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Climate resi l ience addresses  c l imate  adaptat ion with an out look that  change is  a  natural 
s ta te  of  mat ters  and a  system can adapt  to  them while  maintaining a  capaci ty  for  fur t-
her  t ransformation and adaptat ion (Nelson & al .  2007) .  The goal  of  c l imate  resi l ience 
is  wri t ten in  the Paris  Agreement  a longside emission mit igat ion and cl imate  adaptat ion 
(United Nat ions 2015) .  In  this  thesis  the understanding of  the meaning of  this  goal  for 
archi tectural  design is  s tudied by cut t ing across  different  scales  of  predict ions of  im-
pacts ,  r isks  they pose,  and responding pol icy and design.  The aim is  to  form a compre-
hensive idea on relevant  information on the ecological  impacts  of  c l imate  change and 
resi l ient  design measures  to  gain understanding on improvement  of  the cl imate  resi l ience 
of  current  res ident ia l  archi tecture  in  Hels inki ,  Finland. 

The background for  understanding the impacts  and r isks  re la ted to  the cl imate  cr is is  is 
based on current  c l imat ic  research knowledge reported by IPCC (Internat ional  panel  on 
cl imate  change)  and several  meteorological  s tudies  specif ic  to  Finland.  This  information 
is  discussed in  re la t ion to  current  inst i tut ional  c l imate  act ion to  analyse how the regula-
t ive par t ies  on different  levels  are  responding to  the cr is is .  The r isks  posed to  the bui l t 
environment  by the ecological  impacts  of  c l imate  change,  such as  r is ing temperatures , 
increasing precipi ta t ion and f looding are  s tudied.  Responding urban and bui lding design 
measures ,  such as  green and blue s t ructures ,  are  speculated and analysed fur ther,  before 
the presentat ion of  a  conceptual  design of  a  res ident ia l  area.  The design concept  is  an 
effor t  to  express  res i l ient  bui lding design aspects  and is  located in  a  typical  coastal  new 
resident ia l  area in  Hels inki .  The research aims to  understand what  are  the ecological 
c l imat ic  impacts  in  Hels inki ,  Finland that  create  r isk to  our  bui l t  environment  and what 
kind of  design solut ions could respond to  these changes in  a  res i l ient  manner.

Key words:  c l imate  res i l ience,  c l imate  change,  c l imate  adaptat ion,  sustainabi l i ty,  archi tecture
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I lmastoresi l ienssi  käsi t te lee  sopeutumista  i lmastonmuutokseen lähtökohdasta ,  jossa 
muutos on luonnol l inen olot i la  ja  näihin muutoksi in  on mahdoll is ta  sopetua samalla 
säi lyt täen kyky muutokseen ja  sopeutumiseen myös ja tkossa (Nelson & al .  2007) .  I lmas-
toresi l ienssi  on kir ja t tu  tavoi t teeksi  Par i is in  i lmastosopimukseen päästöjen vähentämi-
sen ja  er i tyisest i  i lmastosopeutumisen ohel la  (United Nat ions 2015) .  I lmastoresi l ienssin 
merki tystä  arkki tehtuuri l le  pohdi taan tässä  työssä le ikaten er i  mit takaavojen i lmasto-
vaikutusten ja  -ennusteiden läpi .  Huomioon otetaan i lmastonmuutoksen vaikutuksien ai-
heut tamat  r iski t   ja  ni ihin vastaavat  toimet  ja  suunni te lmat .  Tavoi t teena on muodostaa 
kokonaisval ta inen käsi tys  oleel l isesta  t iedosta  i lmaston ekologis is ta  vaikutuksis ta  ja 
joustavis ta  sunni t te luratkaisuis ta ,  ja  saavut taa  ymmärrys asuinrakentamisen i lmastore-
s i l ienssin parantamisesta  nykyarkki tehtuurin keinoin,  keski t tyen s i ja int ina Hels inki in .

I lmastokri is in  vaikutuksia  ja  r iskien ymmärrystä  on taustoi te t tu  tämänhetkisen Suomeen 
keski t tyneen i lmastotutkimust iedon ja  IPCC:n (Internat ional  panel  on cl imate  chan-
ge)  uusimpien saatavien raport t ien avul la .  Tätä  taustat ie toa verrataan tämänhetkis i in 
i lmastotoimiin,  jot ta  saavutetaan kokonaiskuva,  mil la iset  toimet  ohjaavat  suunni t te lua 
er i  tasoi l la .  I lmastonmuutoksen ekologiset  vaikutukset ,  kuten nousevat  lämpöti la t ,  l i -
sääntyvät  sateet  ja  tulvat ,  sekä ni iden aiheut tamat  oleel l iset  r iski t  käydään läpi .  Näihin 
muutoksi in  vastaavia  kaupunki-  ja  rakennussuunni t te luratkaisuja  spekuloidaan ja  ni i-
den joustavuut ta  analysoidaan,  ennen vi imeisen osion asuinalueen konsept isuunni te l-
maa.  Konsept isuunni te lman pyrkimys on esi te l lä  joustavia  suunni t te luratkaisuja  ja  se 
s i joi t tuu paikal l iseen kontekst i in  tyypi l l isel le  uudel le  asuinalueel le  rannikon tuntumaan 
Hels ingissä .  Tutkimus tähtää laajentamaan ymmärrystä  i lmastonmuutoksen ekologis is ta 
vaikutuksis ta ,  jotka muodostavat  r iskejä  rakennetussa ympäris tössä Hels ingissä  ja  mil-
la is i l la  suunni t te lukeinoi l la  näihin muutoksi in  voi ta is i in  vastata  i lmastojoustavast i .

Avainsanat :  i lmastojoustavuus,  i lmastoresi l ienssi ,  i lmastonmuutos,  sopeutuminen,  kestävä kehi tys ,
 arkki tehtuuri
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Internat ional ,  nat ional  and local  c l imate  goals  are  guiding our  c l imate  ac-
t ion with targets ,  such as  emission reduct ion of  80% in Hels inki  by 2035 
(Hels inki  2018) .  Nevertheless ,  mit igat ion alone is  not  enough to  avoid the 
ent i re ty  of  the impending cl imate  cr is is  and adaptat ion plans are  ini t ia ted to 
reduce fur ther  damage.  However,  the ul t imate  goal  is  to  mit igate  and adapt 
while  maintaining the capaci ty  to  cont inue to  do so in  the future  as  wel l .

IPCC (2014)  def ini t ion for  res i l ience is  ” the capaci ty  of  social ,  economic 
and environmental  systems to  cope with a  hazardous event  or  t rend or  dis-
turbance,  responding or  reorganizing in  ways that  maintain their  essent ia l 
funct ion,  ident i ty  and s t ructure ,  while  a lso maintaining the capaci ty  for 
adaptat ion,  learning and t ransformation”.

Within this  def ini t ion,  c l imate  resi l ience in  archi tecture  can be specif ied 
here  to  include coping with disastrous events ,  t rends and dis turbances,  such 
as  f loods,  temperature  and sea- level  r ise  and increasing precipi ta t ion,  re-
sul t ing from cl imate  change.  Urban and bui lding design measures  are  de-
f ined to  act  as  the responsive and reorganizable  factors  of  environmental 
systems such as  c i t ies  and bui ldings to  help them preserve their  essent ia l 
funct ion,  ident i ty  and s t ructure  while  maintaining the capaci ty  for  adapta-
t ion,  learning and t ransformation. 

Notably,  the def ini t ion of  c l imate  adaptat ion is  l imited here  to  act ions that 
help these systems absorb and adjust  to  changes that  are  occurr ing or  wil l 
probably occur  due to  c l imate  change,  and is  accordingly included in  c l ima-
te  res i l ience.  Cl imate  resi l ience includes adaptat ion to  change while  main-
ta ining essent ia l  funct ion,  but  res i l ience addi t ional ly  maintains  the capa-
ci ty  for  self-renewal  and t ransformation as  wel l ,  and considers  occurr ing 
change as  the natural  s ta te .  (Nelson & al .  2007)

P R E F A C E

Our atmosphere is  warming up and causing a  global  c l imate  change.  The 
impacts  vary local ly,  and in  order  to  mit igate  emissions and lower future 
temperature  r ise ,  the effects  of  inevi table  changes in  our  c l imate  need to 
be considered (see Ch.2) .  As humans are  responsible  for  this  phenomenon, 
we need to  protect  the natural  environment  and al l  ecosystems,  but  a lso our 
own environment  to  avoid economic,  social  and fur ther  environmental  im-
pacts  (see Ch.4) .

Bui lding use and their  construct ion combined are  responsible  for  a  s ignif i -
cant  38% of  emissions in  Finland,  but  the emissions from construct ion can 
be decreased.  The mit igat ive value of  re t rof i t t ing and renovat ion of  exis-
t ing bui ldings is  evident .  Bui lding anything new wil l  a lways release some 
emissions.  Increasing the eff ic iency of  ut i l izat ion of  an exis t ing bui lding, 
repair ing an old bui lding or  modif icat ion of  an exis t ing one,  and reusing 
par ts  f rom an old bui lding are  a l l  good opt ions to  mit igate  the emissions of 
the construct ion sector.  (RT 2020)  While  the use of  these measures  is  fur t-
hered,  new construct ion occurs .

In  addi t ion to  being a  source of  emissions,  bui ldings are  a lso our  shel ter 
f rom their  impact  on our  c l imate .  Cl imat ic  changes wil l  increasingly threa-
ten our  habi ta t ion in  the future  i f  they are  not  designed to  adapt .  Predict ions 
for  future  c l imate  condi t ions become more uncertain the fur ther  we look 
into the future ,  but  as  the l i fe t ime of  a  new bui lding should exceed the t ime 
span of  the more cer ta in ,  nearby scenarios ,  we need to  be able  to  design for 
an uncertain future .
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S C O P E  A N D  S T R U C T U R E

In this  thesis ,  c l imate  res i l ience in  archi tecture  is  s tudied with a  focus on 
cl imate  adapt ive design measures .  The matter  is  s tudied in  i ts  temporal  and 
regional  context  to  comprehensively improve understanding of  c l imate  re-
s i l ience in  current  and local  archi tecture .

To bui ld  sustainably,  the bui lding sector  needs to  s imultaneously mit igate 
emissions,  adapt  to  known and unknown changes,  and to  improve resi l ien-
ce.  Emission mit igat ion could be done by reducing construct ion overal l ,  or 
by repair ing exis t ing bui ldings,  but  previous inconsiderat ion of  c i rcular i ty 
and resi l ience in  construct ion,  and megatrends such as  urbanisat ion,  are 
chal lenging to  these manners  of  approach.  Meanwhile ,  new construct ion in 
growing areas  such as  Hels inki  keeps on get t ing bui l t  (discussed fur ther  in 
Ch.  1) .  Cl imate  adaptat ion and resi l ience in  new construct ion are  secondary 
in  their  urgency compared to  emission mit igat ion,  but  s t i l l  need to  be add-
ressed alongside mit igat ion to  reduce negat ive impacts  of  c l imate  change 
and ease future  mit igat ion and adaptat ion.  The focus of  this  thesis  is  there-
fore  on cl imate  resi l ience propert ies  of  current  and future  construct ion,  as 
this  a l lows for  an opportuni ty  to  improve understanding on the relat ionship 
of  the cl imat ic  future  and resi l ient  and adapt ive measures  in  archi tecture .

As resi l ience enhancing measures  in  archi tecture  vary local ly  according to 
specif ic  c l imat ic  condi t ions and the ini t ia l  funct ion that  is  to  be maintain-
ed,  designing a  res i l ient  environmental  system requires  r isk and vulnerabi-
l i ty  assessment  to  support  the just i f icat ion of  these measures .

Cl imate  change and cl imat ic  future ,  i ts  local  impacts ,  and inst i tut ional  ac-
t ion responding to  c l imate  change are  a l l  assessed through a  l i terature  re-
view in the f i rs t  par t ,  wi th  a  scope of  specif ical ly  looking into cl imat ic 
changes in  the future  of  the Finnish cl imate ,  their  impacts  and posed r isks 
to  bui l t  environment  and i ts  users  in  order  to  create  a  f ramework for  the 
thesis .  In  the second par t ,  the  re la t ionship between archi tecture  and cl imate 
resi l ience is  ref lected and archi tectural  design solut ions are  examined and 
analysed through case s tudies  f rom the point  of  view of  c l imate  res i l ience. 
Last ly,  a  concept  of  a  res ident ia l  bui lding in  an area with a  typical  c l imate 
for  Hels inki  is  designed,  focusing on cl imate  resi l ient  design aspects  to 
s tudy how research t ranslates  to  design.
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1   I N T R O D U C T I O N

In this  chapter,  I  wil l  go through the def ini t ion of  c l imate  res i l ience in  the 
context  of  current  Finnish construct ion,  i ts  place among other  c l imate  ac-
t ion and sustainabi l i ty  goals  and how i t  is  s tudied in  this  thesis .

My research problem is  essent ia l ly  to  discover  and design responsive and 
reorganizable  factors  to  specif ic  environmental  systems.  In  this  case,  the 
environmental  systems in  quest ion are  apar tment  bui ldings in  Hels inki  to 
be designed for  housing as  their  ini t ia l  purpose.  The scope is  l imited to  new 
housing bui ldings in  Hels inki  intent ional ly,  as  predict ions by Vuori  & Kaa-
si la  (2019)  show that  populat ion of  Hels inki  is  expected to  grow over  25% 
in the next  30 years ,  and several  new housing areas  are  under  development . 
Average product ion of  new apartments  was 4500 per  year  in  Hels inki  during 
2014-2018,  only 10% of  which was due to  modif icat ion of  use.  Moreover, 
the goal  for  2019-2021 has  been to  construct  7000 new apartments  per  year.

In  the l ight  of  these numbers ,  c l imate  res i l ience issues  of  new construct ion 
specif ical ly  in  Hels inki  are  current ly  re levant .  The fundamental  quest ion 
is  i f  this  amount  of  new construct ion is  actual ly  needed in  Hels inki  area, 
or  could i t  possibly be replaced by modif icat ion of  use and retrof i t t ing and 
renovat ing,  remains.  Meanwhile ,  by s tudying how resi l ience can be increa-
sed in  bui lding design of  new construct ion,  the demand of  future  research 
on retrof i t t ing bui ldings can be decreased,  c losing a  loop where we design 
non-resi l ient  bui ldings and spend future  resources  to  adapt  them. Addit io-
nal ly,  adapt ive measures  can be s tudied broadly and possibly appl ied in 
renovat ion projects  to  enhance adapt ivi ty  and resi l ience. 

As out l ined above,  the main problems,  or  threats ,  addressed in  this  work 
include disastrous events ,  t rends and dis turbances resul t ing from cl imate 
change.  To cover  these,  a  comprehensive s tudy on the background of  c l i -

mate  change,  i ts  impacts ,  and r isks  specif ic  to  Finland and Hels inki  is  ne-
cessary and wil l  be discussed in  the fol lowing chapters .  The preservat ion 
of  the essent ia l  funct ion,  ident i ty  and s t ructure  of  the bui ldings,  as  wel l  as 
maintaining the capaci ty  for  adaptat ion,  learning and t ransformation wil l  be 
handled fur ther  in  the chapter  seven.

The overal l  sustainabi l i ty  of  the scope and i ts  posi t ion among al l  c l imate 
act ion requires  some fur ther  e laborat ion.  Cl imate  act ion is  of ten divided to 
mit igat ion and adaptat ion with a  goal  of  c l imate  resi l ience,  e .g .  in  the Paris 
Agreement  (United Nat ions 2015) . 

Mit igat ion is  more urgent  and current ly  the pr imary concern,  whereas  adap-
tat ion is  considered as  the means to  respond to  future  impacts .  These de-
f ini t ions help def ine the aspects  of  c l imate  change and help analyze rela-
t ionship between the causes  and impacts  of  c l imate  change and responsive 
methods in  the construct ion sector.  As the l i fe t ime of  new bui ldings could 
and should exceed a  human l i fe t ime,  res i l ience needs to  be emphasized as 
i t  l inks  c l imate  adaptat ion,  def ined here  as  absorpt ion of  or  adaptat ion to 
change,  to  maintenance of  the capaci ty  for  fur ther  adaptat ion and t ransfor-
mation.  This  could  possibly increase the l i fespan of  a  bui lding regardless 
of  the adapt ive measures  taken to  improve resi l ience towards current  ecolo-
gical  change.  Resi l ience fur thermore helps  with mit igat ing future  emissions 
as  wel l  as  current  ones.

As cl imate  adaptat ion is  adjustment  to  and absorpt ion of  change,  c l imate 
resi l ience includes a  dual  funct ion of  this  c l imate  adaptat ion and the main-
tenance of  capaci ty  for  self-renewal ,  re-organizat ion,  t ransformation and 
prof i t  f rom known and yet  unknown changes.  (Nelson & al .  2007)  Adaptat i -
on current ly  in  the context  of  Finnish urban planning (see Ch.  6)  is  mainly 
responsive to  known cl imat ic  changes.  Even though some design measures 
that  are  considered cl imate  adapt ive improve the cl imate  resi l ience of  a 
bui lding,  by absorbing cl imate  impact ,  not  a l l  of  them improve resi l ience. 
For  example,  some cl imate  adapt ive bui lding design measures ,  may decrea-
se  resi l ience as  their  fur ther  modif icat ion or  repair  is  more complicated,  
thus  lowering the capaci ty  for  fur ther  t ransformation.
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In  such cases  the relevance of  these measures  needs assessment  in  their 
context .  Could the cl imat ic  threat  in  this  locat ion be responded to  in  some 
other  way? (see par t  two).

