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Introduction
The cli mate of Brit ish Colum bia is
chang ing, and with these changes
come many adjust ments in water shed
hydrol ogy and ulti mately in our use of
water-related resources. For exam ple,
declin ing snowpacks are a con cern
because they affect many aspects of
water resources, from instream flows
for fish to com mu nity water sup plies
to soil mois ture, ground wa ter, and
aqui fer recharge (BCMOE 2007).
Because Brit ish Colum bia is

hydrologically diverse, the local
responses to the antic i pated

changes in pre cip i ta tion and
tem per a ture will dif fer. As a

guide to what might hap -
pen in the future,

 

this arti cle (Part I) sum ma rizes his tor i -
cal tem per a ture and pre cip i ta tion
trends and future cli mate sce nar ios for
Brit ish Colum bia. The accom pa ny ing
arti cle (Part II) dis cusses eight broad
hydrologic implications of climate
change in British Columbia. 

Historical Trends in Temperature 
and Precipitation 
His tor i cal trends1  in tem per a ture and
pre cip i ta tion pro vide impor tant infor -
ma tion on the past cli mate vari abil ity
and change. Trends pro vide the con -
text against which future pro jec tions
are eval u ated. Cli mate stud ies gen er -
ally indi cate a rise in air tem per a tures
for all sea sons, with the great est
warm ing occur ring in the win ter over
the last 100 years in Brit ish Colum bia.
This warm ing has been greater in
north ern Brit ish Colum bia than in the
south ern and coastal regions. 

A recent study of tem per a ture and
pre cip i ta tion trends from 1900 to
2004 (Rodenhuis et al. 2007) reported 
increased annual mean tem per a ture
(+0.5 to 2.0°C), annual min i mum tem -
per a ture (+1.0 to 2.5°C), and annual
max i mum tem per a ture (+0.5 to
1.5°C) in Brit ish Colum bia. Sea sonal
trends of min i mum tem per a ture in the 
win ter and spring increased as much
as +3.5°C in north ern Brit ish Colum -
bia. The over all BC trend indi cates that 
cli mate has become less cold rather
than sub stan tially warmer over the
past cen tury. Night time tem per a tures
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appear to have increased more than
day time tem per a tures (Vin cent and
Mekis 2006). This can be seen in a sta -
tis ti cally sig nif i cant but small decrease
in the diur nal tem per a ture range (–0.5 
to 1.5°C) at some sta tions in south ern
Brit ish Colum bia.

Trends in annual pre cip i ta tion across
Brit ish Colum bia for the last cen tury
are more var ied than for tem per a ture.
Aver age annual pre cip i ta tion trends
have increased (+22%) but were spa -
tially vari able, with the larger increases 
occur ring in regions with com par a -
tively low annual pre cip i ta tion
(Rodenhuis et al. 2007). Vin cent and
Mekis (2006) found an increase in the
num ber of days with pre cip i ta tion and 
a decrease in the num ber of con sec u -
tive dry days. Sea son ally, pre cip i ta tion
has increased over the past cen tury
across most of Brit ish Colum bia in the
win ter and spring by up to 50%, espe -
cially in the north ern Inte rior
(Rodenhuis et al. 2007). How ever,
anal y ses of the last half-cen tury gen er -
ally show declin ing trends of
pre cip i ta tion at some loca tions, espe -
cially in the win ter. For exam ple, from
1950 to 2002 there was an over all
reduc tion in win ter pre cip i ta tion and
an increase in sum mer pre cip i ta tion
(Zhang et al. 2000). Pre cip i ta tion indi -
ces for Can ada over the 20th cen tury
have shown an increase in annual
snow fall from 1900 to the 1970s fol -
lowed by a con sid er able decrease until 
1980 (Vin cent and Mekis 2006).

