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Objective: The study examined whether
climate has an impact on inpatient psy-
chiatric length of stay in Veterans Health
Administration hospitals (VHA).

Method: Data from the National Weather
Service for eight climate variables for the
locations of 134 VHA hospitals nation-
wide were factor analyzed, resulting in
two climate factors representing temper-
ature and precipitation. Factor scores
were correlated with psychiatric mean
lengths of stay from 1994 to 1998 for 99
VHA hospitals with inpatient psychiatric
services and for the 22 VHA regional
divisions (Veterans Integrated Service
Networks).

Results: Climate factors correlated mod-
estly but significantly with length of stay,
with correlations ranging from –0.25 to
–0.37 at the hospital level and from –0.38

to –0.45 at the VHA regional level; hospi-
tals in warmer and drier climates had
shorter lengths of stay. Medical centers in
colder climates had the longest lengths of
stay in winter and fall. The significant cor-
relation between climate and length of
stay was not affected by recent reductions
in length of stay in VHA hospitals.

Conclusions: Higher clinical costs associ-
ated with longer lengths of stay in colder
climates have implications for budget
planning. Climate factors must also be
recognized for their potential effect on
performance monitoring systems focused
on hospital utilization. Researchers must
continue to consider broader contextual
variables such as climate if they are to
fully understand the determinants of
health care utilization and psychiatric
hospitalization costs.

(Am J Psychiatry 2000; 157:1669–1673)

Reduction of inpatient length of stay has been a major
goal in health care administration in general and in the
Veterans Health Administration (VHA) health care system
in particular. Prior studies by researchers (1, 2) and the
General Accounting Office (3) have found that hospital
stays within the VHA are significantly longer than at com-
munity hospitals and that improved efficiency is possible
without lowering quality of care. Efforts instituted by the
VHA to encourage reduction in hospital length of stay
have included a capitated reimbursement structure and
publishing of an annual hospital “score card” that identi-
fies hospitals with unusually long average lengths of stay.
Overall length of stay as well as psychiatric length of stay
fell in these hospitals during the 1990s, from a mean of
30.6 days in 1994 to 18.8 days in 1998 (4–7). Further reduc-
tions while maintaining the quality of care continue to be
a goal. To meet this goal, it is important that the sources of
variance in length of stay be well understood (2).

Prior efforts to identify factors associated with length of
stay have had limited success (8). Multivariate approaches
have focused on three general categories of factors: pa-
tient factors, treatment factors, and system factors such as
reimbursement strategies (9). These variables have been
found to account for only 10%–27% of the total variance in
psychiatric length of stay, with R values ranging from 0.31

to 0.52, leaving some researchers pessimistic about the
possibility of predicting length of stay from empirical data.
Choca and colleagues concluded in 1988 (8) that the pre-
dictive efficacy of these models was discouraging and that
other major sources of variance in length of stay were un-
likely to be identified.

An ecological approach to understanding the sources of
variance in length of stay highlights variables in the larger
context or environment of hospitalization as among the
most likely to be overlooked. The environment in which
hospitals operate has an impact on clinical practice and
needs to be included in working models of length of stay.
Clinicians are often reluctant to discharge psychiatric pa-
tients, particularly those who are homeless, during in-
clement weather; patients are also reluctant to leave warm
hospitals. The study reported here focused on one aspect
of the physical environment—climate—to determine if it
is related to psychiatric length of stay.

To study contextual variables such as climate, it is im-
portant to have multiple sites to provide the needed range
in the target variables. Many prior studies have looked ex-
clusively at single hospitals or small groups of hospitals
(10, 11). The VHA health care system has a national net-
work of more than 150 hospitals in all 50 states. Relative
homogeneity between VHA hospitals in terms of basic
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mission, policy, and funding procedures allows for easier
examination of contextual variables such as climate. At
the same time, the mission and population served by the
VHA are somewhat different from those of the average
psychiatric hospital; VHA hospitals are likely to serve a
greater percentage of male patients, patients with dual di-
agnoses, patients with limited financial resources, dis-
abled adults, and homeless adults. For the study reported
here, we hypothesized that climate is significantly related
to length of stay and that warmer, drier climates are asso-
ciated with shorter lengths of stay.

Method

The two variables selected for the study were climate and psy-
chiatric length of stay. Climate is a multifaceted variable and in-
cludes factors such as air temperature and precipitation. Eight
common climate statistics collected by the National Weather Ser-
vice at a large number of locations across the country were used
for this study. They were mean air temperature during January,
mean air temperature during July, number of days per year with
temperatures below 32°F, number of days per year with tempera-
tures below 0°F, number of days per year with temperatures above
90°F, annual precipitation, annual snowfall, and number of days
with 1 inch or more of snow cover.

