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NON-TECHNICAL SUMMARY

In early 2013 New Zealand suffered its worst drought in decades. A drought zone was
declared over the entire North Island and parts of the South Island. Measures of soil

moisture deficit were at their highest levels since the 1970s.

We estimate the impact of this drought using a macroeconomic model, based on past
relationships. We use the model to outline the transmission channels through which
the drought is likely to affect the economy.

Our analysis starts by constructing three new climate indicators, based on sail
moisture and rainfall data from 363 weather stations. We use data from summer only,
as this is when the most damaging droughts occur. The resultant indicators are
separately included in a fairly standard model. As with all models, if there are any
idiosyncratic factors this year that were not present in earlier drought years, the model
cannot capture these. Thus, estimates of this sort provide a robust starting point for
assessing the actual economic impact of this year's drought. This starting point can
be supplemented with specific information about this particular episode to gain a more

complete picture.

Given the experience with past droughts, our baseline model suggests that this year's
drought could lower annual real GDP by 0.3 percent. However, when we allow for this
drought being worse in the North Island (where the impact on GDP is larger, possibly
due to the importance of rain-fed dairy in the North Island), we find that annual real
GDP could fall by around 0.6 percent. This is within the range of other analysts’
estimates (from 0.2 to 0.7 percent).” Agriculture and primary manufacturing are the
sectors that are most affected by the drought.

While production falls initially, the economic impact of the drought would be worse if
not for a rise in global dairy prices. The average response to a drought of this size
would be for world dairy prices to be around 10 percent higher than otherwise. As it
happens, world dairy prices actually rose by around 40 percent between January and
April 2013.

We find that not all prices are equally affected by droughts. Food prices, for instance,
increase as a result of higher milk prices. However, goods and services that respond
mostly to domestic factors (non-tradables), rather than being exposed to international
competition, are expected to become cheaper.

The model predicts that the exchange rate will be 3 percent lower by early next year
than it would have been without the drought. On past relationships, 90-day interest
rates would also be a little lower than they would otherwise have been.

 This range includes publicly available estimates from ASB, the Treasury and Westpac.
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INTRODUCTION?Z

The 2013 drought has been severe. Because New Zealand relies extensively on
rainfall to support its large agricultural sector, droughts can have substantial short-
term macroeconomic impacts — probably more than in most developed countries. The
drought has clearly had a considerable direct impact on the agricultural industry. The
uncertainty, however, is how much it will feed through to other parts of the economy.
For example, it is likely to impact those that provide services to the agricultural sector.
It could also affect some prices, particularly those relating to agricultural outputs.

In this note, we take an in-depth look at the impact of drought using an empirical
macroeconomic model. Our model is based on the vector autoregression (VAR)
framework.? VARs are flexible time series models used to describe the interaction
between economic and financial variables. They have been the workhorse of
empirical macroeconomic modelling and are widely used to measure the transmission
channels of various shocks on the economy. This approach is suited to our analysis
as droughts are easily identifiable within the framework. Droughts are mostly
unexpected and unlikely to be themselves affected by macroeconomic conditions.
Therefore, when we separate the impact of droughts, reverse causation is unlikely to
be an issue. This enables us to extract more clearly from the data the effects of the

drought itself on different facets of the economy.

An important feature of this paper is the climate data we use. Indicators used in
previous studies are not always consistent with one another and are often at odds
with anecdotal evidence. We construct alternative climate measures and show that
they are consistent with the timing of widely recognised droughts. Further, the impact
of seasonal variation can be hugely influential, and simply seasonally adjusting the
indicators is insufficient to account for this. For instance, a drier-than-usual July is
likely to have a different impact than a drier-than-usual March due to, for example, the
different phases of the growing season. We estimate the impact of drier-than-usual
March quarters, as this is when the most damaging droughts usually occur. We also
use several different indicators, including North Island and South Island indicators, to

avoid idiosyncrasies from a single measure.

OTHER LITERATURE

Focusing only on the impact of droughts means that we can analyse their effects in
more detail and check the robustness of our findings. Previous empirical papers
focusing on the New Zealand business cycle have tended to consider the impact of
drought shocks amongst many others. For example, Buckle et al. (2007) and Bloor
and Matheson (2010) both consider the impact of climate shocks from large VAR

2 We wish to thank Phillip Liu and Yuong Ha for their input into preliminary versions of this note.
% Other VAR studies using New Zealand data include Haug and Smith (2011), Karagedikli and Price (2012), and
McDonald (2012).
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models. Because they were not focusing exclusively on the climate shock, their

discussion of the impact of this type of shock was somewhat limited.