Temporal ly  and regional ly  aware cl imate  resi l ience,  inclusive of  compre-
hensive sustainabi l i ty,  such as  the relevant  aspects  of  mit igat ion,  adaptat ion 
and circular i ty,  should therefore  be the goal  in  sustainable  bui lding design. 
To clar i fy,  urban planning level  of  design and inst i tut ional  pol icy have the 
capaci ty  to  respond to  larger  scale  t rends,  such as  avoiding construct ion on 
f looding r isk areas  or  addressing demoli t ion t rends in  growing areas ,  and 
responding to  them according to  evaluat ions of  vulnerabi l i ty  and exposure. 
Bui lding design instead,  needs to  recognize the local  c i rcumstances and the 
future  condi t ions as  wel l  as  the different  aspects  of  sustainabi l i ty  re la ted to 
those condi t ions.  For  example,  focusing s imply on adapt ive measures  wit-
hout  mit igat ion would create  a  cycle  where a  bui lding prepares  to  adapt  to 
a  change i t  i s  ass is t ing to  create .  A narrow focus on mit igat ion may lead to 
bui ldings that  emit  less  but  fa i l  in  their  abi l i ty  to  adapt  or  t ransform pos-
s ibly resul t ing in  less  durabi l i ty.  High focus on circular i ty  would be unne-
cessary in  an area with low expectat ions of  change.

When consider ing the sustainabi l i ty  of  a  bui lding,  the l i fespan is  important , 
yet  a  very uncertain factor.  A s tudy by Huuhka & Lahdensivu (2016)  shows 
that  80% of  demolished bui lding area between 2000 and 2012 was in  under 
60-year-old bui ldings and the demoli t ion of  these bui ldings was more l inked 
to  their  funct ion and s ize  ra ther  than their  age or  mater ia ls .  Non-resident ia l 
bui ldings bui l t  of  durable  mater ia ls  such as  concrete  or  s teel ,  were shown 
to be demolished at  a  younger  age than resident ia l  bui ldings.  In  the l ight  of 
this  s ta t is t ic ,  the durabi l i ty  of  the bui lding mater ia l  has  less  inf luence over 
the length of  the l i fespan of  a  bui lding than some of  i ts  other  aspects . 

Yet ,  the choice of  bui lding mater ia ls  and the way they are  used inf luences 
the emissions of  the construct ion phase,  the use phase and eventual ly  the 
demoli t ion through their  potent ia l  for  reuse.  While  their  durabi l i ty  may not 
be of  the pr imary importance in  the length of  a  bui lding’s  l i fespan,  wel l 
thought  choices  can increase ecological  adapt ivi ty  and improve resi l ience 

in  changing cl imate  condi t ions.

As cl imate  resi l ience responds to  c l imat ic  changes that  may be a  t rend de-
veloping over  t ime,  such as  temperature  r ise  or  sudden extreme weather 
event ,  l ike a  pluvial  f lood,  c l imate  resi l ient  measures  need to  be selected 
accordingly already in  the design phase to  respond to  these threats  when 
they occur.  This  is  crucial  as  bui ldings we bui ld  today,  should endure chan-
ges and las t  several  decades to  the future .  In  this  sense,  a  c l imate  res i l ient 
design needs to ,  not  only consider  the emissions and potent ia l  benefi ts  of 
cer ta in  mater ia ls  or  measures  during any phase of  the l i fespan,  but  they also 
cannot  reduce the overal l  res i l ience of  the design and al low for  t ransforma-
t ion in  a  shorter  t imeframe.  (Pelsmakers  e t  a l .  2020,  269)  As cl imate  change 
impacts  are  just  beginning to  show, adaptat ion measures’ just i f icat ion also 
rel ies  on future  predict ions and their  potent ia l  r isk.  Furthermore,  c l imate 
impacts  appear  different ly  around the world,  and r isks  need to  be s tudied 
local ly  and understood and implemented on different  levels .

To summarize,  this  thesis  is  an effor t  to  comprehensively contemplate  as-
pects  of  bui lding design that  affect  i ts  c l imate  resi l ience.  The emphasis  is 
on adaptat ion to  those cl imat ic  changes that  are  highly possible  in  the near 
future  to  the specif ic  locat ion of  Hels inki  in  the environmental  systems of 
res ident ia l  bui ldings,  favouring the solut ions that  create  less  emissions now 
and in  the future ,  create  f lexibi l i ty,  and al low for  t ransformation to  create 
more resi l ience towards any changing condi t ion.
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To predict  the cl imat ic  changes,  project ions for  the future  are  s tudied with 
cl imate  models .  An internat ional ly  used method presented by van Vuuren 
et  a l .  (2011) ,  presents  or iginal ly  four  representat ive concentrat ion pathway 
(RCP) scenarios  to  be used for  assessment  of  possible  c l imate  change im-
pacts  in  a  comparable  way.  These scenarios  take a  number of  var iables 
into account ,  such as  GHG -  and air-pol lutant  emissions,  land and energy 
use,  and socio-economic and technological  change to  bet ter  predict  futu-
re  condi t ions.  The four  pathways,  RCP2.6,  RCP4.5,  RCP6.0,  and RCP8.5, 
descr ibe the future  c l imate  as  radiat ive forcing values  (W/m2),  and present 
plausible  scenarios  for  the end of  the 21st century.  The scenarios  are  numbe-
red according to  the predicted radiat ive forcing values ,  which relate  to  the 

2 . 1   C L I M AT E  A C T I O N  A N D  T H E  F U T U R E

Excessive anthropogenic  pressure on our  environment  during the las t  cen-
tury has  ra ised concerns of  the l imits  of  our  planetary systems.  To assess 
global  impacts  of  human act ivi ty  comprehensively,  a  concept  of  nine pla-
netary boundaries  and their  es t imated quant i f ied l imits ,  was proposed by 
Rockström et  a l .  (2009) .  Consequences of  crossing any of  these boundaries 
may resul t  in  global  c l imat ic  changes,  effects  on the other  systems’ ba-
lance and i r reversible  environmental  events .  Cl imate  change is  one of  the 
ear th-system processes  with a  quant i f ied boundary that  humans have alrea-
dy t ransgressed with anthropogenic  greenhouse gas  (GHG) emissions.  This 
has  caused the atmosphere and the ocean to  warm, moving us  to  a  zone of 
uncertainty and increased r isk (Rockström et  a l .  2009;  IPCC, 2014) .

2   C L I M AT E  C H A N G E
intensi ty  of  the greenhouse effect .  RCP2.6 depicts  a  scenario where emis-
s ions are  successful ly  mit igated during the next  century,  RCPs 4.5 and 6.0 
are  intermediate  ones,  and RCP 8.5 depicts  a  worst-case scenario ( f igure 
1) .  I f  we were to  cont inue without  an effor t  to  mit igate  emissions,  pathways 
would lead somewhere around RCPs 6.0 and 8.5.  (Van Vuuren et  a l .  2011; 
IPCC 2014) 

The internat ional  goal  for  global  warming l imit  was set  in  2015 in  the 
United Nat ions’ Par is  Agreement  to  2°C with ambit ions to  remain at  1 ,5  °C 
above pre- industr ia l  levels .  The Paris  Agreement  is  a  legal ly  binding t reaty 
within the United Nat ions Framework Convent ion on Climate Change that 
was agreed upon to  address  c l imate  change.   (United Nat ions 2015) .  The 
RCP2.6 scenario is  l ikely to  reach the goal  of  s taying under  2°C,  but  this 
pathway’s  year ly  CO 2 emissions s t i l l  p lace us  over  the planetary boundary 
of  c l imate  change for  a  s ignif icant  per iod of  t ime.  The planetary boundary 
of  c l imate  change was set  to  a  concentrat ion of  350 ppm of  a tmospheric 
CO 2 and we’ve been t ransgressing this  s ince the las t  century (f igure 1) .  To 
perceive the current  s i tuat ion,  the annual  average atmospheric  CO2 concent-
rat ion in  the end of  2020 was 413.95 ppm (NOAA 2021) .  Because of  this , 
c l imate  change induced extreme weather  phenomena,  such as  heat  waves, 
heavy precipi ta t ion,  s torms,  f looding and sea- level  r ise  wil l  affect  natural 
and human systems global ly  ( IPCC 2014) .  Cl imate  re la ted r isks  for  these 
systems are  higher  depending on the rate ,  peak,  and the durat ion of  war-
ming.  The amount  of  these r isks  depends on locat ion,  level  of  development 
and vulnerabi l i ty,  and the implementat ion of  adaptat ion and mit igat ion op-
t ions.  I f  the warming cont inues i ts  current  increasing rate ,  we are  l ikely to 
reach 1,5 °C between 2030 and 2052.  ( IPCC 2018) 

Therefore ,  the main three targets  of  the Paris  Agreement  are  to  l imit  the 
global  warming to  preferably 1.5 °C above pre- industr ia l  levels ,  to  increase 
the abi l i ty  to  adapt  to  c l imate  change impacts  and add cl imate  resi l ience, 
fur ther  low-GHG emission development  and to  guide f inancial  f lows to-
wards low-GHG emissions and cl imate-resi l ient  development .  Implemen-
tat ion of  the agreement  is  to  be carr ied out  with considerat ion of  different 
nat ional  c i rcumstances.  (United Nat ions 2015) .
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R C P  8 . 5

R C P  6 . 0

R C P  4 . 5

R C P  2 . 6
P l a n e t a r y  b o u n d a r y

F i g u r e  1 .  T r e n d s  i n  G H G  c o n s e n t r a t i o n s  a n d  r e p r e s e n t a t i v e  c o n s e n t r a t i o n 
p a t h w a y s  a d a p t e d  f r o m  Va n  V u u r e n  e t  a l .  ( 2 0 1 1 )

The European Union,  responsible  for  8 ,6% (with UK) of  the world’s  GHG 
emissions in  2020 (UNEP 2020) ,  a ims to  carbon neutral i ty  by 2050 with the 
European Green Deal .  Bui lding and renovat ing s t ra tegy according to  the 
Green Deal  is  to  fur ther  renovat ion,  energy-eff ic iency,  c i rcular  economy, 
digi ta l izat ion and cl imate  proofing and to  enforce rules  on energy perfor-
mance (European Commission 2020) .  In  2013 the EU adopted an EU adap-
tat ion s t ra tegy,  which wil l  be renewed in  2021.  Object ives  in  the current 
vers ion are  to  promote act ion by member s ta tes ,  for  example by encoura-
ging nat ional  adaptat ion plans,  c l imate-proofing at  EU level ,  and fur ther ing 
bet ter  informed decis ion-making.  (European Union 2013)

National  c l imate  pol icy in  Finland fol lows the Climate  change act  f rom 
2015,  with goals  to  reduce GHG emissions by 80 % by 2050 and to  reach 
goals  of  mit igat ion and adaptat ion of  c l imate  change.  (Minis t ry  of  the En-
vironment  2015)  This  was evaluated to  be inadequate  by the Finnish Clima-
te  Change Panel  in  regard to  the Paris  Agreement  1 .5  °C goal  (Oll ikainen et 
a l .  2019) .  The current  government  of  Finland has  set  a  goal  of  carbon neut-
ral i ty  by 2035 in  their  Programme from 2019,  exceeding the speed required 
at  EU level .  To achieve this  target ,  medium-term cl imate  change pol icy is 
set  to  be updated in  2021.  The aim is  to  reach near ly  emission-free elect-
r ic i ty  and heat  product ion by the end of  2030’s ,  reduce carbon footpr int  of 
construct ion and advance circular  economy and cl imate  f r iendly sustenance 
pol ic ies .  (Minis t ry  of  the Environment  n .d . )

Disastrous events ,  t rends or  dis turbances der iving from the cl imate  change, 
are  a  resul t  of  the greenhouse gas  effect  and the temperature  r ise .  I t  can 
be concluded that  the amount  of  a tmospheric  greenhouse gas  fur ther ing 
cl imate  change has  reached a  cr i t ical  point ,  and this  wil l  impact  our  envi-
ronment  regardless  of  c l imate  act ion.  The future  c l imate  wil l  evident ly  be 
different  f rom today’s  c l imate ,  but  the amount  of  this  change is  however 
dependent  on the success  of  c l imate  act ion.  Inst i tut ional  c l imate  act ion s ig-
nals  motivat ion towards emission reduct ion and ambit ious goals  have been 
set  to  l imit  global  warming.  Also,  the need for  c l imate  adaptat ion has  been 
recognized and,  a t  least  in  Finland,  the goals  have been made even more 
ambit ious than before  to  mit igate  possible  fur ther  impacts .  The imminent 
and the possible  impacts  of  c l imate  change to  the Finnish cl imate  wil l  be 
handled fur ther  in  the next  chapter.
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The impacts  of  c l imate  change to  the cl imate  of  Finland are  examined in 
this  chapter.  The r isk they pose to  our  bui l t  environment  and people  are 
examined in  the fol lowing chapter. 

Impacts  of  c l imate  change occur  different ly  around the world,  inf luenced 
by specif ic  local  condi t ions.  Since the 1980s,  global  warming has  accele-
rated in  the Northern Hemisphere,  mainly due to  the rat io  of  land to  ocean, 
which is  higher  north of  the equator  (Fr iedman et  a l .  2013) .  Finland is  a lso 
proximate to  the arct ic ,  the ref lect ing value of  which is  decreasing as  i t  i s 
mel t ing.  For  these reasons,  we can expect  above global  mean temperature 
r ises  sooner  in  the North.  Humidi ty  is  a lso higher  in  a  warmed atmosphe-
re  and i ts  condensing releases  extra  warmth in  arct ic  areas .  Ice  cover  for 
the sea wil l  appear  la ter  in  winter,  which al lows warmth and moisture  to 
t ransfer  to  the lower atmosphere.  Cloudiness  wil l  increase,  and this  fur ther 
constrains  loss  of  heat  f rom atmosphere to  space,  adding to  the temperature 
r ise .  (Mäkelä  e t  a l .  2016)

While  RCP scenarios’ temperature  r ise  es t imat ions for  the end of  the cen-
tury have much var ia t ion,  changes in  the nearby future  in  a l l  scenarios 
are  s imilar.  According to  Ruosteenoja  e t  a l .  (2016) ,  af ter  the mid-century, 
temperatures  remain highly dependent  on GHG emissions,  but  regardless 
of  scenario,  temperatures  in  Finland are  r is ing faster  than global ly.  The ra-
t io  of  annual  mean temperature  increase in  Finland compared to  the global 
mean increase is  es t imated somewhere between 1.6 to  1 .9  re lat ive to  years 
1981-2010.  Therefore ,  our  annual  mean temperature  r ise  could vary from 
over  1 ,5  t imes greater  to  a lmost  double  the global  mean temperature  inc-
rease by 2100.  As a  resul t ,  the  est imated mean temperature  r ise  in  Finland 
spans from 2°C to 7 °C depending on the future  scenario.  More specif ical-
ly,  our  winters  are  warming up faster  than our  summers,  and get t ing even 
darker,  due to  increasing cloudiness .  The winter- t ime temperature  r ise  is 
es t imated higher  than that  of  summer with a  s imilar  ra t io  of  1 .6  to  1 .7 . 
Addit ional ly,  we wil l  be losing approximately ten percent  of  the current 
winter t ime solar  radiat ion. 
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Figure 2.  Changes in  mean temperature  and precipi ta t ion 
adapted from Ruosteenoja  e t  a l .  (2016)

The urban heat  is land effect  (UHI)  is  a  phenomenon,  where temperature 
is  warmer in  a  dense ci ty  compared to  i ts  surroundings.  The UHI effect 
has  c lear  seasonal  character is t ics ,  as  i t ’s  caused by solar  radiat ion during 
summer and anthropogenical ly  through heat ing of  bui ldings,  t raff ic  and 
industry in  winter.  I ts  intensi ty  is  def ined by thermal  propert ies  of  c i ty 
s t ructure  as  they reserve and release heat .  (Drebs 2011) 

Cl imate  change may impact  these character is t ics ,  as  winters  get  warmer, 
there  wil l  be less  need for  heat ing resul t ing in  a  less  c lear  UHI effect . 
In  contrast ,  as  temperatures  r ise  and diurnal  temperature  ranges decrease, 
summert ime UHI phenomenon may intensify as  a  resul t  of  decreasing heat 
re lease during cooler  night- t imes.  Warmer summers in  addi t ion to  heatwa-
ves and the urban heat  is land effect  may contr ibute  to  thermal  discomfort 
in  c i t ies .

