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Climatic Trend Methodology

Daily precipitation, maximum temperature, and minimum temperature data were acquired from the National

Moisture Trends Contact Info

Email: Evan.Kutta@mail.wvu.edu

Relatively few studies have simultaneously addressed observed changes in

Precipitation Precipitation St Dev

climatic averages and variability, land use, and forest species composition that jointly  Center for Environmental Information (NCEI) for eighteen sites spatially distributed across West Virginia (Kutta and 130 s oo Tel: 304-293-8851

influence coulped land-atmosphere interactions (e.g. water and carbon cycles). West  Hybbart 2018). Stations were selected with a start date prior to 1930 ensuring analyses included the unprecedented g 1906 1960 Regression 30‘Egggﬁggﬁdﬁiﬁiﬂm T

Virginia (WV), USA represgnts a qU|nte§sent|aI region to do this since old growth hardwood ¢ ;mmer heat associated with droughts during the 1930’s (i.e. Dust Bowl) and 1950’s (Cook et al. 2007; Vose et al. 1254 a0, progiotion nterval 95% Predicton Interval Website: iwss.wvu.edu

forests were cleared for timber extraction, agricultural development, and settlement near 5447y viapor pressure deficit (VPD) was calculated as the difference between saturation (maximum temperature) and = . I1sorson noresser | -5.6cm Hl2.0em| o5 e e heaeeon | +5.8¢m +o.0cm Twitter: @WVU_IWSS

the turn of the 20th century. It was estimated that agriculture and pasture lands comprised . o . O 120 p < 0.001* - p = 0.010*

5 : : : . . . actual (minimum temperature) vapor pressures (Buck 1981; Kimball et al. 1997). Seven year moving averages were  Q_ _ O o p < 0.001* '

72% of WV'’s land area in 1909, but farm abandonment resulted in rapid afforestation with q H | mod £ ol abili v the El Nino-South Oscillat D | 2018 ~ Qg,%

forest cover estimated at 64% and 79% in 1949 and 1979, respectively. Forest cover ~ US€d to smooth inter-annual modes of climate variability, namely the El Nino-Southern Oscillation (Detto et al. ) 2 115- ¢ 20+ 2 ACknOWIngementS

remained steady (~79%) through the 2016 forest inventory analysis, but the forest species and seven-year moving standard deviations were used to quantify changing climate variance. Mann-Kendall’s trend test 2 - ._g

composition shifted from oak (Quercus spp.) to maple (Acer spp.) species in response to a and Sen’s slope estimator were used to determine significance (a = 0.05) of estimated rates of change. Mann-Kendall’s g 110 - ,‘g 15 4 _

positive-feedback loop more commonly referred to as mesophication. For example, in  trend test and Sen’s slope estimator are non-parametric approaches that don’t assume normally distributed data and are & ' % This W_Ork WaS_SUPported by Fhe

2013, oaks and maples represented approximately 46% and 5% of larger trees (>50.8 cm less sensitive to outliers (e.g. Tabari et al. 2011; Gocic and Trajkovic 2013). g 105+ ® 19 National Science Foundation

in diameter) and 5% and 27% of smaller trees (5.1 to 10.2 cm in diameter), respectively - 100 ' o 'Y under Award Number OIA-

suggesting mesophication will continue. Oaks and maples have different hydraulic T t T d | ' ' 1458952, the USDA National

architectures that may reflect an evolutionary trade-off between hydraulic conductivity (i.e. empe ra u re ren S ' S5 - & +4.8cm M, Institute of Food and Aariculture

water use) and drought vulnerability suggesting that climatic changes in WV increased 99+ p =0.002" . J ’
Hatch project 1011536, and the

water availability and reduced drought severity. Seven year moving averages and standard Maximum Temperature 1900 1920 1940 1960 1980 2000 2020

Maximum Temperature St Dev 1900 1920 1940 1960 1980 2000 2020

deviations of observed maximum temperatures, minimum temperatures, precipitation, and 19.5 o 0 7-year Moving Average 1.6 —— . West Virginia Agricultural and
modeled vapor pressure deficits (VPD) were quantified and averaged across WV (n = 18) +=0'30(?| 1% T 95% Confidonce mtonva - -0.08°C iig:ﬂ/sggndeggsr%%ion | Vapor Pressure Deficit Vapor Pressure Deficit St Dev Forestry Experiment Station
over a 111 year period of record (1906-2016). Results showed that maximum temperatures 1904 p = 9% Predicton nerval 1.4 p = 0.207 S E et -0.03kPa [0 1206.1960 Regression 0.15- +0.006kPa L eao0te Ragesson
decreased significantly over the period of record (-5.3%; p = 0.000), minimum temperatures %) ' o e Regressim s - Eg?; g?g Ezg:iz:gz 1.35 p=0139 :gg; lCD:ondﬁ_dte_ncel Irtervlal p = 0.552 [ 95% Confidence Interval
increased significantly (7.7%; p = 0.000), and precipitation increased (2.2%; p = 0.107). & _0.1°C O 1.2+ +0 18°C 1906-1960 Regresaion o 1006, 1560 Roarescion
Additionally, maximum temperature variance decreased (-17.4%; p = 0.109), minimum © 18 5 - p =0.147 "q'; . i 130 - 1961-2016 Regression 0.12- 1961-2016 Regression Figure 3. Seven year moving averages
temperature variance decreased significantly (-22.6%; p = 0.042), and precipitation 5 = =~ - ~ +0.021kPa 1550 e stemgere cleviion (8 Bewe fah
variance increased sllgnlflcantly (26.6%; p = 0.004). Rgsults indicate a reduceq d.u.JrnaI © | "é 0 1 o5 : a 0 of observed annual precipitation (top) and
temperature range with less temperature variance that is further supported by significant @ 18.0 o ) X =.0.09- . _ .