Fomby et al. (2013) use a similar VAR approach with panel data to estimate the
impact of natural disasters across many countries. As part of this, they estimate the
impact of droughts. The droughts that they focus on, however, are extreme compared
to the 2013 drought in New Zealand. For example, for a drought to be declared a
natural disaster it must either: kill 10 or more people, affect 100 or more people, result
in a declaration of a state of emergency, or result in a call for international assistance.
They find a significant negative impact on GDP in developing countries in the year of
a drought. However, their results suggest that droughts do not have a significant

macroeconomic effect in developed countries.*

CLIMATE INDICATORS FOR NEW ZEALAND

Clark, Mullan and Porteous (2011) review drought indicators for New Zealand. They
show that drought does not have a universal definition. That is, not all measures
suggest drought has occurred at the same time. They suggest climate indicators
should capture the duration, intensity and timing of drought, among other things.

We consider four indicators:

o Days of soil moisture deficit (SMDD)
This indicator measures the number of days in a month that have a soil
moisture deficit. We standardise the data across months by subtracting the
median days of deficit in each month. This measure provides a good proxy
for both the existence and severity of drought. Buckle et al. (2007) use this
measure in investigating the importance of climate for New Zealand business

cycles.

e Cumulative soil moisture deficit index (SMDI)
This index is based on mean soil moisture deficit data. Following the method
of Narasimhan and Srinivasan (2005), we first convert observed soil moisture
into its percent deviation from the historical average for that specific month,
then calculate a weighted cumulative sum of that series. The cumulative sum
means that persistent episodes of dryness receive more weight in the index

than transitory ones, making the SMDI a useful indicator for drought severity.

*In more general terms, Noy (2009) finds that developing countries and smaller economies experience larger
negative impacts on their GDP following natural disasters. See also Cavallo and Noy (2011) for a review of the
literature on the economic impact of natural disasters.
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e Cumulative rainfall index (CRFI)
This indicator measures the severity of drought based solely on rainfall. We
calculate it in the same way as the SMDI above, but using rainfall data. As a
result, the CRFI is inverted relative to the two SMD indicators — low levels of
the CRFI are associated with droughts, whereas high levels of the SMDD
and the SMDI are consistent with droughts. The limitation of this approach is
that rainfall may not translate directly into soil moisture. To measure the true
effect on soil moisture, the index would need to account for factors such as

runoff and evaporation.

e Southern oscillation index (SOI)

The SOl is used to identify El Nifio and La Nifia climate patterns. Persistent
positive (La Nifia) or negative (El Nifio) values of the SOI are indicative of
shifts in certain ocean currents, which are often (but not always) associated
with changes in rainfall patterns in New Zealand. However, it is difficult to
interpret the SOI directly in terms of New Zealand’s weather. Bloor and
Matheson (2010) use the absolute value of the SOI as an indicator for
climate and struggle to obtain statistically significant results.

The first three indices are constructed using data from the National Climate Database
made available by the National Institute of Water and Atmospheric Research
(NIWA).® These data are available monthly at the station level. We restricted our
dataset to include 363 stations based on data availability. In figure 1 we plot the
longitude and latitude for each station. These 363 stations cover much of New
Zealand.

Figure 1: Station coverage

® This data is available at http://cliflo.niwa.co.nz/.


http://cliflo.niwa.co.nz/
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To construct our aggregate indicators, we:

1. Calculate the indices for every station;

2. Find the mean for each of nine regions;

3. Create national livestock indices based on the number of dairy cattle, beef
cattle and sheep in each region. Regional livestock numbers are available
annually for the last 25 years from the Ministry of Primary Industries (MPI);

4. Combine these livestock indices according to the value added by industries
in the SNA input/output tables (50 percent weight on dairy cattle and 25
percent weight on both beef cattle and sheep);

5. Convert each index to quarterly frequency using a simple average.

We plot these indicators in figure 2 and show widely recognised droughts as grey

shaded areas. Then, in table 1 we show the correlations between these measures.

Figure 2: Climate indicators (standardised)

Cumulative soil moisture deficit index Soil moisture deficit days

Cumulative rainfall index Southern oscillation index

Table 1: Correlations between climate indicators®

SMD index SMD days CRFI SOl
SMDI 1
SMD days 0.66 1
CRFI -0.81 -0.64 1
SOl 0.06 0.08 0.16 1

® Bold indicates the correlation is significantly different from zero at the 95 percent confidence level.
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Of these four indicators, the SOI stands out as being the least like the others and the
least related to recognised droughts. Having said this, it does capture the El Nifio
weather pattern in early 1998 that resulted in a drought. Other than this, the SOI
shows little or no correlation with other droughts in the sample. In 2013Q1 the SOI
was neutral and, thus, did not predict the recent drought. For this reason, we exclude

the results using this indicator from the main part of this note (see appendix B).