Precipi ta t ion,  l ike temperature ,  wil l  a lso increase throughout  the century 
depending on the scenario af ter  the mid-century.  Est imated annual  mean 
precipi ta t ion change is  near ly  l inear  in  the worst-case scenario with a  pos-
s ibi l i ty  of  30% increase by the end of  the century.  In  case the highly am-
bi t ious RCP 2.6 scenario is  real ized,  precipi ta t ion increase would even out 
the mid-century somewhere over  a  mean 5% change (f igure 2) .  (Ruosteen-
oja et al. 2016) 

Furthermore,  i t  wi l l  ra in  more during winter,  or  more of  the snowfal l  wil l 
land as  water.  High intensi ty  precipi ta t ion events  wil l  be more l ikely than 
long-durat ion precipi ta t ion events ,  increasing the possibi l i ty  of  f lash 
f loods in  c i t ies .  Due to  intensifying precipi ta t ion,  extreme snowfal l  events 
are  possible  as  wel l .  (Groenemeijer  e t  a l .  2016) 

Summert ime precipi ta t ion increase wil l  not  be as  high as  that  of  winter-
t ime,  but  heavy precipi ta t ion events  wil l  occur  more of ten (Mäkelä  e t  a l . 
2016) .

Mean change for  surface wind speed in  Finland in  the future  is  c lose to 
none (Ruosteenoja  e t  a l .  2016) .  However,  s torm winds are  supposed to  in-

According to  Mäkelä  e t  a l .  (2016) ,  extreme low temperatures  wil l  become 
notably rarer.  Diurnal  temperature  range is  a lso predicted to  decrease s ig-
nif icant ly,  as  general  c loudiness  increases .  This  resul ts  in  less  var ia t ion 
between day-  and night- t ime temperatures .  In  the future  warm cl imate , 
f requent  hot  temperature  extremes are  l ikely to  become more common and 
heat  waves wil l  predictably occur  more of ten and las t  longer  ( IPCC, 2014) . 
In  Finland,  summert ime hot  temperature  extremes r ise  according to  mean 
temperature  r ise ,  and thermal  discomfort  may especial ly  increase in  c i ty 
areas  (Mäkelä  e t  a l .  2016) .
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Global  warming causes  ice  to  mel t ,  resul t ing in  sea- level  r ise ,  which is 
imminent  even i f  mit igat ion pol ic ies  succeed at  s tabi l iz ing the temperature 
r ise .  This  puts  a l l  coastal  and low-lying areas  a t  r isk.  ( IPCC 2019)  Howe-
ver,  the geographical  dis t r ibut ion of  sea- level  r ise  is  not  even.  The geo-
graphic  posi t ion of  the Bal t ic  Sea,  divided from the North Atlant ic  Ocean 
by the Danish Strai ts ,  has  an impact  on how the sea- level  wil l  actual ly 
change in  the Finnish coast .  Ocean dynamics,  annual  and decadal  changes, 
thermal  expansion,  local  meteorology and postglacial  rebound al l  affect  the 
future  scenarios .  (Johansson et  a l .  2004)  Taking these into considerat ion 
the sea- level  r ise  wil l  probably be 24-33 cm for  the Gulf  of  Finland during 
this  century,  whereas  the Bothnian Bay,  more affected by the postglacial 
rebound,  has  the average sea- level  decl ine of  24-30 cm. Nevertheless ,  the 
uncertainty concerning the sea- level  r ise  in  different  scenarios  resul t  in  a 
large range of  possible  outcomes for  end of  the century,  e .g .  the range for 
Hels inki  is  f rom f ive cm to over  a  meter  (See f igure 3) .  (Johansson et  a l . 
2014)

O vera l l ,  in  a  g lobal  comparison,  the  geographica l  locat ion and the  pos-
tg lacia l  rebound ef fec t  lower  r isks  re lated to  sea- level  r ise  in  the  coast  of 
Fin land.  According to  Pel l ikka et  a l .  (2018)  reg ional  di f ferences  in  the  pro-
babi l ity  of  coasta l  f loods  in  Finland in  the  future  are  expected.  Results  on 
f looding correlate  to  some extent  with  those  of  the  sea- level  r ise ,  indicat ing 
diminishing f looding r isks  for  the  B othnian Bay unt i l  2050,  due to  land 
upl i f t  and weaker  sea- level  r ise .  Af ter  that ,  the  r isk  goes  back to  current 
day levels  in  2100.  In  the  Gulf  of  Fin land however,  probabi l ity  of  a  major 
coasta l  f lood,  where  the  sea- level  exceeds  170cm,  goes  up to  f i f ty  f loods 
per  centur y  f rom the  current  probabi l ity  of  three  f loods  per  centur y.  As  the 
study in  quest ion was  opt imized to  produce est imates  for  decis ion makers 
to  def ine  safe  bui lding heights  and for  c l imate  change adaptat ion est imates 
for  st ructures  of  high importance  or  va lue  (e .g . ,  hospita ls ,  power  plants) , 

i t  therefore  assesses  the  probabi l ity  of  events  instead of  providing mult iple 
measures  according to  the  RCP scenar ios .  The latest  recommendat ions  for 
regular  bui ldings  are  by  Kahma et  a l .  (2014)  f rom a  repor t  by  the  Finnish 
Meteorologica l  Inst itute  and the  set  va lues  (280 cm in Hels inki)  are  based 
on a  probabi l ity  of  one f lood per  250 years  est imat ion in  2100 to  be  safe . 
Risks  f rom poss ible  wave-act ion in  addit ion to  recommendat ion height  for 
bui ldings  is  assessed separately  in  each locat ion.

Results  of  a  nat ional  sca le  assessment  of  c l imate  change impacts  on f loo-
ding show var iat ion according to  locat ion and its  watershed character is-
t ics ,  and dependance on the  cl imate  scenar io.  In  genera l ,  seasonal  var iat ion 
correlates  with  cl imate  change impacts  to  some extent ,  as  spr ingt ime f loo-
ding should decrease  due to  diminishing snow accumulat ion especia l ly  in 
centra l  and southern Finland,  and autumn and winter t ime f looding r isk  in-
creases  with  temperature  and precipitat ion.  Signs  of  increased f looding in 
centra l  lakes  and their  out f low r ivers  were  found,  yet  loca l  character ist ics 
should a lways  be  studied independent ly  as  c l imate  change impacts  do not 
sca le  nat ional ly  in  f looding predic t ions .  (Veija lainen et  a l .  2010)

Figure 3.  Sea level  scenarios  (Johansson et  a l .  2014)

tensify especial ly  over  sea and coastal  areas ,  but  there  is  some uncertainty 
concerning wind and s torm predict ions as  i t  i s  a  diff icul t  var iable  to  pre-
dict ,  and the range of  resul ts  in  s tudies  has  been large (Groenemeijer  e t  a l . 
2016;  Ruosteenoja  e t  a l .  2016) .
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In summar y,  c l imate  change wi l l  impact  our  mean temperatures  by  increa-
s ing winter t ime temperature  more than summert ime temperature.  Extre-
me low temperatures  wi l l  get  rarer.  Heatwaves  wi l l  occur  more of ten,  and 
extreme hot  temperatures  wi l l  be  higher  than today,  and urban heat  is land 
ef fec t  may intensi f y  this  temperature  r ise  in  c it ies  dur ing summer.

Winters  are  gett ing even darker  with  cloudiness  and more humid.  Espe-
cia l ly  the  amount  of  precipitat ion wi l l  change in  the  future,  fol lowing with 
pluvia l  and f luvia l  f looding according to  locat ion and season.  The g lobal 
sea- level  r ise  may a lso  cause  f looding,  over taking land area  more perma-
nent ly.  B ecause  of  these  changes ,  a l l  water  management  wi l l  require  fur ther 
considerat ion as  wel l  as  preparedness  for  temperature  changes .  The com-
bined impacts  and their  potent ia l  environmenta l ,  socia l  and economic r isks 
are  discussed next .
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The volume of  r isks ,  re la ted to  c l imate  change,  is  e levated with exposure 
and vulnerabi l i ty  of  environmental  systems.  The geographical  locat ion of 
Finland def ines  much of  the severi ty  of  c l imate  change impacts ,  as  present-
ed in  the previous chapter.  Subsequent ly,  the r isk that  these impacts  pose to 
exis t ing environment  in  Finland requires  some evaluat ion.  Cl imate  change 
induced threat ,  in  addi t ion to  vulnerabi l i ty,  creates  environmental ,  social , 
and economic r isks .  Vulnerabi l i ty  is  def ined by IPCC (2014)  as  ”predis-
posi t ion to  be adversely affected”.  I t  may consis t  of  a  var ie ty  of  e lements , 
including exposure to  harm and lack of  capaci ty  to  cope and adapt .  Accor-
ding to  ND-GAIN (2018) ,  the vulnerabi l i ty  of  Finland,  is  overal l  low in a 
global  comparison,  consider ing human habi ta t  and heal th ,  food and water, 
and ecosystem service and infrastructure .  Adaptat ion chal lenges exis t ,  e .g . 
in  projected changes in  f looding hazard and agricul ture  capaci ty,  but  glo-
bal ly  Finland is  re la t ively wel l  equipped to  adapt . 

Nevertheless ,  in  this  chapter,  I  wil l  look into the reasons for  concern l is ted 
by IPCC (2018)  created to  e laborate  main impacts  and r isks  across  sectors 
and regions.  As the regional  c l imat ic  impacts  of  c l imate  change were add-
ressed previously,  the possible  social ,  environmental  and economic r isks 
re la ted to  them and relevant  to  the construct ion sector  wil l  be discussed 
here .  Posi t ive outcomes and benefi t  f rom the cl imate  change wil l  a lso be 
addressed.

The three main reasons for  concern relevant  to  c l imate  resi l ience in  c i t ies 
are  extreme weather  events  and the uneven dis t r ibut ion of  impacts ,  as  wel l 
as  the global  aggregate  harm i .e . ,  economic,  social ,  and environmental  da-
mage,  and loss  across  sectors  ( IPCC 2018) .  In  the context  of  bui l t  environ-
ment  these can be diverse .  Assessment  of  the impacts  of  c l imat ic  change in 
re la t ion to  exposure and vulnerabi l i ty  and increasing cr is is  preparedness 
accordingly helps  in  preparat ion for  r isk and creat ing cl imate  resi l ience 
posed by cl imate  cr is is .
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A picture  of  the future  of  the Finnish cl imate  is  painted in  the book Suo-
men luonto 2100 ( the Finnish Nature  2100)  by Kert tu  Kotakorpi  (2021)  and 
the diverse  impacts  on our  var ious environments  are  speculated based on 
research on the cl imat ic  development  of  Finland.  The fol lowing speculat i-
on on the r isks  posed to  bui l t  environment  by cl imate  change impacts  are 
e i ther  presented in ,  or  largely based on the view of  the future  in  this  book.

The decreasing solar  radiat ion between December and February wil l  make 
winters  feel  l ike an endless  November,  and this  has  heal th  impacts  on a 
nat ional  level .  Seasonal  depression may have the economic impact  of  mil-
l ions of  euros  per  year  as  work eff ic iency decreases ,  and suicide rates  may 
go up.  (Kotakorpi  2021)  Light  ref lect ing snow wil l  arr ive la ter  every year. 
This  can be assumed to  increase the use of  ar t i f ic ia l  l ight ing as  opposed 
to  natural  l ight  and could potent ia l ly  be addressed in  window and spat ia l 
design as  wel l  as  on the ref lect iveness  in  the mater ia l  choices  in  bui ldings 
and other  infrastructure  in  c i t ies . 

The increasing precipi ta t ion in  winter t ime poses  mult iple  r isks  and chal-
lenges to  bui ldings.  The load bear ing capaci ty  of  the ground decreases  as 
i t  gets  moist  and the resul t ing land movement  can damage foundat ions in 
bui ldings,  which is  especial ly  threatening to  s tone based bui ldings.  While 
this  may inf luence the choice of  construct ion mater ia ls ,  i t  a lso emphasizes 
the choice of  the type of  ground we bui ld  on.  The locat ion and the s t ructu-
ral  members  proximate to  the ground should be chosen based on knowledge 
of  exposure to  f looding or  s l iding in  landmass.  (Kotakorpi  2021)

The nearby future  of  Southern Finland wil l  experience winter t ime tempera-
tures  that  go frequent ly  below and over  zero degrees ,  creat ing ice  that  ero-
des  s t reets  and the ground,  as  wel l  as  bui ldings facades (Kotakorpi  2021) . 
Stone-based mater ia ls  that  are  suscept ible  to  the freeze- thaw cycles ,  espe-
cial ly  in  older  bui lding s tock wil l  be more vulnerable .  In  Southern Finland, 
as  cold winters  become a dis tant  memory,  the r isk of  f reeze damage dec-
reases .  However,  a  s ignif icant  amount  of  our  bui lding s tock is  in  coastal 
areas  of  Southern Finland and the increasing precipi ta t ion wil l  have an 
increasing impact  on the facades.  (Pakkala  2020) 

While  current  requirements  for  s tone-based facades may be suff ic ient ,  the 
quest ion is  i f  mater ia ls  that  are  current ly  considered durable ,  such as  con-
crete  and br ick façades,  are  actual ly  future  proof  or  whether  they should 
be covered more to  avoid for  example aesthet ic  damage and should they be 
replaced with other  c ladding mater ia ls .

Temperature  var ia t ion may also increase winter t ime load on top of  the f la t-
ter  roof  s t ructures ,  as  ice  is  heavier  than snow, and fur thermore the snow 
that  we get  in  the future  wil l  be moister.  The increasing heavy raining 
events  mean snow loads wil l  come suddenly and intensively.  This  increases 
the r isk to  a l l  roof  s t ructures .  Metal  as  c ladding,  for  example metal  roofs , 
wil l  a lso experience increasing corrosion.  (Kotakorpi  2021)

As winter  ra ins  become more common,  the combinat ion of  wind and rain 
becomes more l ikely and this  wil l  become a more severe problem. Wind di-
rect ion may also increasingly vary and come from any direct ion as  opposed 
to  the current ly  prevai l ing South-West  winds.  Wind dr iven rain potent ia l ly 
keeps the façade mater ia ls  damp for  longer  per iods of  t ime and the moistu-
re  gets  below overhangs more easi ly,  i f  such s t ructures  are  designed.  Yet , 
South-facing facades wil l  s t i l l  be  most  exposed to  c l imate  s t ress  (Pakkala 
2020) .  Wind dr iven rain is  threatening to  s t ructures  i f  they are  not  covered 
and vent i la ted suff ic ient ly  to  a l low for  drying.  Addit ional ly,  wood may 
lose i ts  s t ructural  capaci ty  i f  moisture  damage is  vast  enough.  This  may 
also lead to  worse indoor  a i r  qual i ty  and heal th  issues .  The changes in  win-
ter t ime weather  wil l  affect  the durabi l i ty  of  bui lding mater ia ls  as  wel l  as 
create  aesthet ic  damage.

However,  milder  winters  a lso have a  posi t ive impact .  The need for  heat ing 
wil l  decrease,  which is  a  s ignif icant  source of  emissions in  bui ldings.  Sea-
sonal  temperatures  may become also more sui ted for  passive vent i la t ion in 
the future ,  as  cooler  seasons warm up faster  than the summert ime tempe-
ratures  increase.  This  would lower possible  heat  loss  during cool  seasons. 
Heal th-related r isks  f rom cold weather  reduce,  but  they may also change in 
their  nature .  Sleet ing becomes more common,  and the environment  wil l  be 
ic ier,  resul t ing in  var ious safety hazards  to  heal th .
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While  ra in  amounts  increase in  winter,  drought  may also occur  during other 
seasons.  Especial ly  spr ing and ear ly  summer can be very dry,  and s t ra in  the 
groundwater  reserves .  Furthermore,  drought  may deter iorate  the air  qual i ty 
especial ly  in  c i t ies ,  worsening heal th  issues  in  a i rways and al lergies  (Ko-
takorpi  2021) ,  which may make i t  d i ff icul t  to  different ia te  them from air 
qual i ty  issues  in  bui ldings. 

As temperatures  r ise ,  warm season wil l  become longer.  This  provides  more 
eff ic ient  growth for  the typical  conifer  favored forests  in  Finland and ensu-
res  and adds to  the local  resources  of  wood (Kotakorpi  2021) .  For  resource 
securi ty,  wood may be considered to  be favored as  a  local  bui lding mater ia l 
in  the future . 

A notable  reason for  concern in  addi t ion to  weather  impacts  is  the dis t r ibu-
t ion of  impact .  Uneven dis t r ibut ion of  impacts  is  included in  c l imate  r isk, 
for  instance due to  an aging populat ion,  impoverishment  or  geographical 
exposure,  as  these increase vulnerabi l i ty  and predispose to  more severe 
consequences.  ( IPCC 2018)  As the Finnish populat ion is  aging,  vulnerabi-
l i ty  to  r is ing summert ime temperatures  increases  (Pi l l i -s ihvola  e t  a l .  2018) . 
Ris ing temperatures  in  summert ime pose a  threat  to  human heal th ,  as  es t i -
mat ions show, excess  deaths  re la ted to  heatwaves wil l  increase s ignif icant-
ly  in  the la t ter  half  of  the century (Guo et  a l .  2018) . 

This  r isk can be ei ther  decreased or  increased by the construct ion sector 
in  the design of  bui ldings.  As not iced by Sukanen (2020)  cool ing energy 
consumption may go up in  the future  i f  passive and adapt ive measures  are 
not  ut i l ized to  mit igate  overheat ing.  Effect ive mit igat ion to  overheat ing 
includes the opportuni ty  for  adapt ive use of  natural  vent i la t ion through 
windows or  bet ter  yet ,  larger  balcony doors  and the use of  bl inds,  and pas-
s ive methods such as  f ixed shading and or ientat ion.

