Creating a Composite Temperature Series for Lincoln
December 2010
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Figure 1: Looking southwest toward the enclosure of Lincoln Broadfield EWS (Electronic
Weather Station, agent number 17603) in February 2000.

NIWA has previously analysed temperature trends from data at seven locations which
are geographically representative of the country: Auckland, Wellington, Masterton,
Nelson,  Hokitika, Lincoln (near  Christchurch) and Dunedin (see
http://www.niwa.co.nz/our-science/climate/nz-temp-record/review/changes/seven-
stations-series). The calculation of climate trends ideally requires very long records of
temperature measured with comparable instruments at the same site unaffected by
changes in the local environment. Since such undisturbed and very long records do
not exist in New Zealand, it is necessary to combine records from different nearby
sites, and adjust for the effect of any changes unrelated to the broad-scale climate,
such as site moves or instrument changes.

In February 2010, NIWA documented the adjustments in use at that time (see web
link above). These adjustments to the multiple sites comprising the ‘seven-station’
series were calculated by Salinger et al. (1992), using the methodology of Rhoades
and Salinger (1993), which extended the early work on New Zealand temperatures by
Salinger (1981). Subsequent to 1992, the time series have been updated regularly,
taking account of further site changes as circumstances required.

This present document revisits and describes in greater detail the process by which a
composite station series has been developed for Lincoln. The primary purpose is to
demonstrate in an intuitive way how to estimate adjustments to temperature records
when combining data from different sites, or when there are changes in exposure or
instrumentation at a given site. The focus in this document is on annual mean
temperature.' The data from different sites should not simply be appended without
adjustment, since significant biases can be introduced when measurement sites are
moved.

! Mean temperature is defined as the average of the daily-maximum and daily-minimum temperature.
Further research will determine adjustments to monthly temperatures, including maximum and
minimum temperatures separately, and apply statistical methods (e.g., RHtests, Wang et al., 2007) to
identify other change-points in the data. An application of statistical methods is presented in this
document, in the section ‘Adjustments for the first Lincoln station’.



Table 1: Information about Lincoln climate observations:

(Column 1) the site label used in the text;

(Column 2) the site name, and (in parentheses) the ‘agent number’ used by the NIWA
Climate Database (CIiDB) to identify the station;

(Column 3) additional remarks about the site location, and (in parentheses) the full period
of available record;

(Column 4) altitude of site in metres above sea level,;

(Column 5) previous period of record (as of February 2010) for which the site contributed
to the composite time series used by NIWA;

(Column 6) previous temperature adjustment (with respect to Lincoln Broadfield EDL, Site 4),
taken from the February 2010 ‘Schedule of Adjustments’,

(Column 7) new period of record for which the site contributes to the composite time series;

(Column 8) revised temperature adjustment to be applied (with respect to Lincoln Broadfield
EWS, Site 5), as discussed in the text.

Site Site Name | Location? Height| Previous |Previous| Revised | Revised
Label |(Agent (Full Period of (m| Period Temp.| Period Temp.
Number) Record) as.l.) Adjust. Adjust.
(C) (C)
Site 1 Lincoln On the side of a field, 11| Jan 1881 —0.5| Not Used N/A
(4881) 200 metres south of to
the main college Dec 1904
buildings.
(Jan 1881 to Dec 1943) Jan 1905 —1.0| Jan 1905 —-0.97
to to
Jun 1915 Nov 1915
Jul 1915 —0.8 | Dec 1915 —-0.45
to to
May 1929 Oct 1923
Nov 1923 -1.02
to
Dec 1925
Jun 1929 —0.3| Jan 1926 -0.41
to to
Dec 1943 Dec 1943
Site2 |Lincoln In a field north of 11| Jan 1944 +0.4| Jan 1944 +0.22
(4881) Lincoln College to to
buildings. Apr 1964 Apr 1964
(Jan 1944 to Apr 1964)
Site 3 |Lincoln Research farm block, 11| May 1964° +0.2 |May 1964| —0.10
(4881) 500 metres west of to to
Lincoln College. Dec 1975 Dec 1975
(May 1964 to Dec 1975
Site4 | Lincoln Open paddock, 200 m 11| Jan 1976 0.0| Jan 1976 +0.02
(4881) north of Site 3. to to
(Jul 1975 to Dec 1987)° May 1987 May 1987
Site5 |Lincoln Open paddock, 2 km 12| Jun 1987 0.0 | Jun 1987 0.00
Broadfield |northwest of Lincoln to To
EDL township. Dec 1999 Dec 1999
(4882) (Jun 1987 to May 2000)
Site6 |Lincoln Open paddock, 200 m 18| Jan 2000 0.0| Jan 2000 0.00
Broadfield |northeast of Site 5. to present to present
EWS (Jul 1999 to present)
(17603)

* Information about the locations of the Lincoln stations was obtained from Fouhy et al. (1992),
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Calculation of Adjustments

Table 1 summarises the information about the local sites used to develop the
composite temperature series for the Lincoln location. A comparison is provided
between the adjustments in use as at February 2010 (labelled ‘Previous Temperature
Adjustment’), and the new ones derived in this document (labelled ‘Revised
Temperature Adjustment’). The previous adjustments were calculated to 1 decimal
place, whereas the revised adjustments are specified to 2 decimal places.’” Table 1 lists
the 6 different sites that contribute to the revised composite Lincoln temperature
series. Thus, there are at least 5 change-points, and the temperature record must be
closely examined before and after the change-dates, in order to identify potential
biases. The first Lincoln station (Site 1 in Table 1, agent number 4881) was subject to
changes in exposure, so additional adjustments need to be applied to Site 1. These
additional adjustments are based on statistically-diagnosed change-points.

The previous composite Lincoln series used by NIWA also included temperatures
observed in Christchurch from 1864 to 1880. In the process of documenting the
revised adjustments for all the ‘seven-station’ series, it was recognised that there was
lower confidence in New Zealand’s early temperature measurements, and there were
fewer comparison sites from which to derive adjustments for non-overlapping
temperature series. Thus, a decision was made not to include temperatures prior to
1900. Furthermore, if there was a site change or a potential discontinuity in observed
temperatures around 1910 for which an adjustment could not be accurately estimated,
then the time series was truncated at that point. In the case of Lincoln, the revised
series begins at Lincoln Site 1 in 1905.

Due to the necessity for additional adjustments to the early Lincoln record, future
research will investigate the suitability of temperatures observed at Christchurch
Gardens prior to 1944 for the composite Lincoln series. However, this would
represent a significant change to the composite Lincoln series and will require careful
consideration. Lincoln has the advantage of a more rural location than Christchurch
Gardens, which is located in the centre of Christchurch. The current revised Lincoln
series also has the merit of geographical consistency, in that all the Lincoln sites are
within 3 km of one another.