Excluding the SOI, the other indicators are quite similar to one another. The
correlation between the cumulative soil moisture deficit index and the cumulative rain
fall index is very tight (-0.81). A feature of these indicators is that they reach extreme
values during droughts. This suggests these indicators are indeed capturing what we

are trying to measure.

An issue with most climate indicators is their seasonal pattern. In figure 3, we show
the mean soil moisture deficit by month across all stations. Higher values imply drier
months and vice versa. It shows that February is on average the driest month

followed by January and March. The wettest months are July and August.

Figure 3: Mean soil moisture deficit by month (mm)

To adjust for this seasonal pattern, we use indicators that are measures of moisture
relative to normal for that month. However, even after accounting for this, it might be
the case that drier than normal weather has a different effect depending on the time of
the year — due, for example, to the different phases of the growing season. A drier
July might leave pastures less boggy going into spring grazing providing a boost to
activity, whereas a drier February might result in insufficient moisture for grass
growth.
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To account for this seasonality, we split each indicator into four separate time series —
one for each quarter of the year, with zeros in the other quarters. To demonstrate this,
figure 4 shows the cumulative soil moisture deficit index for Q1 only. This indicator
highlights the most damaging droughts, which usually occur in Q1, better than using
the indicator for all four quarters. As we want to estimate the likely impact of the
2013Q1 drought, it is more appropriate to use only Q1 data in our baseline model. In
Appendix C, we show the impact of seasonally dry June, September and December

quarters.

Figure 4: Cumulative soil moisture deficit index (Q1 only)

THE MODEL

The model we use for our analysis is a structural vector autoregression (VAR) model.
This means that each variable is modelled as a function of its own lags and lags of
the other variables. We also allow for contemporaneous impacts between some

variables depending on our identification technique (discussed below).

We include the following variables: the log of the ANZ dairy price index (foreign
currency terms), the log of real gross domestic production (GDP), the log of the
consumer price index (CPI), the 90-day interest rate and the log of the exchange rate
(Trade Weighted Index, TWI). These variables are typical of a small open economy
model, except for the dairy price index. We include dairy prices because we want to

test whether a New Zealand drought has any impact on global dairy prices.

We also include three exogenous variables in the model. These variables are

unresponsive to, but contribute to, domestic conditions. These include world GDP, the
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VIX (both accounting for global events) and a climate indicator.” We estimate the

model with each of the climate indicators included separately.

Estimation and identification

We estimate the VAR on quarterly data from the first quarter of 1992 to the fourth
quarter of 2012. This year’s drought is not included in the sample. We include four
lags of each variable in each equation. We estimate the model's parameters using

Bayesian estimation.®

To identify the drought shocks in our VAR, we use a combination of short run and
exogeneity restrictions. Our restrictions ensure that the climate indicator is not
affected by any other variables in the model. We also assume that a drought shock
can have a contemporaneous impact on the domestic variables. Because we are only
interested in climate shocks and we are not attempting to identify any other structural

shocks, the ordering of the domestic or foreign variables has no impact on our results.

How EXTREME WAS THE 2013 DROUGHT?

Before presenting our results, we must determine how extreme 2013Q1 was relative
to normal. According to our indicators, this year's drought is the most significant since
the 1970s (figure 5).

Figure 5: Average of the Q1 indicators (long run) ®

" The VIX index measures the implied volatility of options on the S&P500 index — commonly used as a proxy for risk
aversion.

8 Our priors are set around a random walk mean, except for the climate indicator which has a white noise mean. We
implement the prior using dummy observations, as done by Bloor and Matheson (2010). We iterate the Gibbs
sampler ten thousand times and burn the first nine thousand. For further details on the model see appendix D.

° This figure shows the average of the cumulative soil moisture deficit index, soil moisture deficit days, and the
inverted cumulative rainfall index. Each index is standardised so that its post-1992 mean and standard deviation are
0 and 1 respectively. For a plot of the number of stations used to construct this index, see appendix E.
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The average of our three indicators suggests 2013Q1 was around 1.6 standard
deviations drier than normal (table 2). On average, a drought this size or larger seems

to have occurred about once every 20 years.

Table 2: Drought indicators for 2013Q1 (standardised)

Indicator 2013Q1 (standard deviations)
Cumulative soil moisture deficit index 1.6
Days of soil moisture deficit 1.8
Cumulative rainfall index -1.5

From here on, using our three primary indicators, we calculate and compare the

impact of a 1.6 standard deviation drought.