The cl imate  r isk index of  Finland,  measuring vulnerabi l i ty  to  extreme 
weather  events  is  nevertheless ,  re la t ively low (Germanwatch 2020) .  Yet , 

the fact  that  we are  more equipped to  cope with cl imate  change,  does not 
mean we can ignore the exis t ing cl imate  r isks  and possible  increasing vul-
nerabi l i ty,  but  highl ights  our  responsibi l i ty  to  mit igate  emissions,  as  the 
more severe consequences may be endured somewhere else .

One extra  concern that  can be addressed for  posi t ive impact ,  is  ecological 
and human systems,  that  are  unique and threatened.  These are  systems that 
are  confined by cl imate-related condi t ions and have dis t inct ive propert ies .
For  example,  in  Finland some her i tage environments  that  host  endangered 
species ,  such as  meadows,  are  endangered themselves  ( IPCC 2018;  WWF 
n.d.) .  When planning urban vegetat ion,  this  r isk can be addressed,  by plan-
t ing endangered species  to  make an effor t  to  create  disappearing environ-
ments  on e .g . ,  green roofs ,  parks  and courtyards .

The f inal  concern l is ted by IPCC (2018)  is  large-scale  s ingular  events  such 
as  mel t ing of  Greenland,  which reminds us  that  while  some cl imat ic  im-
pacts  may be predicted qui te  accurately,  s ingular  sudden events  have the 
potent ia l  to  t ip  the cl imate  impacts  to  an unpredictable  direct ion or  inten-
si ty.

In  summary,  c l imate  impacts’ threat  that  could be addressed through design 
are  var ious,  including economic and environmental  harm as  wel l  as  deter i-
orated l iving condi t ions for  bui lding users  and a  threat  to  their  heal th .
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Climate change adaptat ion (CCA) is  adjustment  to  expected cl imate  change 
impacts .  Changes in  processes ,  pract ices  and s t ructures  are  required to  mi-
t igate  potent ia l  economic,  ecological  and social  damage,  to  adjust  to  new 
condi t ions and fur thermore to  benefi t  f rom emerged opportuni t ies .  (UNFC-
CC n.d.)  One of  the main goals  of  the Paris  Agreement  is  that  countr ies  and 
ci t ies  develop adaptat ion solut ions and implement  them to add resi l ience 
and prepare for  future .  (United Nat ions 2015)  The response to  c l imate  im-
pacts  and the r isks  they pose wil l  be discussed in  this  chapter.

As cl imat ical  impacts  can be hazardous,  abrupt  events ,  such as  f lash f loo-
ding,  or  s lowly increasing,  l ike temperature  and sea- level  r ise ,  adaptat ion 
measures  need to  include disaster  preparedness  as  wel l  comprehensive re-
s i l ience.

Sendai  f ramework for  disaster  r isk reduct ion (2015-2030) ,  endorsed by 
the UN General  Assembly fol lowing the 2015 Third UN World Conference 
on Disaster  Risk Reduct ion (WCDRR) pr ior i t izes  understanding ”disaster 
r isks ,  s t rengthening governance to  manage them, invest ing in  disaster  r isk 
reduct ion for  res i l ience and enhancing disaster  preparedness  for  effect ive 
response r isk recovery”.  Global  targets  of  the framework include addres-
s ing vulnerabi l i ty  through ”reduct ion of  global  disaster  mortal i ty,  number 
of  people  affected,  direct  economic loss ,  disaster  damage to  cr i t ical  infra-
s t ructure  and disrupt ion of  basic  services”.  To improve preparedness ,  the 
goal  is  to  e .g .  increase avai labi l i ty  of  ear ly  warning systems,  which is  a 
so-cal led sof t  adaptat ion measure.  These measures  include rais ing aware-
ness  on r isks  across  different  par t ies  or  enabl ing innovat ion and may inclu-
de e .g .  informing ci t izens how to react  in  case of  a  f lood or  a  heatwave (Eu-
ropean Environment  Agency,  2012) .  Also,  for  example,  set t ing a  level  for 
safe  construct ion is  legis la t ive guidance towards disaster  r isk reduct ion. 
While  this  effect ively reduces disaster  r isk and increases  c l imate  adapt ive 
capaci ty,  i t  can increase emissions due to  land use modif icat ion,  and lower 
the potent ia l  for  innovat ion.
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solut ions,  mit igat ing r isk,  and benefi t t ing from opportuni t ies  through e .g . 
land use planning and legis la t ive s teer ing are  ment ioned.

Internat ional ly  and nat ional ly  the r isk of  c l imate  change impacts  is  re-
cognized and cl imate  adaptat ion,  disaster  r isk reduct ion,  addressing vul-
nerabi l i ty  and improving resi l ience are  included in  pol ic ies .  But  how does 
this  t ranslate  to  a  nat ional  and regional  level  for  different  sectors?  Mid-
term evaluat ion of  implementat ion of  the Nat ional  Adaptat ion plan (Mä-
kinen et  a l .  2020)  shows that  the land use and construct ion sector  has  a 
s l ight ly  above average awareness  on adaptat ion.  Research knowledge,  nor-
mative guidance,  region specif ic  and economic information and t ra ining 
was cal led for  by respondents  in  the sector  and long-term and short- term 
operat ional  recommendat ions should be establ ished.  Recogni t ion of  c l ima-
t ic  r isks  and cl imate  adapt ive measures  that  are  ini t ia ted in  a  c i ty  pol icy 
level  concerning Hels inki  wil l  be handled fur ther  in  the next  chapter,  and 
cl imate  adaptat ion measures  in  archi tecture  fur ther  in  the par t  two. 

Implementat ion of  the framework on EU level ,  is  addressed in  an act ion 
plan by the European Commission (2016) ,  which also highl ights  r isk kno-
wledge,  overal l  approach across  sectors ,  r isk informed investment  and sup-
port ing a  hol is t ic  r isk management  approach according to  the framework. 
Act ions are  l is ted according to  these key areas  and “disaster  r isk manage-
ment  in  pol ic ies”  category specif ical ly  ment ions developing guidance on 
green infrastructure ,  ecosystem-based adaptat ion,  and disaster  r isk reduc-
t ion,  which are  a lso known as  nature-based adaptat ion solut ions.

Adapt ive measures  in  c i ty  planning can be classi f ied in  different  ways,  
such as  according to  scale ,  the r isk they address ,  or  their  character  e .g . 
nature-based solut ions which are  divided fur ther  into green,  blue and grey 
s t ructures .  Green and blue infrastructure  are  measures ,  such as  green roofs 
and urban water  features  meant  for  ra inwater  re tent ion and evaporat ion 
to  cool  down ci ty  areas  or  prepare for  f looding.  Grey s t ructures  include 
the more common engineer ing measures  to  deal  with runoff  water,  such as 
sewer systems.  Use of  blue and green infrastructures  lowers  the rel iance 
on only grey s t ructure ,  and may provide mult iple  benefi ts ,  such as  solar 
shading,  improved air  qual i ty  or  biophi l ia .  Addit ional  sof t  measures  refer 
to  modif icat ion of  behaviour  to  for  example lower vulnerabi l i ty  or  fur ther 
knowledge.  (European Environment  Agency,  2012) 

In  response on a  nat ional  level ,  Finland updated i ts  Nat ional  Cl imate  Chan-
ge adaptat ion plan by the Minis t ry  of  Agricul ture  and Forestry in  2014 and 
i t  i s  included in  the Climate  act .  The updated plan includes the implemen-
tat ion of  the EU strategy on adaptat ion to  c l imate  change.  The aim of  the 
adaptat ion plan is  that  the Finnish society “has the capaci ty  to  manage the 
r isks  associated with cl imate  change and adapt  to  changes in  the cl imate”. 
Object ives  set  unt i l  2022 include such outcomes as  ”adaptat ion being inte-
grated into the act ivi t ies  of  var ious sectors  and their  actors ,  c l imate  change 
assessment  and management  methods have become accessible ,  and research 
development  work and communicat ion have enhanced the adapt ive capaci ty 
of  the society,  developed innovat ive solut ions and improved awareness  on 
CCA”.  The importance of  c l imate  res i l ience is  recognized in  the plan,  and 
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Figure 4.    Coastal  ground levels  in  Hels inki ,  NN (+305mm in N2000),  2004-2007, 
(Hels inki  2010)
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meable areas  wil l  increase with densif icat ion and add to  the r isk.  Inner  c i ty 
of  Hels inki  is  suscept ible  to  f looding as  underground spaces  and funct ions 
are  vast ,  e .g . ,  publ ic  t ransport ,  shel ter  and energy maintenance.  Aggregate 
r isks  and supply securi ty  in  a  possible  except ional  f looding s i tuat ion are 
high.  Even though there  is  exposure to  f looding r isk in  central  c i ty  area, 
social  vulnerabi l i ty  to  pluvial  f looding r isk is  higher  in  Etelä-Vuosaari , 
Länsi-Hert toniemi,  Roihuvuori ,  Vi ikki ,  Val l i la / I tä-Pasi la ,  Maunula-Suur-
suo and Pohjois-Meilaht i  areas .  Vulnerabi l i ty  to  c l imate  change in  Hels inki 
re la tes  a lso to  supply securi ty  and secondary impacts ,  l ike the arr ival  of 
c l imate  refugees in  the future .  Similar ly,  the exposure to  heat  is  very high 
in  Hels inki  overal l  ( f igure 8) ,  yet  social  vulnerabi l i ty  to  heat  is  emphasized 
in  Northern and Eastern Hels inki  as  seen on f igure 7.

F i g u r e  5 .  E x p o s u r e  t o  f l o o d i n g  i n  H e l s i n k i 
( K a z m i e r c z a k  &  K a n k a a n p ä ä  2 0 1 6 )

Local  awareness ,  pol icy and act ion on cl imate  chande adaptat ion var ies 
local ly  and is  dependent  on the act ivi ty  of  c i t ies .  Cl imate  change impacts , 
vulnerabi l i ty  and adapt ive preparedness  of  Hels inki  are  examined in  this 
chapter.

A f i f th  of  Finns l ive in  the capi ta l  area.  Hels inki ,  the largest  c i ty  of  Fin-
land by populat ion with 648 042 inhabi tants  in  2019,  houses  a  tenth of  the 
populat ion (SVT 2020) .  The ci ty  is  projected to  grow up to  820 000 by 
the mid-century.  The majori ty  of  the ci t izen growth is  f rom nat ional  and 
internat ional  migrat ion and i ts  percentage is  expected to  grow.  Climate 
measures  of  Hels inki  affect  a  large number of  the people  of  Finland and i ts 
coastal  posi t ion as  a  c i ty  puts  urban areas  a t  r isk of  f looding due to  sea- le-
vel  r ise .  According to  Hels inki ,  i ts  most  important  growing areas  are  the 
large developing areas ,  such as  Kalasatama area,  Jätkäsaar i ,  Hernesaar i , 
Kruunuvuorenranta ,  Laajasalo,  Vuosaari  and Pasi la ,  a lmost  a l l  of  which are 
coastal .  (Vuori  & Kaasi la  2019)

Climate change impacts  in  Hels inki  are  much l ike those descr ibed in  the 
previous chapter  concerning the whole of  Finland.  A thorough report  on 
local  r isks  to  Hels inki  by Pi l l i -s ihvola  e t  a l .  (2018)  par t icular ly  mentions 
f looding relat ive to  sea- levels ,  runoff  water  and watersheds.  Pluvial  f loods 
in  Hels inki  wil l  a lso occur  mainly due to  heavy precipi ta t ion events ,  and 
especial ly  events  with long durat ion.  Winters  wil l  face most  change as  they 
get  warmer,  wet ter,  and darker,  yet  nevertheless  heavy snowfal l  events  and 
s leet ing wil l  become more probable ,  a lso creat ing safety hazards .  Dark 
winters  predispose to  seasonal  depression,  which can be predicted to  in-
crease due to  less  solar  radiat ion.  Heat-related r isks  and UHI effect  have 
not  been researched thoroughly in  Hels inki ,  but  heal th  r isk posed by tem-
perature  r ise  wil l  increase.  The changing cl imate  a lso creates  a  r isk to  bio-
divers i ty,  as  new species  and diseases  arr ive,  and endemic species  may not 
adapt  to  a  changed cl imate . 

Same report  by Pi l l i -Sihvola  e t  a l .  (2018)  addresses  the researched vulne-
rabi l i ty  to  increased f looding due to  heavy precipi ta t ion events  in  areas 
that  are  a l ready densely bui l t -up such as  the inner  c i ty.  Amount  of  non-per-
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F i g u r e  7 .  V u l n e r a b i l i t y  t o  h e a t  i n  H e l s i n k i 
( K a z m i e r c z a k  &  K a n k a a n p ä ä  2 0 1 6 )

F i g u r e  6 .  P r e p a r e d n e s s  f o r  f l o o d i n g  i n 
H e l s i n k i  ( K a z m i e r c z a k  &  K a n k a a n p ä ä  2 0 1 6 )
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F i g u r e  8 .  E x p o s u r e  t o  h e a t  i n  H e l s i n k i 
( K a z m i e r c z a k  &  K a n k a a n p ä ä  2 0 1 6 )

To fur ther  understand the pol icy and regional  response in  Hels inki  con-
cerning adaptat ion,  different  s t ra tegies  and programs need analysis .  The 
Hels inki  c l imate  plan for  a  c l imate  resi l ient  c i ty  includes adaptabi l i ty 
measures  preparing for  a  4°C temperature  r ise .  These include bui lding new 
infrastructure  for  a  changing cl imate ,  and ci t izen awareness  on how to pre-
pare  for  global  change,  f looding events  and increased amount  of  ra inwater. 
Sea- level  r ise  and need for  cool ing is  taken into account  in  construct ion 
pol icy.  Urban vegetat ion is  a lso being considered in  order  to  maintain bio-
divers i ty,  and to  avoid f looding,  and for  i ts  cool ing effect  during heatwa-
ves.  In  the cl imate  change adaptat ion pol icy 2019-2025 of  Hels inki ,  tan-
gible  measures  ment ioned are  runoff  water  and f looding programmes,  green 
roof  pol icy,  and green factor.  (Hels inki  2019)

In the runoff  water  plan of  Hels inki ,  which fol lows the land use and 
construct ion law,  goals  are  def ined to  develop the planned control  over  ru-
noff  water  in  areas  with a  c i ty  plan,  to  delay and soak runoff  water  on their 
accumulat ion locat ion,  to  prevent  damage to  the environment  and bui ldings 
from pluvial  f looding consider ing cl imate  change and to  fur ther  giving up 
on leading rainwater  to  sewers .  (Hels inki  n .d . )

Hels inki  c i ty  f looding s t ra tegy emphasizes  fur ther ing knowledge,  bui lding 
protect ive s t ructures  in  response to  potent ia l  f looding,  updat ing the infor-
mation on construct ion heights  and wave act ion,  and mapping out  exposed 
underground spaces  adding cooperat ion between ci ty  organizat ions.  (Hel-
s inki  2010)

Green roof  pol icy of  Hels inki  fur thers  construct ion of  green roofs  e .g . 
through ci ty  planning and pi lot  projects .  The pol icy def ines  that  new bui l-
dings with a  lower roof  angle  than 20 degrees  should be the pr imary op-
t ion in  c i ty  plans and bui lding design.  Non-heated maintenance bui ldings 
should pr imari ly  have a  green roof .  Biodivers i ty  should also be fur thered, 
and resource eff ic iency considered.  Knowledge on green roofs  advantages, 
costs  and s t ructural  advice is  handed out  by the ci ty.  (Hels inki  n .d . )
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The green roof  pol icy,  while  taking into account  the type of  roof  s t ruc-
ture  that  is  wel l  sui ted for  a  green roof  s t ructure ,  does not  emphasize the 
addi t ion of  such s t ructures  in  especial ly  exposed,  formerly bui l t  areas  as 
seen on f igures  5  and 6.  This  cer ta inly fur thers  the adapt ive capaci ty  and 
preparedness  for  f looding in  new areas  as  wel l  as  reduces the urban heat 
is land effect .  I t  may however  be considered that  new areas  preparedness 
for  f looding and overheat ing could be real ized through other  measures , 
such as  cool  roofs ,  permeable  pavements ,  suff ic ient  green areas  on ground 
level ,  or  blue and retent ion s t ructures  ra ther  than through bui lding design. 
Exposed areas  on the other  hand do not  have the luxury of  redef ining the 
space for  green areas  and parks ,  to  change their  pavements  or  to  increase 
the height  of  their  ground f loor  as  easi ly,  and therefore  re tent ion measures , 
such as  green roofs ,  may be considered.  Also,  the exposed,  the newly bui l t , 
and the most  vulnerable  areas  for  f looding should have some inf luence over 
the pr ior i t ies  of  the measures  taken to  ensure the adapt ive capaci ty  of  the 
ci ty,  as  these areas  are  potent ia l ly  not  the same.