The inter ac tions between increased
tem per a ture and changes to pre cip i ta -
tion in Brit ish Colum bia are com plex
and not fully under stood. Research in
the west ern United States sug gests
that the snow-to-rain ratio is chang ing 
and less snow is fall ing dur ing win ter
at lower ele va tion sites on the U.S.
west coast owing to the increase in
tem per a tures (Knowles et al. 2006).
Mote et al. (2005) report a gen eral
decline in snowpacks over much of
west ern North Amer ica from 1950 to
1997, despite increases in pre cip i ta -
tion. The change in tem per a tures over
the past 50 years has also been linked
to increased atmo spheric water vapour 

and asso ci ated dew point and spe cific
humid ity trends dur ing the win ter and 
spring (Vin cent et al. 2007). In Brit ish
Colum bia, the Min is try of Envi ron -
ment reported over all decreas ing
trends in snow water equiv a lent (SWE) 
from 1956 to 2005 based on data
from 73 long-term snow courses ana -
lyzed (63 decreased, 10 increased)
(BCMOE 2007). The larg est decreases
occurred in the mid-Fra ser basin while
the Peace, Skeena, and Nechako bas -
ins had no nota ble change over the
50-year study period; the pro vin cial
aver age SWE decreased 18% (BCMOE
2007). 

Trends in extreme events for the past
50 years indi cate that pre cip i ta tion
char ac ter is tics in west ern Can ada may
be shift ing, espe cially when the sea -
sonal pat terns are exam ined. Stone et
al. (2000) found a sig nif i cant increase
in heavy rain fall events dur ing spring
(May, June, July, 1950–1995). Zhang
et al. (2000) exam ined the dif fer ences
between the first and the sec ond half
of the cen tury and found an increase
in both extreme wet and extreme dry
con di tions that occurred in sum mer
(1950–1998). How ever, while only the 
num ber of days with heavy pre cip i ta -
tion increased sig nif i cantly over the
past 50 years (based on the national
trend), some sta tions in south ern Brit -
ish Colum bia show sig nif i cant
increases in two extreme indi ces: the
high est 5-day pre cip i ta tion and very
wet days (the num ber of days with
pre cip i ta tion � 95th per cen tile) (Vin -
cent and Mekis 2006; Fig ure 5).

Cli mate vari abil ity from atmo -
sphere-ocean oscil la tions can
con found his tor i cal trends. Brit ish
Colum bia’s rel e vant modes of cli mate
vari abil ity include the El Niño South -
ern Oscil la tion (ENSO), Pacific Decadal 
Oscil la tion (PDO), Pacific North Amer i -
can pat tern (PNA), and Arc tic
Oscil la tion (AO) (Moore et al. 2008).
Cli mate vari abil ity on the scale of years 
and decades may cause changes in
tem per a ture and pre cip i ta tion of the
same mag ni tude or greater than
changes in his tor i cal, long-term trends 
(Rodenhuis et al. 2007). For exam ple,
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El Niño win ter mean tem per a tures are
gen er ally +3.9°C warmer than aver age 
years, com pared with the his tor i cal,
long-term win ter mean tem per a ture
trend (+2.1°C per cen tury) (Rodenhuis 
et al. 2007). The two most com monly
con sid ered modes of vari abil ity are
ENSO and PDO; the pos i tive phase of
ENSO (El Niño) can cause BC win ters
to be warmer and drier than aver age,
whereas the neg a tive phase (La Niña)
can bring colder and wet ter win ters
(Shabbar and Khandekar 1996;
Shabbar et al. 1997). In the past cen -
tury, there also have been two PDO
cycles. Cool phases occur ring from
1890 to 1924 and from 1947 to 1976, 
and warm phases 1925 to 1946 and
1977 to 1998 and pos si bly to the
pres ent, which have affected BC win -
ter tem per a tures and pre cip i ta tion
(Man tua and Hare 2002). 

Dur ing El Niño win ters, Brit ish
Colum bia is gen er ally drier, except for 
north ern Van cou ver Island, Haida
Gwaii, and parts of the South Coast,
which dis play an oppo site (wet) sig -
nal, while most of the prov ince is
wet ter dur ing La Niña win ters, with
the excep tion of Haida Gwaii
(Rodenhuis et al. 2007). Dur ing
spring, the El Niño (La Niña) response 
is weaker than in the win ter at most
loca tions, with wet ter (drier) con di -
tions occur ring through out most of
Brit ish Colum bia. Warm (cool) PDO
con di tions dur ing win ter gen er ally
exhibit the same pat tern as El Niño

(La Niña) win ter but sig nals are
weaker (Rodenhuis et al. 2007). Dur -
ing spring, the PDO warm (cool)
pre cip i ta tion response is strong and
wide spread (Rodenhuis et al. 2007).