ESTIMATED IMPACT OF THE 2013 DROUGHT

The following results show the predicted impact of the 2013 drought, based on the
impacts from previous droughts scaled to match this one. Each plot shows the path
for a given variable relative to what it would have been without any drought. The

drought impacts at period 1 on the x-axis, which for this event is 2013Q1.

This section includes many results, presented in the following order:
e Baseline model
e  Agricultural production components
e Production GDP components
e Expenditure GDP components
e Prices

e Nominal effects

Baseline model*°

The likely impact of the 2013 drought is substantial (figure 6). For real GDP, the
largest effect is predicted to be in 2013Q2, where it is expected to be 0.4 percent
below where it would have been without the drought. Annual GDP in 2013 (the
average response across the first four quarters) is 0.3 percent lower. Beyond this,
GDP is expected to recover to its original level over the following few years, though

the speed of this recovery is uncertain.

World dairy prices are often thought of as exogenous to New Zealand. However, our
model suggests quite a powerful short-run effect from unexpected disruptions to New
Zealand supply. A typical drought of the size of this year’s is estimated to raise world

® Regarding the general importance of droughts, our model suggests that up to 6 percent of the variance in the
modelled variables is driven by summer weather. We find that it matters most for the TWI and dairy prices, a little for
GDP, and is not important for the CPI. Weather is probably not that important in normal years, but in drought years
its contribution is likely to be notable.
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dairy prices by 10 percent above what they would have been without the drought, with
a discernible effect lasting for over a year. The 40 percent rise in world dairy prices
seen between January and April 2013 probably reflects a combination of the New

Zealand drought and other factors.

Figure 6: Baseline effects following the 2013Q1 drought

Climate indicator Real GDP (%)
Dairy prices (%) CPI (%)
90-day interest rate (%) NZD TWI (%)

Note: See pages 4-5 for a full definition of these abbreviations.

The predicted impact of the drought on aggregate CPI is not statistically significant.
This is largely because non-tradable and tradable prices are estimated to move in
opposite directions, with a lower exchange rate and higher dairy prices tending to
raise tradable prices, while weaker economic activity dampens non-tradable prices.

Historically, interest rates have initially increased following droughts, but have then

tended to quickly fall to below where they would have been. The predicted trough in
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the 90-day rate response is a couple of years after the drought and is 20-30 basis
points below where it would have been otherwise, although the uncertainty around

this point estimate is large.

The New Zealand dollar TWI is estimated to have remained effectively unchanged
due to the drought over the first half of 2013. However, by early next year we estimate
that it might be as much as 3 percent lower than it would have been under normal
weather conditions. Initially, the TWI might be supported by higher dairy prices, but
when these start returning to normal, predicted weaker domestic activity and lower

interest rates seem consistent with a depreciation of the dollar.

Agricultural production components

To clarify the channels through which droughts affect the economy, we estimate our
baseline model with some additional variables. We add these variables to the model
one at a time, to avoid making the VAR too big. Other than this, we have kept the
model the same unless stated otherwise.

Milk production suffers a lot when droughts occur (figure 7). When we add milk
production directly to our model, we find that it falls by 6 percent in the quarter of a
drought. Then in the following quarter it falls by a further 4 percent. Beyond this, milk

production gradually recovers back to normal over the following two years.

To clarify the impact over the six months following a drought, we estimate a two
variable VAR using our climate indicators and milk production in monthly terms (figure
7). We estimate this VAR using the data back to 1992 and include 12 lags. We find
that milk production is most affected towards the end of the dairy season. That is,

production in April and May is down by around 10 percent following a March drought.

Figure 7: Milk production
Quarterly (%) Monthly (%)

Note: See pages 4-5 for a full definition of these abbreviations.

Like milk production, slaughter volumes are heavily influenced by droughts. We find
that slaughter increases by around 2 percent at the time of the drought (figure 8). This

is consistent with farmers reducing stock numbers so that they have enough feed to
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keep the remaining stock in good condition. Beyond the immediate rise in slaughter,
there tends to be slightly less slaughter for several following years, as stock levels are

rebuilt. This decline is not statistically significant in the year following the drought.

Figure 8: Slaughter rates and sheep population

Slaughter (%) Sheep population (Annual, %)

Note: See pages 4-5 for a full definition of these abbreviations.

To add flavour to this analysis, we also obtained annual sheep population data back
to 1960 from Statistics New Zealand. With this data, we estimated an annual VAR
with two variables: a climate indicator and the sheep population.'* We find that
droughts like the one in 2013 typically result in a 1.5 percent reduction in the sheep
population. It then takes at least 3 years for the population to return to its pre-drought

level.

