(New Zealand Productivity Commission, 2020)

A cost benefit analysis of 5 extra
days at COVID-=19 alerxt level 4

COVID-19 is both a health and an economic crisis for New Zealand. How it handles the health crisis affects the
economy, and how it handles the economic crisis will affect New Zealander’s health in the future.

Looking at health or economic costs in isolation risks presenting a skewed picture.of the overall situation. This note

er than to r{@ﬁa specific

brings together estimates of health and economic costs into one model.

In preparing this note, my intent is to show a technique with a concrete exa:

decision made by the Government.

Such models rely on the assumptions that drive them. I have estimated many parameter$in this\model, based on

available data and literature.

aféte s; and inseni#’t others. (By sensitive I mean
del’s resul wards stipporting different policy
y) paramete e model’s conclusions are sensitive to.

nd or not to

The model’s results might be sensitive to changes in some p
that a plausible alternative value for a parameter might ti

conclusions.) I supply a sensitivity analysis to find whi

Decision point on Monda

extend?
1.  On Monday 20 April Cabinet me e New Zealand’s COVID-19 alert level. Later
that day the Prime Minister an evel 4, to be followed by two weeks at level 3
before a further decision a%’ 0 5 .
2. Cabinet’s reasoning be 4s/exp éd in cost-benefit terms. The Economist magazine
reported that:
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%y announced a five-day extension of New Zealand’s strict

... will gt uch greater long-term health and economic returns”.!

3. The auth seen the afalysis that informed the Government’s statement. However, to make that
concl i, one reeds to ca ate b the “extra short-term cost” and the “long-term health and economic
re a o compare-the two-This, in turn, requires a marginal cost-benefit analysis that incorporates
b and eco " his note presents such an analysis.?

as it was on Monday 20 April. It limits the analysis to information sources that

4. This note accepts the
were (or sho e.been) available to decision makers on that day. It is thus an ex ante analysis, even

! https://www.economist.com/asia/2020/04/23/what-next-for-countries-that-are-nearly-covid-free. See also

https://www.nzherald.co.nz/nz/news/article.cfim?c_id=1&objectid=12326157.

2 This note was developed independently from the analysis by Layard et al. that addresses a similar question for the United Kingdom
(http://ceplse.ac.uk/pubs/download/occasional/op049.pdf). That analysis quantifies some costs and benefits not included in this analysis. It could usefully inform

further refinement of this note.
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Daily new cases, New Zealand, 20 Feb - 20 Apr
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6. The Government faced a choice between tw:

7.
8.
9. of X5D exceeds that of SL3. A negative result means that the net
rt from the sign on the estimated result, magnitude matters too, as
ange of estimates of the net benefit.
10. t would occur in both scenarios. This makes the analysis much more
11. n number (Rer) of SARS-CoV-2 was known to be below 1 on 20 April (the Prime

it as 0.48 on that day).® So, virus spread was under control. It was also known that if Rer

12. The 20 April decision in no way constrains choices beyond the announced period (ie to 11 May).

13. The benefits (and costs) from alternative SL3, relative to alternative X5D, must arise directly from the
differences between the alternatives.

 Clearly, there were myriad other possibilities, including a longer extension of level 4 and an immediate drop to level 2. To be tractable, marginal analyses need to
artificially restrict the option set.

+This type of marginal cost benefit analysis is also appropriate for determining whether or not a specific measure should be included in the bundle of measures that
make up an alert level.

5 The source of the 0.48 number is not clear. My calculations suggested an Resr of 0.14 on 20 April. That analysis, however, was neither publicly available nor widely
communicated within government.



The benefits of a 5-day extension over no extension

14. Due to delays between infections and new cases, any health benefits will arise after the extension has expired.

15. Health benefits of an intervention are typically measured in quality-adjusted life years (QALYSs). “Quality-
adjusted” refers to the quality of life during the period lived, relative to that of an “average” healthy person of

the same sex and age.¢

16. SARS-CoV-2 infects people of all ages, but morbidity (illness) and mortality (death) are highly concentrated
in those with pre-existing health conditions and the elderly. The average.age of people dying from COVID-
19 in Italy is 79.5.7

