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Milestones in Instrument Records

600s. Invention of thermometer (or thermoscope)
Daniel Fahrenheit invented the first mercury thermomete

sinning of systematic recordkeeping in Uppsala
assisted by Anders Celsius (1701-1744)
o posed his scale in 1724




Assessing Drought: Supply and Demand

arly 1900s example: 21+ days with rainfall less than 1/3 of normal
ornthwait (1931) formalized evapotranspiration

er (1965) water balance concept, and alternative time scales
er Hydrological Drought Index: groundwater, stream flow, 1 yr. + ha
er Drought Severity Index, ~ 9 month horizon

Z index measures moisture anomaly for a particular mont

e Index, Palmer (1968), monitors short-term (wee
ipitation Index (SP1), McKee et al.

Hein, “A Review of Twentieth-Century Drought Indices” Bull Am Met Soc 83 (2002)




Palmer Drought Severity Index (PDSI)

est and most widely-used measure
ayne C. Palmer, “Meterological Drought” (1965)

am M. Alley “The Palmer Drought Severity Index: Limitations
ptions,” J. of Applied Meteorology, 23 (1984)

ce equation includes
evaporation, transpiration, soil recharg

e con ditions over time :




Dendochronology

Leonardo da Vinci




drew E. Douglass (1867-1962)

e modern founder of the field, he
as a student of the famous
stronomer Percival Lowell who, in
894, sent Douglass across the

ntry tobuild an observatory in
zona. While acquiring the timber
the observatory’s construction,
lass noticed similar ring-width
in the stumps of the trees
struction.

920s, Douglass had
ence of dendro-
antly,



Andrew Ellicott Douglass

(1867—1962)




Cross dating
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niformitarianism Principle
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WHEN CONDITIONS ARE LIMITING:
Many growth-related akdu

- o 1
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. S e ety
processes are limited. [wige %Eg;;is:ﬁ::::g.

Fewer cells are
produced,

Rings are narrow.

Cell characteristics |Namow
and wood density vary
depending upoen when

and what factors are
limiting.
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¢ model:

5. THE CLIMATE-GROWTH SYSTEM 227
LOW WATER VARIATIONS IN LESS
TEMPERATURES STRESS GROWTH REGULATORS FOOD
/

/ Fewer growth  More growth
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cological Amplitude

e Atree species will be more responsive and sensitive to changes i

environmental conditions in the outer limits of its range.
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iple of Site Selection

eek sites that will enhance a tree’s responsiveness to
ironmental factors.

ites where factors are more limiting.

orms of trees provide clues where:




COMPLACENT
RING SERIES RING SERIES
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What to look for in trees that indicate longevity:

1. Dead spike top or broken top

El Malpais National Monument, NM

2. Heavy, drooping lower limbs

3. Short stature, inverted
carrots

. Erratic growth forms

. Stripbark

4
5
6. Sparse foliage in crown
7. Exposed roots

8

. Isolated individuals
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Alta Peak, Sierra Nevac

CA




Tree growth can be “decomposed” into five basic parts:

R,= A, +C, + 5D1, +35D2, + E,

= the current year, and delta = preser




agate Tree Growth

RING WIOTH mm

RING WIDTH mm

RING WIDTHmm




5 Coefficients

Stand
dynamics

RING WIDTH mm
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ciple of Replication

Sample more than one stem radius per tree and more than on




Reconstructing the PDSI

available

tly dated, annual tree-ring cf




835 TREE-RING CHRONOLOGY NETWORK
FOR RECONSTRUCTING DROUGHT




FREQUENCY HISTOGRAM OF STARTING YEARS
OF THE NORTH AMERICAN TREE-RING NETWORK

M 835 TREE-RING CHRONOLOGIES







PDSI CALIBRATION AND VERIFICATION STATISTICS
FOR TREE-RING RECONSTRUCTED DROUGHT




OBSERVED RECONSTRUCTED FROM TREE RINGS

1956

Palmer Drought Severity Index
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Animation
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{ ; (1900-2002 Instrumental PHDI, Dry < -3
%" (1700-1978 PDSI Reconstructed from Tree-Ring Data, Dry < -2)
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Megadrought
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16th Century Megadrought

10 Year Average
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Applications

oles of settlement
ral production and prices
ess: tax revenues and regional ban

atterns: health and migratic




Settlement
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Jamestown Drought:
4 1606 - 1612

1587 - 1589

1560 1600 1640

Year

Tree-ring Reconstruction: July PHDI
Tidewater region of Virginia & M. Carclina
from 1185 to 1984 (top), and

eafy colonial period 1560 to 1720 (bottom).



The Future?

eral droughts of the past 2000 years
e those found in the instrument re