Climate statistics represent data collected at national weather
stations for the period of 1955–1990. Data for VHA sites were se-
lected from a national listing of climate data collected by the Na-
tional Weather Service for more than 1,000 sites in the U.S. (12).
Complete climate data were available from the specific town or
city in which the hospital was located for 112 of the 152 VHA hos-
pitals. Twenty-two of the remaining 40 hospitals had climate data
available from a location within 20 miles of the hospital, and so
were included in the analysis. The 18 hospitals for which no cli-
mate data were available for a site within 20 miles were excluded.
To ensure that excluding those hospitals would not significantly
impact the results of this study, mean psychiatric length of stay
was compared for hospitals with and without climate data. No
significant difference was found.

Climate variables correlate highly, so factor analysis was per-
formed to reduce their number. A principal-components analy-
sis with varimax rotation resulted in two factors (Table 1). Factor
1 loadings represented an overall temperature factor. Factor 2
loaded most heavily on annual precipitation and days per year
with a temperature over 90° F, and so appeared to represent pre-
cipitation in a climate continuum from hot and dry to cool and
moist. The Pearson product-moment correlation between the
two climate factors was small (r=0.07). Psychiatric length of stay

was defined as the number of days of hospitalization per admis-
sion to an acute psychiatric ward. Inpatient substance abuse and
psychiatric rehabilitation services were not included in this anal-
ysis, as these services tend to have specified program lengths.
Service utilization data, including length of stay for psychiatric
hospitalization in VHA hospitals, are published annually by the
VA Northeast Program Evaluation Center. Data for 1994–1998
were used in the study (4–7). Of the 134 hospitals for which cli-
mate variables were available, 18 had no acute psychiatric pro-
gram during at least one or more of the years from 1994–1998.
Data on psychiatric length of stay were not available for 17 addi-
tional hospitals, resulting in a pool of 99 hospitals with complete
climate and length-of-stay data.

VHA hospitals are organized into 22 regional groups or Veter-
ans Integrated Service Networks, each of which includes four to
10 hospitals. The hospitals included in this study were distributed
evenly throughout the 22 Veterans Integrated Service Networks,
with the exception of Veterans Integrated network 19, represent-
ing the Northern Rocky Mountain states, for which complete data
were available for only three of seven hospitals. Hospitals in
Alaska and Hawaii were among those excluded for the reasons
noted above. Length of stay was calculated at the service network
level by weighting the contribution of each hospital by the num-
ber of psychiatric admissions in the target year. Climate data were
calculated for each service network in the same way.

Two climate factor scores were calculated for each of the 99
VHA hospitals included in the study and for each of the 22 service
networks. Correlations were calculated between climate factors
and psychiatric length of stay at the hospital level and at the ser-
vice network level for the years for which these data were avail-
able, 1994–1998.

Results

Table 2 summarizes length-of-stay data for 1994–1998
as well as the climate data used to create the climate fac-
tors. As expected, the mean length of stay at the hospital
level decreased 45% from 30.3 days (SD=14.5) in 1994 to a
mean of 16.6 (SD=12.0) in 1998. Pearson product-moment

TABLE 1. Factor Analysis of Climate Variables Monitored by
the National Weather Servicea

Climate Variable

Climate
Factor 1:

Temperature

Climate
Factor 2:

Precipitation

January temperature 0.90 0.06
July temperature 0.78 0.37
Number of days per year below 32°F –0.90 –0.03
Number of days per year below 0°F –0.71 0.19
Number of days per year above 90°F 0.78 0.62
Total annual precipitation –0.08 –0.88
Total annual snowfall –0.79 0.00
Number of days per year with 1 inch 

of snow cover –0.89 0.03
a Principal-components analysis with varimax rotation.

TABLE 2. Length of Psychiatric Inpatient Stay and Climate
Data for 99 Veterans Health Administration Hospitals,
1994–1998

Variable Median Mean SD Range

Length of stay (days)
1994 26.7 30.3 14.5 11.1–84.3
1995 21.7 25.3 13.4 6.4–71.03
1996 19.5 26.2 18.2 9.6–101.0
1997 13.3 23.0 22.3 6.3–122.6
1998 12.0 16.6 12.0 6.2–62.0

