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I. YA Introduction

THE BENEFIT OF VACCINATION: 2~Of0O}H]|
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I. YA Introduction

The size of vaccine trials
Creating high barriers for small and mid-size companies

A 3¢9 Az

- cggo

Recombivax PedvaxHIB, Varivax, Prevnar, FluMist, RotaTeq,
HB, 1,200 6,000 11,000 39,000 38,000 75,000 subjects

1980s Time 2000s

Source: Datamonitor, Lepine (2008)



Al Introduction

@ Time from outbreak/identificationto Phase | Clinical Trial
[ | Time from identificationto outbreak

| | Time from first clinicaltrial to get a licensed vaccine

¢ Major outbreak

l:= Covid-19

L] L ]
timeline
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npj Vaccines volume 5, Article number: 34 (2020)

MERS-CoV
SARS-CoV
Zika
Chikungunya
Dengue

Crimean-Congo
Haemorrhagic Fever

Lassa Fever
Ebola

| 2020
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80,000 2,126/75,725*%

60,000
SARS-CoV MERS-CoV

g 40,000
S
5 2.8%
2 20,000 '
£
= 744/8,096 7

8,000

™

6,000 SARS-CoV-2

4,000 858/2,494 MERS-CoV-2

2,000

0 SARS-CoV MERS-CoV SARS-CoV-2
M Confirmed cases [l Deaths
Data Feb 20, 2020 2020.07.28 ¥XY: 16,340,000 ZHA

650,805 A2t

Asian Pac J Allergy Immunol 2020;38:1-9 DOI 10.12932/AP-200220-0772 =
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Viral vector

— DNA vaccine /
MRNA vaccine as safe
vaccine platforms

virus

mRNA
vaccine

DNA
vaccines

Subunit
viral protein

Virus like-particles

Immunity Vvolume 52, Issue 4, 14 April 20
INTERNATRSIPAL JOURNAL OF MOLECULAR MEDICINE 46: 3-16, 2020
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L] Live attenuated virus

[ Inactivated

M Non-replicating viral vector
M Replicating viral vector

B Recombinant protein

[ Peptide-based

[ Virus-like particle

[ DNA

[J RNA

B Unknown

Global Covid-19 vaccine pipeline (13%) (%x'lt WHO, 20.06.18 7 |-’.f—)

(confirmed) (unconfirmed)

Current stage of development

Nature Reviews Drug Discovery 09 APRIL 2020

7|¢B=7h = UM S HEM THECHA
QL AIILCT] u (2054.~) QAL DpRAL
N b HO|2fATIEHH| ChAJOX1-S (2054) B 2738
/ORAERHHZHE=) = (20326~) &t 17244
ZHA|LHFO | 2 EIA /AL , = (204712~) L4t 24t
" - HIO |2 ATIEA| AdenovirusType 5 vector
oSt (B 3) = we " (20316~) QA 1A
DO 27| " (20320-) ALY 28
RNA LNP-encapsulated mRNA
ZeonA @) v « (20316) AL 14
O} MBS} LA /A| T e ]
T=e (%;*/ k=8 L Inactvated = (20411~) Ak 124
H|O|X| t=|§p\.|§|_ Inact u (20428~) QA1 DAL
MESITAALEEE| = O ochated oA B iee
Al (&) 2abMst lhactvated+aum | = (20320~) Ak 1,24

Fulllength SARS Cov-2

CHEA @) CHKE MEeL.Q4 nenopartide adjuvanted | = (20325~) 2t 1224
with Matrix M
HIO| QOHEN /I M| k510
AL RNA 3INP-MRNAS | = (20429~) QUAF 124
AHEg)
= oIt ATA E=) =2} Inactivated = (20315~) &k 14
olH|2 @) DNA DNA pasmidvaccrewtf| | 12 ) o1 14t
Zpe|oF Sa (B{A 0D HIO |2 AT A Adeno-based u QIAF1AF
saRNA
HEH 2AHEX| (E=) RNA (ol acthting RNAY = QA4
TOH (=) RNA MRNA = a1

12



O 8 3t X &3

o FARAARABRG D, BARAAD, WIAENE T4=

A2 MNEA - YAfE HARAAR 45 -2F e

- ZYRAATR0] A-5hd g B BARA ARPAD 2229

« BY 0|7 deefic B2 & 188, HEFX T 52 35 s

o 719 o224 sl AQAdE G322 FE2)

