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Observed and projected changes
in the climate based decay hazard
of timber in the United Kingdom

S. F. Curling™ & G. A. Ormondroyd

Current climate projections suggest that the UK will experience warmer and wetter winters and
warmer and dryer summers. This change in the climate could affect the incidence or severity of
microbiological attack on exposed timber and have significant impact on buildings and construction.
One method of assessing the geographical climate based hazard is to use the Scheffer Climate index,
which relates temperature and rain variables. There was a considerable increase in the Scheffer
climate indices for various locations of the UK from 1990 to 2019. The highest index values are seen
in the Northern and western areas of the United Kingdom, but increases are seen across the country.
The paper also uses representative concentration pathway (RCP) scenarios to project future climate
decay indices for the United Kingdom until the end of the twenty-first century. The projections show
an increase in the Scheffer index even in the lowest RCP scenario, with indices in all regions of the UK
increasing to indicate very high hazard of decay. The major implication is that to ensure serviceability
of wood and wooden structures exposed to the environment the use of good design, durable woods
and properly treated or modified woods will be paramount.

If the conditions are favourable, biological materials face an inevitable risk of decay and deterioration from the
action of other organisms. Timber can be attacked by a variety of organisms such as fungi, bacteria and insects,
with decay causing fungi a major source of economic loss. Decay fungi require certain conditions—an adequate
temperature and a moisture source—to enable them to decay wood. Inside structures, these aspects can be con-
trolled but for exterior timber out of ground contact, these factors are determined by the climatic conditions the
wood is exposed to. A number of models have been used to determine climate risk and service life!= but one of
the earliest and simplest is the climate index developed by Theodore Scheffer in 19717 and termed the Scheffer
Climate Index. The Scheffer Climate Index (SCI) determines regional risk for decay based on mean temperature
and the number of days where rain is greater than a prescribed value. This index was originally determined for
the contiguous states of the USA but has since been used in other regions e.g. Canada®, Europe®® and Korea'.
The modelling performed has shown that the UK (particularly western areas) and Ireland lie in zones that have
some of the highest SCIs in Europe®!!. Whilst there has been some good correlation between the SCI and decay
occurrence® it is not a perfect measure of decay likelihood due to local climate variables'?. However, in terms of
general regional trends and hazard mapping the SCI is a useful tool. As decay requires optimum temperature
and moisture it is likely that it will be affected by climate change, with predictions stating that temperature and
precipitation will rise in the UK in the future. The SCI is a good tool for tracking this change and previous work
has shown that the index is rising in the US and Canada®!*'* and in Korea!’. In the UK, modelling of the central
region data in 2006 shows an expected rise in the SCI in the future. Projections of the climate decay index have
been performed for Oslo and Bergen in Norway and indicate an expected increase in the two cities modelled
with indices during the winter months in particular, increasing substantially'®. Previous modelling of the UK
SCI" utilised United Kingdom Climate Projection 2009 (UKCP09) data'®. This paper utilises more up to date
United Kingdom Climate Projection 2018 (UKCP18) data'® which covers a wider range of climate scenarios.
These UKCP 18 projections are in turn based on four Representative Concentration Pathway (RCP) scenarios.
The main premises of these scenarios are briefly described below;

e RCP 2.6: This is a peak and decline model with peak values encountered mid-century and then dropping by
2100. This model relies on substantial climate change mitigation efforts'.

e RCP 4.5: A stabilisation scenario with effects peaking at 2100 with some mitigation on emissions®*-2.
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Change
Area 1990 30 Year SCI | 2019 30 Year SCI | (%) p-value
North Scotland 82.60 99.46 20.41 0.003
East Scotland 73.88 86.29 16.80 0.002
West Scotland 89.59 110.0 22.78 0.03
Northern Ireland 84.17 94.85 12.69 0.08
North West England and North Wales (NW) 82.15 95.73 16.52 0.019
East and North East England (NE) 72.27 86.75 20.03 0.0005
Midlands 72.22 85.66 16.60 0.01
East Anglia 74.34 86.81 16.78 0.003
South East and South Central England (SE) 71.15 84.10 18.21 0.0005
South Wales and South West England (SW) 89.00 104.90 16.81 0.0007

Table 1. SCI index for 1990 and 2019 based on mean 30 year data.

e RCP 6.0: A high emissions scenario peaking at 2100%**

e RCP 8.5: A high emissions scenario often used as the “worst case” or “business as usual” scenario?. However,
existing mitigation efforts may have made RCP 8.5 increasingly unlikely and therefore less useful®.