17. A 79-year-old New Zealander might on average expect to live an ears.’ Llfe ect/\ncy for those
with pre-existing health conditions will be lower however, as ality. If suc p> J_w/ed 5.4 years
on average with 70% life quality, then a premature death fro D-19 would equat loss of 8.7

QALYs. This is significantly higher than an estimate ba dpn the actual patte deatlis to date in New

Zealand. Q -

Ve occurred\i r@homes and more specifically

-ho/me resident with severe
e Global Burden of Disease 2013
a 1s no more than 55%.!! This

b. The average life expectan fo esﬂhome resi out severe dementia is 42.5 weeks.'? Life

the specific @l\hc

onditions that residents live with. Assuming an
of 30 %, ?4 S Ts/a QALY loss from the death of a rest-home

18. Blakely, Baker and Wils ji 5
implied value of 6. -7 In this

8 and 7.5.)

ate is unreliable duL to the small numbcrs involved, so I prefer he Italian average.

20 April) to be 84 ye¢
5 https://www.stats Sxt nz/lu)iormatlon releases/new-zealand-cohort-life-tables-march-2019-update. The median life expectancy for 79-year-old males is 9.9 years.
FO] females it is 11.5 years. Some data suggests that males are more %usceptlble than temales to LOVID 19, thls would blas av erage life expeutangy towards the tlgure

smlple average.
9 Eight of the 14 deaths as at 20 April were residents of the Rosewood Rest Home, which specialises in dementia care.

10 According to Ministry of Health figures reporting in https://www.stuff.co.nz/national/health/108004835/median-length-of-stay-in-a-rest-home-for-someone-

receiving-govt-funding-is-just-17-years, the median length of stay for those with severe dementia entering residential care in New Zealand was 2.4 years in 2017/18.

The median lengths of stay for those in dementia units and normal rest home facilities was 1.8 and 1.7 years respectively. On average, a current resident will have already
been in the rest home for half of these periods.

11 https://www.thelancet.com/journals/langlo/article/PI1S2214-109X(15)00069-8/fulltext. Severe dementia has a disability weight of 45%. Residents may have other
health conditions that further lower their life quality. I ignore that possibility here.

12 The average period spent in rest home case is 85 weeks according to https://www.stuff.co.nz/business/money/69112545/rest-home-stay-can-cost-over-80000. This

suggests an average remaining life expectancy for current resident of 42.5 weeks.

13 https://blogs.otago.ac.nz/pubhealthexpert/2020/03/23/the-maths-and-ethics-of-minimising-covid-19-deaths-in-nz/

1+ https://nzinitiative.org.nz/dmsdocument/618-quantifying-the-wellbeing-costs-of-covid-19-pdf. This value calculated from the spreadsheet at
https://nzinitiative.org.nz/assets/Uploads/Modelling-value-of-heal th-costs-of-Covid-19.xIsx.




20. International evidence suggests that 5% of confirmed cases need hospitalisation, and 1% of cases overall
result in a death.'? Using 5% and 1.1% (the estimated figure for New Zealand as at 20 April), one new case of
COVID-19 leads to the loss of an average 0.087 QALYSs.!6

21. New Zealand had 1440 total COVID-19 cases up to 20 April. This equates to cumulative loss of 126 QALYs.
This figure does not contribute directly to the marginal analysis, as it describes the past, which is common to
options SL3 and X5D.

22. Direct health benefits from X5D would arise if the 5-day extension led to fewer COVID-19 cases over time.
Whether it does or not hinges on the Rex value that emerges with level easures.
unknown for New Zealand decision makers at the time of the decisio @z
between them, cover all eventualities.
a. Reraverages 1.0 with level 8 controls. With SL3, th@ég} mber of ne E@ & S
approximately 10 per day. A 5-day extension of level 4 ( ) should dri 7

~

Once level 3 starts, new cases would stay cons ant at that level. X5D-th

numbers would climb quickly once

doubt in the re-imposition of those
around 90 a day. The 5-day e

by a week or two. Should tl e
time would be similar, thg\ugh

oﬁ,dthen 10 da leve
ses e\ the next 1 onths/”
/8\

‘ \
th level 8 ﬁ@jhen New Zealand is most likely to be looking at a

}ing out in orea.'” New cases in that country have stabilised at around

r million popt

bers reached previous highs of

igh d@nﬁ\t}aing more than delay its re-imposition
s expected from options SL3 and X5D over
ssuming it takes 5 days (at level 4) for new
to climb back to 10, the future benefit of