Climate variable
Mean January temperature 

(°F) 31.1 33.8 12.5 5.8–67.8
Mean July temperature (°F) 75.9 75.9 5.3 58.7–93.4
Days below 32°F (number 

per year) 97 91.4 52.3 0–180
Days below 0°F (number 

per year) 1.0 5.6 9.7 0–51
Days above 90°F (number 

per year) 25.0 37.6 33.1 0–172
Total annual precipitation 

(inches) 38.3 35.8 13.6 5.8–63.6
Total annual snowfall 

(inches) 18.7 24.5 26.0 0.0–116.9
Days with 1 inch of snow 

cover (number per year) 21.0 28.9 30.0 0–103
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correlations between length of stay for each year and cli-
mate factor 1 ranged from –0.25 to –0.37, with the percent-
age of variance accounted for ranging from 6% to 14%,
with colder climate associated with longer lengths of stay.
Table 3 summarizes the correlations between length of stay
and climate factors at both the hospital level and the level
of the Veterans Integrated Service Networks. Correlations
between length of stay and factor 2 at the hospital level are
slightly smaller in magnitude, ranging from –0.21 to –0.26,
with the percentage of variance accounted for ranging
from 4% to 7%. These correlations were also all statistically
significant, with wetter climates associated with longer
length of stay. At the service network level, correlations
with mean length of stay and climate factor 1 ranged from
–0.47 to –0.75, with the percentage of variance accounted
for ranging from 22% to 56%. As the distributions of length
of stay at the service network level were skewed, median
length of stay and climate factors were correlated at this
level (Table 3). Correlations using the median were some-
what smaller, ranging from –0.38 to –0.45 and accounting
for 14% to 20% of the variance. January temperature had a

correlation of –0.68 with length of stay at the service net-
work level, accounting for 46% of the variance. Correla-
tions between median or mean length of stay and factor 2
were smaller in magnitude and were not statistically sig-
nificant.

Figure 1 represents the fluctuations in length of stay by
season across the 5-year span at the hospital level, with
hospitals divided into quartiles by climate factor 1. The
coldest quartile was substantially higher in overall length
of stay than the remaining hospitals. Within the coldest
quartile of hospitals, a seasonal variation in length of stay,
most evident in 1995–1997, was found. Aggregated across
years, the pattern indicates that for each of the four quar-
tiles, the longest length of stay occurred in the winter and
fall, although analysis of variance (ANOVA) failed to find a
significant effect for season across all hospitals (F=0.36,
df=3, 380, p>0.50) or for the coldest quartile of hospitals
alone (F=0.16, df=3, 93, p>0.50). Given the skewed distri-
bution of length of stay, a log transformation was per-
formed and the ANOVA was repeated on the transformed
variable. Again, a significant effect for season was not

TABLE 3. Pearson Product-Moment Correlations Between Climate Factors 1 and 2 and Length of Psychiatric Inpatient Stay
for 99 Veterans Health Administration Hospitals and 22 Regional Veterans Integrated Service Networks, 1994–1998

Year

Hospitals Veterans Integrated Service Networksa

Climate Factor 1: Temperature Climate Factor 2: Precipitation Climate Factor 1: Temperature Climate Factor 2: Precipitation

r tb p r tb p r tc p r tc p

1994 –0.30 –3.04 0.003 –0.26 –2.69 <0.01 –0.38 –1.87 <0.10 –0.38 –1.89 <0.10
1995 –0.37 –3.97 <0.001 –0.25 –2.52 <0.05 –0.45 –2.30 <0.05 –0.29 –1.41 n.s.
1996 –0.37 –4.14 <0.001 –0.21 –2.12 <0.05 –0.42 –2.15 <0.05 –0.32 –1.57 n.s.
1997 –0.25 –2.63 <0.01 –0.24 –2.38 <0.05 –0.41 –2.08 <0.05 –0.39 –1.92 <0.10
1998 –0.27 –2.75 <0.01 –0.24 –2.41 <0.05 –0.41 –2.08 <0.05 –0.40 –2.02 <0.10
a Correlations are between median length of stay and climate factors. b df=98. c df=21

FIGURE 1. Mean Length of Psychiatric Inpatient Stay by Season in 99 Veterans Health Administration Hospitals Divided
Into Quartiles by Climate Factor 1, 1994–1998a

a Climate factor 1 encompassed several variables related to air temperature.
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found either across all hospitals (F=0.87, df=3, 380, p>0.40)
or for the coldest quartile hospitals alone (F=0.14, df=3, 93,
p>0.50).