This paper uses historic data from the UK meteorological office to determine the historic and current Scheffer
index for different regions of the UK; how they have changed between 1960 to 1990 and 1990 to present (2019);
and to estimate future SCI following climate change scenarios.

Results and discussion

Historic and current data. The tridecadal data (based on 30/29 years) for all regions as determined in
1990 and 2019 is shown in Table 1. In all areas there was an increase in the index (shown as the percentage
change) from 1990 to 2019. In the majority of cases the data shows statistical significant difference at the tradi-
tional p=0.05 confidence level as determined by t-test (actual p values are shown in Table 1).

The decadal and tri-decadal data are shown graphically in Figs. 5 and 6 (denoted as historical data) for the
regions exhibiting the highest (West Scotland) and lowest (South East England) climate indices. The data shows
a general steadily fluctuating value of SCI until approximately the year 2000 when there appears to be the start of
a steady and significant increasing SCI trend. In line with previous work®!* the data shows a significant change
in the SCI and the associated decay hazard over the past 30 years. This implies that the decay hazard for exterior
above ground wood exposure has also increased, although when using the SCI it must be remembered that
localised conditions ultimately determine the decay hazard.

The data in Table 1 shows that all regions have an index rating of high hazard (SCI 65-100) in 1990. By 2019
in two of the 10 regions, West Scotland and South West England, the hazard had increased to the very high
hazard category (SCI 100+).

Scheffer Climate Index projections. Climate projections made based on the 2019 data and the UK met
office projections were used to project future temperature and days of rain for all regions. For brevity the graphi-
cal presentations of the mean monthly temperature and mean seasonal number of rain days for the West of Scot-
land and South East England (as the regions with the highest and lowest Scheffer indices) are shown in Figs. 1,
2, 3, 4. In the projections the number of rain days for RCP 8.5 is capped at 182 as this is the maximum number
of days in the season.

The historical part of the data shows that the mean monthly temperature has been steadily rising for approxi-
mately the past 20 years, during both winter and summer. The data also shows an increase in winter rain that
is projected to increase. For the summer season the historical data has shown an initial increase in summer
rain days between 2000 and 2010 and then a decrease until 2019. This decreasing trend is projected to continue
under all scenarios.

The future decadal SCI projections are shown in Fig. 5 for the West of Scotland and South East of England,
representing regions with the highest and lowest SCI values, for RCP 2.6, 4.5, 6.0 and 8.5 scenarios. The graphi-
cal projections illustrate that under all scenarios there is a continuing projected increase in SCI over the next 10
to 20 years followed by stabilisation. Under the RCP 2.6 scenario this stabilisation continues until at least 2100
with no significant reduction. Under the other scenarios, however the stabilisation converts back in to a steady
increase in index value after 2050 that continues until the end of the projection period (2100). Similar trends
are seen for the other regions (shown graphically in the supplementary Figs S1-S8).

Traditionally SCI data is given as the tri-decadal value, and these values are shown in Table 2 for the noted
time periods for all regions.