Production GDP components

The predicted fall in GDP over the first half of 2013 is, of course, largely due to a fall
in agricultural production and in primary manufacturing (figure 9). Agricultural
production falls by 3 percent in the quarter of the drought (2013Q1). Then, it appears
to fall about another one percent in the following quarter (2013Q2). It takes some time

for these losses to be fully recovered.

Primary manufacturing falls by around 5 percent in the quarter of the drought. Like
agricultural production, this component remains depressed for a while as the sector

recovers from the drought.*?

The flow-on effects from the weak primary sector can be seen in some of the other
GDP components. For instance, professional services decline by as much as one
percent during the drought. Also, ex-primary manufacturing falls by a little more than

half a percent after the drought.

The only persistently positive response in the production GDP components is that of
wholesale trade. This component increases by a statistically significant amount in the

™ The annual climate indicator was set to its Q1 value.
*2 primary manufacturing production measures the value added in processing of primary food products, for example
in producing milk powder from milk.
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year following the drought. It ends up about 1.5 percent higher than it would have
been otherwise. This response seems consistent with the rise in import volumes
following the drought (figure 10), as wholesale trade includes the distribution of

imported goods.

Figure 9: Production GDP components

Agriculture (%) Primary manufacturing (%)
Professional services (%) Ex-primary manufacturing (%)
Electricity (%) Wholesale trade (%)

Note: See pages 4-5 for a full definition of these abbreviations.

Expenditure GDP components

In line with the drop in milk production, export volumes decline in the second quarter
following the drought (figure 10). We estimate that exports will be around 2 percent
lower in 2013Q2 and that they will remain lower for at least a year. Imports tend to
rise slightly following droughts, although this is not statistically significant beyond the

first year.

The model suggests that residential investment (and to a lesser degree consumption)
is weakened by the drought. Residential investment could fall by 3 percent after a

year or so, consistent with weaker domestic activity in general.
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Figure 10: Expenditure GDP components

Exports (%) Imports (%)
Consumption (%) Residential investment (%)
Market investment ex-residential (%) Government consumption (%)

Note: See pages 4-5 for a full definition of these abbreviations.

Prices

We also estimate our model with alternative price variables, other than the CPI.
Initially we include both tradable and non-tradable price indices (figure 11). We find
that, while in aggregate the CPI is not substantially affected by the drought, the make-
up changes considerably. Tradable prices tend to rise after droughts. We find that
after two years tradable prices are more than 0.5 percent higher than without the
drought.

On the other hand, non-tradable prices are lower by as much as 0.3 percent after the
drought. This is broadly consistent with the similar-sized drop in GDP over the first
half of 2013, though the speed of this non-tradable response is a little surprising.
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Figure 11: Composition of the CPI
Tradable (%) Non-tradable (%)

Note: See pages 4-5 for a full definition of these abbreviations.

Food prices are the major contributor to higher tradable prices (figure 12). We find
that food prices are between 1.0 and 1.5 percent higher than they would have been
without the drought.

Breaking this down even further, the upward pressure on food prices seems to be
largely driven by milk prices. Milk, cheese and eggs in the CPI rise by nearly 3
percent. Clearly, the decline in milk production has a large impact on retail dairy

prices as well as international dairy prices.

Figure 12: CPI food prices

0,
Food (%) Milk, cheese and eggs (%)

Note: See pages 4-5 for a full definition of these abbreviations.

We noted in an earlier section that slaughter spikes up when the drought occurs. This
is likely to cause an increase in the supply of meat, at least initially, followed by
slightly less slaughter for a while. As such, we estimate any corresponding price
response to this change in slaughter (figure 13). However, we find that international
meat prices appear higher following the drought. The initial impact on domestic
consumer prices from the extra supply seems to be very small or non-existent in our

model.
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Figure 13: Meat prices

CPI Meat and poultry (%) ANZ meat and wool prices (foreign terms, %)

Note: See pages 4-5 for a full definition of these abbreviations.

Given New Zealand’s reliance on hydro electricity production, we estimate the impact
of drought on electricity prices in the CPI (retail) and PPl (wholesale). We find that
PPI electricity prices could respond significantly, rising as much as 8 percent, with an
effect lasting for up to two years (figure 14). This is consistent with less rain lowering
lake levels, thus increasing the cost of production. It seems that historically there has

been no pass through of these higher costs to retail prices.

Figure 14: Electricity prices
CPI electricity (%) PPI electricity (%)

Note: See pages 4-5 for a full definition of these abbreviations.