Green factor  is  a  tool  that  descr ibes  the amount  of  water  re ta ining solut ions 
on s i te  such as  vegetat ion,  permeable  surface,  water  re tent ion pools ,  ra in 
gardens and green roofs .  The tool  is  mainly aimed for  landscaping and ci ty 
planning,  but  is  largely based on the goal  to  increase the adapt ive capaci-
ty  in  a  c i ty.  The tool  takes  into the account  var ious green and permeable 
solut ions,  but  a lso for  example proposes  to  consider  a  s ignif icant  amount 
of  green roof  i f  over  50 % of  the s i te  is  covered with a  courtyard parking 
s t ructure .  (Hels inki  n .d . )

Even though the green factor  tool  is  considerate  over  runoff  water  mana-
gement ,  i t  fa i ls  to  assess  the impacts  of  the choices  made as  a  resul t  of 
using the tool .  The choice to  design a  green roof  may lead to  the choice of 
a  s tone based s t ructural  mater ia l ,  which is  less  of  a  low carbon choice than 
for  example wood,  on top of  which i t  may not  be preferable  to  construct  a 
water  re tent ion s t ructure .  The sustainabi l i ty  of  the combined resul t  of  the 
adapt ive capaci ty  and the mit igat ive potent ia l  of  a  system would be more 
in  l ine with e .g . ,  the  Par is  agreement .

Information on exposure and vulnerabi l i ty  in  Hels inki  have been carr ied 
out  and is  avai lable .  While  much has  been done in  Hels inki  to  ensure cr i-
s is  preparedness  and  to  guide construct ion through ci ty  planning,  fur ther 
considerat ion might  be paid towards where adapt ive measures  are  actual ly 
urgent ly  needed,  how this  could be made through innovat ive solut ions.  Fur-
thermore,  i t  could be reconsidered in  which scale  of  planning e .g . ,  f looding 
needs to  be addressed in  new areas ,  and which sor t  of  measures  are  less 
emissive.  For  example,  land use modif icat ion may lead to  high emissions in 
ra is ing ground levels  in  preparedness  for  f looding,  whereas  f loat ing bui l-
dings would essent ia l ly  be resi l ient  towards sea- level  changes and pluvial 
f looding.  Ground f loors  can also be made f looding proof  or  be bui l t  on 
s t i l ts  and construct ion near  watersheds could be avoided al together.  Ci ty 
planning is  a  fas t  and eff ic ient  tool  to  guide construct ion and careful  con-
siderat ion of  the aspects  of  c l imate  adaptat ion is  needed to  fur ther  res i l ient 
choices . 
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In  summary of  the f i rs t  par t  of  this  thesis ,  i t  can be concluded that  c l imate 
res i l ience comprises  of  the two funct ions of  adapt ing and absorbing cl ima-
te  change impacts  and the maintenance of  t ransformabil i ty,  learning and 
fur ther  adaptat ion.  Aiming towards cl imate  resi l ience rather  than cl imate 
adaptat ion,  while  foster ing innovat ion,  should be the ul t imate  goal .

Ecological  impacts  of  c l imate  change are  inevi table  and need to  be addres-
sed on different  scales  of  act ion.  These impacts  include changes in  tem-
peratures ,  humidi ty,  the amount  of  precipi ta t ion and the amount  of  solar 
radiat ion.  The r isk they pose to  bui ldings and heal th  are  var ious and poten-
t ia l ly  severe.  These include s t ructural  damages due to  f looding or  increa-
sed moisture ,  as  wel l  as  thermal  discomfort  and heat-related death,  seaso-
nal  depression,  and reduced indoor  a i r  qual i ty.  Especial ly  r isks  that  pose 
threat  to  heal th  or  environment  should be addressed through archi tectural 
means,  ra ther  than focusing on the damage through their  potent ia l  econo-
mical  r isks ,  a l tough they may easi ly  be seen as  more severe and addressed 
sooner.  For  instance f looding may easi ly  pose pr imari ly  economic r isk and 
be seen as  a  severe threat ,  while  heal th  issues  re la ted to  overheat ing and 
increasing vulnerabi l i ty  seem unl ikely in  the current  cooler  c l imate .

C O N C L U S I O N 
P A R T  O N E

In  response,  design measures  should be guided through normative legis la-
t ion or  c i ty  planning more consis tent ly,  in  order  to  address  exposure and 
vulnerabi l i ty.  To fur ther  understand how cl imate  adaptat ion measures  res-
pond to  c l imate  impacts  and create  res i l ience in  bui l t  environment ,  c l imate 
resi l ient  archi tecture  in  both urban and bui lding design scales  are  s tudied 
and analyzed in  the next  par ts  of  this  thesis  through ref lect ion of  the role  of 
archi tecture  as  the means to  respond to  c l imate  change and to  advance re-
s i l ience.  This  is  achieved through the analysis  of  case s tudies  that  present 
some design aspects  in  preparedness  of  the cl imat ic  future . 
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C L I M A T E  R E S I L I E N T
A R C H I T E C T U R E

7

Elaborat ion on the def ini t ion on cl imate  resi l ient  archi tecture  and the s ta-
te  of  the pol icy concerning i t  wi l l  be  covered fur ther  in  this  chapter.  Case 
s tudies  and an analysis  e laborat ing their  adapt ive capaci ty  and cl imate  re-
s i l ient  design aspects  are  presented af ter.

The beforementioned def ini t ion of  c l imate  resi l ience entai ls  preservat ion 
of  the essent ia l  funct ion,  ident i ty  and s t ructure  of  environmental  systems 
in  a  way that  maintains  capaci ty  for  adaptat ion,  learning and t ransforma-
t ion.  In  this  case,  the environmental  systems are  dwell ings in  Hels inki . 
For  c l imate  resi l ience purposes ,  we can def ine the essent ia l  funct ion of  a 
res ident ia l  bui lding to  just  a  bui lding here ,  as  possible  future  modif icat i-
on of  use is  a lmost  as  desirable  as  cont inuance of  the or iginal  purpose in 
constant ly  changing ci t ies .  This  fol lows the def ini t ion of  res i l ience,  where 
change is  the natural  s ta te  of  a  system. Flexible  bui ldings have the capaci ty 
to  a l low for  this  adaptat ion and t ransformation that  may happen over  t ime.

The ident i ty  of  a  bui lding can be l inked more closely to  the archi tecture 
the bui lding presents  and i ts  value.  An ident i ty  of  a  bui lding can be formed 
through i ts  design concept ,  i ts  archi tect  and archi tectural  s tyle  or  i t  can 
be formed and changed over  t ime.  To be able  to  design a  bui lding that  can 
maintain an ident i ty,  a  cer ta in  appreciat ion needs to  be achieved for  the 
bui lding,  yet  the t ransformation of  this  ident i ty  is  not  necessar i ly  for  the 
worse.  In  this  case,  the resi l ience comes from considerat ion of  the bui l-
ding to  be worthy of  repair  to  keep i ts  funct ion and value as  a  bui lding.  In 
the Shape of  green (2012,  5-7)  Hosey argues that  aesthet ics  should not  be 
separated from sustainable  design al though at t ract iveness  has  not  been pre-
viously considered s ignif icant  to  sustainabi l i ty.  According to  him,  beau-
t i ful  design discourages us  f rom abandoning things and therefore  creates 
sustainabi l i ty.  An example of  this  could be found in  the infamous marble 
c ladding of  the Finlandia  Hal l ,  where aesthet ics  and archi tecture  have evi-
dent ly  been valued higher  than durabi l i ty  of  the mater ia l  and maintained 
for  decades,  a l though with some debate .  Nei ther  beaut i ful  archi tecture  wi-
thout  durabi l i ty  nor  a  durable  bui lding that  is  not  a t t ract ive is  a  desirable 
resul t .
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As mentioned in  the f i rs t  chapter,  bui lding type inf luences i ts  demoli t ion 
age as  res ident ia l  bui ldings are  demolished older  compared to  non-resi-
dent ia l  ones (Huuhka & Lahdensivu 2016) .  Residents’ a t tachment  to  their 
habi ta t ion and their  wil l  to  repair  i t  and protect  their  environment  and in-
vestment  f rom weather  and age can have an inf luence on how resi l ient  a 
bui lding eventual ly  is .  Design of  the bui lding,  as  wel l  as  a  changing cl ima-
te  can both affect  the frequency in  which repairs  are  required. 

The s t ructure  of  a  bui lding is  of  high importance in  maintaining the capaci-
ty  for  adaptat ion,  learning and t ransformation.  All  of  these are  responsive 
or  reorganizable  measures  that  absorb or  adapt  the bui lding according to 
change and they require  some f lexibi l i ty  f rom the design,  i .e . ,  how easi ly 
the bui lding can be repaired,  re t rof i t ted or  modif ied.  This  includes both 
design for  spat ia l  f lexibi l i ty  and s t ructural  means to  a l low for  t ransfor-
mation.  Cl imate  adaptat ion is  design for  a  future  with a  different  c l imate 
and can be real ized in  measures  that  increase durabi l i ty  to  future  weather 
or  a l low for  absorpt ion of  impacts  or  adaptat ion to  them. Certain design 
measures  may also increase the capaci ty  of  the bui lding user  to  adapt  their 
environment  according to  changed needs.

Archi tectural  guidel ines  and pol icy are  current ly  updated to  address  c l ima-
te  issues  and megatrends in  Finland as  wel l .  A proposal  for  an Archi tectural 
Pol icy Program (Apoli)  was submit ted in  January 2021.  I t  addresses  f ive 
main themes:  c l imate  change,  equal i ty,  economy,  purpose and educat ion. 
Cl imate  measures  in  the program include fur ther ing ecological  sustainabi-
l i ty  in  construct ion,  c l imate ,  and biodivers i ty  informed land-use,  low-car-
bon and circular  planning,  and spat ia l  and s t ructural  res i l ience.  Resi l ience 
related goals  for  2035 in  the program include e .g .  lengthening the age of 
new construct ion and bui lding blocks by addressing t ransformabil i ty  and 
repairabi l i ty  in  design and execut ion.  Circular i ty  would be addressed in  the 
design of  reuse and disassembly with aims to  use natural  resources  as  long 
and eff ic ient ly  as  possible .  (Minis t ry  of  Educat ion and Culture  & Minis t ry 
of  the Environment  2020) 

While  c l imate  change is  pr ior i t ized in  the pol icy proposal  as  i t  i s  addressed 
in  the f i rs t  chapter,  and adaptat ion is  in  the f i rs t  sentence of  that  chapter, 
only mit igat ion and circular i ty  are  addressed thoroughly in  i ts  goals  and 
proceedings.  Cl imate  adaptat ion is  only mentioned br ief ly  in  context  of 
land-use only to  be addressed with urban vegetat ion and landscaping.  Whi-
le  the pol icy addresses  largely mit igat ion and circular i ty  as  they urgent ly 
should,  i t  seems to  emphasize mit igat ion,  renovat ion,  and f lexible  spat ia l 
design as  essent ia l  measures  and seems to  overlook the means archi tectu-
re  has  in  the context  of  bui lding design to  create  innovat ive solut ions to 
combat  c l imate  impacts  with adapt ive design and even benefi t  f rom i t .  I t 
seems,  enabl ing and promoting innovat ion concerning adaptat ion has  not  to 
t r ickled down to Finnish pol icy. 

In  the fol lowing chapters  I  wil l  go through some case s tudies  to  analy-
se  different  propert ies  that  archi tectural  design has  in  different  scales  to 
address  c l imate  resi l ience innovat ively.  Firs t  case s tudy is  a  res ident ia l 
bui lding in  Hels inki  that  uses  green s t ructures  as  an adapt ive response to 
c l imate  change.  The second one is  an urban scale  blue “cl imate  park” in 
Denmark that  addresses  exposure to  f looding in  urban design level .  The 
fol lowing two cases  are  res ident ia l  bui ldings in  Hels inki  and in  Denmark 
that  express  some future-proof  aspects  in  their  bui lding design.
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G R E E N

7 . 1

F i g u r e  9 .  G r e e n  s t r u c t u r e s  c r e a t e  t h e  a r c h i t e c t u r a l  a n d  a d a p t i v e  i d e n t i t y  o f 
V i h r e i s t ä  v i h r e i n  b y  T a l l i  A r c h i t e c t u r e  &  d e s i g n  ( A r c h i n f o  n . d . )

 

 CASE: Vihreis tä  Vihrein,  Hels inki ,  Tal l i  arkki tehdi t

 Urban vegetat ion in  response to  c l imate  change and increasing 
 adapt ive capaci ty  through bui lding design
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Helsinki  is  leading the development  of  apar tment  bui ldings through co-ope-
rat ion with the construct ion sector  to  create  innovat ive pi lot  projects .  Ke-
hi t tyvä kerrostalo ( the developing apartment  bui lding)  project  is  an answer 
to  development  of  design and construct ion of  future-or iented bui ldings fo-
cusing on technical ,  funct ional ,  aesthet ical ,  social  and housing pol i t ical 
aspects  and the construct ion process .  Themes for  the project  are  housing 
solut ions and bui lding types,  l i fespan,  technical  solut ions and reasonable 
pr ic ing.  (Hels inki  n .d . )

In  this  case s tudy I  wil l  focus on a  par t icular  pi lot  project  by Tal l i  archi te-
cts ,  Vihreis tä  vihrein,  which is  located in  Jätkäsaar i ,  Hels inki  as  an example 
of  urban green construct ion and a  nature-based solut ion to  c l imate  change 
adaptat ion.  Vihreis tä  Vihrein is  a lso a  research case as  a  par t  of  Sogreen 
project  in  col laborat ion with Tampere and Hels inki  Universi t ies  that  a ims 
to  t rack the performance and survival  of  the type of  vegetat ion chosen es-
pecial ly  for  a  Nordic  c l imate  (Nessl ing 2018) .  Green facades are  supposed 
to  provide protect ion from e.g.  wind dr iven rain for  the wal l  s t ructure  be-
hind in  a  humid locat ion.  (TA n.d.)  In  laboratory condi t ions the moisture 
safety of  green facades in  a  Nordic  set t ing has  been s tudied e .g .  by Edel-
man et  a l .  (2019) .

Different  wooden and metal  surfaces  on the facade provide a  platform for 
growth of  creeper  plants  and a  dis t inct ive exter ior  archi tecture  that  deve-
lops over  t ime (f igure 9) .  Leafy plants  help shade the apartments  to  avoid 
overheat ing in  summer,  while  le t t ing l ight  in  during winter.  Green plant ing 
boxes increase the number of  different  plants  on the façade,  advancing 
biodivers i ty.  The rooftop of  the bui lding is  a lso in  the use of  urban green 
with a  greenhouse,  plant ing boxes and meadow and forest  type vegetat ion 
areas .  The green s t ructures  provide rainwater  re tent ion and purify the ci ty 
a i r  as  wel l  as  add self-suff ic iency in  food product ion.  Urban vegetat ion 
and l ight-colored façade surfaces  defend the bui lding from overheat ing and 
reduce UHI-effect .

Vihreis tä  Vihrein succeeds at  addressing several  c l imate  issues  with just  a 
couple  of  nature-based solut ions such as  biodivers i ty,  pluvial  f looding and

Figure 11.  Progress  of  vegetat ion 
var ies  according to  or ientat ion,  Apri l 

2021

Figure 10.  Green facade in 
Apri l  2021

Figure 12.Spat ia l  layout  of  Vihreis tä 
vihrein provides  opportuni t ies  for  natural 

vent i la t ion,  Tal l i  Archi tecture  & design 
(Archinfo n.d.)
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wind dr iven rain as  wel l  as  overheat ing.  The f la t  roof  a l lows for  i ts  use 
by residents  and rainwater  re tent ion on top of  the bui lding.  The bui lding 
form provides  a  lot  of  façade area towards the South,  West  and East  whe-
reas  the posi t ioning of  corr idors  outs ide the bui lding on the inner  court 
s ide al low for  apar tments  to  extend through the depth of  the bui lding.  This 
lowers  the amount  of  heated space and encourages to  vent i la te  in  response 
to  overheat ing,  which can be regarded as  desired design for  c l imate  chan-
ge adaptat ion to  temperature  r ise .  Capaci ty  for  fur ther  modif icat ion of  the 
bui lding,  or  addressing changes in  solar  radiat ion in  this  case,  is ,  however, 
reduced due to  load bear ing wal ls  that  are  repeated throughout  the deep 
bui lding form to create  qui te  narrow apartments .

Green roofs  are  a  common nature-based solut ion in  bui lding design scale 
that  re ta in  some water  during a  c loudburst ,  but  their  s t ructure  def ines  much 
of  their  potent ia l  for  delaying water.  An intensive green roof ,  l ike a  roof 
garden retains  more water  than a  s teeper  angled extensive roof  (RT 2016) . 
A green s t ructure  is  a  val id  solut ion in  a  dense and impervious environme-
nt ,  and these propert ies  can be recognized in  the future  of  the resident ia l 
area of  Jätkäsaar i .  Al though rainwater  re tent ion may be necessary in  this 
locat ion,  i t  ra ises  a  quest ion why the moisture  safety of  a  bui lding is  comp-
romised with a  complex s t ructure  that  delays water  on top of  the s t ructure 
in  a  newly bui l t  area.  Has the responsibi l i ty  of  ra inwater  management  been 
t ransferred to  bui lding design level  as  opposed to  being addressed already 
through ci ty  planning by e .g .  suff ic ient  area of  surrounding parks  and other 
vegetat ion? 