Salinger (1981), CliDB, and notes and sketches in the Lincoln station history.

3 Additional meteorological returns from Lincoln Site 2 in November and December 1943 are not
recorded in CliDB.

* Additional meteorological returns from Lincoln Site 3 in January, February, April and May 1976 are
not recorded in CliDB. The return for February 1976 contains only 13 days of observations.

> The record of agent number 4881 changes from Lincoln Site 3 to Lincoln Site 4 in May 1964, rather
than the date of March 1965 indicated in the February 2010 ‘Schedule of Adjustments’.

% Observations at Lincoln Site 4 from January 1976 to December 1987 are recorded in CliDB under
agent number 4881. Observations at Lincoln Site 4 from July 1975 to August 1978 are recorded in
CIliDB under agent number 4883. The record of agent number 4883 is therefore a duplicate of the
record of agent number 4881 from January 1976 to August 1978.

7 Calculation to 2 decimal places has been done to minimise the accumulation of round-off errors. This
should not be interpreted as an indication of the accuracy of the adjustment. Air temperatures are
recorded to the nearest 0.1 °C in the NIWA Climate Database.
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Figure 2: Map showing sites of temperature records referred to within this document. The
inset map locates the local Lincoln sites.



It is common practice to adjust all the historical measurements to be consistent with
the current open site (Aguilar et al., 2003). Therefore, measurements will be adjusted
for consistency with Lincoln Broadfield EWS (Electronic Weather Station), which is
labelled Site 6 in Table 1 and shown in Figure 1.* Figure 2 provides a map locating
the local Lincoln sites of Table 1, and also a number of the more distant comparison
sites discussed in the subsequent text.

Site Change in 2000

We will work backwards in time from the current open site: Lincoln Broadfield EWS
(Site 6 in Table 1, agent 17603, Figures 1 and 2). This station is located in an open
paddock, approximately 2 km northwest of Lincoln township. The surrounding area is
flat, fertile farm land. Lincoln Broadfield EWS first opened in late June 1999 and
monthly mean temperatures are available in the NIWA Climate Database (CliDB)
from July 1999 onward. Lincoln Broadfield EWS contributes temperatures to the
composite temperature series for Lincoln from January 2000 to the present day.

From June 1987 until December 1999, the composite Lincoln temperatures are
provided by the Lincoln Broadfield EDL (Environmental Data Logger) station (Site 5
in Table 1, agent 4882, Figure 2). Lincoln Broadfield EDL was also located in open
farm land with good exposure, approximately 200 m southwest of the current site,
Lincoln Broadfield EWS. Lincoln Broadfield EDL closed in early May 2000.

During the period of overlapping observations at Lincoln Broadfield EWS (Site 6)
and Lincoln Broadfield EDL (Site 5) from July 1999 to April 2000, the average
difference between monthly mean air temperatures at the two stations was +0.26 °C:
that is, Site 6 was 0.26 °C warmer than Site 5. However, a longer period of
comparison is required to reliably estimate the temperature difference between the
two sites. It is therefore necessary to compare the Lincoln temperatures with other
overlapping sites, to determine how temperatures differ between Lincoln Sites 5 and
6. The preferred choices are nearby sites in the same climatic region. If such sites
were not available (an issue in the 19" century and earlier decades of the 20™
century), then more distant sites need to be considered.

Over the past few years, NIWA research scientists have developed gridded data sets
of daily climate parameters, on a 0.05° latitude by 0.05° longitude grid covering the
whole country (a total of approximately 11,500 grid-points). The “Virtual Climate
Station” (VCS) data set for daily maximum and minimum temperatures begins on 1
January 1972, and interpolates data from between 150 and 200 climate stations using
a sophisticated interpolation technique developed at the Australian National
University in Canberra (Tait, 2008).

¥ The final adjusted temperature series should therefore be thought of as representing historical
temperatures at Lincoln Broadfield EWS from 1905 onwards. We could easily choose to adjust the
temperature records to a different site. This would make no difference to the trend or variability, which
is what we are trying to work out. However, the absolute temperatures would change; for example, they
would be higher for a warmer reference site, but would still retain the same trend in time.
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Annual Temp Change: Corr(Lincoln vs NZ)
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Figure 3: Map of correlation between interannual temperature changes at the grid-point
nearest to Lincoln Broadfield EWS (Site 6, agent 17603, location marked by an asterisk), for
1972-73 to 2007-08, and all other grid-points in the NIWA 0.05° gridded “Virtual Climate
Station” data set.

Figure 3 shows the correlation of mean temperature interannual differences at the
VCS grid-point containing Lincoln Broadfield EWS (Site 6) with interannual
differences at all other locations on the VCS grid from 1972 until 2008 (that is, the
1972-73 difference, 1973-74, ..., 2007-08). Annual temperature variations at Lincoln
correlate strongly with those in the rest of the Canterbury Plains; the correlation is
typically over +0.90.° Observations at Lincoln can be compared with those at a
number of other stations in central Canterbury for much of the 20" century.
Interannual temperature variations at Lincoln also correlate well with those at Nelson
(+0.92), Masterton (+0.90), Wellington (+0.89), and Dunedin (+0.83), so if necessary,
temperature records at these more distant sites could be used.

% Acorrelation of +1.0 indicates perfect agreement; i.e., that the interannual temperature variations at
two sites match perfectly (except for a constant offset and multiplicative factor).
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Figure 4: Annual mean temperatures at Lincoln Broadfield EDL (Site 5, agent 4882, red
line on the left half of each plot) and Lincoln Broadfield EWS (Site 6, agent 17603, red line
on the right half of each plot) compared with 4 other stations that overlap the Lincoln site
change: Christchurch Gardens (agent 4858), Christchurch Aero (agent 4843), Darfield
(agent 4836) and Ashburton Council (agent 4778). The solid blue line shows the
temperatures at these comparison stations (Christchurch Gardens, Christchurch Aero,
Darfield and Ashburton Council). The solid green line represents the difference (Lincoln Site
5/6 minus the comparison station) using the right-hand ordinate scale. The horizontal
dashed green line is the average difference before and after the site change. The year of
the site change, 2000, is indicated by the vertical dashed line.