- BARA Beo2 Z1HE AFEE EAE 69, 3670 19 WA

« G100, ESEXE 71l dE F7F WSt AAREH 27§, Yol 374 7™

o 229 @4 ZES 9E A 24-9A i A[QYH S50

< A EH YA 5 AL A2dd e =

i || K-HIOIQWA M) Eofg S A=LHY M 35

e ]

s | |- = KSHz0E) X Aoy B o) S2Y 2 Sy
T =S Y S2 St JW HoIEA JI1Y HIZ st

=MDl ZIZTt OlUG2EE =Dt 4 SRl 20HX)| I

FA | [ -SLI Y0 et BEX JJACR 43 Jisd 3

HeEb) -4 - 3. o . W ES HANDIIE Sl 92 5 2

= ZLHHIE I OHRIMIZ 3=t SAl FE0k= Two-Track 2

FEUSNE S X SH L OHel JHE: LH=201)] HAH
HEEHE — HIRES — NSHWM — =2 0HEG — HEJIE

HF)| I Z2E g =l+g =22 £l 4o

7|AHET| 403 8) BEOR NUEE 1Y X7
- MR ARATIDS ARRNYANE YN WHsD, HeHel
AEE 9[510] XX, YA 5 LOPHE AN 4K|-2Y

. X|=A Foh46021 ) =8
o OfZat X 2A| HMHIAH 2 (ZE 2|0 Sit) YA Ao 02
E3$0 QH(E2Y, DU EE) U EH$Y £01(6.3Y, AlokK)



14

F

2
=t

;1pH

M
A~

& ol &

=

o g
)I =]
ST o
72 a5
X0 R
< R
> @ 3
a8 = 3
% %0
_ ai“ In
(V] i L
N R RE i
N | 205 << I =
o 2o zall8 |3
= 23 £ °z e &
5 o i 7T
~— = %
o ’ ¢
=
Q . H Bl
= . O RO~ g -
< oH <4z g “
S L7|_AA_=_ kil 2 !
o g B!
R ._R_u m._OH__
. = o !
KO= = Ho |
T Ew
3 2 S
w rALAE i)
Rl S
. gzl |2 [|®
X o & EoE
*M_ ._ouw (@) L .WM
i ol 2 DAE:
| W E Hﬁm)ﬂ S
S8 F T Wk 2y 3
Slmi| = = @ S509 ®
8 e < o NITE ST K
S ok Rl | 5D TES nq
A< o = =3
AT | o™ Ao 3
235 [of| T2 =
AT EF | EoT n
T
Bl
O_HfH_I m._An_A_In_
Nl | o
ol uz_%u._
<l g 5™
ﬂmuu <190 1y
M_A |_|_.HH_I._|O
= s
n o
ool
(o))}
1
- —
0 K M_aﬁ
w >3 od 161
[ ]




of 2 E2HE ol s
o [ A SR g sellEhy | £
» HZHEE Mol Pesl TELNG
, ol H| ING-4800 04 EHHA aoi52)
(o]=) (DNABHAL |« 1803 (14F 40 2a4k 120) =
Myl S
v HZEEE Melfal (past RELHG
, | A4 GX-13 o bl | solqy) | XA
(8H=2) (DNABHAL) | = 15094(14F 40 24 150) = Edi519)
» HHERAR] £

A F 2520 WA THEA T G FAF 520(698)
- &= A2 (DNASA), 1= o] :=H] @it (DNAHA) 3H1/2ad W& =

15



x|
9N
4H

N =
> 3
d o

2l (SKHFO[ 2 ALO[ Q1 )

Aot 2t

F

~NO
Klo
ar
Bl

)0 7t otLt

b

Hz=Al20] =50

e

=

20 w2t | goje] 289 1

o &

1

N

=
S

S (GLP) A A

O| HI YAl

.Hm_”_

T

F1/24(20E9E) — 34 (21HEH3E) — §{ 7™ (21H9E)

L PN

Ol A

(FTLA)

16



T

(o))
O
>
O
O

or

oitl

A(GMP

A

bo H19 3919

5

3

il

e

4111‘4) 7F LI

LRSI

| AWl 0287 BId A B A

=3

S
=

o AAZH Fv 75

JH-E 2002/ E] o] & A3 E A2t

o 21

i 2l GMP A| A AAH

2, FAN

)

=%
(<)

R

PAN= R e s 3

(

AE A

AH]

A dAE e 719 71T

=4F

AMY 27 (58~)

17



T

(o))
s
>
O
U

orl

SO M AE2LE9

g,

2171

=

10
K

ol
<0

jod
1o
i
[a'n]

@

7|2 APgol IE el Ef77[zE

@

a7t Holst Ao X|F

]

OK

o

KO A A2l HA 7t

X
=

1 |IRB Al 9]

(L8 ) T2L9 e
<del A 7t

ST Ate>

=
o

o1 7

Jo!