Interest ing aspects  of  the roof  choice in  Vihreis tä  Vihrein are  the mult iple 
funct ions of  the green roof  and i ts  accessibi l i ty  to  users ,  where the adapt i-
ve measure has  been fur ther  benefi t ted from and i ts  funct ion is  more than 
only water  re tent ion.  While  there  are  potent ia l  benefi ts  to  l iveabi l i ty,  green 
roofs  add s t ress  to  the s t ructures  below them, increasing the load on the 
roof  as  snow, ice ,  water  and people  may s t ra in  the s t ructure  below.  Heavier 
load increases  the s turdiness  of  load bear ing s t ructures ,  fur ther  increasing 
mater ia l  use.  As green roofs  are  not  an opt imal  choice to  wooden bui ldin-
gs ,  this  choice of  s t ructure  essent ia l ly  may lead to  s tone-based mater ia ls , 

increasing the embodied carbon content .  Wooden bui ldings can be real ised 
with a  low angle  pi tched green roof ,  but  the effect  on rainwater  re tent ion 
and moisture  safety has  to  be balanced careful ly.  Non-heated spaces ,  l ike 
parking garages and low bui ldings are  safer  choices  for  this  combinat ion, 
as  snow or  ice  loads may increase in  the nearby future  and pose r isk to  the 
s t ructural  capaci ty  and moisture  safety of  the bui lding.

Extending the urban green to  facades helps  to  protect  the bui lding and i ts 
users  f rom overheat ing in  an adapt ive way,  where the plant  cover  grows 
over  t ime.  During summer,  the l ight  façade colour  ref lects  l ight ,  but  a lso 
creates  contrast  to  highl ight  the vegetat ion growing over  i t .  In  a  humid and 
windy locat ion,  protect ion of  the s t ructural  wal ls  provided by the green 
layer  may be even more important  of  a  funct ion than the solar  shading.  The 
facade is  a lso under-designed in  a  sense that  nature  and t ime modify the 
exter ior  aesthet ic  of  the bui lding and create  t ransformative adaptat ion.  The 
vegetat ion also adds to  the value of  the bui lding,  as  i t  i s  not  just  a  bui lding, 
but  a lso a  park,  a  plantat ion and a  forest .  The ident i ty  of  the archi tecture 
is  therefore  inter twined to  the adapt ive measure and potent ia l ly  e levat ing 
i ts  value.  Yet ,  the beauty of  the design can only be seen af ter  an explanat i -
on or  la ter  when the plants  have grown.  The way the bui lding is  perceived 
for  a  large amount  of  the year  and the beginning of  i ts  l i fe t ime is  without 
the plant  cover  ( f igures  10 and 11)  and these seasons and par ts  of  i ts  l i fe 
should be paid at tent ion to . 

What  can be learned from the case s tudy,  is  cr i t ical  contemplat ion on whet-
her  green roofs  are  the perfect  mult i -beneficial  adapt ive measure,  or  i f 
they pose a  r isk of  moisture  damage themselves ,  or  a t  least  decrease mate-
r ia l  eff ic iency and guide towards high carbon mater ia ls .  Furthermore,  the 
quest ion remains i f  run-off  water  should be retained in  some other  way,  and 
possibly not  on top of  s t ructures  that  should essent ia l ly  s tay dry.  The areal 
re levancy of  a  green s t ructure  is  a lso a  s ignif icant  mat ter.  Some older  areas 
that  are  more exposed to  pluvial  f looding than new areas ,  may have less 
opt ions to  solve this  r isk.  In  this  case I  might  fur ther  consider  green roofs . 
However,  in  a  newly bui l t  area,  the possibi l i t ies  to  solve pluvial  f looding 
through ci ty  planning remain more diverse .
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B L U E

7 . 2

 CASE:  Enghaveparken,  Denmark,  Tredje  Natur

 Rainwater  delay s t ructure  and a  reservoir  in  response 
 to  pluvial  f looding

Figure 13.  Enghaveparken is   a  c l imate  par t  in  an area 
exposed to  pluvial  f looding ( t redje  natur  n .d . )

Crisis  preparedness  is  a  key aspect  of  c l imate  adaptat ion.  As f looding and 
overheat ing are  potent ia l  threats  in  Hels inki ,  foreseeable  ecological  im-
pacts  can be prepared for  and t racked by designing blue s t ructures  i .e .  wa-
ter  features  for  delaying the access  of  ra inwater  to  sewer systems.  Water 
re tent ion in  urban design and ci t ies  can already be found in  Malmö,  Swe-
den,  or  Kuninkaantammi and Eko-Viikki  in  Hels inki ,  but  an example of  a 
large-scale  solut ion that  widely benefi ts  f rom pluvial  f looding in  an area 
exposed to  f looding,  has  been real ised in  Copenhagen.
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The large-scale  adapt ive blue s t ructure  of  this  case s tudy,  Enghaveparken, 
was designed by Tredje  Natur.  I t  i s  a  t ransformation project  of  a  park turn-
ed into a  water  delay and detent ion area with a  capaci ty  to  s tore  22 600 
m 3 of  ra inwater.  The design aims to  gather  runoff  water  f rom surrounding 
areas  and s tore  i t  in  a  basin and reuse i t  for  a  fountain park and water ing 
vegetat ion.  The design of  the whole park al lows for  i ts  f looding in  a  heavy 
raining event ,  but  a lso adapts  to  benefi t  f rom the water  in  different  recrea-
t ional  use over  t ime.  A dam circulates  the whole park to  protect  the sur-
rounding areas  in  a  f looding event .  (Tredje  natur  n .d . )

The project  absorbs cl imate  impacts  by the retent ion of  runoff-water  and 
reduces the r isk of  pluvial  f looding.  Furthermore,  i t  benefi ts  great ly  f rom 
the possible  f looding by providing different  recreat ional  act ivi t ies  for  a 
var ie ty  of  users .  The ident i ty  of  the park can fur ther  knowledge of  the 
cl imat ic  s i tuat ion by not i fying of  the increasing frequency or  volume of 
f looding,  funct ioning subt ly  as  a  sof t  measure.  The project  has  an adapt ive 
nature ,  as  i t  current ly  s t i l l  funct ions as  a  regular  park with t rees  and play-
grounds as  opposed to  i ts  potent ia l  future  as  a  water  park.  Pergolas  and 
t rees  provide solar  shade,  and together  with a  fountain park,  they provide 
an area for  nearby residents  to  escape summert ime overheat ing.  Exis t ing 
winter  condi t ions are  s t i l l  included as  the park funct ions as  an ice  r ink in 
winter t ime adding to  recreat ional  nature  of  the park.

Enghaveparken ut i l ises  adapt ive design measures  that  absorb cl imat ic 
change in  an exposed area,  while  maintaining i ts  essent ia l  funct ion as  a 
recreat ional  park and can therefore  be considered to  be cl imate  resi l ient 
design within this  def ini t ion.

Blue s t ructure  solut ions to  cr is is  preparedness  have more of ten been intro-
duced in  Finland in  urban design scale  and in  new housing areas ,  such as 
in  Kuninkaantammi,  Hels inki .  While  blue s t ructures  are  easier  to  imple-
ment  in  new areas ,  Enghaveparken is  exemplary due to  i ts  large scale  on 
a  pre-exis t ing area,  where rais ing ground f loor  levels  or  enhancing sewer 
capaci ty  is  more diff icul t .  Exposure to  f looding in  densely bui l t  central 
areas  may be high,  as  can be seen in  f igure 5 for  Hels inki .  Even though the 

project  mainly addresses  the exposure of  exis t ing bui l t  areas ,  and the so-
lut ion is  of  urban scale  design,  i t  showcases  how an innovat ive blue s t ruc-
ture  design solut ion improves cr is is  preparedness  and how invest ing in  i t 
may benefi t  communit ies .  Including landscaping and blue solut ions into 
resident ia l  bui lding design already in  the concept  phase could amount  to 
s imilar  improvements .  However,  some waterproof  s t ructures  required may 
be high carbon mater ia ls ,  and the sustainabi l i ty  of  the equipment  needed 
for  f i l t ra t ion and reuse has  to  be considered.  Blue s t ructures ,  compared to 
green ones,  have of ten more capaci ty  to  res tore  large amounts  of  water  and 
provide information on the progress  of  f requency of  heavy raining events , 
as  wel l  as  provide the opportuni ty  to  use the col lected water  during dry 
seasons.  However,  an innovat ive approach is  required to  connect  a  blue 
s t ructure  to  i ts  environment ,  i f  i t  i s  a imed to  funct ion as  more than a  tank. 
A combinat ion of  green and blue measures  could provide mult iple  bene-
f i ts .  In  exis t ing areas ,  an assessment  on the pre-exis t ing condi t ions,  such 
as  exposure and vulnerabi l i ty  should be analysed and responsive adapt ive 
measures  real ised accordingly in  considerat ion of  the local  condi t ions.

Figure 14.  Enghaveparken wil l  gradual ly  f i l l  up with water  over  t ime (Tredje  natur  n .d . )
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7 . 3

      CASE: Aleksis  Kiven katu 19,  Hels inki ,  Antt inen Oiva Arkki tehdi t

 Addressing overheat ing and access  to  l ight  and the aesthet ic 
 expression of  robust  archi tecture

Figure 15.  The spat ia l  layout  of  Aleksis  Kiven katu 19 al lows for  access  to  sunl ight  and 
natural  vent i la t ion through windows (Archinfo n.d.)
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Aleksis  Kiven katu 19 is  mainly a  res ident ia l  bui lding in  Hels inki  design-
ed by Antt inen Oiva Archi tects .  The project  has  qual i t ies  that  address  the 
exis t ing cl imat ic  condi t ions,  as  wel l  as  those of  the future .  In  the project , 
access  to  l ight  and vent i la t ion through windows towards more than one 
direct ion has  been carr ied out  thoroughly and the possibi l i ty  for  such is  in-
creased with the form and mass of  the bui lding block.  The s t ructural  depth 
and the spat ia l  design together  with larger  s ized apartments  a l low for  win-
dows and balconies  that  face in  different  direct ions. 

Furthermore,  the South-West  facing facade wil l  be more shaded by t rees  in 
the future  during summer,  but  the top f loors  are  s l ight ly  exposed to  the sun 
current ly  and during spr ingt ime (f igure 16) .  In  the future  external  bl inds 
could passively ease the thermal  comfort  in  the apartments  facing in  this 
direct ion.  Many of  them for tunately extend through the bui lding and al-
low for  cross  vent i la t ion.  Some smaller  apar tments  face direct ly  towards 
South-West  on some f loors ,  which is  not  ideal  for  prevent ing overheat ing, 
but  a  balcony provides  some shade and the West  s ide windows of  these 
apartments  are  qui te  narrow as  wel l .  Balconies  are  otherwise most ly  point-
ed towards North-East ,  which provides  cooler  spaces  for  most  res idents 
during summer,  but  are  less  agreeable  in  spr ing and autumn. 

Archi tectural  expression is  based on a  robust  br ick foot ing close to  the 
ground,  but  the look is  only ut i l ised aesthet ical ly,  and the s t ructural  ma-
ter ia l  throughout  the bui lding is  concrete .  I f  the expressed look presented 
the actual i t ies  of  the s t ructural  mater ia ls ,  this  could potent ia l ly  be used as 
a  res i l ience measure.  Ground f loor  is  more exposed to  moisture  or  f looding 
and massive s tone-based mater ia l  could endure cl imate  change impacts 
while  maintaining i ts  essent ia l  funct ion and s t ructure .  This  ground f loor 
could then protect  low-carbon s t ructural  mater ia ls ,  such as  wood used as 
s t ructural  mater ia l  on higher  f loors .

Figure 16:  Many internal  bl inds are  drawn down on 
South-West  facing façade in  Aleksis  Kiven katu 19 on a 

sunny day in  Apri l  2021.
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7 . 4

  CASE: Lisbjerg hi l l ,  Aarhus,  Denmark,  Vandkunsten Archi tects

 Durabi l i ty  and capaci ty  for  fur ther  t ransformation

Figure 17.  Wooden cladding is  protected by overhangs and 
f lashings,  Lisbjerg hi l l ,  Vandkunsten (Mikkelsen 2021)
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Lisbjerg hi l l  i s  a  res ident ia l  project ,  f inished in  2018 in  Arhus,  Denmark 
and designed by Vandkunsten.  The project  represents  hybrid construct ion 
with wood as  the main s t ructural  mater ia l ,  s teel  connectors  and concrete 
in  s ta i rcases  and s labs .  The s t ructural  system is  based on a  post  and beam 
structure ,  which al lows for  f lexibi l i ty  in  spat ia l  design.  The spaces  a lso 
have good access  to  dayl ight  and vent i la t ion opportuni t ies .  Walls  are  pre-
fabricated cavi ty  wal l  e lements .  The bui lding design aims for  durabi l i ty, 
which can be seen as  moisture  safety in  the form of  pi tched roofs ,  eaves 
and f lashings and dr ip  edges on the façade.   (Dalgaard 2019)

The bui lding has  a  rough look control led by untreated metal  and wood.  The 
archi tectural  expression is  def ined by aspects  increasing durabi l i ty,  such as 
eaves and a  pi tched roof ,  and the end resul t  is  qui te  industr ia l  ra ther  than 
ref ined.  The ini t ia l  design by the archi tects  shows balconies  that  might 
have improved the f inished look and the resi l ience of  the bui lding.  Also, 
the weather ing turning the façades grey improves the f inal  look,  as  the grey 
shades of  the natural  tone of  the weathered wood are  repeated in  the metal 
par ts  ( f igure 17) .

The bui lding’s  design is  low in embodied carbon,  as  the s t ructure  is  main-
ly  wood.  Other  mater ia ls  l ike concrete  and s teel  are  only used where they 
provide fur ther  benefi t  in  comparison to  using low carbon mater ia ls .  For 
example,  the concrete  used provides  acoust ic  propert ies .  (Dalgaard 2019)

The sol id  wood elements  have been designed to  be disassembled and reus-
ed.  (Mikkelsen 2021)  Many of  the wooden post  to  s teel  connect ions in  the 
bui lding are  made with bol ts  ( f igure 18) .  This  is  preferable  to  those con-
nect ions that  have been real ised as  screw connect ions,  as  the wood would 
break i f  disassembled and reassembled mult iple  t imes.  The s labs  are  cast 
in  concrete  on s i te  for  acoust ics ,  l imit ing the reuse of  the mater ia ls  used in 
the rest  of  the s lab.  Also,  most  of  the wooden members  are  of  glue laminat-
ed wood,  which does not  age as  graceful ly  as  sol id  t imber,  and the lack of 
aesthet ic  value may lower the wil l  to  reuse the members .

Figure  18.  Gluelaminated wood posts  have  been connected with steel , 
L isbjerg  hi l l ,  Vandkunsten (Dalgaard 2019)

Many design aspects  of  Lisbjerg hi l l  make i t  a l l  in  a l l  qui te  a  c l imate  res i l i -
ent  design.  The bui lding is  low carbon,  addresses  increased amount  of  ra in 
and the access  to  l ight  and vent i la t ion and fur thers  t ransformation through 
s t ructural  choices .  However,  as  a  project  i t  ra ises  quest ions connected to 
the reuse of  the bui lding in  the future .  When and why is  i t  expected to  be 
disassembled and where are  the s t ructural  members  a imed to  be reused? 
Should the bui lding be reused in  a  s imilar  way to  the ini t ia l  design to 
maintain i ts  ident i ty,  or  ra ther,  should i t  be  a imed to  be used for  par ts  for 
environmental  benefi t  and to  fur ther  c i rcular i ty? Is  the essent ia l  ident i ty 
of  the expressed archi tecture  the aspect  that  needs maintaining over  t ime 
or  is  i t  the  embodied carbon in  i ts  s t ructure  that  only temporary expresses 
archi tecture  on i ts  way to  becoming a  new arrangement .  And should the 
aging process  of  the s t ructural  members  be considered i f  they are  wished to 
be reused.  Can,  for  example,  the glue laminated t imber  maintain i ts  value 
over  t ime? 
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C L I M A T E  AWA R E  D E S I G N

Concepts  l inked to  sustainable  design l ike circular i ty,  mit igat ion 
and f lexibi l i ty,  have qual i t ies  that  may improve cl imate  resi l i -
ence,  but  some may also be contradictory towards each other  or 
decrease cl imate  resi l ience.  To improve cl imate  resi l ience of  a 
design,  these measures  have to  be select ively looked through a 
c l imate  resi l ient  point  of  view and their  impacts  assessed and 
those measures  that  benefi t  c l imate  res i l ience are  chosen.  For 
example,  some emission mit igat ion could be compromised in  fa-
vor  of  s t ructural  f lexibi l i ty  in  choice of  mater ia ls  i f  this  provides 
a  more resi l ient  design.  Cl imate  adaptat ion is  ent i re ly  included 
in  c l imate  resi l ience as  the main focus of  c l imate  res i l ience is 
to  adapt  to ,  and absorb shock from cl imate  change.  The overal l 
res i l ience of  a  design may,  however  be reduced by adapt ive de-
s ign measures .  Mit igat ive design measures  may not  direct ly  add 
or  reduce resi l ience,  yet  the success  of  mit igat ion has  a  direct 
inf luence on the severi ty  of  c l imate  change impacts  over  a  long 
per iod of  t ime,  even though some impacts  wil l  happen regardless 
of  mit igat ion.