Figure 4 compares annual temperatures'® at Lincoln Broadfield EDL and Lincoln
Broadfield EWS with 4 nearby stations: Christchurch Gardens, Christchurch Aero,
Darfield and Ashburton Council.'' The annual temperature differences (solid green
lines in Figure 4) between Lincoln and these 4 nearby stations become more
consistent after the change to Lincoln Broadfield EWS in 2000. Lincoln Broadfield
EDL was on average 0.58 °C cooler than Christchurch Gardens before the 2000 site
change, and Lincoln Broadfield EWS was on average 0.50°C cooler than
Christchurch Gardens after the 2000 site change (Figure 4, upper left). Thus with
reference to Christchurch Gardens, Lincoln Broadfield EWS was 0.08 °C warmer

' Annual mean temperatures in years missing up to 3 months’ data have been estimated from the
existent monthly mean temperatures at each station, using the local climatology at that station.
Appendix 3 contains a table of the years in which annual mean temperatures have been estimated at
stations in this analysis.

" The intention in these analyses is to compare temperatures during the 10 years before and after the
site change. This is not always possible since the record at the comparison site may not cover the whole
of this period, or there may be information in the site history that points to other potential
inhomogeneities in the record of the comparison site. The period of comparison between Lincoln
Broadfield EDL and Christchurch Aero has been truncated due to the automation of the Christchurch
Aero station in 1994.



than Lincoln Broadfield EDL.

We then repeat this process of comparison for the other 3 stations in Figure 4. With
reference to Christchurch Aero (Figure 4, upper right), Lincoln Broadfield EWS was
0.01 °C warmer than Lincoln Broadfield EDL. With reference to Darfield (Figure 4,
lower left), Lincoln Broadfield EWS was 0.06 °C warmer than Lincoln Broadfield
EDL. Finally, with reference to Ashburton Council (Figure 4, lower right), Lincoln
Broadfield EWS was 0.15 °C cooler than Lincoln Broadfield EDL.

Thus we have 4 estimates of the difference between Lincoln Broadfield EWS and
Lincoln Broadfield EDL: +0.08 °C, +0.01 °C, +0.06 °C and —0.15 °C. The average
estimated difference between Lincoln Broadfield EWS and Lincoln Broadfield EDL
is 0.00°C."”” The final adjustment required to make temperatures at Lincoln
Broadfield EDL (Site 5) consistent with those at Lincoln Broadfield EWS (Site 6) is
thus 0.00 °C, that is, no adjustment is necessary.

This example shows how a comparison over a longer period can lead to a somewhat
different adjustment to a short-term overlap. The 10 year inter-comparison about
1999/2000, averaged over 4 comparison sites, suggested no systematic difference in
annual mean temperature between Sites 5 and 6. However, it was noted previously
that the 10-month overlap, July 1999 to April 2000, suggested Site 6 was warmer than
Site 5 by 0.26 °C. The difference line between Lincoln and the comparison sites
(Figure 4) is noticeably more erratic for the EDL (Site 5) than for the EWS (Site 6),
and it may be that the Lincoln Broadfield EDL gauge (Site 5) was reading too cold in
1999.

'> The estimated differences from different comparison sites could be combined in some other way than
a simple average. Typical approaches in the literature are to weight by correlation or by distance, or
both (e.g., square of the correlation and inverse square of the distance). We have employed a simple
average here. In this analysis, correlations have been calculated using the first-difference series of
annual temperatures. When calculating the correlations between stations across a known site change,
the year of the site change is excluded from the correlation. This method prevents any discontinuity in
the year of the site change from influencing the correlations (Aguilar et al., 2003). For the site change
at Lincoln in 2000, weighting by correlation would result in a small positive adjustment being applied
to Lincoln Broadfield EDL. This is because the correlation between interannual differences at Lincoln
and Ashburton (+0.91) during the period of comparison is slightly lower than the correlations between
Lincoln and the other stations in Figure 4 (Christchurch Gardens: +0.94; Christchurch Aero: +0.96;
Darfield: +0.92). Weighting by distance would also result in a small positive adjustment to Lincoln
Broadfield EDL, since the Ashburton station is further away from Lincoln than each of the other 3
comparison stations in Figure 4.



Site Change in 1987

The Lincoln station (Site 4 in Table 1, agent 4881, Figure 2) was established in July
1975 and provides observations for the composite Lincoln temperature series from
January 1976 to May 1987. Lincoln Site 4 was located in a well-exposed area, west of
Lincoln College and approximately 2 km south-southwest of Lincoln Broadfield EDL
(Site 5). Lincoln Site 4 closed at the end of 1987, so monthly mean temperatures at
Lincoln Site 4 and Lincoln Broadfield EDL overlap for a period of only 7 months."
Once again, a longer period of comparison is required to reliably estimate the
difference between the two sites. We must therefore compare temperatures at the
Lincoln stations with observations at other overlapping stations, before and after the
site change at Lincoln in 1987.
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Figure 5: Annual mean temperatures at Lincoln (Site 4, agent 4881, red line on the left half
of each plot) and Lincoln Broadfield EDL (Site 5, agent 4882, red line on the right half of
each plot) compared with 4 other stations that overlap the Lincoln site change: Christchurch
Gardens (agent 4858), Christchurch Aero (agent 4843), Rangiora (agent 4827) and
Winchmore EWS (agent 4764). The solid blue line shows the temperatures at these
comparison stations. The solid green line represents the difference (Lincoln Site 4/5 minus
the comparison station) using the right-hand ordinate scale. The horizontal dashed green
line is the average difference before and after the site change. The year of the site change,
1987, is indicated by the vertical dashed line.

" During the 7 months of overlapping observations at Lincoln Broadfield EDL (Site 5) and Lincoln
Site 4 from June to December 1987, the average monthly difference between Lincoln Broadfield EDL
and Lincoln Site 4 was -0.03 °C: that is, Lincoln Broadfield EDL was 0.03 °C cooler than Lincoln
Site 4.
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Figure 5 compares annual temperatures at Lincoln Site 4 and Lincoln Broadfield EDL
with 4 nearby stations: Christchurch Gardens, Christchurch Aero, Rangiora and
Winchmore EWS.'* With reference to Christchurch Gardens (Figure 5, upper left),
Lincoln Broadfield EDL was 0.03 °C warmer than Lincoln Site 4. With reference to
Christchurch Aero (Figure 5, upper right), Lincoln Broadfield EDL was 0.09 °C
cooler than Lincoln Site 4. With reference to Rangiora (Figure 5, lower left), Lincoln
Broadfield EDL was 0.07 °C warmer than Lincoln Site 4. Finally, with reference to
Winchmore (Figure 5, lower right), Lincoln Broadfield EDL was 0.07 °C warmer
than Lincoln Site 4.

Thus we have 4 estimates of the difference between Lincoln Broadfield EDL and
Lincoln Site 4: +0.03 °C, —0.09 °C, +0.07 °C and +0.07 °C. The average estimated
difference is +0.02 °C, with Lincoln Broadfield EDL being warmer than Lincoln Site
4. Temperatures at Lincoln Site 4 therefore should be increased by 0.02 °C for
consistency with both Lincoln Broadfield EDL and our reference site for the
composite Lincoln series, Lincoln Broadfield EWS (Site 6)."