To examine the potential moderating role of homeless-
ness, the percentage of psychiatric admissions who were
homeless at the time of admission was correlated with
both the climate factors and length of stay for 1996, the
year of the largest correlation between climate factors and
length of stay. The percentage of admissions from home-
lessness was positively but not significantly correlated
with length of stay (r=0.04, t=0.34, df=94, p>0.50) and with
climate factor 2 (r=0.05, t=0.35, df=94, p>0.50) and was
positively and significantly correlated with climate factor
1 (r=0.21, t=2.04, df=94, p<0.05), suggesting that the per-
centage of admissions from homelessness were higher in
hospitals in warmer areas.

Discussion

The results indicate that a modest but statistically sig-
nificant relationship between psychiatric length of stay
and climate does exist, with temperature being the climate
factor most strongly related to length of stay. This finding
supports our hypothesis that environmental variables
such as climate influence hospital utilization. To our
knowledge, climate has not been examined with respect to
psychiatric length of stay, nor have clinicians or research-
ers linked climate to length of stay theoretically (13). Sur-
prisingly, although the magnitude of the relationship be-
tween climate and length of stay is quite modest, it is
similar to that of many other clinical variables previously
studied (9). For example, these data suggest that climate
factor 1 alone accounts for up to 14% of the variance in
length of stay, and a recent study found that diagnoses to-
gether with history of previous admissions account for
less than 17% of the variance (9). These findings suggest
that there may be other contextual variables besides cli-
mate that contribute to variance in length of stay and un-
derscore the importance of examining the impact of other
such variables on service utilization.

An alternative interpretation of the current findings is
that a nonclimate factor such as regional variations in pa-
tient, treatment, or hospital variables may correlate with
climate and may be more salient in determining length of
stay. If climate has a direct impact on length of stay, it
would be reasonable to expect seasonal variations in
length of stay that correspond to the natural variations in
climate variables. Figure 1 provides limited evidence of
seasonal variations for the hospitals in the coldest areas of
the country.

One explanation for the relationship between climate
and length of stay is that colder and wetter climates may
be associated with a threat or perceived threat to patient
health or well being. This association may be a perception
of the patient, the treating staff, or both, and it may be par-
ticularly strong for homeless patients. However, this expla-

nation is not supported by the findings that the percent-
age of homeless veterans admitted to psychiatric units
was actually higher in hospitals located in warmer cli-
mates and was not significantly correlated with length of
stay.

It has not been established whether the correlation be-
tween climate and length of stay is common across all
hospitals or is limited to VHA hospitals. In the past, VHA
hospitals have been criticized for relatively long lengths of
psychiatric stay (2). For some hospitals, the relationship
between length of stay and climate is likely to have con-
tributed to the lengths of stay that have been criticized.
However, the current data are not sufficient to document
that this climate factor accounts for longer lengths of stay
for the VHA as a whole.

The relationship between climate and length of stay
over this 5-year period, during which there was a signifi-
cant shortening of length of stay overall, suggests that de-
spite the VHA’s effort to manage inpatient treatment, the
relationship with climate has not significantly changed in
magnitude. Some reduction in the correlation between
length of stay and climate factor 1 occurred in 1997 and
1998, but the correlation with climate factor 2 at the ser-
vice network level increased slightly during those years. It
is possible that climate is not related to patient or treat-
ment concerns and therefore is a source of variance that
could be eliminated without impacting quality of care. It is
also possible, however, that the influence of climate repre-
sents a real patient need and so reflects clinical judgment.
In that case, hospitals in colder and wetter climates will by
necessity have longer lengths of stay and are at a disadvan-
tage in a capitated reimbursement system that does not
correct for climate. Climate and associated costs differen-
tials are not included currently in VHA reimbursement
models. They are also not included in performance moni-
toring systems that focus on hospital utilization.

Limitations of this study include the lack of data on pa-
tient outcomes and the number of hospitals eliminated
due to missing data. Lack of outcome data is an important
shortcoming in this study, as it has been in many other
studies examining length of stay. Without data about the
relationship of climate to treatment outcome, it is unclear
whether the impact of climate needs to be eliminated
through managed care or whether it is related to appropri-
ate clinical needs. The number of hospitals eliminated due
to unavailable data on climate or length of stay repre-
sented 25% of the VHA hospitals providing inpatient psy-
chiatric services across the 5 years studied. Although this
proportion is considerable, post hoc statistical com-
parisons suggested that the eliminated hospitals were not
significantly different from the included hospitals with
respect to climate and available data on length of stay. (Re-
sults of post hoc analyses available from the first author.)

Additional research is needed to identify the ways in
which climate influences length of stay by specifically
looking at practitioner variables and patient needs as a
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function of climate. Treatment outcomes also need to be
examined as a function of climate. Finally, the study re-
sults suggest that future studies should continue to look at
the impact of other contextual variables on health care
and specifically on hospital length of stay.
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