Nominal effects

Our results have shown that droughts reduce real economic activity in the New
Zealand economy and raise dairy prices. To assess the impact on farmers’ incomes,
we need to consider both of these effects. As such, we consider the response of
export values following the drought (figure 15). We find that the drop in export
volumes initially dominates the rise in export prices. However, after a couple of
quarters the price response is larger. As such, export values are predicted to be
higher by around 2 percent a year after the drought, though this is not statistically

significant.

In the quarter following the drought, the trade balance appears to be slightly lower,

perhaps due to a mix of lower export values and high import volumes. Beyond this,
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higher export values contribute to a slightly positive balance. Only the initial fall is

statistically significant.

Figure 15: Export values and the trade balance

Export values (%) Trade balance (%)

Note: See pages 4-5 for a full definition of these abbreviations.

Nominal GDP rises following the drought. The rise in the GDP deflator is larger and
more persistent than the decline in production volumes. After three years we find that
nominal GDP rises by nearly 1 percent, albeit with very wide confidence bands

around the point estimate.

Figure 16: Nominal GDP
GDP deflator (%) Nominal GDP (%)

Note: See pages 4-5 for a full definition of these abbreviations.

HOW ROBUST ARE THESE RESULTS?

Here we test the robustness of our results by considering three questions:
1. What if we estimate drought effects over a longer sample?
2. What if we exclude the 1998 and 2008 droughts from our sample (given
these coincided with global downturns)?
3. How different are the impacts of North Island and South Island droughts?
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What if we estimate drought effects over a longer sample?

To answer this question, we estimate the impact of this year's drought using a VAR
estimated on data starting in 1970, thus including several quite large droughts. As not
all the variables in our baseline model are available back this far, we have adjusted
some of the data in our estimation. For instance, we replace world GDP with US GDP
and remove the VIX. In the domestic block, we replace the ANZ dairy price index with
the Overseas Trade Indices (OTI) dairy price (transformed into world terms using the
TWI) and change the 90-day interest rate to the floating mortgage rate. We display
the estimated impact of the drought according to this model in figure 17.*2

Figure 17: Drought effects in a long run VAR
Real GDP (%) OTI dairy price (%)

Floating mortgage rate (%) NZD TWI (%)

CPI (%)

Note: See pages 4-5 for a full definition of these abbreviations.

We find that, even with the longer sample, the impact of the drought on GDP is

basically the same. That is, we find that the trough in GDP is about 0.5 percent lower

2 The quarterly real GDP series was back dated using the series constructed by Hall and McDermott (2011).
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in 2013Q2, only a little more than the 0.4 percent that we estimate in the baseline

model. Again, the response is largest in the first two quarters.

This model also suggests that dairy prices increase after droughts, supporting the
baseline model. OTI dairy prices respond a little less to the drought than the ANZ
dairy price index. The peak response is around 5 percent higher and in the third
quarter following the drought (i.e. 2013Q3). This might reflect that OTI dairy prices
(which capture actual export transactions) are often based on fixed-term contracts
and, as such, can be less volatile.

In this model, the floating mortgage rate is affected by the drought more than the
90-day interest rate was in the baseline model. That is, it falls after a year by around
50 basis points. Likewise, the CPI falls (by around 2 percent) in the years following
the drought. These differences probably reflect the much greater volatility in inflation
and interest rates in the 1970s and 80s.

The NZD TWI, however, responds very little to droughts in this model. This difference

might reflect the fixed exchange rate regime of the 1970s and early 80s.

In all, estimating a model over a longer sample produces some similar results,
particularly for the impact on GDP and dairy prices. This is reassuring as, for
example, the relative importance of the dairy sector has materially increased over
time and production processes have changed (such as the increasing reliance on
irrigation).

Are our results driven by the 1998 and 2008 droughts?

The two largest droughts in our baseline sample are in 1998 and 2008. For our
purposes, this is unfortunate timing, because these two events coincided with the
Asian financial crisis and the global financial crisis respectively. While we have tried to
account for this by including world GDP and the VIX, we want to make sure these two

episodes are not driving our results.

To do this we set the drought indicators to O (their mean) in 1998Q1 and 2008Q1.
Then we estimate the model and construct the responses to a drought shock
(figure 18).

We find that the drought effects are very similar to those in the baseline. A difference
to note, however, is that GDP falls by slightly less in the first two quarters after a
drought. This is not surprising given we have excluded the two droughts that would

have caused the largest impacts on GDP.
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Figure 18: Drought effects when we exclude the 1998 and 2008 droughts
Dairy prices (%) Real GDP (%)

NZD TWI (%) CPI (%)

Note: See pages 4-5 for a full definition of these abbreviations.