-

£ 9l

CC
o

PSS
=

Ol M =7tLt R REX| M 7F

o o

Q5 At}
ATHOIH S

|
=

H HOIHS

HSIEl A2 o

ol
2

AHE IR
« (BXhH 32 IRB FE|&(irb.orkns S

JoIr

| BX[7F =eteh A0 CHofi A= "2 2LH9

]

Al
(o]

18



T

(o))
s
>
O
O

T2,
31(20.4~)

M ==t
H

k2| Xt(Project Manager) X|

Cto
O -

X

Al

HH A
=

- ZZLH9

£ Melst 7iE

i SO[L} 27 AL

10

T HEFE 57t T EHAO

=7| BAO[H, Of

('20.6~)

ol

=

| At= |

ol
jod
4

F

%

b 7d (=W 57HAL =2 271Ah

A

.
[}

=
o

o] S A BA|

A
[

<t O1%('20.6)

= fleh 1A}

AbAL15E O|UZ HEV|ZHS

!

ojn

Kir
i

N
il

2 7to| =2l W WHO £[A HE A7)

[\

19



ol
NO
3
<
Ki
Ho
ok
]
<0

HF
=

220

;93 13 (20.4.30. WHOEA)

=
o

Ht Z==. ok 1007H O] AtQ|
A= 1

x=.
o

NYS ESESR=p)
0= 1

z=.
(@]

=)
= -
= 4

>
.S

o TMA F=a=
Ol AFA|E 20l
o a0 O -

<qr
ol
mr
0l
1ol
oF

=X

S
Ko

~
o

> G20

|2] (20.4.16):

_
2

ot

|, o|=ZH|0f Tie

HH A
1 =

EH
=h

2K = K

v Yol i=1
=2—l=

{24
=l

= A
==2 A

=
ol

_ HHA

-t
ot

(@)
T

> KN 74Xt SAUE3F| (20.4.20): 'EZLH19 CHE O|UE,
= I

=13
=

S HHO| 2 A K|, T

- 9

20



v. 27 € Hg

® 21 initiative X &

FAZLH9 X =N - Wil 2H A O|L|ME[H = 3 3 0 S

® WHO= ZZLHM9 X[ 2X[2t ¥ 7 el £ 7t53} 3 S HiE2 S8 22 Sh= Access to COVID-19
Tools(ACT) Accelerator O|L|ME| B =(4.24): CEPI7} T
«  WHOS2t &7H BMGF, CEPI, GAVI, UNITAID § &2 3K EA IELHE0| X£7| &Ml IEC=Z
® EU= 47| O|L|ME[EQf AAS Z2LH9 X=X - WM 7HL ! HFY7tH
« EU % 43712 X 2 =H7|F - EUTIEM(GAVI, CEPI &) &4 6t 74 |2
- 24 1.30¥ 0|F 2% ACT-Accelerator O|L|ME|E20] 7|0f . &H g2
- EU &2 5.237H%| E%%S YHO|ESH | T 23 & gtx FrLSS L' oy
*JaE 3=, Z4rs 1170, F0UA 170=(E=) 240, 8, e 2F)
** EU(10), Z2A(5.1), SL(5.25), °'%(7.62) = 290](1.89), 7HLICH5.52), OIE2[0}0.72), 21| 21(1.25), B=(4.42),
AL C|OF2tH|Ok4.57)(0l e && FE|=), 3=(046) (Thel: A |2 / 5.237X| X F2H =3 7ts)

21



Iv. =X &9 e

=

® =HE: V|SEYZENY 2=

e
i
>
o
il
=
T
C
T
(qp)
o

=

Q)