X5D over SL3 is 9

c. IfResr average@g

scenario like that
, over the preceding fortnight. (New Zealand’s rate was

iod.) If NZ achieved the same “stable” rate as South Korea,

rage of 2.7 cases per day. Any benefit of X5D over SL3 is the

gher over

eaching this-stable rate'more quickly. Say that took 8 weeks under SL3 but only 4 under

hen the futu e would be 159 cases avoided over the next 18 months.

dtlines thesB(.BD over SL3, over the next 18 months. QALY are calculated as 0.082

—
new cas é’O
|

Deaths are calculated assuming a case fatality rate of 1.1%.%°

Possibility g New cases avoided | QALYs gained COVID-19 deaths avoided
a Bip="1.0 2738 239 30
b \Beﬁ‘ 1 96 8 1
c Rer <01 159 14 2
Used for subsequent analysis 2738 239 30

24, Austrﬁal@

corres%my; )7[/

?ﬁ%t)her countries are reducing the numbers of new cases with various mixes of control measures
ing to New Zealand alert levels ranging from 2 to 4. This makes it highly likely that Reg will
remain below 1 in New Zealand with level 3 controls.

15 The case fatality rate varies significantly by country, reflecting (among other things) differences in the classification of COVID-19 cases, criteria for testing, and in the
classification of causes of death. Within one country it appears to fall over time. See https://ourworldindata.org/coronavirus#what-do-we-know-about-the-risk-of-
dying-from-covid-19 for a fuller discussion.

16 5% is the hospitalisation rate used by New Zealand modellers. See https://cpb-ap-se2.wpmucdn.com/blogs.auckland.ac.nz/dist/d/75/files/2017/01/Supression-and-
Mitigation-Strategies-New-Zealand-TPM-1.pdf and

17 With level 4 controls, and after an initial lag, the daily number of new cases has been decaying with a half-life of (very roughly) 5 days.

18 [ use 18 months (ie, 20 October 2021) as the forecast period, assuming that as an average projection for the development and deployment of an effective vaccine. I also
use 12 and 24 months in the sensitivity analysis.

19 This is also the case if Reris below 1 at alert levels 1 or 2, and New Zealand drops to those levels in future.

20 As at 20 April, the case fatality rate for New Zealand was 1.09% according to https://ourworldindata.org/grapher/coronavirus-
cfr’country=AUS+NZL+OWID_WRL.




25.

26.

27.

The costs of a 5-day extension over no e

28.

29.

30.

31.

32.

So, the most likely benefit from X5D is 159 cases avoided (ie, 14 QALY's gained or 2 COVID-19 deaths
avoided). Across the possibilities examined, the largest estimated benefit is 2738 cases (ie, 239 QALY or 30
COVID-19 deaths avoided, though this is less likely.

A reasonable approach would be to estimate the relative probabilities of (a), (b) and (c), and calculate a
weighted average of the three results. However, as the calculated benefits vary little across the three
possibilities, for this analysis I will assume the outcome with the largest estimated benefit. This corresponds

with Rer averaging 1.0 with level 8 controls.

I cover the direct and indirect health costs arising from level 3 and lev easures below.

on \‘// 7 N\
N
ion of econ m%\ag\ut? Treasury

his particular\s~d

The direct economic costs of the 5-day extension come from t

calculate a 15% loss of economic output at level 4 relative to level 3.2! extension is

atypical, as it covers a weekend and a public holiday. Assuming 60% economic\%;%to a Saturday (relative

to a normal weekday), 40% on a Sunday and 20% on a ul@iclho}iday, these r'E:\(:gjgy 5 days are equivalent to

tension. /C\B\

New Zealand’s GDP for 2019 was $310bn. T irec ct on GD N& over SL3 is thus a loss of
$489m. Direct effects, however, are not the ry as GDP d bounce back immediately after the

cause of a slowdown is removed. I will refer to \hl as a “slow bo back effect”. Many things contribute to
the slow bounce-back, including busine ur :loss of ¢ & P?ﬁdence, and the erosion of staff,
creditor and brand loyalty. The 1ong€r\tl\\e\}spension 0

recover.