The RCP 4.5 and 6.0 projections appear to be quite similar and may represent the most likely projections.
RCP 8.5 was designed as a worst case scenario (often called the “business as usual scenario” but is now thought
to be less probable due to measures already taken. RCP 2.6 relies on very stringent mitigation measures being
taken so may also be less probable. The projections do indicate that even under the “least effect scenario” of RCP
2.6 all areas of the UK will move into the very high hazard category based on SCI.
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Figure 1. Observed and projected winter and summer (under RCP 2.6. 4.5, 6.0 and 8.5 scenarios) seasonal
number of rain days for the West Scotland region.
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Figure 2. Observed and projected winter and summer (under RCP 2.6. 4.5, 6.0 and 8.5 scenarios) mean
monthly temperatures for the West Scotland region.
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Figure 3. Observed and projected winter and summer (under RCP 2.6. 4.5, 6.0 and 8.5 scenarios) seasonal
number of rain days for the South East England region.
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Figure 4. Observed and projected winter and summer (under RCP 2.6. 4.5, 6.0 and 8.5 scenarios) mean
monthly temperatures for the South East England region.
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Figure 5. Actual and projected decadal SCI values for Western Scotland (WS) and South East England (SE)
under RCP, 2.6, 4.5, 6.0 and 8.5 scenarios.

North Scotland 99 121 123 120 122 130 137
East Scotland 86 108 107 106 106 112 117
West Scotland 110 143 144 146 141 149 165
Northern Ireland | 95 112 112 115 110 114 126
North West 96 111 114 112 111 117 127
North East 87 109 110 111 108 112 123
Midlands 86 103 104 105 929 103 113
East Anglia 87 104 105 105 102 106 114
South East 84 100 102 101 101 104 112
South West 105 121 123 121 117 121 133
North Scotland 99 121 129 143 126 143 164
East Scotland 86 106 111 121 109 122 136
West Scotland 110 141 149 171 145 163 194
Northern Ireland | 95 109 114 129 112 121 141
North West 96 111 117 131 114 125 143
North East 87 107 111 127 110 121 143
Midlands 86 99 103 116 101 110 128
East Anglia 87 101 106 117 103 112 127
South East 84 100 105 116 102 112 128
South West 105 116 121 137 119 129 150

Table 2. Projected Tri-decadal (2100 value is bi-decadal) SCI values for all areas of the United Kingdom under
RCP 2.6, 4.5, 6.0 and 8.5 scenarios. *2100 value is bi-decadal.
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Figure 6. United Kingdom Regions (map created using Microsoft paint version 6.1).

The change in SCI values as shown in Table 2 demonstrate very well, the clear effect of the changing climate
on the climate based decay hazard. Even with the lowest scenario which includes stringent mitigation efforts
(RCP 2.6) an increase in decay hazard of between 16% to — 30% can be projected for all regions of the UK by
the end of the century. With the RCP 6.0 emissions scenario the increase is in the range of 30% to 55% and 43%
to 76% with the RCP 8.5 scenario.

It is interesting to note that although the climate projections suggest wetter and warmer winters and dryer
and warmer summers, there is an increase in the SCI. This suggests that the warmer temperatures of the winter
have more of an impact on total decay hazard than the dryer summers, which corresponds with the conclusions
of Grontoft'.

Implications of increasing hazard. As stated previously there are now doubts over the likelihood of the
RCP 8.5 scenario being probable. However, the clear changing climate risk for decay may have a number of
implications, the basic one of course being faster rates of decay. This could lead to economic loss due to higher
maintenance costs and more frequent replacement of affected wood either for utility, safety or aesthetic reasons.
There may also be cultural loss due to decay of historic wood structures and items.

However, it needs to be remembered that local effects will play major roles on whether or not a particular
wooden item will decay. Situational variables such as local microclimates, prevailing winds and speed of drying
are not taken into account with the broader climate index. Also the wood type and preservation or modification
techniques used can significantly reduce decay risk.

The increasing climate based hazard should refocus scrutiny on building design and choice of durable woods.
There may also be the increased need for effective and appropriate wood protection strategies via wood treat-
ment’s and modification.
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Conclusions
There has been a clear increase in the climate index for decay in the United Kingdom from 1990 to the present
day. This implies an associated rise in decay hazard. Current climate projections suggest that the UK will expe-
rience warmer and wetter winters and warmer and dryer summers. Calculations of the Scheffer Climate Index
based on UK climate projections show that by 2050 a 10% to 30% increase in SCI is projected and by 2100 a
possible 15% to 55% (dependent on region) increase could be observed.

The major implication is that to ensure serviceability of wood and wooden structures exposed to the envi-
ronment, the use of good design, durable woods and properly treated or modified woods will be paramount.