=

<Covax XS HHAlS
x —
D?:‘.IE HH7o:’ O N0 oA EH o x0| SjaAl AR =l |
- jxi% - o™ (=1 1N S : o 200/ —EE
WHO-CEPIC] ACT Accelerator O|L| ME|& LEESE 2580 =2 272 = siore
o] dztoz =u WHOZIO|E2tl0f o|st MF BN WAl OIS =S|
0 Meg2 558510 1id oA 7| o
o TS JfetEl RZLH9 HHAIO| EHSID Dt Advance Market Commitment (AMOE & H 570= & O A}
H=0| Eastdf £ MA A HAASHGAVI) - MASZS MHA S Qo] &o| oA BEYOIOE HO Jts
2 2294 Wi Zg HHLIE Covax
(COVID-19 Vaccine Global Access) Facility O B T
£ X264 - O MUBAbE A U A UK B2 Soff Aol CHEY Ao E
2ot HE2 = E5t= oHH, AR BAMZ ote|d +=F0oA A
o Covax Facility o= ol 2™ =& — gl JtHoz 2g
RIFB|ALRL WA MO - JHER SO CH2t
HH A O| _L.l.l.=|-5|' oo
- oH O WAl 32 Hele} o F
N o _ O HNZo| Z2H.2™ H —E— p OE! ol [N =] 7|§||'
_ XDFO:I:TJ{% 7HI:éI-EI_| Hﬁ”ﬂ% _g__;u;liz}xl %OI_E _cl?_lcé HOHHLCOVD 19 '”E | [eX=XX=] H '” T-Ia O” |' |' 04%0”
O] 7ts, ML At= AL 72 S CHEHE Ao =
o N " O MAEDZ HHA| HiEO| TQSH KA. E3 oy o=
LMK OZ EX} JhS3ICH= S|EHS A|AEIB} X —.5'1: A =0 220 J(flho. GAVI AMC (ODA) 83l 7022
- ek SIS EF (0 20%)0 CHst O E Q2.

22



Iv. =X &9 e

® =5 initiative MY =

- 4,600 7= WA EAH BE
Y TETIE YAt ol slel 2 50 i 32
U 719 . eAo] A . ARH Y w2, SHAHOIL 52 5

ot 22| €9 B - 7lg &7 =AH 24 7|7 & THHSO tHet

»* GAVI Xt7| A EEZ7| (2021-25) 7|0 U CEPI Al (2020-22)
7|0] & ZHLHEIK| 7|2 O AT QA =F K| o AS =

e RIGHT Fund 7| 2%t} ot
7|& 500 +==9| 7|2€ 1,000 == = =t r!J ? F

Research Investment for Global Health Technology Fund

23



V. O|2fx2R

L-_"1°

WHO Blueprint List of Priority Diseases

SARS-CoV MERS-CoV

Disease X?

2019

i Time from outbreak /dentifcationto Phase Cliical Trial 0 ‘Ilm COVId-lg
|| Time from identificationto outbreak chuﬂzzm i MERS-CoV ?
|| Time fromfirstclinicaltialto get a lcensedvaccine ZQ%M : ! :: SARS-CoV SARS-Cov-2 MERS-CoV-2
§ Majoroutbresk o fal
| ' mﬁ | Tika
1947 T ) : ::
[=— ﬁﬁ . , o Chlunguny
1952 1971 G TR & = e .
‘ ‘ e Derge > S8-81 FE E(Crimean-Congo
1506 154 ] ! R S hemorrhagic fever)
| e e e » Oll = 2HEbola), OHEH J(Marburg)
o | IE R Haemorrhagic Fever p 2HALE (Lassa fever)
i ; 1970 A S 1 1V
¥ e ] | Lassa Fever > =2 (MERs), AbL(SARS)
| 1 (. [ R Ebola > |—|E|'I:Ni:lElh:|
' % L m'o“u. p C| = E 2| H(Rift valley fever
' ' . e — P Zika
1906 1919 1932 1945 1958 971 1984 1997 2010 2020 )
b Diease X
Today

24



HE A=2LH19

RS DlaP 7t
MES QUi Al

Es AYZI U Ty
OGS SFTSOlRY Al i

‘ UGS L 2HI0[24A RIS uirl Ty
OIFICHS  RPMICH 2380 1 h
ORGSOy p
OEIRS g QIBRNR A 7H

B v e ooz

A A R

4 03 ( HetrA

FAE EEL}H}UIE!
220002212 =xt]