C l i m a t e
r e s i l i e n c e

F l e x i b i l i t y

C i r c u l a r i t y

M i t i g a t i o n

C l i m a t e 
a d a p t a t i o n
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D E S I G N  F R A M E

Design par t  of  this  thesis  is  based on a  s tudent  compet i t ion “Af-
fordable  Community Living Design in  Kalasatama Smart  Ci ty” 
by EFL/ ci ty  of  Hels inki .

Object ive is  not  to  fol low the competi t ion goals  to  create  a 
complete  archi tectural  design for  a  compet i t ion proposal ,  but  to 
s tudy cl imate  resi l ient  design measures  in  the form of  an archi-
tectural  concept .  The design is  used as  a  tool  to  ref lect  on,  and 
to  present  those design measures  that  increase resi l ience.  Aim is 
a lso to  see how the environmental  precondi t ions in  a  typical  new 
housing area in  Hels inki ,  where new construct ion is  produced in 
volumes,  and the frame of  a  c i ty  plan exis ts ,  guide these bui lding 
design measures .

The design area is  s i tuated in  North-Verkkosaar i  in  Kalasatama 
area,  in  the north end of  bui lding s i te  10658.

In the design i t  i s  assumed as  s ta ted in  the competi t ion br ief  that 
no spaces  are  to  be bui l t  under  s t reet  level  and soi l  invest igat ions 
and groundwork are  assumed to  be complete .
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S I T E  A N A LY S I S

Site  locat ion in  North Verkkosaar i  1 :5000
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C L I M AT E  R E S I L I E N C E  O F  T H E  V E R K K O S A A R I 
C I T Y  P L A N

The basis  for  the ci ty  plan (asemakaavaselostus)  of  Verkkosaar i  def ines 
the planning area as  s i tuated ent i re ly  on sea-f looding r isk area.  I t  i s  a lso 
not i f ied that  the s teel  and reinforced concrete  foundat ions and landmass 
changes and f i l ls  increase CO2 emissions and energy use in  the construct ion 
phase.  From a “future-proof” and cl imat ic  point  of  view,  when mult iple 
resources  are  invested and emissions created in  an area,  i t  may be prefe-
rable  to  construct  such in  a  more s table  locat ion in  the future ,  as  opposed 
to  one that  is  in  a  f looding r isk.  As s ta ted in  chapter  three,  a  f looding safe 
bui lding height  was def ined as  280 cm in Hels inki ,  and this  is  fol lowed 
in  the ci ty  plan which s ta tes  that  adaptat ion to  c l imate  change impacts  in 
sea- levels  and increasing s torms and heavy precipi ta t ion has  been prepa-
red for  in  construct ion heights  and municipal  infrastructure .  This  reduces 
possible  future  r isks  s ignif icant ly,  but  as  ment ioned,  increases  construct ion 
phase emissions due to  the required landmass f i l ls  and foundat ions.  There-
fore ,  i t  can be concluded that  interests  to  bui ld  the area and i ts  disaster  r isk 
reduct ion have been valued above mit igat ion.  In  the future ,  the new Apoli 
proposal  (Minis t ry  of  Educat ion and Culture  & Minis t ry  of  the Environme-
nt  2020)  would address  this  in  the chapter  1 ,  sect ion B,  where cl imate  and 
biodivers i ty  aware land use is  encouraged e .g . ,  through ci ty  planning.  In 
the interests  of  sustainable  c i ty  development  new resident ia l  areas  would 
address  c l imate  issues  more thouroughly.

Desirably new construct ion would be bui l t  in  an area safe  f rom cl imate 
change impacts ,  but  with less  emissions in  the construct ion phase.  Prepa-
redness  for  sea- level  r ise  f looding in  a  central  or  desired area,  in  the inte-

rest  of  c l imate  resi l ience,  should work with the nature  adapt ively,  possibly 
in  the form of  f loat ing bui ldings or  urban design blue s t ructures  that  absorb 
changes in  sea- levels  such as  presented in  the second case s tudy.  This  would 
mit igate  emissions from foundat ion work and al low for  innovat ive cl imate 
adaptat ion.  Some f loat ing construct ion has  been planned on the shore of 
Verkkosaar i ,  but  i t ’s  small  scale  and minori ty  type in  the area. 

Other  sustainabi l i ty  aspects  in  the plan l is t  accessibi l i ty  to  publ ic  t ransport 
and fur ther ing sustainable  t ransportat ion-based l i fes tyle .  The plan deter-
mines solar  panels  to  be used for  local  energy product ion.  Possible  future 
overheat ing is  paid at tent ion to  with a  demand of  energy-eff ic ient  central 
cool ing system for  res ident ia l  bui ldings.  Pluvial  f looding,  agreeable  l iving 
and self-suff ic iency are  considered with a  regulat ion that  def ines  roof  sur-
faces  to  be green roofs ,  terraces  or  in  solar  panel  use. 

To increase resi l ience and respond to  the ecological  impacts  of  c l imate 
change,  fur ther ing passive measures  might  be pr imari ly  encouraged rather 
than those that  use energy,  even i f  eff ic ient ly.  External  solarshading or  fur-
ther ing natural  vent i la t ion through windows to  mit igate  overheat ing could 
be such solut ions.  As the foundat ion work is  a l ready highly emissive,  some 
other  re tent ion measures  than green roofs  could be considered as  they en-
courage to  use s tone based mater ia ls ,  essent ia l ly  heavier  in  their  embodied 
carbon than,  for  example,  wood.
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The ci ty  plan fol lows a  municipal  engineer ing plan for  the area which is  to 
include normal  networks for  maintenance of  urban infrastructure .  Northern 
square,  the largest  one on the map,  has  a  reservat ion for  a  pluvial  f looding 
pump stat ion and barr icade system. The area has  some spat ia l  reservat ions 
for  possible  needs of  maintenance of  urban infrastructure ,  especial ly  for 
water  management .  Level  of  Hermannin rantat ie  wil l  be lower than the 
areas  surrounding i t ,  and runoff  water  f rom these areas  is  guided through a 
separate  drainage to  the f looding pump stat ion.  All  s i tes  east  f rom Herman-
nin rantat ie  and their  s t reet  areas  form “a f looding embankment”.  Runoff 
water  east  f rom this  embankment  is  guided direct ly  to  the sea.  The middle 
blocks of  s i te  10658 include f looding routes  that  are  to  be lef t  open for  wa-
ter  s t reams. 

Regardless  of  the grey adaptat ion measures  extensiveness ,  some urban scale 
green or  blue retent ion measures  may have been considered for  the area to 
ensure preparedness  for  pluvial  f looding and fur ther  benefi t  f rom cl imat ic 
change.  The only mention of  this  is  the ci ty  plan suggest ion to  favor  green 
roofs .  Potent ia l ly,  the pedestr ian areas  (see page 101)  could be permiable , 
include s tormwater  re tent ion s t ructures  or  have green areas  for  water  re ten-
t ion.
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The direct ion and angle  of  the sun are  constant  c l imat ic  condi t ions,  even 
though solar  radiat ion wil l  decrease in  the future  due to  increasing clou-
diness .  The ground of  the new area is  re la t ively f la t ,  and the surrounding 
bui ldings and s t ructure  mainly inf luence the l ight ing condi t ions on s i te . 
North Verkkosaar i  has  been planned to  create  a  versat i le  but  dense,  cha-
racter is t ical ly  central  typology.  This  typology shades especial ly  the lower 
f loors  of  bui ldings throughout  the year.  As seen on r ight ,  the  large bui lding 
masses  West  and South of  the s i te  shade i t  throughout  the year.
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G R E E N

Most  vegetat ion in  the  area  has  been l imited to  the  inner  courty-
ards  of  the  bulding blocks  and some addit ional  green areas  may 
develop as  green roofs  are  bui lt .  Three  larger  publ ic  squares  exist 
in  the  area ,  but  they are  reser ved for  pedestr ians  and market  use 
rather  than vegetat ion.  Trees  a long streets  may decrease  windi-
ness  but  wi l l  have  a  larger  impact  on microcl imate  when they 
reach suf f ic ient  s ize .  Never theless ,  they  provide  a  poss ibi l ity  for 
runof f  water  retent ion.  In  a  coasta l  area ,  prone to  sea  breeze, 
smal ler  bushes  and di f ferent  sca le  vegetat ion could be  benef ic ia l 
to  inf luence  microcl imat ic  condit ions  in  di f ferent  sca les  fur ther 
and to  accumulate  and keep snow f rom pi l ing against  bui ldings 
in  winter.  A large  recreat ional  park area  is  planned nor th f rom 
Verkkosaar i ,  which adds  to  publ ic  green areas  proximate  to   the 
neighbourhood.

On the  s ite ,  the  court  yard is  a  parking structure,  so  the  green 
fac tor  tool  would recommend a  green roof  for  the  bui ldings .  This 
would not  work wel l  together  with  wooden construct ion and other 
permiable  and water  retent ion measures  should be  considered.

T r e e  t o  b e  p l a n t e d

Ve g e t a t i o n
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S E RV I C E S  A N D  C O N N E C T I O N S

C oasta l  ident ity  is  highl ighted in  the  area ,  with  s ites  reser ved 
for  recreat ional  water  use,  harbor  for  smal ler  boats  and a  yacht 
c lub.  A bulevard for  pedestr ians  and bikes  fol lows the  coast l i -
ne.  S er vices  include a  bui lding for  a  daycare  center  and pr imar y 
school ing ,  smal l  sca le  ser vice  bui ldings  a longside  the  coast  and 
reser vat ions  for  commercia l  spaces  in  f i rst  two f loors  of  the  re-
s ident ia l  bui ldings .  A 50 m 2 commercia l  space  is  required in  the 
East  s ide  bui lding on the  compet it ion s ite  as  wel l .  Bik ing routes 

and pedestr ian areas  are  emphasized.
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T H E  C L I M A T E  R E S I L I E N T 
D E S I G N  C O N C E P T
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   1 : 1 0 0 0

B u i l d i n g  r i g h t  d e f i n e d  
b y  t h e  c i t y  p l a n

T H E  C I T Y  P L A N  I N F L U E N C E  O N  T H E 
R E S I L I E N C E  O F  T H E  B U I L D I N G  D E S I G N

The ci ty  plan s ignals  towards choosing s tone based bui lding mater ia ls  by present ing the s i te 
covered with f la t  roofs  in  the visual izat ion of  the area.  This  choice would increase the em-
bodied carbon of  the design.  Bui lding r ight ,  a l lowing a  deep bui lding mass is  vis ible  in  the 
ci ty  plan.  The i r regular  shape of  the bui lding s i te  leaves much of  the facade pointed towards 
North-West  and the deep frame,  in  combinat ion with a  design including small  apar tments 
would decrease the cl imate  resi l ience by leaving small  apar tments  less  equipped to  a l low  
for  natural  l ight  and vent i la t ion possibi l i t ies .  The bui lding masses  in  the design,  presented 
in  the scheme,  have been cut  out  f rom the bui lding r ight  area,  to  a l low for  more l ight  to  enter 
the courtyard,  as  wel l  as  the apartments .

B u i l d i n g s  i n  t h i s  d e s i g n

C i t y  p l a n  f o r  t h e  s i t e  1 : 1 0 0 0

C i t y  p l a n  v i s u a l i z a t i o n  o f  t h e  N o r t h e r n  Ve r k k o s a a r i
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S I T E  A N D  L A N D S C A P E  P L A N  1 : 5 0 0

P I T C H E D 
R O O F S

R U N O F F  WAT E R 
R E T E N T I O N

S I T E As vis ible  in  the s i te  plan,  the bui ldings do not  have a  f la t  roof  in  the interest  of  providing 
the opportuni ty  to  use wood,  a  low embodied carbon mater ia l ,  for  the s t ructure .  The pi tched 
roofs  a lso guide the increasing amount  of  ra inwater  away from the load bear ing s t ructures , 
that  essent ia l ly  need to  s tay dry.  The water  is  then retained over  the parking space with a 
green s t ructure  and eventual ly  col lected in  a  water  reservoir  on s i te .  After  f i l t ra t ion i t  may 
be used for  non-potable  purposes  for  potent ia l  benefi t  and an increase in  self-suff ic iency.

The bui lding A is  s ix  s toreys high and B and C bui lding,  that  share  a  s ta i rcase,  are  both f ive 
s toreys.  One typical  f loor  plan (on the next  page)  comprises  of  seven housing uni ts ,  three 
of  which are  in  the bui lding A and two each in  B and C.  Size of  the apartments  var ies  f rom 
70 m 2 to  82 m 2,  with an average of  76,5 m2.  Altogether  the design includes approximately 35 
apartments  and uses  650 m 2 of  bui lding r ight  per  f loor. 

The competi t ion,  which this  design is  based on,  asks  for  70 to  100 apartments  on this  s i te , 
which would lead to  an average s ize  of  35 to  50 m2.  This  design,  however  is  made to  ensure 
t ransformabil i ty  in  the interest  of  a l lowing different  l iving arrangements  inside housing 
uni ts ,  to  fur ther  communal  l iving,  increase resource eff ic iency and respond to  increased 
need for  addi t ional  space during a  cr is is  s i tuat ion.  The same number of  people ,  about  a 
hundred or  even more,  i f  apar tments  are  in  family use,  can be calculated to  f i t  the  s i te  re-
gardless  of  this  choice.

The top f loor  of  the bui lding A is  reserved for  a  communal  mult ipurpose space for  e .g . ,  d is-
tance off ice  or  gather ings to  provide a  space with nice views for  a l l  bui lding users .  Main-
tenance spaces ,  s torage etc .  are  s i tuated on the ground f loor  as  wel l  as  50 m2 commercial 
space in  the bui lding B,  looking at  the sea.  Sauna faci l i t ies  are  located on the ground f loor 
of  bui lding C as  this  provides  sea views,  but  a lso locates  the humid or  moist  space to  the 
ground f loor  away from the main wooden s t ructures  to  minimize r isk of  moisture  damage.

The f i re  safety regulat ions concerning this  bui lding are  not  discussed extensively in  this 
design,  as  this  is  a  concept ,  created to  i l lustrate  the wri t ten par t  of  this  thesis  through archi-
tectural  drawings and to  provide a  tangible  example of  c l imate  resi l ient  design measures . 
The amount  of  s toreys and the funct ion of  the bui lding would,  however,  point  towards a  f i re 
safety class  of  P2,  and would require  a  f i re  spr inkler  system as  wel l  as  necessary f i reproo-
f ing according to  f i re  compartments  in  addi t ion to  other  s tandard f i re  safety measures .  In 
this  c lass ,  under  20% of  wood element  surface may be lef t  vis ible  i f  the s t ructures  have a 
c lass i f icat ion of  REI60,  and more with a  higher  c lass i f icat ion.  Non-loadbearing wal ls  may 
be lef t  vis ible .
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N

Floor  plans are  designed ini t ia l ly  in  a  way that  the bedrooms face North-West  and North-
East  where possible .  This  choice is  made to  ensure cooler  s leeping areas  during warm 
seasons as  thermal  comfort  is  especial ly  important  for  res t ing.  This  measure also takes 
advantage of  the wide facade area pointed towards North-West .  The larger  uni ts  provide an 
opportuni ty  to  seek for  a  cooler  space and cross  vent i la te  in  case of  a  heatwave.  The apart-
ments  a lso al low for  natural  l ight  to  enter  f rom different  direct ions.

S PAT I A L  D E S I G N

FLOOR PLAN 1:250

BEDROOM BATHROOM N

The pr imary funct ion of  the rows of  balconies  is  to  provide solar  shading in  the Southern direct ions, 
where i t  i s  most  needed and to  cover  spaces  potent ia l ly  exposed to  midday sun.  The balconies  a lso 
provide shel ter  for  the s t ructural  members  f rom other  weather  impacts ,  such as  increased precipi ta-
t ion,  that  may raise  the r isk of  moisture  damage on the s ide that  is  most  under  the impact  of  wind 
dr iven rain.

BALCONY

FLOOR PLAN 1:250
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S T R U C T U R A L  S Y S T E M

To al low for  spat ia l  f lexibi l i ty,  the s t ructural  system has to  support  the modif icat ion of 
spaces .  In  this  design,  the pr imary s t ructure  is  an open plan,  created with a  post  and beam 
structural  system. The s t ructure  is  completed with massive wood s labs  and non-loadbearing 
massive wood wal l  e lements  for  r igidi ty  together  with shaf ts  and elevator  shaf ts .  This  way 
inner  wal ls  are  not  loadbearing and may be s i tuated more freely. 

Units  are  spat ia l ly  f lexible  towards versat i le  room 
arrengemets  to  accommodate  different  l iving arran-
gements  inside an apartment .  The f loorplan may also 
be opened up fur ther  to  create  larger  spaces  for  mo-
dif icat ion of  use. 

N

N

F L E X I B I L I T Y

FAMILY ARR ANGEMENT 
1 :200

C OMMUNAL LIVING 
1 :200

SEPAR ATE FUNCTIONS
1:200

STRUCTURE 1:250
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In  the cl imate  resi l ient  design concept ,  the mater ia ls  chosen for  c ladding,  do not  only en-
dure a  changing weather  and t ime,  but  a lso represent  the mater ia ls  of  the wal l  s t ructure 
beneath.  Both wal l  c ladding mater ia ls ,  that  are  exposed to  weather,  have a  rough f inish to 
begin with,  to  absorb the visual  impacts  of  the weather  and t ime. 