The inter ac tion of PDO and ENSO can 
amplify responses in a par tic u lar
region (Gershunov and Barnett 1998;
Storlazzi et al. 2000). For exam ple,
results from south west ern Brit ish
Colum bia illus trate that in-phase La
Niña/cool PDO pre cip i ta tion is +19%
to +25% higher than dur -
ing non-ENSO and
out-of-phase (PDO) years, 
and +39% greater than
dur ing in-phase El
Niño/warm PDO years
(Kiffney et al. 2002). Dur -
ing these in-phase
peri ods, ENSO and PDO
rein force each other and
hence there may also be
increased like li hood of
extreme weather events.
The PNA pat tern’s pos i tive phase also
brings warmer win ters to Brit ish
Colum bia with a reduced snowpack
(Moore and McKendry 1996). The AO 
affects the extent of cold Arc tic air
into Brit ish Colum bia with the neg a -
tive (pos i tive) phase bring ing an
increase (decrease) in the num ber of
cold days (Hig gins et al. 2002). These
atmo sphere-ocean pat terns are fur ther 
com pli cated by inter ac tions with each
other (Bond and Har ri son 2006;
Moore et al. 2008). Impor tantly, the

influ ence of cli mate vari abil ity and
result ing effects on streamflow must
be taken into account when assess ing
cli mate change impacts (Flem ing et al.
2007).

Historical Trends in Glaciers, Ice
Cover, and Streamflow
The over rid ing trend is that most BC
gla ciers are out of equi lib rium with the 
cur rent cli mate. They are slowly adjust -
ing to changes in sea sonal

pre cip i ta tion and ele -
vated tem per a tures
with wide spread gla -
cial vol ume loss and
retreat in most areas.
For exam ple, the
Illecillawaet Gla cier in
Gla cier National Park
has receded over 1 km 
since mea sure ments
began in the 1880s
(Parks Can ada 2005).
Gla cial vol umes have
increased in some

areas of Brit ish Colum bia (e.g., north -
west) at high ele va tions, where
pre cip i ta tion has increased and tem -
per a tures have remained cold enough
(Rodenhuis et al. 2007). Schiefer et al.
(2007) reported that the recent rate of 
gla cier loss in the Coast Moun tains is
approx i mately dou ble that observed
for the pre vi ous two decades. 

Increas ing tem per a tures have also
affected the length and date of sea -
sonal lake ice cover. A Can ada-wide
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Table 1. Changes in seasonal air temperature and precipitation by 2050 for regions in British Columbia for the A2 scenario from the
Canadian GCM3. Updated from Rodenhuis et al. 2007.

Region Temperature

Winter Spring Summer Fall Annual

Columbia Basin 1.8 1.5 2.4 1.8 1.9

Fraser Plateau 1.9 1.6 2.0 1.8 1.8

North Coast 1.5 1.3 1.4 1.5 1.4

Peace Basin 2.4 1.7 1.8 1.8 1.9

Northwest 2.0 1.6 1.8 1.7 1.8

Okanagan 2.0 1.8 2.6 2.0 2.0

Southern Coast 1.5 1.3 1.7 1.6 1.5

BC 1.9 1.6 1.8 1.7 1.7

Region Precipitation

Winter Spring Summer Fall Annual

Columbia Basin 7% 8% -8% 8% 4%

Fraser Plateau 8% 10% -4% 11% 7%

North Coast 6% 7% -8% 9% 6%

Peace Basin 9% 9% 3% 10% 7%

Northwest 10% 9% 4% 8% 8%

Okanagan 5% 12% -8% 8% 5%

Southern Coast 6% 7% -13% 9% 6%

BC 7% 8% -3% 9% 6%

Winter = Dec-Jan-Feb / Spring = Mar-Apr-May / Summer = Jun-Jul-Aug / Fall = Sept-Oct-Nov

Continued on page 4

The recent rate of 
glacier loss in the
Coast Mountains
is approximately
double that
observed for the
previous two
decades.



study showed sig nif i cantly ear lier lake
“ice-free” dates for the 1951 to 2000
period (Duguay et al. 2006). In sev eral 
BC lakes, the first melt date and
ice-free date decreased 2–8 days per
decade from 1945 to 1993, while the
dura tion of ice cover decreased by up
to 48 days over the 1976 to 2005
period (BCMOE 2002; Rodenhuis et al.
2007).