: - /. n — S - Q. o vapor pressure deficit (VPD; bottom) in
reductions in modeled VPD (-10.3%; p = 0.000), which is a key ecosystem driver of ¢& = 0 o N ST
photosynthesis, water vapor flux, and plant productivity. Therefore, feedback mechanisms @® o o 1.204 « al West Virginia, USA. Black, blue,_ and.gold
associated with simultaneous changes in climatic averages and variability, and use (e.g. ' 17-27 — = > 0.06- lines and text correspond with linear
afforestation), and forest species composition may have reduced drought severity in WV -0.9°C 1154 ' regressions and estimated magnitudes of
with regional implications for water, energy, and carbon transfer. 17.0 - p <0.001* _ 0.16kPa | o8 change during the whole (1906-2016) time

. — T T T T : 1.10- < 0.001* 003/ ° -0.009kPa ® ng series and the first (1906-1960) and second
EVOIUthﬂ ary Trade Off 1900 1920 1940 1960 1980 2000 2020 1900 1920 1940 1960 1980 2000 2020 p=q. p = 0.204 5 (1961-2016) halves, respectively.

Minimum Temperature Minimum Temperature St Dev 1900 1920 1940 1960 1980 2000 2020 1900 1920 1940 1960 1980 2000 2020 * = significance (p < 0.05)

st s s 0 i gy o, T P B o [ oo |12 e B Conclusions
*Anisohydric species (e.g. oak) maintain relatively constant stomatal conductance ?EQ?ZE%CEEEEEE p+<1.(;|.‘;((3)1* p <0.001* S 10, Eg’f?g;g%%% EEEE
a”OWRgnvf;agE;gf;v.aéer PorenTel end are generay e porfﬁgﬁildzfiz)' %5'5' 3 > 0.0rmc « Between 1906 and 2016, West Virginia’'s climate became increasingly humid, wet, and
¥ TR S50 %0-8‘ temperate associated with reforestation: ~28% (1909) to 79% (1979 to present)
o 3 0.6-  Trends in maximum and minimum temperatures converged indicating decreasing VPD and
54-5- 504_ DTR consistent with increased precipitation and associated cloudiness
‘0. v0 400 « Decreasing VPD and temperature variability indicates increasingly common small DTRs that
| p = 0.001* 0.2- may prolong wet conditions and increase vulnerabillity to pests and pathogens

1900 1920 1940 1960 1980 2000 2020 1900 1920 1940 1960 1980 2000 2020 e Increasing precipitation and precipitation variability indicates more frequent and extreme wet
years in West Virginia that may increase frequency or magnitude of flooding.
« Changes in West Virginia’'s forest species composition are consistent with reduced drought

duration or severity, which implies accelerating water and carbon cycles.

ReSUItS and DiSCUSSion References

1 906-1 960: Bishop, DA, Pederson, N (2015). Regional variation of transient precipitation and rainless-day frequency across a subcontinental hydroclimate gradient. Journal of Extreme Events, 2(02), p.1550007.
. _ _ Bones, JT (1978). The forest resources of West Virginia. Resour. Bull. NE-56. Broomall, PA: US Department of Agriculture, Forest Service, Northeastern Forest Experiment Station. 105p., 56.
*West Virginia’s estimated forest cover increased from ~28% to >64% (Brooks 1911; Bones 1978)

Brooks, AB (1911). West Virginia geological survey, vol. 5: Forestry and wood industries. Morgantown, WV: Acme Publishing.
\WWarming temperatures and decreasing precipitation suggests long-distance impacts associated with the 1930s (Vose et

a -.... AN WAL e ier s o e
Flgure 1. Magnified cross sectional depiction of three xylem porosﬂy types. ring porous

(R; left), semi-ring porous (SR; middle), diffuse porous (D; right; Hoadley 2000).

Figure 2. Seven year moving averages (left) and standard deviation (St Dev; right) of observed maximum (top) and
minimum (bottom) temperatures in West Virginia, USA. Black, blue, and gold lines and text correspond with linear
. . regressions and estimated magnitudes of change during the whole (1906-2016) time series and the first (1906-1960) and
Rlng Porous (R)— second (1961-2016) halves, respectively. * = significance (p < 0.05)
Most common in northern temperate habitats
- Less shade tolerant, more fire tolerant
Less vulnerable to drought-induced cavitation
- Maintains C assimilation during drought
More vulnerable to freeze-induced embolism
- Up to 95% vessels embolized first freeze
- Larger vessels, rarely survive one year
Xylem vessels form during leaf expansion

- Later leaf out - shorter growing season

Diffuse Porous (D):

Common across a broad range of latitudes

- More shade tolerant, less fire tolerant

More vulnerable to drought-induced cavitation

- Reduces C assimilation during drought

Less vulnerable to freeze-induced embolism

- Gradual embolism losses during winter

- Smaller vessels, can be active for years
Xylem vessels form after leaf expansion

- Earlier leaf out - longer growing season
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D = diffuse, SR = semi-ring, R = ring
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