Across scenarios 1—4 in the S modellin/g; \ﬁ‘c{cts account for on average 33% of the total

nominal GDP loss over 4 23/In other wor s@me ety $1 of production lost from direct effects, a further
J

$2 is lost due to indire¢t efl includé the slow bounce-back, along with other effects such

multiplier of 1

a further we

~

NP

~

e\b-day extension arise from two sources: (a) the psychological effects of social

s/0f costs, &%out over time. (I also conduct sensitivity analysis using 125%, 175% and

:edures and primary health consultations) under current conditions. These are in
roduction (GDP eftects) above. Specifically, for source (b), these undelivered health

3 Anxiety and depressive disorders, for example, are responsible
for the annual loss of an estimated 61 284 quality-adjusted life years in New Zealand.?* If social
distancing measures at level 4 led to a 50% increase in such disorders that lasted, on average, twice
as long as the lockdown itself, then I estimate a QALY loss of 840 per 5 days of level 4 lockdown.

Level 8 relaxes social distancing rules a little and allows for the reopening of some workplaces. If

21 https://treasury.govt.nz/sites/default/files/2020-04/¢19-4265378-t2020-97 3-economic-scenarios-v3.pdf . The ANZ bank have calculated a similar proportional loss

(https://www.anz.co.nz/content/dam/anzconz/documents/economics-and-market-research/2020/ANZ-QE0-20200422.pdf).

22 The proportions of economic activity on weekend days and public holidays are my assumptions. They are, however, more reasonable than assuming either 0% or 100%

of normal economic activity on non-weekdays. These proportions could be refined using employment or consumer spending data.

23 | omitted scenario 5 as it assumes a different decline in world GDP than do the other four.

2+ See https://www.moh.govt.nz/notebook/nbbooks.nsf/0/F85C39E4495B9684CC257BD3006F6299/ $file/health-loss-in-new-zealand-final.pdf. That study reported

in terms of disability-adjusted life years (DALYs). These are sufficiently close to QALY for the purpose of this analysis. That study estimated 50954 DALY's for 2006. I

have scaled this to 61284, adjusting for population growth.
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41.

This is equivalent to 22 453 QALYs lost.

42.

Other costs and benefits

438. This analysis does not include incidental h be s
other accidents have all dropped with-level # controls

controls). Such health benefits, I

¢’a hi Ssun
ppendix for furtfe%rmation.

Alternatively expressed, X5D results in, at best, 2¢

eﬁi, are/not cost

(a

)

The net cost of X5D (an extra 5 days at level 4) over SL3 (st &Tel 3)

dollars or QALYs. Using Treasury’s $33 000 figure for the
QL

—

. (indﬁ@h};h

Benetfits

Deaths and illness avoided 239 | 18—26

Total benefits (original units) 239

Total benefits (equivalent units) 8 239 | 34—39

Costs

Direct (GDP loss) -489 28—29

Indirect (slow bounce-back of GDP) -245 29-31

Psychological -420 | 32(a)

Health services paid for but not delivered -1 32(b)

Total costs (original units) -735 -420

Total costs (equivalent units) -749 | -22 692 3((7@?

Net benelfits (equivalent units) -741 | -22 453)| 34-89 N
~/

~

SN
is larg RY] ther measured in

Xalue of'a QALY, the:net marginal cost is $741m.

é value of 30 COVID-19

uivalently, 22 692 QALY lost).

wn. Road deaths, sports injuries and
ight be expected to rise with level 3

~
erameters, as per the following table. The net benefits calculated by the

itive to these parameters.
T\
) COVID-19 COVID-19
B - Net value| Net QALYs deaths| Net value| Net QALYs deaths
Parameter ne ‘Alternative ($m) gained avoided ($m) gained avoided
Base model ED! -22453 30
. . 2% =737 -22334 55 -0.5% -0.5% 82%
Case fatality rate \@
Y [ 0.5% =744 -22538 14 0.4% 0.4% -556%
QALY per J/‘ . 3 -743 -22514 30 0.8% 0.8% 0%
COVID-19 death 7.5 -788 -22378 30 -0.3% -0.3% 0%
Time to vaccine 18 12 -744 -22533 20 0.4% 0.4% -33%
(months) 24 -738 -22374 40 -0.4% -0.4% 35%
ollar value o 43000 =748 -1 & .27 -23.1% o
Doll 1 f 33000 743 7274 30 0.2% 23.1% 0%
QALY 62607 -746 -11921 30 0.7% -46.9% 0%
125% -619 -18748 30 -16.5% -16.5% 0%
Indirect GDP ) - = = =
N .. 150% 175% -863 -26159 30 16.5% 16.5% 0%
effect multiplier
200% -986 -29865 30 33.0% 33.0% 0%
Loss of GDP, level 15% 10% -496 -15042 30 -33.0% -33.0% 0%
4 vs level 8 o 20% -986 -29865 30 33.0% 33.0% 0%
L .59 =741 -22461 30 0.0% 0.0% 0%
Cases hospitalised 5% 2.5% 7 > > >
7.5% =741 -22446 30 0.0% 0.0% 0%