= O] Aldoll 231 7

= 3, A9, ¢
FEEE N °4-'|1$I

HQIxtz WIpRiCt,

SXEet E22 Ml At

= 'ﬁ—'f'—x‘h’:.'g‘gti
O|OFZOHTA]) B o g -, o - — - - | -

TS B2 TH TIX| MAT A S

S WA 7N 102 2151/ X[ &

xx ASSt7| S MLA AT 78 S BT 2 oM 24
sle

v S |
R |
|
HetdQ I
oo
AL A A AT | !
r
MEWAM S5 2fo[E2{2] |
= 1

EHARIEARIRIR) 91O BE51D 20| Tt uAl A8t AlRIS 0]2

o

M&3) 74 22 ofFolct,

25



LN
4
o
N
il
R4
— —
o

=]
S
™

V. 1}t

=7l=

o
8
N
=
o
<
F

N 75

Q=20 T

of

A
Joir
KO
4r
=
10

< =<
EEE)
==
i
i
o H0
<0 30
~ N

26



dll

2L} sk=r2| Ojzf N3 EE22:
SEY BHHo& Tt 4F

224 8708 Hyo)
mj2icte M

2020. 08. 04

AAMchetan o] nfcl st
© AFA]

T O -

(sangsun_yoon@yuhs.ac)

arstel oj2j



LY AlCH UNS]| A

United Nations (UN) establishes
Millennium Development Goals, MDGs

’

2000 e HIV/AIDS « Malaria * Tuberculosis 2015 2030

Sustainable Development Goals,
SDGs

Focused on social issues, such as Focused on wider range of issues
poverty, health and education integrating economic, social and
environmental issues

W HIV (per 100 000 population)
Malaria (per 1000 population at risk)
Tuberculosis (per 100 000 population)
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Global Situation e j j Wesky
1 5 785 641 38 112, WHO Pandemic

conflrmed cases l

Jan 31 Apr 30 May 31 Jun 30
March 10, 2020

117,440 Confirmed Cases

4,488 Daily Increase So0k
64 0 0 1 6 3.979%, Daily Change
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Mackey BMC Infectious Diseases (2016) 16:699

DOI 10.1186/512879-016-2016-y BMC |nfectlous Diseases

The Ebola Outbreak: Catalyzing a “Shift” @ oo
in Global Health Governance?

Tim K Mackey'?

WHO Interim Panel NAM CGRF )

Key Characteristics

. Key Characteristics
N Ulnbted Natinns
UNSG HP-GRHC should -

WHO would establish
identify proceduras to
UN
e ] { ECOS0C ]

.

CEPR and PPDC
iake specific healih
matters to UN Security

Ceounei| [ UN

= Technical Governing
Board would provide

oversight of both CEPR 7
UNSG should consider and PPOG
appointment of Special - J
Rep to 3G or UN Special - " ’ N
Erwoy when health crises UN Spacial i ! .
Gacalales Envay I P 'y
4 * PPOG CEPR
= WHO establishes CEPR 80 Special
and GH Emergency Rep _— Lgrr—— ’
Worklorca GHEW CEPR  %----- " Board .
Technical
Gaverning
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—
Harvard-LSHTM Panel Kikwete Panel
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- n i M5
+ UN Security Council + UN General Assembly
would establish a Global = : - waould establish a UN
: United Nations - . i unN
Health Commities H High-level Council on UN General ECOS0C
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UN Secretarial would ("] UN Security ECOSOG : Crises and hold summil T s
eslablish a UN Secratariat Council N !
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Global > @ Republic of Korea Back to top
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EMERGING INFECTIOUS DISEASES I

EID Journal > Volume 26 > Early Release > Main Article 0 o @ @
®

Disclaimer: Early release articles are not considered as final versions. Any changes will be reflected in the online version in the month the article is officially released.

Volume 26, Number 10—October 2020

Dispatch

Contact Tracing during Coronavirus Disease Outbreak, South Korea,
2020

Effective contact tracing is critical to controlling the spread of
coronavirus disease (COVID-19). South Korea adopted a rigorous
contact-tracing program comprising traditional shoe-leather
epidemiology and new methods to track contacts by linking large
databases (global positioning system, credit card transactions, and
closed-circuit television). We describe a nationwide COVID-19 contact
tracing program in South Korea to guide evidence-based policy to
mitigate the pandemic.
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— Global Coronavirus COVID-19 Clinical Trial Tracker

World Map Treatment Network Cumulative registration

Cumulative recruitment Summary plots

Korea (12)

Trial status

Recruiting, Complei ¥
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-  Www.cepi.net
- Coalition for Epidemic Preparedness Innovations (CEPI)
- 20179 &4
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- Global Health Security Agenda (GHSA)
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Additional International Organizations
That Will Play More Important Roles

e www.ghsagenda.org

% GLOBAL HEALTH SECURITY AGENDA

e www.cepi.net

vaccines
for a safer
world




% GLOBAL HEALTH SECURITY AGENDA

The Global Health Security Agenda (GHSA) was launched in
February 2014 in response to the global threat that infectious
diseases constitute in our increasingly interconnected world. In the
past, outbreaks such as SARS (2002), HIN1 influenza (2009), MERS-
CoV (2012), H7N9 influenza (2013) and Ebola (2014) have had
devastating human, security and economic impacts at the country,
regional and global levels.