Adjustment for Site Change in 1976

From May 1964 to December 1975, temperatures for the composite Lincoln series
were recorded in the Lincoln research farm block (Site 3 in Table 1, agent 4881,
Figure 2). This station was established west of Lincoln College and 200 metres south
of Lincoln Site 4, with readings recorded in CliDB from May 1964 to December
1975. The overlapping period between the research farm block and Lincoln Site 4 is
again too short to allow us to reliably estimate the temperature difference between the
two stations.'® We must therefore again compare their records with other overlapping
sites, to determine how temperatures differ between Lincoln Sites 3 and 4.

Figure 6 compares annual temperatures at the research farm block and Lincoln Site 4
with stations in Christchurch, Ashburton, Rangiora and Winchmore. With reference to
Christchurch Gardens (Figure 6, upper left), Lincoln Site 4 was 0.14 °C cooler than
the research farm block. With reference to Ashburton Council (Figure 6, upper right),
Lincoln Site 4 was 0.06 °C cooler than the research farm block. With reference to
Rangiora (Figure 6, lower left), Lincoln Site 4 was 0.06 °C cooler than the research
farm block. And finally, with reference to Winchmore EWS (Figure 6, lower right),
Lincoln Site 4 was 0.21 °C cooler than the research farm block.

Thus we have 4 estimates of the difference between Lincoln Site 4 and the research
farm block: —0.14 °C, —0.06 °C, —0.06 °C and —0.21 °C. The average estimated
difference is —0.12 °C, with Lincoln Site 4 being cooler than the research farm block.
Temperatures at the research farm block therefore must be decreased by 0.12 °C for

¥ The period of comparison between Lincoln Broadfield EDL and Winchmore EWS has been
truncated due to the automation of the Winchmore station in 1996.

'3 This trivially small adjustment could be set to zero. However, even though the estimated adjustment
is almost zero, it has a non-zero uncertainty associated with it, which should be retained for a full
assessment of uncertainties in the final trend.

'® During the 5 months of overlapping temperatures at Lincoln Site 4 and the research farm block (Site
3) that are recorded in CliDB (August to December 1975) , the average monthly difference between the
two stations was +0.04 °C: that is, Lincoln Site 4 was 0.04 °C warmer than the research farm block.
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consistency with Lincoln Site 4. The cumulative adjustment of the research farm
block (Site 3) relative to Lincoln Broadfield EWS (Site 6) is thus: 0.00 + 0.02 — 0.12
=-0.10 °C.
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Figure 6: Annual mean temperatures at the Lincoln research farm block (Site 3, agent
4881, red line on the left half of each plot) and Lincoln (Site 4, agent 4881, red line on the
right half of each plot) compared with 4 other stations that overlap the Lincoln site change:
Christchurch Gardens (agent 4858), Ashburton Council (agent 4778), Rangiora (agent
4827) and Winchmore EWS (agent 4764). The solid blue line shows the temperatures at
these comparison stations. The solid green line represents the difference (Lincoln Site 3/4
minus the comparison station) using the right-hand ordinate scale. The horizontal dashed
green line is the average difference before and after the site change. The year of the site
change, 1976, is indicated by the vertical dashed line.

It should be noted that Salinger et al. (1992) applied a different adjustment of +0.2 °C
to temperatures at the research farm block. An additional 3 monthly returns (January,
April and May 1976) from the research farm block are not recorded in CliDB. If these
3 additional returns are included in calculations, then there is an 8-month overlap
(August to December 1975, plus January, April and May 1976) between the research
farm block and Lincoln Site 4. During these 8 overlapping months, Lincoln Site 4 was
on average 0.18 °C (0.2 °C to 1 decimal place) warmer than the research farm block.
Salinger et al. (1992) may have calculated a +0.2 °C adjustment to the research farm
block based on this 8-month overlap between the two sites. However, with reference
to the 4 comparison stations in Figure 6, the monthly mean temperatures observed at
the research farm block in April and May 1976 appear to be erroneously low."”

" In April 1976, the temperature difference between the research farm block and the 4 comparison
stations in Figure 6 (Christchurch Gardens, Ashburton Council, Rangiora and Winchmore EWS) was
7.7 standard deviations below its mean difference in April months from 1966 to 1975. In May 1976, the
temperature difference between the research farm block and the 4 comparison stations was 2.7 standard
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Adjustment for Site Change in 1964

From January 1944 to April 1964, the composite Lincoln series is provided by the
Lincoln station (Site 2 in Table 1, agent 4881, Figure 2). Lincoln Site 2 was located in
a field north of the Lincoln College buildings. This site was established in October
1943 and closed in early May 1964. Observations were made in parallel at Lincoln
Site 2 and the research farm block for almost a year, but again a longer period of
comparison is necessary to reliably calculate an adjustment.'® Figure 7 compares
annual temperatures at Lincoln Site 2 and the Lincoln research farm block' with
Christchurch Gardens, Christchurch Aero, Darfield and Ashburton.

With reference to Christchurch Gardens (Figure 7, upper left), the research farm block
was 0.28 °C warmer than Lincoln Site 2. With reference to Christchurch Aero (Figure
7, upper right), the research farm block was 0.31 °C warmer than Lincoln Site 2. With
reference to Darfield (Figure 7, lower left), the research farm block was 0.37 °C
warmer than Lincoln Site 2. Finally, with reference to Ashburton Council (Figure 7,
lower right), the research farm block was 0.32 °C warmer than Lincoln Site 2.

Thus we have 4 very consistent estimates of the difference between the research farm
block and Lincoln Site 2: +0.28 °C, +0.31 °C, +0.37 °C and +0.32 °C. The average is
+0.32 °C, with the research farm block being warmer than Lincoln Site 2.
Temperatures at Lincoln Site 2 therefore must be increased by 0.32 °C for consistency
with the research farm block. The cumulative adjustment of Lincoln Site 2 relative to
Lincoln Broadfield EWS (Site 6) is thus: 0.00 + 0.02 — 0.12 + 0.32 = +0.22 °C.

deviations below its mean difference in May months from 1966 to 1975. These erroneous values in
early 1976 from Site 3 are not used in the revised composite time series for Lincoln.

'8 Correspondence attached to the Lincoln meteorological return of April 1964 mentions the parallel
observation of temperatures at Lincoln Site 2 and the research farm block (Site 3) during a period of
‘almost a year’. Daily maximum temperatures at Lincoln Site 2 and the research farm block are noted
to be about the same, while daily minimum temperatures at the research farm block are noted to be
around 1 °F (approximately 0.56 °C) warmer than those at Lincoln Site 2. This implies that mean
temperatures (the average of the daily maximum and daily minimum) at the research farm block were
around 0.28 °C (half of 0.56 °C) warmer than those at Lincoln Site 2 over this period.