Larch endures  humidi ty  changes wel l  and was chosen for  c ladding for  i ts  durabi l i ty  in  humid 
weather  condi t ions.  Many avai lable  mater ia ls  break down eventual ly  in  outdoor  condi t ions, 
yet  wood was chosen as  i t  has  a  low carbon footpr int  and mit igat ion in  this  case is  pr ior i-
t ized.  The shades chosen for  the facade are  colors  that  natural ly  occur  in  wood. 

Light ly  charred and brushed larch is  used in  the more exposed North and East  facades as 
wel l  as  for  the s t ructural  e lements  of  the balconies .  The wood is  preserved by charr ing the 
surface.  Heat  t reatment  reduces absorpt ion and release of  moisture  and the moisture  move-
ment  that  resul ts  f rom this ,  yet  i t  makes the wood more br i t t le .  By heat  t reat ing only the 
surface,  the cladding endures  weather  where i t ’s  needed,  but  keeps i ts  s t ructural  propert ies . 
Preserving the wood with f i re  reduces need for  addi t ional  chemicals .  Brushing the f inished 
surface makes the grain pat tern vis ible  and releases  any loose burnt  mater ia l .

The wal ls ,  that  are  more shel tered by balcony s t ructures ,  towards West  and South are  c lad 
with larch t reated with ferrous sulfate  ( rautavihtr i l l i ) ,  that  speeds up the process  of  the 
wood turning grey and evens out  the color  development ,  which is  necessary to  avoid years 
of  uneven surface colors  due to  uneven shadowing and moisture .  The l ighter  colored wood 
is  chosen for  the façade and the f loor  surfaces  on these s ides  of  the bui ldings to  ref lect  solar 
radiat ion and keep the surfaces  cooler.  Grey is  a lso the natural  color  of  aged wood.

Brick cladding protects  the massive br ick s t ructure  of  the ground f loor.  Brick endures  humid 
weather  and splash back from the ground with less  visual  damage than wooden cladding and 
the rough f inish absorbs possible  visual  impacts  f rom freeze- thaw erosion.

The facade cladding mater ia ls  a im for  durabi l i ty  to  protect  the s t ructure  below.   While  this 
is  t rue for  the roof  mater ia l  as  wel l ,  i t s  key funct ion is  preparedness  for  overheat ing.  The 
white  sheet  metal  roof  c ladding has  a  high albedo and ref lects  l ight ,  reducing overheat ing 
in  summert ime.  This  may also reduce solar  gains  during cool  seasons but  as  winter t ime is 
losing some of  the current  solar  radiat ion,  solar  gains  wil l  be reduced anyway.  Also,  the 
bui lding is  heavi ly  shaded by other  bui ldings on South and West  s ides  and this  blocks the 
lower rays of  sunl ight  during cool  seasons.

M AT E R I A L  C H O I C E S
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SOUTH-EAST FACADE 1:400

Southern s ide facades are  covered with rows of  balconies  to  shade the spaces  facing this  di-
rect ion from summert ime midday sun.  Glazed areas  create  pleasent  spaces  for  la te  spr ing and 
ear ly  autumn,  while  open balcony area is  increasingly more usable  in  the future  as  the warm 
season wil l  become longer.  Exter ior  balcony s t ructure  shel ters  the main s t ructure  of  the bui l -
ding towards the prevai l ing wind direct ion and potent ia l  wind dr iven rain.  Overhangs protect 
the wal l  to  roof  connect ion from the weather  impacts .  East  facade is  protected s imilar ly  f rom 
weather  impacts  as  i t  i s  facing the sea,  and humid sea breeze may damage surface mater ia ls 
as  wel l .

NORTH-WEST FACADE 1:400

Windows on the Northern s ide of  the bui lding are  smaller  to  minimize heat  loss  during cold 
seasons.  Charred larch facade endures  the impacts  of  weather,  yet  is  s i tuated over  the br ick 
ground f loor  to  minimize possible  moisture  damage due to  splash back during heavy raining  
events .

E L E VAT I O N S
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INDOORS CONDITIONS

As winter t ime solar  radiat ion wil l  fur ther  decrease,  enabl ing suff ic ient  l ight  to  enter  inside gets  increa-
s ingly important .  Large windows aimed towards South-east  le t  in  ear ly,  lower rays  of  sun from the open 
seaside whereas  balconies  shade the windows from midday sun.

S olar  radiat ion won' t  be  ref lec ted much by the  decreas ing snow covers  dur ing future  winters .  This  is  com-
pensated with l ight  colored f loor  and wal l  sur faces  to  ref lec t  natura l  l ight  and to  create  a  l ighter  atmosphe-
re  ins ide.  Untreated exposed CLT works  as  a  moisture  buf fer  and ba lances  indoor  humidity.

MOISTURE BUFFERING

LIGHT AND 
VENTIL ATION

REFLECTIVE

+7 000

GARAGE

-
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COOL ROOF

RUNOFF WATER 
DETENTIONSOLAR 

ANGLE

COOL ROOF

A roof  with a  high albedo refelcts  solar  radiat ion and reduces overheat ing during summer. 
A pi tched roof  guides  ra in  and snow away from structural  members  to  reduce r isk of  mois-
ture  damage and maintains  a  possibi l i ty  for  instal la t ion of  solar  panels .  A green s t ructure  is 
s i tuated over  non-heated parking spaces  to  re ta in  runoff  water  which is  eventual ly  s tored in 
a  water  reservoir.

PASSIVE & NATURAL VENTILATION

Passive vent i la t ion requires  thorough planning.  On this  s i te  there  is  potent ia l  for  i ts  use,  as 
as  the large motorway is  qui te  far  and therefore  the locat ion is  acoust ical ly  less  problematic . 
Cars  only pass  on two s ides  of  the s i te  and this  leaves mult iple  facades for  f resh air  intake. 
In  this  design,  i t  i s  organised through windows s i tuated over  balcony doors  that  are  equip-
ped with an intake system. The block is  proximite  to  the sea and therefore  windy condi t ions 
can be expected.  This  provides  a  possibi l i ty  to  ease thermal  discomfort  passively with  natu-
ral  vent i la t ion through windows and balcony doors  during warm seasons.  Passive vent i la t ion 
together  with exposed wooden surfaces  keeps indoor  a i r  humidi ty  on a  natural  level . 

While  passive vent i la t ion works wel l  most  of  the year,  a  mechanical  exhaust  and heat  re-
covery may be necessary during some winters  in  the near  future .  Eventual ly   exterme low 
temperatures  wil l  decrease s ignif icant ly  and heat  recovery is  required less .  The aim of  the 
passive vent i la t ion system is  essent ia l ly  to  provide t ransformabil i ty  for  the design,  as  the 
most  wel l  sui ted system can be ut i l ised according to  the cl imat ic  s i tuat ion.  In  the future , 
winters  may become less  problematic  to  the vent i la t ion system as  opposed to  overheat ing. 
Therefore  having capaci ty  to  adapt  accordingly is  essent ia l .

STRUCTURAL CLIMATE RESILIENCE

The pi tched roof  a l lows for  the passive vent i la t ion of  the upper  f loors ,  as  the exhaust  shaf ts 
can be taken fur ther  away from the vent i la ted space through the cold at t ic .  The at t ic  space 
also al lows for  easier  discovery and repair  of  any possible  leaks in  the roof .

The ground f loor  is  real ised with a  massive br ick s t ructure  to  create  robustness  to  withs-
tand a  f lood due to  e i ther  sea- level  r ise  or  hevy raining events .  Upper  f loors  are  made with 
wood to  mit igate  emissions,  but  ra ised from ground level  for  their  protect ion from weather 
impacts ,  f looding or  f i re .  The f loor  height  is  3  600 mm in order  to  a l low for  t ransformation.

SECTION 1 :250
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CLT    100 mm

Rigid wood fiber insulation  180 mm

wind tight, weatherproof

e.g. Steico special dry

Battens, ventilation   22 mm

Battens    22 mm

Cladding, larch, lightly charred 28 mm

U-value: 0,17 W/m2K  352 mm

EW2

EW1
Massive brick    490 mm

e.g. Wienerberger Proton S8 490

Air gap    15 mm

Cladding brick, white, rustic finish  85 mm

-

U-value: 0,16 W/m2K  590 mm

+

R1

Rigid wood fiber insulation panel   400 mm

CLT       200 mm

Gypsum board                                      13 mm

Clay plaster, off-white 

 
+

+

-

-

-

High albedo cool roof coating, white

Metal sheet roofing   0,5 mm

Roof battens   25 mm

Battens, ventilation   50 mm

Underlayment   1 mm

Rafters, ventilation   150 mm

R2

-

S T R U C T U R E
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CLT   100 mm

Gypsum board, clay plaster, off-white 13 mm

CLT    100 mm

Wood fiber insulation panel,   50 mm

fireproofing

CLT    100 mm

Gypsum board, clay plaster, off-white 13 mm

IW1

++ Ceramic floor tiles, matt white, 60 x 60   10 mm

Heat transfer plates,

Hydronic floor heating and cooling   25 mm

Plywood, spruce     18 mm

Vibration isolation  

Sawn timber beams, acoustic insulation  200 mm

CLT     160 mm

Sawn timber, installations   40 mm

Additional acoustic layer insulation  50 mm

Gypsum board    13 mm

Clay plaster, off-white

IW2

Wall between apt.

++

       516 mm

S1

+

+

S T R U C T U R E
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S T R U C T U R A L  S Y S T E M  P R I N C I P L E S

The structura l  system of  the  projec t  is  not  aimed to  be  modular,  as  this  would ser ve  a  fu-
ture  v is ion where  the  bui lding is  re located and reused as  such.  It  i s  rather  des igned so  as 
to  enable  the  reuse  of  i t s  s t ructura l  members  in  other  projec ts  and the  maintenance of  the 
embodied carbon in  c irculat ion,  af ter  this  bui lding can no longer  ser ve  its  or ig ina l  purpo-
se.  This  choice  is  made as  the  demand for  res ident ia l  bui lding in  the  centre  of  Hels inki  can 
be  expected to  stay  high in  the  future,  and transformat ion of  the  bui lding and its  durabi l ity 
are  pr ior it ised to  enable  a  long l i fespan,  rather  than a  quick relocat ion.  However,  dissas-
sembly  and reuse  of  the  st ructura l  members  is  encouraged with connect ions  that  can be 
repeated mult iple  t imes  and in  the  choice  of  the  mater ia ls  used.  This  choice  is  made as  the 
reclaim and reuse  of  bui lding mater ia ls  can be  expected to  be  more common in the  future.

According to  these  precondit ions ,  res i l ient  st ructura l  des ign would aim to  maintain the 
st ructura l  capacity  of  the  st ructura l  members  as  long as  poss ible .  In  this  des ign,  this  leads 
to  a  choice  of  sol id  t imber  posts  to  bear  ver t ica l  loads .  S ol id  t imber  can be  reused as  a 
st ructura l  mater ia l  in  the  form of  a  post ,  a  beam or  for  a  more  t radit ional  log  house.  Steel 
beams a l low for  a  larger  span and create  f lexibi l ity  for  spat ia l  des ign and maintain their 
st ructura l  capacity  throughout  assembly  and dissassembly  c ycles  and are  suited for  var ious 
bui lding types .  As  steel  i s  heavy in  its  embodied carbon but  makes  a  versat i le  st ructura l 
mater ia l ,  i t s  reclaim and reuse  should be  encouraged.  CLT s labs  and wal l  e lements  may be 
more di f f icu lt  to  reuse  as  such,  but  chosen anyway to  create  the  sur faces  for  the  bui lding . 
This  is  because  most  of  the  area  is  covered with the  wal l  and f loor  e lements  and low-car-
bon proper t ies  of  CLT are  des irable .  The s labs  are  of  even s ize  throughout  a  bui lding and 
they are  cut  in  the  middle  for  eas ier  log ist ics  in  a  dense  c ity  area .  CLT elements  help  brace 
the  bui lding with notched connect ions .  The reuse  of  the  CLT is  encouraged,  but  the  win-
dows may make the  reuse  of  the  wal l  e lements  more  di f f icu lt ,  and the  va lue  as  a  st ructrua l 
mater ia l  may not  endure  t ime.  The f loor  s labs  are  more suited for  reuse  as  they may func-
t ion as  e ither  wal ls  or  f loor  s labs .
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post shoe, steel

bolt connection
post to shoe

Insulation
support profile

Connect ions between s turctural  members  are  car-
r ied out  mainly with bol ts ,  for  example in  post 
connect ions and between CLT elements  through an 
overlap in  order  to  enable  potent ia l  repet i t ion of 
the joint .

POST CONNECTION 1:10 SLAB CONNECTION 1:10

post shoe, steel

bolt connection
post to shoe

Insulation
support profile

Slab s t ructure  does not  include 
cast  layers  to  encourage disassem-
bly.

A S S E M B L Y  A N D  D I S A S S E M B L Y  P R I N C I P L E S

post shoe, steel

bolt connection
post to shoe

Insulation
support profile

Rigid insulat ion panels  are  instal led with 
support ing metal  prof i les  to  minimize screw 
connect ions made to  the  CLT elements .

SLAB TO BEAM 1:10EXTERIOR WALL 1:10

CLT slabs are  notched in  their  connect ion to 
the s teel  beams.  Instal la t ions of  e .g .  e lectr ical 
systems are  made in  the cavi ty  between the 
CLT and the addi t ional  acoust ic  insulat ion on 
the cei l ing.

post shoe, steel

bolt connection
post to shoe

Insulation
support profile
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Increasing resi l ience towards the ecological  impacts  of  c l imate  change in 
the bui l t  environment  can be done with nature-based solut ions,  such as 
green and blue s t ructures  that  of ten may provide fur ther  benefi t  in  addi t ion 
to  increased adapt ive capaci ty.  However,  their  implementat ion requires 
some effor t  in  exis t ing areas  which may be especial ly  exposed to  the im-
pacts  of  c l imate  change.  Considerat ion of  res i l ience should be inherent ly 
embedded in  the ci ty  planning of  new areas ,  but  a lso paid at tent ion to  in 
those areas  that  a l ready exis t .

As t rends,  such as  urbanisat ion and densif icat ion of  c i ty  s t ructure  fur ther 
increase the amount  of  non-permeable  surfaces  in  c i t ies ,  the combined re-
sul t  with cl imate  change impacts  amounts  to  increased exposure to  pluvial 
f looding.  A dense ci ty  may also shade apartments  s i tuated on lower f loors 
while  winter t ime solar  radiat ion fur ther  decreases .  Intensifying urban heat 
is land effect  with temperature  r ise  and an aging populat ion wil l  increase 
exposure and vulnerabi l i ty  to  overheat ing during summers.  All  of  these as-
pects  can be addressed through archi tectural  means,  for  example with weat-
herproofing and retent ion measures ,  spat ia l  layouts  that  enable  suff ic ient 
natural  l ight  to  apar tments  and passive measures  to  ease thermal  comfort . 
These design measures  could be real ised in  more beneficial  configurat ions, 
i f  carr ied out  in  co-operat ion between ci ty  planning and bui lding design. 
A resi l ient  c i ty  should not  only rely on bui lding design scale  measures  to 
absorb the impacts  of  c l imate  change,  but  to  address  them on the f i rs t  pos-
s ible  design phase so as  to  avoid a  s i tuat ion where different  c l imate  act ions 
contradict  each other  or  create  unnecessary r isk.  Ci ty  plan also inf luences 
largely on the cl imate  resi l ience of  any bui lding design through the form, 
or ientat ion and depth of  the frame.  These might  be def ined so as  to  en-

courage suff ic ient  access  to  natural  l ight  and natural  vent i la t ion in  spat ia l 
design and to  guide for  passive adaptat ion solut ions pr imari ly.

Suff ic ient  solar  shading,  spat ia l  f lexibi l i ty  and s t ructural  means to  a l low 
for  i t  may,  however,  be addressed in  bui lding design scale .  Furthermore, 
to  create  res i l ience in  bui lding design,  the ident i ty,  funct ion and s t ructure 
are  essent ia l  in  def ining which aspects  of  a  bui lding are  a imed to  be main-
tained according to  the expected change.  Moreover,  any change needs to 
be responded to  in  a  way that  the bui lding maintains  capaci ty  for  fur ther 
adaptat ion,  t ransformation or  potent ia l ly  a  new organizat ion that  is  more 
beneficial .  This  could mean,  for  example,  choosing s t ructural  members  that 
are  a imed to  be used circular ly  in  many bui ldings,  or  modular i ty  so that  a 
bui lding is  used in  many locat ions.

In the future ,  a  new area may be located away from f looding r isk areas ,  and 
rainwater  re tent ion could be real ised with suff ic ient  green and blue s t ruc-
tures .  Permeable  surfaces  would surround bui ldings,  that  endure weather 
impacts  while  maintaining their  essent ia l  s t ructure  and funct ion.  People 
using these bui ldings would l ive in  a  heal thy environment  and would have 
the opportuni ty  to  adapt  their  behaviour  and environment  according to  c l i -
mat ic  change as  wel l  as  any other  change.  I f  these people  decided to  move 
out  of  the ci ty,  the bui ldings could be taken along.

C O N C L U S I O N 
P A R T S  T W O  A N D  T H R E E
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