Conclusions
46. This analysis concludes that SL3 (straight to level 3) outperforms X5D (an extra 5 days at level 4) on all
criteria considered. The net cost of X5D is $741m. This is equivalent to 22 453 QALY lost.

47. Alternatively expressed, X5D results in, at best, 239 QALY's gained (including the value of 30 COVID-19
deaths avoided). This benefit comes at a substantial cost: $749 million (or equivalently, 22 692 QALY's lost).

48. The decision point to extend level 4 is in the past, so this analysis cannot inform it. However, this technique
could be applied to inform the next decision point (11 May), when the Government most like

technique ‘)c/dfﬁd als
or excluding &%Q@measures in

appropriate for assessing intra-alert level decisions, for example i

an alert level.

49. Leading up to the next decision point, the relevant information needs to be collected toinform that decision.
For example, updates and improvements to Treasury’ ecohomi modelling would improve CBA modelling

s
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50A. The main uncertai s with criterion (c¢) — the required time period. Twelve months appears to be the norm

pande}fﬁ@

r

50B. As at %Ap il, New Zealand was yet to have a single day with no new cases. However, a single day would
offer no confidence that elimination had been achieved, as the incubation period of COVID-19 is at least 5

days. This suggests that elimination (under any reasonable definition) could not have been achieved before
the end of the 5-day extension to level 4 (27 April).

50C. A useful concept for adaptive management might be “medium-confidence elimination”, defined as “28 days

with zero new cases”. (I suggest 28 days as this is roughly two virus reproduction cycles.)

31 See https://www.who.int/neglected_diseases/resources/NTD_Generic _Framework 2015.pdf and https://www.who.int/wer/2013/wer8809.pdf?ua=1. Elimination
is not the same as having 100% confidence that the virus will not re-appear in a country. Infections may be undetected because of under-reporting, false positive tests, or
because they are asymptomatic. These factors also make border quarantine measures fallible. Elimination would leave the population susceptible, so a significant subset

of current virus control measures would need to remain in place.



51. Elimination (under either option) cannot be progressed unless possibility (c) in paragraph 22 applied (ie, Reff
< 1 with level 8 controls). So, an elimination case must be a subset of possibility (c).

52. It would be extremely unlikely that X5D would be sufficient to make a difference between elimination of the
virus and a failure to eliminate. A 5-day extension could change the starting point (say 5 cases/day rather
than 10) for level 3. In an “optimistic” scenario in which X5D led to medium-confidence elimination in 9
weeks and SL3 led to medium-confidence elimination in 14 weeks, its benefit would be 280 cases avoided (ie,
24 QALYs gained or 8 COVID-19 deaths avoided).

The value in reducing uncertainty over a
4

53. A couple of reviewers suggested that an extra 5 days reduced t

big reduction in case numbers over the 10 days before 20 Apri ¢ sustained 1 f??i/,\l\c\)vv}ng days, and

gave Cabinet comfort that they would not have to order a return ert level 4. 1 agr e that reducing

@n Cabinet would “have to order
evel 3 controls turned out to be

s at level 4 offered little “comfort” to

55. One way to deal with uncertainty is to.assi mes. This note considers three outcomes:

ile-the aﬁ'ﬁl?sis sug;
the second outcome in the su q@t analysis, on
] than Lomp/ n\s\\tg

The value in wal(ﬁig\ nti
was in place / /

56. Reviewers als u t d as to wh e 5=day extension was chosen by decision makers because contact
tracing capaut t yet at the “go andard” required to “safely” move to alert level 3 on 23 April.??

e the heal h s ally needed to gear up to be able to deal with 1 000 cases per day

et rd outcome is the most likely, it actually uses

making this choice, the an

gtandard” tracing capability

as]e number/wére than 100 per day”. Granted, tracing was occasionally overwhelmed at

90 cases per day i x en so, the less-than-gold standard tracing capability was sufficient to rapidly
reduce new ¢ to approxunately 10 per day under alert level 4. It seems extremely unlikely that
tracing capa ould become quickly overwhelmed after a shift to level 3 on 23 April.