' The minimum thermometer at the Lincoln research farm block (Site 3) was reading 1.1 °C too low
between August 1964 and January 1965 (Fouhy et al., 1992). This caused mean temperatures at the
research farm block over this period to be 0.55 °C too low. Therefore, for the present analysis, from
August 1964 to January 1965, minimum temperatures at the research farm block have been increased
by 1.1 °C and mean temperatures have been increased by 0.55 °C. Note that these corrections of +1.1
°C and +0.55 °C are only estimates based on expert judgement, and we cannot be sure of the precise
value of the error. The original values as recorded are the values returned by a CliDB enquiry. For the
calculation of the difference between Lincoln Sites 2 and 3, the corrections have been applied only to
the month of January 1965, since the year of the site change at Lincoln, 1964, has been excluded from
the site comparisons shown in Figure 7.
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Figure 7: Annual mean temperatures at Lincoln (Site 2, agent 4881, red line on the left
half of each plot) and the Lincoln research farm block (Site 3, agent 4881, red line on the
right half of each plot) compared with 4 other stations that overlap the Lincoln site change:
Christchurch Gardens (agent 4858), Christchurch Aero (agent 4843), Darfield (agent 4836)
and Ashburton Council (agent 4778), The solid blue line shows the temperatures at these
comparison stations. The solid green line represents the difference (Lincoln Site 2/3 minus
the comparison station) using the right-hand ordinate scale. The horizontal dashed green
line is the average difference before and after the site change. The year of the site change,
1964, is indicated by the vertical dashed line.




Adjustment for Site Change in 1944

The first Lincoln station (Site 1 in Table 1, agent 4881, Figure 2) was established in
January 1881. This station provides temperatures for the revised composite series for
Lincoln from January 1905 until December 1943. Lincoln Site 1 was located in a
small enclosure on the side of a field, 200 metres south of the main college buildings.
A note on file dated May 1889 suggested that the director of the college was putting
the Lincoln station in another location. However, the record sheet in 1935 describes
the enclosure as being situated 200 metres south of the main college buildings, on the
side of a long, level field: that is, no change of location (Fouhy et al., 1992).

Readings ceased at Lincoln Site 1 at the end of December 1943. Observations at
Lincoln Sites 1 and 2 overlapped for only two months™, so again we must analyse any
potential difference in temperature via comparison to other sites. Figure 8 compares
annual temperatures at Lincoln Sites 1 and 2 with stations in Christchurch, Ashburton,
Onawe (on Banks Peninsula) and Waimate.'

With reference to Christchurch Gardens (Figure 8, upper left), Lincoln Site 2 was
0.81 °C cooler than Lincoln Site 1.** With reference to Ashburton Council (Figure 8,
upper right), Lincoln Site 2 was 0.61 °C cooler than Lincoln Site 1. With reference to
Onawe (Figure 8, lower left), Lincoln Site 2 was 0.50 °C cooler than Lincoln Site 1.
Finally, with reference to Waimate (Figure 8, lower right), Lincoln Site 2 was 0.58 °C
cooler than Lincoln Site 1.

Thus we have 4 estimates of the difference between Lincoln Sites 2 and 1: —0.81 °C,
—0.61 °C, —0.50 °C and —0.58 °C. The average is —0.63 °C, with Lincoln Site 2 being
cooler than Lincoln Site 1. Temperatures at Lincoln Site 1 therefore need to be
decreased by 0.63 °C to bring them into line with Site 2. The cumulative adjustment
required to make observations at Lincoln Site 1 consistent with those at Lincoln
Broadfield EWS (Site 6) is thus: 0.00 + 0.02 — 0.12 + 0.32 — 0.63 = —0.41 °C.

** In the original meteorological returns in November and December of 1943, monthly mean air
temperature at Lincoln Site 2 was on average 0.58 °C cooler than Lincoln Site 1.

2! The periods of comparison with Ashburton and Waimate have been truncated due to relocations of
those sites. 6 months of temperatures are missing from the Waimate record in 1948, so an estimate of
the annual mean temperature at Waimate is not possible in that year. The CliDB record of annual mean
temperatures at Onawe begins in 1938.

2 The Lincoln station history contains handwritten monthly summaries of temperatures observed at the
Lincoln sites from 1881 to 1970. In these summaries, the mean temperature of Lincoln Site 2 is noted
to be approximately 1.5 °F (i.e. around 0.8 °C) cooler than that of Lincoln Site 1. The origin of this
estimated difference appears to be a comparison of Lincoln Sites 1 and 2 to Christchurch Gardens from
1939 to 1950, since the handwritten calculations of this comparison are present within the Lincoln
station history.



Site Comparison: Lincoln vs Christchurch Gardens Site Comparison: Lincoln vs Ashburton
12 i 12.0 127 & i

2. 125
! : Ashburton |
g1 i : |2.0
o~ | —~ 11} i |
(&) | — O F H —
7 1109 o Site 1: H A 15O
§ | §’ g_ Lincoln ; A ¥ §’
s . . 7 1 =9 Site 2: Lincoln =
] N A ¥ 053 310 : 1.0 §
o L - ' S | ] £ ®© ! =
g -‘T,_,',,,\-:_;_,_/‘,":-»._‘/:’,\_,_,‘,,,,i Site 2: Lincaoln | g g o : g
E 10 : [00E E oo e : 05 &
] | [= T [T nelcC (=]
L i shift=-081C | = ogl e
P . 105 PN 0.0
.&/‘x.--/\/ ™ ; \ e
9 ’ J-1.0 8L ’ ]-0.5
1934 1936 1938 1940 1942 1944 1946 1948 1950 1952 1934 1936 1938 1940 1942 1944 1946 1948 1950 1952
Year Year
Site Comparison: Lincoln vs Onawe Site Comparison: Lincoln vs Waimate
i 11.0 i 125
| Site 1: Lincoln E |
105 2.0
) s . | -
lo.0 © 15 O
o _ 0092 =11 1152
=1 ® TNy AL gz 4 y 2
g Site 1 a < . "o 2 Waimat 1o @
3 [ Lincoln B2 ¥ 058 3 aimate v 108
g w- /— -ﬂ\_; - Site 2: Lincoln | g g Site 2: Lincoln | g
E | — [-1.0E £ 10 : |05 £
L : e o L S G VA |
........ mes i BT | shift=.0.58C
9 e l15 _ , . l0.0
1 shift 0.50C | [ L LIV CTPPPP. s |
8 - ].2.0 90 NS 1-0.5
1934 1936 1938 1940 1942 1944 1946 1948 1950 1952 1934 1936 1938 1940 1942 1944 1946 1948 1950 1952
Year Year

Figure 8: Annual mean temperatures at Lincoln (Site 1, agent 4881, red line on the left
half of each plot) and Lincoln (Site 2, agent 4881, red line on the right half of each plot)
compared with 4 other stations that overlap the Lincoln site change: Christchurch Gardens
(agent 4858), Ashburton Council (agent 4778), Onawe Duvauchelle Bay (agent 4928) and
Waimate (agent 5102). The solid blue line shows the temperatures at these comparison
stations. The solid green line represents the difference (Lincoln Site 1/2 minus the
comparison station) using the right-hand ordinate scale. The horizontal dashed green line is
the average difference before and after the site change. The year of the site change, 1944,
is indicated by the vertical dashed line.