How different are the impacts of North Island and South Island droughts?

Here we compare the impact of a drought in the North Island to a drought in the South
Island. The agricultural industries in each island are quite different so we might expect
different impacts. For instance, the dairy sector in the North Island relies less on

irrigation so might be more affected by droughts.

Generally speaking, the indices for each island are quite similar (figure 19).*
However, there have been significant differences at times. Droughts have tended to

be more severe in the North Island, and this is particularly evident this year.

* There are 199 stations in the North Island and 164 in the South Island. These stations are equally weighted for
each index.
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Figure 19: North and South Island Q1 cumulative soil moisture deficit indices

To estimate the impacts of droughts in each island, we add these indicators into the
baseline model one at a time, in much the same way as we added different climate
indicators. Given the 2013Q1 drought was 2.1 standard deviations drier than normal
in the North Island, we show the impact of a drought of this size in both islands
(figure 20).*°

While this larger shock makes these results less comparable to the baseline model
(which used a 1.6 standard deviation shock), it highlights that the 2013 drought

affected the North Island most of all.

Separating the impact from North Island and South Island droughts suggests the
2013 drought could have larger effects than the baseline model predicts. This is
because North Island droughts tend to have larger effects than similar South Island
droughts. Historically, a drought of this magnitude in the North Island reduces GDP by
0.7 percent at its trough, whereas a similar South Island drought only reduces GDP
by 0.2 percent. This North Island drought is predicted to lower annual GDP by
0.6 percent over the whole of 2013.

Agricultural production falls by 6 percent given this North Island drought, but falls by
4 percent given a similar South Island drought. Further, the TWI falls by nearly twice

as much given North Island droughts.

*® The South Island indicators suggest the 2013Q1 drought was one standard deviation drier than normal.
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Figure 20: North Island and South Island drought effects

North Island South Island
Real GDP (%)

Agriculture production (%)

NZD TWI (%)

Note: See pages 4-5 for a full definition of these abbreviations.

With North Island droughts having larger effects, our results suggest there might be
better weighting schemes than what we used to construct our baseline indices. We
account for the number of livestock in each region, but not for the regional differences
in each livestock’s value added. Accordingly, a weighting scheme that accounts better

for the regional value added could be an improvement.
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CONCLUSION

We have identified and systematically examined the economic impacts of droughts
using a macroeconomic model. Our results show clear transmission channels through

which the drought affects the economy.

Our baseline results suggest the 2013 drought could lower annual GDP for the full
2013 year by around 0.3 percent. However, given this drought was materially worse in
the North Island (where dry weather has a larger impact on GDP), we find that annual

GDP could be as much as 0.6 percent lower.

While agricultural production falls initially, the overall economic impact of the drought
would be worse if not for a predicted 10 percent rise in world dairy prices. A
considerable proportion of the 40 percent rise in dairy prices seen between January
and April 2013 is likely to be due to the drought. This suggests New Zealand climatic
conditions can materially affect world dairy prices, even though New Zealand
produced only 4.4 percent of the world’s milk in 2012. In saying this, New Zealand
dominates world exports of whole milk powder (61 percent of total export volumes)

and butter (63 percent of total export volumes).*®

The dairy price rise means that incomes are not as badly affected as the fall in
production might suggest. Nominal GDP, for example, is predicted to increase slightly
following a drought. Higher dairy prices are also likely to increase tradable consumer
prices, particularly food prices, although this could initially be offset by lower

non-tradable prices.

As noted, droughts lower real activity while raising prices, which is typical of a
negative supply shock. As such, interest rates have not tended to respond much to
droughts. At most, the model predicts the 90-day rate could be 20-30 basis points

lower beyond 2013, although the uncertainty around this point estimate is large.

Lastly, the model predicts that the NZD TWI will be at least 3 percent lower at the end
of 2013 than it would have been without the drought. This depreciation might seem at
odds with the rise in dairy prices, as these variables usually respond to other shocks
by moving in the same direction. The divergence might relate to the considerable

focus that foreign exchange markets often put on real GDP releases.

While these results are fairly robust, there have been some large changes in New
Zealand'’s rural industries over time which could change the impact of future droughts.
Also, future research might consider alternative weighting strategies for the climate

indices, including, for example, putting more weight on the North Island.

