underground development of large urban renewal projects in
Israel.

Possible external benefits of underground development, such as
their use as a thermal shelter during extreme weather events, will
surely increase their utility at the local and even national level. There
are additional benefits, as the preservation of open spaces due to
increased underground development. In the current study, we did not
quantify these utilities. However, previous studies showed that these
may have a great economic value, and their exact measurement is a
subject for future work, as well as expanding the research to other
regions in Israel, with other geographic, demographic, and socio-

economic characteristics.
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higher costs compared to construction above ground, engineering
challenges, and even psychological difficulties arising from moving
part of the human activity underground.

The guiding principle in our work is to stick to the existing urban
planning policy in Israel, while maintaining the economic viability of
the projects. The goal is to show that underground development is
not just a utopian vision, but a realistic possibility, albeit subject to
certain conditions. For this purpose, we used two case studies of urban
renewal projects, one in the heart of a high demand area (Petah Tikva)
and the other located farther from Israel’s core metropolitan area
(Nesher). In both cases, we based our analysis on the existing economic
reports of these projects, accurately reproducing the structure of their
costs and revenues. We then proposed planning alternatives that
combine the existing projects’ features, along with various possibilities
of development in their underground. These alternatives differed
from each other regarding the main assigned use of the underground:
commerce and employment, leisure and sports, or medical services.
They also differ in the intensity of the underground development
both regarding the built area, and the depth. For each one of these
options, we adjusted the economic model and calculated the costs
and revenues arising from the analysis. To be consistent with the
accepted practice, our analysis used the official standard of the Board
of Real Estate Appraisers, which requires a minimum profitability rate
for developers.

In all the alternatives we tested, the additional development of the
underground lowered the rate of profitability below the 17% required
by the standard. However, we show that in most cases it is possible to
provide incentives to the entrepreneur, that together with reasonable
assumptions regarding an increased willingness to pay for apartments
in the project, may raise the profitability of the project to the required
level. Some of these incentives are additional building rights or lower

fees and taxes. Even when the incentives have a budget cost (e.g., tax
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Abstract

The State of Israel is one of the densest countries in the world. The
common response to the increasing pressure on the national land
resources is densification, mainly through urban renewal projects.
However, the way these projects are being carried out raised several
claims against them. Among others, the creation of alienated urban
spaces, the imposition of additional burden on local transportation
infrastructures, and lack of planning for potential future risks due
to climate change. A possible solution to these problems lies in the
underground space beneath these projects. Large projects for urban
renewal may be a once-in-a-life-time opportunity for planning and
efficient utilization of this resource in three ways: (1) creating an
active and vibrant urban space on the ground floor by placing some
land uses underground, (2) preparing the infrastructure for a physical
connection to possible future underground transportation facilities,
(3) creating a readily-available thermal shelter against potential future
heat waves. The problem with these uses of underground space is that
they represent public goods that the private market cannot (or may
not want) to provide. In this study, we examined which public services
(besides the design of underground parking basements) can, and
should be provided, through the development of the underground in
large urban renewal projects, using the existing tools, regulations, and
laws.

There are many examples in the world of underground development
that fulfills different functions. These emphasize the role of
underground development as a significant means in the sustainable
development of the urban space. However, these studies also point to
inherent difficulties that underground development entails, including
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