Adjustments for the first Lincoln station

The enclosure of Lincoln Site 1 was well exposed when the station was first
established in 1881, but the land around Lincoln College was subsequently developed
and shelter belts were planted right up to the edge of the enclosure (Fouhy et al.,
1992). Discontinuities are evident in the early Lincoln temperature record; these are
noted in the Lincoln station history (see Appendix 2) and by Salinger (1981).% Figure
9 compares annual mean temperatures at Lincoln Site 1 with those at Christchurch
Gardens, approximately 18 km to the northeast of the Lincoln station, from the
beginning of the Christchurch Gardens record in 1905 until 1943. The station history
for Christchurch Gardens records no sudden changes over this time.

% One or two monthly mean temperatures are missing from the record of Lincoln Site 1 in each of 17
years between 1881 and 1943 (see Appendix 3). Additionally, the monthly minimum temperature at
Lincoln in January 1918 is, by comparison with other stations, anomalously low by several degrees
Celsius. This monthly anomaly is not documented in the Lincoln station history and has been removed
from the present analysis. Due to the amount of missing data and the fluctuations in the observed
temperatures, the early record of Lincoln Site 1 should be treated with caution. Salinger (1981) noted
that the Lincoln record prior to 1927 ‘should be used with caution for climatic change work’.
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Figure 9: Annual mean temperatures at Lincoln Site 1 (agent 4881, red line) compared
with Christchurch Gardens (agent 4858, blue line) from 1905 to 1943. The green line
represents the difference (Lincoln minus Christchurch Gardens) using the right-hand
ordinate scale.

With respect to Christchurch Gardens, one can see a marked fall in temperatures at
Lincoln around 1915 and 1916, and additional variations around 1922 and 1927. The
planting of shelter belts and the development of the land surrounding the college may
have created artificial shifts in the Lincoln temperature record. The exact dates of
these changes in exposure are not documented in the Lincoln station history.
However, statistical methods can detect sudden mean shifts within a climatic time
series, with or without prior knowledge of changes to the recording site.

One such statistical method is the penalised maximal t test (Wang et al., 2007), which
can be applied to a series of temperature observations with reference to well-
correlated temperatures recorded at other stations. The penalised maximal t test
(PMT) moves through a time series, checking the data before and after each value in
the time series. A ‘change-point’ is identified in the temperature series at the time of
the maximum shift in mean temperatures with reference to the comparison stations.
The PMT tends to identify change-points more accurately within longer time series,
so the comparison stations should ideally have overlapping observations and no
significant site changes over a relatively long period.

The PMT was therefore applied to monthly mean temperatures at Lincoln Site 1 over
a period of just under 30 years, with reference to two other stations® with no known
relocations during that time: Christchurch Gardens (agent 4858) and Dunedin

** From 1913 to 1942, the correlation coefficients of interannual differences in mean temperatures,
calculated between Lincoln and each of the comparison stations, were: Christchurch Gardens [+0.95];
Dunedin Botanical Gardens [+0.94]. In order to calculate the correlations, annual temperatures in years
missing up to 3 months were estimated from the local climatology at each station (see Appendix 3).



Botanical Gardens® (agent 5375). The period of comparison was from January 1913
to November 1942, during which time the monthly temperatures at Christchurch and
Dunedin were combined into a simple average. The period of comparison between
Lincoln and these other stations was made as long as possible, given that observations
began at the Dunedin Botanical Gardens in January 1913 and ceased in November
1942.
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Figure 10: Monthly mean temperatures at Lincoln (Site 1, agent 4881) minus monthly
averages of mean temperatures at Christchurch Gardens (agent 4858) and Dunedin
Botanical Gardens (agent 5375) from January 1913 to November 1942 (black line), as
discussed in the text. The y-axis represents the monthly difference in temperature in
degrees Celsius (°C); the x-axis represents time. The red line indicates the mean monthly
temperature difference between Lincoln and the comparison stations. The shifts in the
mean temperature difference have been statistically detected by the penalised maximal t
test, as described in the text.

Between January 1926 and November 1942, the PMT did not detect any significant
changes in the mean air temperatures at Lincoln Site 1, with reference to the averaged
temperatures at Christchurch Gardens and Dunedin Botanical Gardens (Figure 10).
Temperatures at Lincoln appear to be fairly consistent with respect to the comparison
stations over this period. Therefore no additional revised adjustment has been applied
to the mean temperature at Lincoln Site 1 from January 1926 to November 1942.

The PMT detected a —0.61 °C mean shift in temperature at Lincoln in January 1926
(Figure 10), which was statistically significant.® From the available information in
the station history, it is reasonable to assume that this shift was caused by an artificial
change to the exposure of the first Lincoln station. Since we have an estimated
artificial shift in mean temperature of —0.61 °C in January 1926, we must therefore
decrease the mean temperature at Lincoln Site 1 prior to January 1926 by 0.61 °C, for
consistency with the Site 1 record from January 1926 to December 1943.

» Maximum and mean temperatures at Dunedin Botanical Gardens were in error for a period in 1921
(Fouhy et al., 1992). Monthly maximum and mean temperatures at Dunedin Botanical Gardens from
April to August 1921 have therefore been excluded from the present analysis.

*% The statistical significance of mean shifts in temperature, at a nominal confidence level, is calculated
by the RHtests software (Wang et al., 2007), which was used to perform the penalised maximal t test.
The nominal confidence level of the RHtest was set to its default value of 95%.



Table 2: Revised cumulative adjustments to mean temperatures at Lincoln Site 1 (agent
4881), for consistency with the Lincoln reference site: Lincoln Broadfield EWS (Site 6, agent
17603).