GHSA is a group of 69 countries to achieve the vision of a secure
world from global health threats posed by infectious diseases.

GHSA focuses on (i) prevention and (ii) early detection of, and (iii)
effective response to, infectious disease threats.

GHSA helps individual countries to follow International Health
Reqgulations (IHR) imposed by WHO.




GHSA, 11 Action Packages

(B 1) GHSA 1174 #=A|& (Action Packages)

=9 HE GHSA 11 Action Packages

P1 SHMELIA (Antimicrobial Resistance)

VL P2 QlREZIHH (7oonotic Disease)

(Prevent) P3 MSOtH - Qe (Biosafety and Biosecurity)

P4 MEHEZE (Immunization)

D1 27} A&SA ®|H| (National Laboratory System)
EFR| D2,3 AA|ZH ZA] (Real-Time Surveillance)
(Detect) D4 GHSA E1 (GHSA| Reporting)

D5 ©I2i%kM (Workiorce Development)

R1 7IZH2HMIH (Emergency Operations Centers)
=3 R2 EZiga OHEE MEHE S
= (Linking Public Health with Law and Multisectoral Rapid Response)
(Respond)

R3 ofatx rhSat 0121 Hyx|
(Medical Countermeasures and Personnel Deployment Action Package)




GHSA 2024 Target

By 2024, more than 100 countries that have completed an
evaluation of health security capacity will have undergone
planning and resource mobilization to address gaps, and
will be in the process of implementing activities to achieve
impact.

These countries will strengthen their capacities and
demonstrate improvements in at least five technical areas
to a level of ‘Demonstrated Capacity’ or comparable level,
as measured by relevant health security assessments,
such as those conducted within the WHO IHR Monitoring
and Evaluation Framework.




www.CEPIl.net

- Coalition for Epidemic Preparedness Innovations (CEPI)
- Established in 2017

- Two strategies

 First, CEPI will advance vaccines against known threats
through proof-of-concept and safety testing in humans and
will establish investigational vaccine stockpiles before
epidemics begin. “just in case”

e Second, we will fund new and innovative platform
technologies with the potential to accelerate the
development and manufacture of vaccines against
previously unknown pathogens (eg: within 16 weeks from
Identification of antigen to product release for clinical trials).
“just in time”




www.CEPIl.net

Research & development

Our portfolio Platform Technology Priority diseases Vaccine science

(gene for a new antigen)
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SARS Influenza A (H1N1) COVID-19

SOFX|= HHG|D) 2. Of?

From deadly ‘Pandora’s box’ of viruses to re—awaken
in melting Arctic

By Brian McGleenon
Apr 12, 2020 | UPDATED: 19:32, Sun, Apr 12, 2020
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https://www.express.co.uk/search?s=Brian McGleenon&b=1
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Annual mean land temperature above or below average (°C) Figure 7: The Global

Living Planet Index,
1.5 1970 to 2014
Average abundance
1.0 of 16,704 populations
>senting 4,005 species
monitored across the globe
declined by 609%. The white
line shows the index
values and the shaded
areas represent the
statistical certainty
-1.0 surrounding the trend
(range: -50% to -67%)?
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Forest biodiversity significance

- High

Front. For. Glob. Change, 29 November 2019 | https ' gc.2019.00070
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The Global Resource Squeeze

\
A

CRBE Commodity Index

Global
population

billion

Richer Diets

Daily calorie consumption
per parson

ing natio

1900 1910

1.65 billion

vd Indi
uld add

tin

ina 0

Mumber of cars if per-capita i

ownership rates rose to U.S. levels

A7 million

08.04.2020



She

20|

59

Ol
—

Gkl

O

08.04.2020




HI‘OIQ%X'II (Bioeconomy)
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(Human Microbiome Project)
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« “Think for itself hardware” and self-generating software by 2020
« Wearable computers; “intelligent clothing”

« Smart sensing personal agents; “digital butlers”

» Electronic circuitry can be connected to nerves and tissues
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The disruptive innovation model Clayton Christensen
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