58. Thei n)cu period of COVID-19 is roughly 5 days, so any additional infections that occurred after the
movel to\le e | 8"would not have shown up until 5 days after the change of level. So, the earliest date that
implem t&t/on of the “gold standard” was (possibly) needed was 28 April, not 23 April.

59. I can see no clear benefit from delaying the move to level 3 until “gold standard” tracing capacity was in
place.

Does an extra 5 days really matter for business?

60. One reviewer asked whether the marginal cost of an extra 5 days at level 4 was material for businesses. This
might not matter for a business that faced a fixed cost of restarting production, and whose costs of interest,

rent of premises, and wages were being met by government subsidies (or deferred through other government

32 National MP Michael Woodhouse cast doubt on contact tracing ability: "Now unless they're able to fix that, the government won't be able to have the confidence that
they can lift out of level 3", https://www.rnz.co.nz/news/political /414707 /contact-tracing-capacity-a-mathematical-impossibility-michael-woodhouse

35 https://www.health.govt.nz/system/files/documents/publications/contact_tracing_report_verrall.pdf




61.

programmes). However, many businesses would not meet those criteria, and government support may cover
Jjust a fraction of their actual costs. Further, deferred costs still contribute to insolvency tests, and many
businesses are already financially stressed. So, for some businesses at least, the extra 5 days will tip them into
insolvency. Such business failures have direct effects on their owners and staff, but also indirect effects on
other firms that they buy from or supply to. Business failure imposes an externality on other businesses,

which in some cases can cascade.

For businesses, the longer the lockdown, the more decay of relationships with investors, creditors, customers

peration. All

a lays’has cost them little,
) COVID lf Xe ntinuing to get paid while

%\A@dgjf between private returns and

while they receive extra assurance that they remain
not working may be in a similar position. The

social returns under lockdown.

63. More generally, economic theory woul _that individu 1)&/3&0}1 1 agents do not internalise infection
externalities they impose upon others-when-disease is transmitted. A paper by Bethune and Korinek found for
the United States that private agents%e' /é the cost iondl SARS-CoV-2 infection to be
approximately $80k, whereas t Eb?s@l cost including 1 externalities is more than three times higher
at approximately $286k.> ) —~

64. The analysis in my pap;lﬂftf cietal per ekxb/\/

The four capit

66.

s\ aﬂ}l the,,,

Preasury’s living standards framework. Human, and financial

and natural capital are not (explicitly) covered. This is not an

rds of indicators approach currently used by Trea@ury and Stats NZ can lead to

problems gfboth om{gswn\ double counting; and (d) there are (albeit imperfect) shadow prices in the
economy for at Sf\thycomponent@ of these capitals.

As an examp netenvironmental effects of X5D are ambiguous. An obvious benefit is fewer greenhouse
gas emissi the lockdown period, though I might expect some pickup to service pent-up demand
once rﬁst ns are lifted. (Greenhouse gas emissions, to the extent that they are priced in under the
emiss \tfa\dmg scheme, already appear in economic analyses. To avoid double counting, only the unpriced
portlo\shot(id be included under this capital.) An obvious environmental cost is the effect on native flora and
fauna of the reduction of pest animal control accompanying the lockdown. Even if it was straightforward to
calculate the greenhouse emissions avoided, or the kea, kiwi and kaka lives lost, from X5D, establishing

appropriate weights for a tonne of CO, emitted vs. a kea life would not be.

. The loss of economic output that is included in this analysis will reduce the options of current and future

New Zealanders — including their ability to mitigate greenhouse emissions (eg, by purchasing more fuel-

efficient cars) and protect native birds (eg, by expanding the pest animal trapping network).

34 https://www.nber.org/papers/w27009