Few stud ies are avail able that have
doc u mented the influ ence of past cli -
mate change on streamflow in Brit ish
Colum bia. This may be due to the lim -
ited amount of avail able long-term
hydro-cli ma tic data, and the con -
found ing influ ences of vary ing lev els of 
land use (i.e., for est har vest ing) and
nat u ral dis tur bance on water shed pro -
cesses and func tion. A few stud ies,
how ever, do pro vide some insight.
Leith and Whitfield (1998) exam ined
long-term streamflow records for six
water sheds in south-cen tral Brit ish
Colum bia, the results of which dem -
on strated an “ear lier onset of
snowmelt run off fol lowed by an
increas ingly long and dry sum mer,
with the pos si bil ity of water short ages
in late sum mer” (Leith and Whitfield
1998, p. 230). In their study, land use
was not a fac tor as the main study site
was inside a park. Observed increases
in win ter streamflows were attrib uted
to a greater per cent age of rain fall ing
ver sus snow accu mu la tion dur ing this
sea son. Sim i lar results were found in a
more recent study of streamflow
trends across Can ada (Whitfield and
Can non 2000). In both stud ies, the
hypoth e sized effect (increases in win -
ter streamflow via a greater
per cent age of rain fall ing vs. snow
accu mu la tion dur ing this sea son) was
not sta tis ti cally sig nif i cant. How ever,
recent anal y sis has now deter mined
that the effect is sig nif i cant (i.e.,
increased flows in early win ter due to
pre cip i ta tion as rain rather than snow
in Novem ber/Decem ber) (P. Whitfield, 
pers. comm., 2007).

In another study, Zhang et al. (2001)
reported that annual mean streamflow 
has decreased based on trend anal y sis
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Figure 1a. Mean maximum July temperature for British Columbia for current climate
(1961–1990 average) and that predicted for British Columbia in 2020s, 2050s, and 2080s.
Data were produced by the ClimateBC software, which downscaled change data for the A2
scenario from the Canadian global climate model version 2 (Wang et al. 2006). Source:
Spittlehouse (2007). 

Figure 1b. Mean minimum January temperature for British Columbia for current climate
(1961–1990 average) and that predicted for British Columbia in 2020s, 2050s, and 2080s.
Data were produced by the ClimateBC software, which downscaled change data for the A2
scenario from the Canadian global climate model version 2 (Wang et al. 2006). Source:
Spittlehouse (2007). 

Continued from page 3



for the past 30–50 years (three time
peri ods: 1967–1996, 1957–1996,
1947–1996) across Can ada. Their
results also included:

� an increase in mean monthly
streamflow across Canada in March 
and April, with decreases in
summer and fall;

� a decrease in annual minimum
daily mean streamflow in southern
Canada, with increases in northern
British Columbia and Yukon
Territory;

� a decrease in annual maximum
daily mean streamflow;

� an earlier starting date of spring
high-flow season;

� an earlier date of annual maximum 
daily mean streamflow;

� an earlier centroid (date) of annual
streamflow; and 

� an earlier date of spring ice
break-up.

For many of these vari ables, Zhang et
al. (2001) iden ti fied south ern Brit ish
Colum bia as a sig nif i cantly impacted
region. Advances of 10–30 days in the
cen tre of mass of annual streamflow
(date by which half of the annual total 
run off has occurred) were mea sured in 
streams in Pacific North Amer ica
(Stew art et al. 2005). 

These trends indi cate that shifts are
occur ring in hydrologic regimes. The
mag ni tude and direc tion of these
shifts vary across Brit ish Colum bia and
among stud ies. For exam ple, mean
annual streamflow has been reported
to be decreas ing in south ern Brit ish
Colum bia, increas ing in the cen tral
Inte rior and north east ern Brit ish
Colum bia, and decreas ing in the
north west (Rodenhuis et al. 2007).
This is not sur pris ing given the rel a tive
impor tance of the dif fer ent hydrologic 
pro cesses on the Coast ver sus Inte rior
and dif fer ing driv ers of streamflows
(e.g., win ter rain storms vs. spring
snowmelt). Dif fer ences between stud -
ies also occur due to the use of
dif fer ent time peri ods in trend anal y ses 
(i.e., newer stud ies are based on more
and [or] lon ger time series of data).
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Figure 2a. Mean May to September precipitation for British Columbia for current climate
(1961–1990 average) and the percentage change predicted for British Columbia in 2020s,
2050s, and 2080s. Data were produced by the ClimateBC software, which downscaled change
data for the A2 scenario from the Canadian global climate model version 2 (Wang et al.
2006). Source: Spittlehouse (2007).