Methods
Scheffer Climate Index. The Scheffer Climate Index SCI calculation is based on mean temperature and
moisture content and uses the following equation

SN = 2)(D — 3)]
16.7

SCI = (1)

where, SCI =Scheffer Climate Index, T =mean monthly temperature, D = mean number of days in the month
with 0.25 mm or more of rain. Zﬁf = the sum of the products for each month of the year.

The temperature and rain days have attached constants to accommodate minimum temperature requirements
and to estimate wetting times. The divisor (16.7) is an arbitrary number designed to accommodate the index
value approximately in a value range of 0-100, although values of 100 + are easily possible.

A general hazard risk has been assigned depending on the SCI values as follows; a value less than 35 indicat-
ing low hazard, values 35 to 65 as moderate hazard, 65 to 100 high hazard and above 100 as very high hazard.

Historic and current Scheffer Climate Index determination. Determination of the historic and cur-
rent SCI was calculated using data from the UK Metrological office. For temperature, data was obtained from a
number of weather stations around the UK that have publically available data, some of which goes back to the
1800’s. The station locations and associated regions are shown in Fig. 6 with identity and location data shown in
supplementary material (Table S1). Monthly data was obtained from 1941 from at least 2 stations in each region,
with further stations used where possible for more complete data. The data was obtained from the UK historic
station data?”. The data consists of values for the monthly mean maximum temperatures and mean minimum
temperatures which were used to calculate the mean monthly temperature as required for the T-variable in
Eq. (1).

The UK Metrological Office Hadley Centre observational data set (HadUKP data set)**?, provides daily
rainfall data over the same time periods on a regional level. The locations of stations were matched with the
appropriate regions, and the number of days of rain greater than 0.25 mm determined for each month in the
time period, providing the D-variable for Eq. (1).

The annual SCI was then calculated, for each station, using Eq. (1), with means calculated for each region.
Mean SCI was then determined for decadal ranges and for tri-decadal- data from the 1960’s 1970s’ and 1980 were
used to determine the mean 30 year SCI for 1990 and data from the 1990’s 2000’s and 2010’s (up to 2019) were
used to determine the mean 30 (29) year SCI for 2019. To determine statistical relevance an F-test for variance
followed by t-test for means (either assuming equal or unequal variance based on the F value) was performed
on the mean data for pooled sites for each region (see supplemental data Table S2).

Scheffer Climate Index projections. Projections of the future SCI value were made using the UK met
office UK climate projections (UKCP 18) data. These data project the change in rainfall (in percentage terms)
and change in mean temperature (in Celsius) on a regional administrative basis (see Fig. 6) for specific time peri-
ods at varying probability levels. The projections selected were those derived at the 50% probability level based
on the RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5 scenarios.

Using the current (2009 to 2019) mean temperatures and rain fall, as calculated from the historical data sets
previously described as the base point, the required climate variables, for each station, area and time period,
were calculated as follows. The projected change in temperature was added to the current temperature data to
obtain projected temperatures. Similarly, the projected percentage change in rain fall was applied to the mean
distribution of the current rainfall data for each location and month to obtain projected rainfall values, assuming
a similar future distribution. The projected SCI was then calculated, using Eq. (1), at decadal and tri-decadal
intervals under all RCP scenarios. Mean values of each area were calculated using the data from the stations
within each area.

Data availability
Original climate datasets used are available from the UK metrological office. The datasets generated during and/
or analysed during the current study are available from the corresponding author on reasonable request.

Received: 16 April 2020; Accepted: 15 September 2020
Published online: 01 October 2020

References
1. van de Kuilen, J. G. Service life modelling of timber structures. Mater. Struct. 40, 151-161. https://doi.org/10.1617/s11527-006-
9158-0 (2007).

SCIENTIFIC REPORTS |

(2020) 10:16287 | https://doi.org/10.1038/s41598-020-73239-1


https://doi.org/10.1617/s11527-006-9158-0
https://doi.org/10.1617/s11527-006-9158-0

www.nature.com/scientificreports/

10.
11.
12.
13.
14.
15.

