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Final Draft (7 June 2013) Chapter 11 IPCC WGI Fifth Assessment Report

IPCC AR5

Annual mean water cycle change (RCP4.5: 2016-2035)

‘Hydrological
acceleration’

08 -06 -04 -02 0 02 04 06 08

A Soil Moisture

: .

0 10 20 30 40

A Specific Humidity

Figure 11.14: CMIP5 multi-model annual mean projected changes for the period 2016-2035 relative to 19862005
under RCP4.5 for: (a) evaporation (%), (b) evaporation minus precipitation (E-P, mm day '), (c) total runoff (%), (d)
soil moisture in the top 10 cm (%), (e) relative change in specific humidity (%), and (f) absolute change in relative
humidity (%). The number of CMIP5 models used is indicated in the upper-right corner of each panel. Hatching and
stippling as in Figure 11.10.




IPCC AR5

(d) Warm Days
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Figure 2.32: Trends in annual frequency of extreme temperatures over the period 1951-2010, for: (a) cold nights
(TN10p), (b) cold days (TX10p), (c) warm nights (TN90p) and (d) warm days (TX90p) (Box 2.4, Table 1). Trends were
calculated only for grid boxes that had at least 40 years of data during this period and where data ended no earlier than
2003. Grey areas indicate incomplete or missing data. Black plus signs (+) indicate grid boxes where trends are
significant (i.e., a trend of zero lies outside the 90% confidence interval). The data source for trend maps is HadEX2
(Donat et al., 2013c) updated to include the latest version of the European Climate Assessment dataset (Klok and Tank,
2009). Beside each map are the near-global time series of annual anomalies of these indices with respect to 1961-1990
for three global indices datasets: HadEX2 (red); HaddGHCND (Caesar et al., 2006; blue) and updated to 2010 and
GHCNDEX (Donat et al., 2013a; green). Global averages are only calculated using grid boxes where all three datasets
have at least 90% of data over the time period. Trends are significant (i.e., a trend of zero lies outside the 90%
confidence interval) for all the global indices shown.




Evaporative Stress Index
3 month composite ending July 28, 2012

Standardized ET/PET anomalies
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Fig. 1. (A and B) Satellite-derived standardized anomalies for dry-season rainfall for the two most extensive ; .
droughts of the 21st century in Amazonia. (C and D) The difference in the 12-month (October to September) §#
MCWD from the decadal mean (excluding 2005 and 2010), a measure of drought intensity that correlates 3 ™
with tree mortality. (A) and (C) show the 2005 drought; (B) and (D) show the 2010 drought.
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What does this all m%n {o] Evapotranspiration\cET)?
hEcosystemwesponge to heagstre"ss n_g'e (f): :Nith =

- » Plants regulate water loss by cI | ‘u “
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WATER USE EFFICIENCY (WUE): UNCERTAINTY

WUE: Plant’s ability to fix a large amount of carbon using little
amount of water

- N % I 4
. - e

Uncertainty in WUE (GPP/ET)
(1901-2009)
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When ETis , LST s . ; and vice versa.

Water stress = ET/PET<1

Evaporative Stress Index
3 month composite ending July 28, 2012

Standardized ET/PET anomalies

-2G- -1

0






Simulated HyspIRI ET over a Seasonal Cycle

» Santa Rita FLUXNET site data (Tuscon, AZ)
» 2 out of 3 observations removed to simulate cloud exposure

T T T T I : | 300
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—  FLUXNET HysplIRI >10X more accurate than Landsat!!!
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Need for HysPIRI-TIR ISS-based instrument (PHyTIR) to

capture Ecosystem Stress responses at appropriate
spatial (40 m) and temporal scales (diurnal cycle), at
least before HysplRI flies.
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Simulated HyspIRI-TIR ET on ISS
(50° N, 1-14 September)

| —@)— HyspIRI -
100 FLUXNET ‘Pseudo-diurnal cycle’
B Landsat-5
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WHAT IS THE UNCERTAINTY IN ET WHEN LST IS UNCERTAIN?

* What are requirements necessary for producing ET low enough to accurately
estimate stress responses in space and time?



WHAT IS THE UNCERTAINTY IN LST?
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WHAT IS THE UNCERTAINTY IN ET WHEN LST IS UNCERTAIN?



Evapotranspiration (W m-2)

400 7

350

300

250

200

150 1

100 T

50 1

e==Observed
e==() change
@i 1degC LST
w===_5degC LST
e==1+5degC LST

T T T T T T T T

0 16

(o]

,
%
7

T

32 48 64 80 96 112 128 144 160

T T T T T T T T T T T T T

176 192 208 224 240 256 272 288 304 320 336 352
0A +1°C *5°C

m

r2

RMSE

50 100 150 200 250 300 350 400

Observed Evapotranspiration (W m?)




N
@
i
=
2
e

i a:\
, f »n«




° ochange

©  With LST
Uncertainty

150 200 250 300 350 400

100

50
Observed Evapotranspiration (W m

2)

A°C

0A

0.99

0.82

377

r2

RMSE

LRI T




>
)
>
)
wn
c
(V)
wn
>

)
-
(q0)
)
|-
(V)
O
c
]
T
Ll
(V)
>
(V)
-
(V)
)
wn

from LST uncertainty

)

e | SPEM (
e = | SPEM (+)

e SEBS
@ = SEBS (+)

)

100

WV VAR Y .\

w«_ X/ A\

..(. p/

»..
T

-

20

0

1

LST Uncertainty (°C)







MODIS LST(K)

: ET UNCERTA
. (LST UNCERTAINTY: 4.5K)

LSPEM ET (W m-2)

ET UNCERTAINTY

= abs(ETLSTO-ETLST+)1abs(ETLSTO-ETLST-)
abs(50-51 W m-2)+abs(50-58 W m2)
9 W m2 (global mean)

ET SENSITIVITY

= abs(ETLST+_ETLST-)/ETLST0
abs(51-58 W m2?)/50 W m-?
14% (global mean)



Thank you!