% Source: USDA, http://www.fas.usda.gov/psdonline/psdHome.aspx.
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APPENDIX A - MODEL VARIABLES

World GDP (16 countries, log*100) ANZ world dairy price index (log*100)
Real GDP (log*100) CPI (log*100)
90-day interest rate (%) NzD TWI (5 countries, 50-50 weights, log*100)

VIX (index)
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APPENDIX B - SOUTHERN OSCILLATION INDEX RESPONSES

Figure B1 below shows the responses of GDP and dairy prices when the Southern
Oscillation index is very positive and very negative in the first quarter of the year. Of
these, the negative SOI (El Nifio) event is more consistent with the impacts of a
drought in New Zealand. This result is largely driven by the 1998 drought that
coincided with a very negative SOI value.

The asymmetries in these responses demonstrate the importance of treating the SOI
with caution. In this case, we split it into two separate series with only positive values
in one and only negative values in the other, in order to better account for the very
different impacts of El Nifio and La Nifia events. Studies using the SOI as an indicator
without such treatment, such as Bloor and Matheson (2010), have struggled to find
any significant role for climate shocks in New Zealand.

Nevertheless, we do not believe that a shock to the SOI in either a positive or
negative direction is necessarily consistent with a drought in NZ, so we place little
weight on this indicator. Thus, we exclude these results from the main part of the

paper.

Figure B1: Responses to SOl shocks (1.6 standard deviation)
GDP (%) Dairy prices (%)
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APPENDIX C - DRY WEATHER BY QUARTER

The implications of drier than normal weather are different depending on the time of
the year. For instance, dry weather in the first 3 months of the year is usually
recognised as a drought. The dry weather in 2013QL1 is a good example of this. On
the other hand, dry weather in Q2 or Q3 do not have the same effects on the
economy. Previous studies on the impact of droughts in New Zealand have not

accounted for these differences.

We present the results from dry shocks that are 1.6 standard deviations above the
mean for each indicator for that given quarter. It is of a size equivalent of the 2013Q1
event, but occurring in a different quarter. Remember, however, that this may not
necessarily be perceived by many as a drought, but only a drier than normal period.
We present the responses from dry shocks in Q2, Q3 and Q4 (figure C1). We can

compare these to the Q1 responses from the main part of this paper.

Some key results are:
e Real GDP falls after a dry Q1 or Q4, but rises after a dry Q3.
¢ Non-tradable prices temporarily rise after a dry Q4, despite GDP falling.
e Dairy prices mostly rise after dry quarters, except a dry Q3 lowers them.
e Tradable prices rise when dairy prices rise.
e Agricultural production falls after dry quarters, except for Q3.

o NZD TWI generally falls after a dry quarter.

The impact of a dry Q3 stands out from the impacts of dry weather in other quarters.
This quarter includes July, August and September which are 3 of the wettest months
(figure 3). As such, sunny weather in these months might benefit grass growth, given

there is plenty of moisture available.

Figure C1: Responses to dry shocks

Q2 Q3 Q4
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APPENDIX D - TECHNICAL APPENDIX

The starting point of our analysis is to estimate the following reduced form VAR.
Y.=AY._{+u

where Y, is a vector of variables. Although we use several specifications in the main

text, Y; can generally be represented as:

Ce
Y, = (Wt>
Dy

where C, is a measure of climate and W, and D, represent world and New Zealand

specific variables, respectively. The structural VAR representation is given by:
BY, =CYi, + &

where ¢, represents structural shocks. The mapping between reduced form errors and

structural shocks is given by:
B~ lg = u,

The model has several variables and four lags, which implies that a large number of
parameters are estimated in each specification. For this reason, we use Bayesian
inference, in which data is combined with prior information. Our priors are based on
the widely used Minnesota prior which shrinks the VAR model towards independent
random walks for each of the components of Y, (Del Negro and Schorfheide

(2011)).The exception is the climate indicator, for which we use a white noise prior.

Our block exogeneity assumption implies that world variables are not affected by New
Zealand variables. We also assume that our climate indicator is a fully exogenous
variable. We impose these restrictions by setting the appropriate elements of the

reduced form coefficients, A to 0. Therefore, the A matrix has the following form:

A, 0 0
A=(0 Ay 0)

A31 A32 A33

Our identification of the climate shock is based on short run restrictions. These are
implemented using non-recursive contemporaneous restrictions, as in Kim and
Roubini (2000). The restrictions are set in order to preserve the exogeneity structure
we have described above. In addition, we assume that domestic variables respond
contemporaneously to a drought or world shock. We also impose that the climate

indicator does not have an impact on world variables and vice versa.
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APPENDIX E - DATA AVAILABILITY

When constructing the long run drought indicators, we were limited by the number of
stations that had data available. For instance, prior to 1990 fewer than 200 of our
stations had soil moisture data available. As such, in the earlier part of the sample our
indices might be more volatile because idiosyncratic factors would have received
more weight.

Figure E1: Number of stations used to construct indices