Figure 2b. Mean October to April precipitation for British Columbia for current climate
(1961–1990 average) and the percentage change predicted for British Columbia in 2020s,
2050s, and 2080s. Data were produced by the ClimateBC software, which downscaled change
data for the A2 scenario from the Canadian global climate model version 2 (Wang et al.
2006). Source: Spittlehouse (2007).

Continued on page 6



For exam ple, Rodenhuis et al. (2007)
reported dif fer ing trends in mean
annual streamflow for Brit ish Colum bia 
than those reported by Zhang et al.
(2001). Rodenhuis et al. (2007) attrib -
uted these dif fer ences to the dif fer ent
PDO phases that occurred dur ing their 
anal y sis period (1976–2005) com -
pared with Zhang et al.’s
(1967–1996). The detailed trends pre -
sented in Rodenhuis et al. (2007) are
beyond the scope of this sec tion, and
the reader is referred to this report for
more detailed descrip tions of regional
streamflow trends in Brit ish Colum bia.

The influ ence of modes of cli mate vari -
abil ity on streamflow, such as ENSO
and PDO, are evi dent and can con -
found iden ti fi ca tion of his tor i cal
trends. On the South Coast, some
streams that are nor mally rain fall-dom -
i nated have snowmelt run off in the
spring dur ing cool La Niña years
(Flem ing et al. 2007). This results in
years with two run-off peaks in a
water shed where there nor mally may
be only one. Dur ing El Niño years,
sub stan tially less streamflow may
occur from May to August in
snowmelt-dom i nated bas ins, espe cially 
those in the Okanagan Basin
(Rodenhuis et al. 2007). Warm-PDO
phases, like the one that occurred
from 1977 to 1998, advance the
spring or sum mer freshet, lower peak
flows, and cause drier sum mer peri ods 
for many streams in Brit ish Colum bia.
Some excep tions occur in north ern
Brit ish Colum bia where the oppo site
response, such as increased peak
flows, takes place dur ing warm-PDO
phases (Rodenhuis et al. 2007).   

Future Temperature and
Precipitation Regimes
Pro jec tions of future cli mates are avail -
able from numer ous global cli mate
mod els (GCMs) and for a range of
emis sion sce nar ios. These sce nar ios
depend on future devel op ments in
tech nol ogy, eco nomic growth, and
inter na tional co-oper a tion (IPCC
2007). Dif fer ences in how cer tain pro -
cesses are mod elled mean that the

GCMs can pro duce dif fer ent future cli -
mates for the same emis sions
sce nar ios. Pro jec tions by the GCMs of
the direc tion and mag ni tude for tem -
per a ture changes are gen er ally closer
in agree ment than pro jec tions of pre -
cip i ta tion changes (Barnett et al. 2005; 
Rodenhuis et al.
2007). Fig ures 1 
and 2 illus trate
the mag ni tude
of cli mate
change for Brit -
ish Colum bia,
based on sim u la -
tions from the
Cana dian CGM
for the A2 sce -
nario. The A2
sce nario has
emis sions con -
tin u ing to
increase over the 
21st cen tury with out sig nif i cant global 
efforts to reduce them. In con trast, the 
B1 emis sions sce nario is based on the
assump tion that the global com mu -
nity will be some what suc cess ful in
reduc ing emis sions. For Fig ures 1 and
2, the pro jected changes in tem per a -
ture and pre cip i ta tion for the B1
sce nario in 2080s are sim i lar to those
pre sented for the A2 in the 2050s. The 
Cana dian model tends to pro ject
warmer and wet ter sum mers com -
pared with the UK Hadley Cen tre
model (Spittlehouse 2007). 