16.
17.

18.
19.
20.
21.
. Wise, M. et al. Implications of limiting CO, concentrations for land use and energy. Science 324, 1183-1186 (2009).
23.
24.
25.
26.
27.
28.

29.

. Viitanen, H. et al. Towards modelling of decay risk of wooden materials. Eur. J. Wood Wood Prod. 68(3), 303-313 (2010).
. Gobakken, L. R. & Lebow, P. K. Modelling mould growth on coated modified and unmodified wood substrates exposed outdoors.

Wood Sci. Technol. 44, 315-333 (2009).

. Thelandersson, S., Isakson, T., Ekstrand-Tobin, A., & Johansson, P. Modelling of onset of mould growth for wood exposed to

varying climate conditions.Document IRG/WP 09-20414. International Research Group on Wood Protection, Stockholm. (2009)

. Brischke, C. & Rapp, A. O. Potential impacts of climate change on wood deterioration. Int. Wood Prod. J. 1(2), 85-92 (2010).
. Brischke, C., Frithwald Hansson, E., Kavurmaci, D. & Thelandersson, S. Decay Hazard Mapping for Europe. Document IRG/WP

11-20463. International Research Group on Wood Protection, Stockholm. (2011)

. Scheffer, T. C. A climate index for estimating potential for decay in wood structures above ground. For. Prod. J. 21, 5-31 (1971).
. Wang, J. & Morris, P. Effect of Climate change on above ground decay hazard for wood products according to the Scheffer index.

Proceedings of the 29th Canadian Wood Preservers Association Annual Meeting Vancouver 2008, pp. 92-103 (2008). https://
www.cwpa.ca/publications/#tab-2008-tab

. Fernandez-Golfin, J., Larrumbide, E., Ruano, A., Galvan, J. & Conde, M. Wood decay hazard in Spain using the Scheffer index:

proposal for an improvement. Eur. J. Wood Wood Prod. 74, 591-599 (2016).

Kim, T. & Ra, J. B. Change of Decay Hazard Index (Scheffer Index) for exterior above-ground wood in Korea. J. Korean Wood Sci.
Technol. 42(6), 732-739 (2014).

Frithwald, E. et al. Durability of timber outdoor structures - modelling performance and climate impacts. in, Timber Engineering
Challenges and Solutions (295-303). WCTE World Conference on Timber Engineering (2012).

DeGroot, R.C. An assessment of climate index in predicting wood decay in houses. Durability of Building Materials 1 (169-174)
(Elsevier, Amsterdam, 1982).

Carll, C. G. Decay hazard (Scheffer) index values calculated from 1971-2000 climate normal data. General Technical Report FPL-
GTR-179. (U.S. Department of Agriculture, Forest Service, Forest Products Laboratory, Madison, W1, 2009).

Lebow, P. & Carll, C. G. Investigation of shift in Decay Hazard (Scheffer) Index values over the period 1969-2008 in the Conter-
minous United States. Proc. Am. Wood Prot. Soc. 106, 118-125 (2010).

Brimblecombe, P., Grossi, C. M. & Harris, I. The effect of long-term trends in dampness on historic buildings. Weather 61, 10
(2006).

Grontoft, T. Observed recent change in climate and potential for decay of Norwegian wood structures. Climate 7, 33 (2019).
Curling, S. F. & Ormondroyd, G. A. Potential effects of climate change on durability of timber and wood based building materials.
Proceedings of Timber 2018. (193-200) (The Wood Technology Society, IOM3, London, 2018).

United Kingdom Metrological Service. United Kingdom Climate Projection (UKCP) https://www.metoffice.gov.uk/research/appro
ach/collaboration/ukcp/index.

Van Vuuren, D. P. et al. Stabilizing greenhouse gas concentrations at low levels: an assessment of reduction strategies and costs.
Clim. Change 81, 119-159. https://doi.org/10.1007/s10584-006-9172-9 (2007).