Period Cumulative Sum of Adjustments (°C) Cumulative
Adjustment

(°0)

Jan 1926 to Dec 1943 0.00 +0.02-0.12 +0.32 — 0.63 —0.41
Nov 1923 to Dec 1925 0.00+0.02-0.12+0.32-0.63 - 0.61 —-1.02
Dec 1915 to Oct 1923 0.00 +0.02-0.12 +0.32 — 0.63 - 0.61 + 0.57 —0.45
Jan 1905 to Nov 1915 0.00 +0.02-0.12+0.32 - 0.63-0.61 + 0.57 — 0.52 —0.97

We then repeat this process for the estimated artificial shifts detected at Lincoln in
November 1923 (+0.57 °C) and December 1915 (—0.52 °C), both of which were
statistically significant and can also be seen in Figure 10. Table 2 presents the revised
cumulative adjustments to mean temperatures at Lincoln Site 1, based on the
estimated artificial shifts in the mean temperatures detected by the penalised maximal
t test.”’ The revised Lincoln series begins in January 1905; the reasoning for this is
discussed in Appendix 1.

" Note that the revised adjustments to the early record of the first Lincoln station are based on periods
which are bounded by statistically-detected breakpoints in the record. These periods are different to
those used by Salinger et al. (1992), as shown in Table 1, but are more similar to those used by
Salinger (1981).



Putting the Time Series Together

The revised adjustments described above can be applied successively to the Lincoln
temperature records. The time series from 1905 to 2009 is shown in Figure 11,
including a comparison to the previous Lincoln time series used by NIWA. A linear
trend has been fitted to each series. Expressed in units of degrees per century, the
linear trend in the revised series is 0.83 (+0.30) °C /century, as compared with 0.99
(£0.32) °C /century for the trend calculated from the seven-station time series
published in February 2010.%*
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Figure 11: Comparison of the revised series (red line) and the previous NIWA series (blue
line) of composite temperatures for Lincoln from 1905 to 2009. The dashed lines indicate
the fitted linear trends from 1909 to 2009. Labels near the bottom of the plot denote the site
numbers of Table 1. Vertical lines at the bottom of the plot mark the time periods over
which each site contributes to the composite series, with the sites numbered as in Table 1.

Once the temperatures from the Lincoln sites have been adjusted for consistency with
Lincoln Broadfield EWS (Site 6), and then combined, we have a series dating back to
1905. However, simply appending the raw data from the Lincoln records without
correcting for known site changes would result in an inhomogeneous history of
temperature, unsuitable for the analysis of long-term trends.

Figure 12 repeats the graph of the revised composite series of annual mean
temperatures for Lincoln, and compares the composite with the unadjusted raw multi-
site temperatures. From 1988 to 2009 the two series are identical, since this period is

* The uncertainty here (+0.30 °C) defines the standard 95% confidence interval on the linear trend
fitted to the adjusted time series, and does not include any consideration of uncertainty about each
adjustment. Further research is underway to quantify how the accumulating adjustments influence the
trend estimates.



covered by Lincoln Broadfield EWS (Site 6, the Lincoln reference site) and Lincoln
Broadfield EDL (Site 5), to which no adjustment is applied. The estimated
adjustments are also shown in Figure 12. The adjustments are cumulative relative to
Lincoln Broadfield EWS, and correspond to those in the final column of Table 1.

Lincoln: Annual Temperature and Adjustments
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Figure 12: Comparison of revised composite temperature series for Lincoln from 1905 to
2009 (red line), with the raw multi-site series (Sites 1-6, blue line). The green line (using the
right-hand axis) indicates the cumulative step adjustments to each site as shown at the
bottom of the graph, and corresponds to the revised adjustments in the right-hand column of
Table 1.

Further Information

Further technical information on different approaches to homogeneity adjustment of
climate data can be found in the references below (Peterson et al., 1998; Rhoades and
Salinger, 1993).

Date: Document originally created 29 October 2010, and revised 13 December 2010
following review from the Australian Bureau of Meteorology.
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Appendix 1: Potential Discontinuity in 1905

In this appendix, we will examine the discontinuity in 1905 that is mentioned in the
note on the Lincoln station history (this note is presented in Appendix 2). Few stations
are available for comparison during the early record of the first Lincoln station. The
Lincoln record cannot be compared with temperatures recorded at the Magnetic
Observatory in the Christchurch Gardens prior to January 1905, as this is when
observations began at the Magnetic Observatory. Figure Al.1 compares annual mean
temperatures at Lincoln Site 1 with 4 other stations: Leith Valley in Dunedin,
Hokitika Town, Bolton Street Cemetery in Wellington, and Albert Park in
Auckland.”
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Figure A1.1: Annual mean temperatures at Lincoln (Site 1, agent 4881, red line) compared
with 4 other stations that overlap the potential discontinuity in 1905: Dunedin Leith Valley
(agent 5380), Hokitika Town (agent 3907), Bolton Street Cemetery in Wellington (agent
3390), and Albert Park in Auckland (agent 1427). The solid blue line shows the
temperatures at these comparison stations. The solid green line represents the difference
(Lincoln Site 1 minus the comparison station) using the right-hand ordinate scale. The
horizontal dashed green line is the average difference before and after January 1905. The
year of the potential discontinuity, 1905, is indicated by the vertical dashed line.

¥ The periods of comparison between Lincoln Site 1 and Leith Valley in Dunedin, Bolton Street
Cemetery in Wellington and Albert Park in Auckland have been truncated due to relocations of each
these comparison stations. The Hokitika temperatures are recognised as being too warm during the
1894-1912 period, but could be used if we assume that they are uniformly warm throughout the
overlapping comparison period of Figure Al.1, and the temperatures pre- and post-1912 are not used
together in the same comparison. Note too that Hokitika has a poorer correlation with Lincoln than
many other locations (+0.60 for period shown in Fig. 3), but the choices of comparison sites become
rather limited by 1905.
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Annual mean temperatures at Lincoln do rise after 1905 with reference to the other
stations in Figure Al.l, particularly with respect to Albert Park in Auckland.
However, the year of the discontinuity is not distinctly visible in the annual difference
series (green lines) in Figure Al.1. The identification of any artificial temperature
shift is hampered by interrupted records and poorer correlations between stations in
the 19" century and very early 20" century. The penalised maximal t test has
therefore not been used to diagnose artificial temperature shifts in the very early
Lincoln record. In the absence of more proximate and strongly correlated stations, or
more precise information in the station history, it is difficult to confidently calculate
an adjustment for an artificial temperature shift at Lincoln in 1905. Thus the revised
composite series for Lincoln begins in January 1905, before which time temperatures
observed at Lincoln cannot be compared with those observed at a near neighbour.
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Appendix 2: Note on the Lincoln College Records

Note on the Lincoln College Records from the station history file (agent 4881,
network number H32461).

Molte on the Linecln Jolleze Recoris.