All mod els and emis sions sce nar ios
pre dict an increase in win ter and sum -
mer tem per a tures with the great est
increase for the higher emis sions sce -
nar ios. An ensem ble of pro jec tions
from 15 GCMs (includ ing both the
Cana dian and UK Hadley mod els),
with one pro jec tion from each of the
A2 and B1 emis sions sce nar ios, was
used to com pute a range of pro jec -
tions for the 2050s cli mate of Brit ish
Colum bia (Rodenhuis et al. 2007).
Based on these results, the BC annual
aver age tem per a ture is pro jected to
warm by 1.7°C com pared with the
recent 1961–1990 period. Uncer tainty 
is rep re sented by the range +1.2 to

2.5°C (from the 10th to 90th per cen -
tile of pro jec tions). The 2050s BC
annual pre cip i ta tion is pro jected to
increase by 6%, with a range of 3 to
11%. The sea sonal tem per a ture pro -
jec tions were rel a tively uni form but
sea sonal pre cip i ta tion pro jec tions var -

ied: 2% drier to 15%
wet ter for win ter and
9% drier to 2% wet ter
for sum mer. Rodenhuis
et al. (2007) dis cuss
uncer tainty in depth,
com pare the mag ni -
tude of pro jected
changes to his tor i cal
vari abil ity, and com -
pare GCM results to a
higher res o lu tion
regional cli mate model
pro jec tion.

Detailed results from
the Cana dian model show that pro -
jected warm ing is greater in north ern
than south ern Brit ish Colum bia and
larger in the win ter than in the sum -
mer, par tic u larly in the win ter
min i mum tem per a ture (Table 1; Fig -
ures 1a and 1b). Changes in
pre cip i ta tion vary in space as well as in 
time. South ern and cen tral Brit ish
Colum bia are expected to get drier in
the sum mer while north ern Brit ish
Colum bia is more likely to be wet ter
(Table 1; Fig ures 2a and 2b). Win ters
will be wet ter across Brit ish Colum bia
(Rodenhuis et al. 2007).

Although this paper pri mar ily pres ents
mean changes in cli mate, future
changes in the vari abil ity or the
extremes of tem per a ture and pre cip i -
ta tion are antic i pated to have
sig nif i cant effects on hydrologic
resources. Indi ces of extreme events
may include changes in the fre quency
of occur rence or changes in the mag -
ni tude of events, exam ples of which
are dis cussed below. Global cli mate
model ensem bles show that changes
in warm tem per a ture extremes fol low
changes in the mean sum mer time
tem per a ture (Kharin et al. 2007).
Extreme max i mum tem per a tures
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The depth of the
snowpack and length of 
the snow season will
decrease while the
atmospheric
evaporative demand
and climatic moisture
deficits will increase.



Continued on page 8

would be higher than at pres ent and
cold extremes would warm at a faster
rate, par tic u larly in areas that see a
retreat of snow with warm ing (Kharin
et al. 2007). There will also be an
increase in inten sity and max i mum
amount of pre cip i ta tion (Kharin et al.
2007). Changes in extreme events
may not be pro por tional to mean
changes, and the changes may not be
equal in either direc tion (Tebaldi et al.
2006). For exam ple, increases in the
fre quency of extreme max i mum tem -
per a tures are antic i pated; how ever,
the fre quency of extreme cold tem per -
a tures are antic i pated to decline in the 
future (Tebaldi et al. 2006; Kharin et al.
2007). 

Changes in tem per a ture and pre cip i ta -
tion extremes can be exam ined by
con sid er ing indi ces of this change that 
inter est resource man ag ers. For exam -
ple, under the tem per a ture and
pre cip i ta tion sce nar ios described
above, the frost-free period and num -
ber of grow ing degree days will
increase. The depth of the snowpack
and length of the snow sea son will
decrease while the atmo spheric evap o -
ra tive demand and cli ma tic mois ture
def i cits will increase. GCMs are
becom ing increas ingly sophis ti cated in 
their inclu sion of land-sur face schemes 
from which some of these changes
may be diag nosed directly and
quan ti ta tively. 

Conclusion
Brit ish Colum bia’s cli mate has
changed over the last 100 years. This
arti cle (Part I) sum ma rized his tor i cal
tem per a ture and pre cip i ta tion trends
and future cli mate sce nar ios for Brit ish
Colum bia. The changes result ing from
global warm ing will result in adjust -
ments in water shed hydrol ogy and
ulti mately in our use of water-related
resources. A detailed knowl edge of
trends and pro jec tions is there fore
impor tant to develop local mit i ga tion
and adap ta tion strat e gies. The
changes we have seen over the last
100 years should help to inform the
devel op ment of these actions. 
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