Clarke, L. E. et al. Scenarios of greenhouse gas emissions and atmospheric concentrations. Sub-report 2.1a of Synthesis and Assess-
ment Product 2.1a. Climate Change Science Program and the Subcommittee on Global Change Research (Department of Energy,
Office of Biological and Environmental Research, Washington DC, 2007).

Smith, S.J. & Wigley, T. M. L. MultiGas forcing stabilization with minicam. Energy J. 3, 373-392 (2006).

Fujino, J., Nair, R., Kainuma, M., Masui, T. & Matsuoka, Y. Multigas mitigation analysis on stabilization scenarios using aim global
model. Energy J. 3, 343-354 (2006).

Hijioka, Y., Matsuoka, Y., Nishimoto, H., Masui, T. & Kainuma, M. Global GHG emission scenarios under GHG concentration
stabilization targets. J. Glob. Environ. Eng. 13, 97-108 (2008).

Riahi, K., Griibler, A. & Nakicenovic, N. Scenarios of long-term socio-economic and environmental development under climate
stabilization. Technol. Forecast. Soc. Change 74, 887-935. https://doi.org/10.1016/j.techfore.2006.05.026 (2007).

Hausfather, Z. & Peters, G. P. Emissions- the “business as usual” story is misleading. Nature 577, 618-620. https://doi.org/10.1038/
d41586-020-00177-3 (2020).

United Kingdom Metrological Service. Historic station data. https://www.metoffice.gov.uk/public/weather/climate-histo
ric/#?tab=climateHistoric.

Alexander, L. V. & Jones, P. D. Updated precipitation series for the UK. and discussion of recent extremes. Atmos. Sci. Lett. 1(2),
142-150 (2001).

United Kingdom Metrological Service. Met office Hadley Centre observational dataset: HadUKP. https://www.metoffice.gov.uk/
hadobs/hadukp/.

Acknowledgements

Contains public sector information licensed under the Open Government Licence v3.0. Financial support pro-
vided by the Welsh Government and Higher Education Funding Council for Wales through the Sér Cymru
National Research Network for Low Carbon, Energy and Environment (NRN-LCEE). This work formed part of
the “Plants and Architecture” cluster. The authors also acknowledge the support of SEEC (Smart Efficient Energy
Centre) at Bangor University, part-funded by the European Regional Development Fund (ERDF), administered
by the Welsh Government.

Author contributions
S.C. collated the data and performed the analysis and projections. S.C. and G.O. drafted and revised the manu-
script. G.O. supervised the projects involved. Both authors authorise the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-73239-1.

Correspondence and requests for materials should be addressed to S.E.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFIC REPORTS |

(2020) 10:16287 | https://doi.org/10.1038/s41598-020-73239-1


https://www.cwpa.ca/publications/#tab-2008-tab
https://www.cwpa.ca/publications/#tab-2008-tab
https://www.metoffice.gov.uk/research/approach/collaboration/ukcp/index
https://www.metoffice.gov.uk/research/approach/collaboration/ukcp/index
https://doi.org/10.1007/s10584-006-9172-9
https://doi.org/10.1016/j.techfore.2006.05.026
https://doi.org/10.1038/d41586-020-00177-3
https://doi.org/10.1038/d41586-020-00177-3
https://www.metoffice.gov.uk/public/weather/climate-historic/#?tab=climateHistoric
https://www.metoffice.gov.uk/public/weather/climate-historic/#?tab=climateHistoric
https://www.metoffice.gov.uk/hadobs/hadukp/
https://www.metoffice.gov.uk/hadobs/hadukp/
https://doi.org/10.1038/s41598-020-73239-1
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS|  (2020)10:16287 | https://doi.org/10.1038/s41598-020-73239-1


http://creativecommons.org/licenses/by/4.0/

	Observed and projected changes in the climate based decay hazard of timber in the United Kingdom
	Results and discussion
	Historic and current data. 
	Scheffer Climate Index projections. 
	Implications of increasing hazard. 

	Conclusions
	Methods
	Scheffer Climate Index. 
	Historic and current Scheffer Climate Index determination. 
	Scheffer Climate Index projections. 

	References
	Acknowledgements