Comparison of the smnual mesn benperatures at Linceln College with

those at the Christchuren Magnetic QObservatory indlicate disconltinuities in
1916, 1‘-‘22, and 1927. It is Tnowm. that there has been no sudden change st
the Magnetic Qvsevvatory so that thers is 1little dotvbt that the discontinuities

were due to changes in the sxposure &t Linceln Coll ege. This is confirmed by

coumarison with Dunedin and Wellington, which indicate discoh*ﬁ"-ait* cs at ‘;905,
'531?5 1922 and about 1927. In the early resvs The Lincoln havc

been ghout nemal for the locali t,,r. From 1905 to 1915 it =
high snd Trom 1916 to 1921 low. rom 1922 to 1926 it was !

subgeguent to that vthe value has proo:o:.;.r been Tairly normel.

then cbserver, ncited that

On the 19th May, ’:899 Mr., J.W
another situsiion®, so -that

the "Director of this College is pubtting
there might have been several changes.

The station was estzblished in 1831. T;e ingtrument returns of 1913
give the follc lis®t of instruments: 3RBeromeier - snerol sroneter and baro-

graph; Robinson snemometer, Jordan sunshine recomer, e, sclar maxinmum
thermometer, gress minimun thermomever, maximum dry bulb, r un dry bulb;

maximz wet bulb, minimwn wel bulb, dry and neters; most of these
instrunents had been in use for 30 years. A new G“r'-obejﬂ Stokes sunshine recorder
was taken there by lir. Bates in Mey, 1915. He stated that everything was in

zood order bubt recommended that the anemcometer be ,‘oved 'Lo s more openl situation
as the trees in the vicinity had grown considerably during the vmast few vesrs.

ates agsin inspecited the stetion in 1920.

Dr. Kidson ins;\ected the station in fugust, 1927. The anemometer
pole was not vertical. The muslin on the wet bulb wss 0ld and dirty. The
pans used for holding the waver were too large and filled to overflowing, and
Fhe presence of so much water would affect the temperziure readings. The grass
mininam thermometer was surrounded by a fairly high wire neiiing screen. The
enclosure should be enlarged, znd the pine trees in the vieinity should be topped.
The enclosure was rather small and did neot allow for proper axposure of the rain
gauge. The 1" and §" earth thermometers were exposed in the side of & trench
which was 2t times.vartly filled with water.

a o,

Lr. 4. Thomson inspected the station on the 5th Juns, 192S. The
had recently been er\rem(.d and Tenced in and the lops of nearby shribs
cut off to aboui L £i. above the level of the ground the exgosure of the
instruaents was btclerably sgood. M

i

i Fimners inspected the st 2Gth July, 1933, “The en-
closure was sheliered by pine trees which would considersbly affect the rain
gauge snd punshine recorder. The enclosure ghould e enlarzed by 20 ft. The
varometer was cleaned ané teshed and found to be unrelisble." The grass minimom
thermoneters have been Cfrecuently broken. ) 27/9/38

The siation was inspected .by P/O Lancaster on the 9th Decanter, 15423 -
the grass in the enclosure was rether 10*1; and the mast supporting the snemomeber |

and sunshine recorder was unsieady, The anemcmeter required oiling. The welb .
Yulb. reservoir was apoarently the ssme as Dr. Kid80n 1 eutn;nea in his report in
A9 27 ffd.‘ug:\zsl.ff' The observer was not pariiculerly “n*feraotea and the week-end !

observations wers made by anyone svailsble, 4 Jocakion for e new site was in
progress.  F/Lt. Ewing inspected the station on 30th August, 1c g3, Ffound the
vroposed location to be an Bxeellent open one. and was LG chaing northwerd of .
the former site; the wind run from the anemometer would show & marked inczmaue. I
4 new Bilham screéen, sheathed thermometers, 4", 8" 1fi, and 3f%. ezxih emom:etez's;;
new copper main gsuge were evenibually inst a'ileﬁ towards the end of Ocucper 1943
with the assistance of the Met. personnel from Wigranm. The College Beck Fortln
barometer Ho. ¥ was exchanged for a ¥.0. ve-conditioned Hicks Fortin barometer No.
1477, g, 'r:cmt.i‘s overlap of resdings were made and the observailons d1scontinued
at the oid . on '1/-‘[ T R

When the staztion was insveched by the Meh. Officer from ";rram an June,
gﬂ/ /L;ll

19}’4- he found tne new enclosure in exeellent order,
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Appendix 3: Estimation of Missing Data

Annual mean temperatures in years missing up to 3 months of data have been
estimated from the existent monthly mean temperatures at each station, using the local
climatology at that station. Table A3.1 lists the years in which annual mean
temperatures have been estimated at stations used in this analysis. For a description of
the methodology used to estimate annual mean temperatures, please refer to Appendix
2 of the NIWA review document for Masterton: ‘Creating a Composite Temperature
Series for Masterton’.

Note that in the present analysis of the Lincoln record, annual mean temperatures
estimated in years prior to 1934 have been either plotted in figures or used to calculate
correlations, but have not been used to calculate the revised adjustments to the
Lincoln record. The revised adjustments to the early Lincoln record were calculated
from mean shifts detected by the RHtests software, using monthly mean temperatures.

For the revised composite Lincoln series, annual mean temperatures in years missing
up to 3 months of data have been estimated from the composite 1971-2000
climatology for Lincoln.

Table A3.1: Years in which annual mean temperatures have been estimated at stations used
in this analysis. The number of monthly mean temperatures missing from each year is shown
in parentheses in the 3 column.

Station Name Agent Years (Number of Missing Months)
Number
Ashburton Council 4778 1954 (1), 1956 (1), 1958 (1), 1982 (1), 1990 (1), 2001 (1),
2004 (1)
Christchurch Gardens 4858 1905 (1), 1906 (1), 1980 (1), 1981 (1), 1983 (1), 1984 (1)
Darfield 4836 2003 (1),2009 (1)
Dunedin Botanical 5375 1942 (1)
Gardens
Dunedin, Leith Valley 5380 1895 (1), 1900 (1), 1909 (1), 1912 (1)
Lincoln 4881 1884 (1), 1885 (1), 1887 (1), 1899 (1), 1900 (1), 1916 (1),

1917 (1), 1918 (1), 1920 (1), 1921 (1), 1922 (2), 1924 (2),
1925 (2), 1927 (1), 1932 (2), 1933 (1), 1939 (1), 1965 (1),
1967 (2), 1970 (1)

Lincoln Broadfield EDL 4882 1991(1), 1992 (2)

Rangiora 4827 1979 (1), 1981 (1), 1989 (1), 1997 (2)
Waimate 5102 1949 (1)
Wellington, Bolton 3390 1895 (1)

Street Cemetery




