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Change in climate and atmospheric components
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Atmospheric Scientiests have established:
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What is the response of vegetation growth to these changes?
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conformational change upon adsorption is observed for Cu-TBPP
on Ag(110) (Fig. 3d), where the single adsorption state is char-
acterized by a dihedral angle of 30°.

From this analysis we conclude that the molecular conformation
of Cu-TBPP is driven by the nature of the molecule—surface
interaction. This conformational adaptation within the molecules
occurs in addition to the general tendency for an adsorbate
molecular lattice to rotate with respect to the substrate in order to
minimize the inequivalent number of adsorption sites'. It also goes
beyond the observation of a gauche conformation in molecular
layers'®. The saturated hydrocarbon group on the DBP substituents
interacts with the surface by a weak chemisorption and permits
molecular mobility”. Small deviations of the Cu—TBPP conforma-
tion (~90 = 10°) result from modification of the weak chemisorp-
tion in response to the atomic corrugation and spacing. In contrast,
larger conformational adaptations (~45° and more) are dominated
by stronger mw-metal interaction at close proximity (typically
<0.5nm) of the delocalized electron system of the phenyl and
the porphyrin components to the metal.

Conformational analysis of adsorbed molecules permits a semi-
quantitative analysis of the adsorbate molecular interaction energy.
The degree of rotation of the phenyl-porphyrin bonds balances the
intramolecular steric hindrance with the molecule—surface inter-
actions. The rotational barrier for one phenyl-porphyrin bond of
tetra-aryl porphyrins in liquids has been measured by thermally
activated isomerization of specific isomeric forms (isolated
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Increase in NDVI Magnitude from 1982 to 1999
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Zhou et al. (2001) Ahlbeck et al. (2002)

! detrending the original time series. To estimate the relation
' between NDVI and temperature, we estimate the regression

. NDVI= 3, +3, temp +[3, CO;+=, (1)
Y=PBg+p, X+ Patime + &, (11)
with data from North America and Eurasia. Here temp
denotes temperature. To determine whether CO, or
temperature has a statistically measurable effect on NDVI,
we use a f statistic to test the null hypothesis that the

variable, X is the independent variable, B, B, and B, are

1
1
1
1
1
' where Y is the dependent variable, time is the deterministic
1
1
' regression coefficients, and ¢ is a stochastic error term. This
1

Greening of NH was chiefly driven Greening of NH was chiefly driven
| by rising temperature | | by rising atmospheric CO2 |

Zhou et al. (2002)

1
i :
! NDVI =3 + 03, time + [3, temp + 33 CO2 + 2, (2) X
1
e 1
: 1



There is little doubt that
changes in these factors affect
vegetation growth. The real
guestion is that how much each
factor contributes to the
observed signals.



Role of temperature change - modeling application
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Potential climate limits to plant growth derived from long-term
monthly statistics of minimum temperature, cloud cover and rainfall.

Temperature
Sunlight A
Water

Water = 40%, Temperature = 33%, Radiation = 27%
Nemani et al., 2003
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A Growing season NDVT trend during 1982-2006

TO°N

50°N- ©%

30PN

b Growing season NDVI trend during 1982-1997
1

70°N

SOPN A

30N

I°E 6O°E

9°E

1 T
120°E  150°E

¢ Growing season NDVT trend during 1997-2006
1 | 1 1 1 1

1
1807

0°NA -

S0PN -

30°N-

<= 003

=002 -.001

001

150°E

e i

002 =005

180°

d Growing season temperature trend during 1982-2006

TN
S0°NA T

30°INA

MrE

H0°E

TO'NA -

S0°NH T

PN

150°E  180°

T0°N -
50°N-| ©%
30°N )

120°E

I50°F  180°
L I °CiYr
<01 005 -D.02 002 005 >0,

EK-35(4-10 ) NDVIZ{LEARR 2 0494

g Growing season precipitation trend during 1982-2006

1 ] | 1 1 k|

YFE  120°E 1S0°FE 18P

h Growing season precipitation trend dunng 1982-1997
T ! B R |
70°N -

S0FNA

N

WE  60°E  9°E  120°E  1SOPE  180°

i Growing season precipitation trend during 1997-2006
! ! | 1 ! ! |

60°E

=5 2 | 2

YO°E  120°E  I50°E  180°

=5

mm/YTr



I | I ] I I | | I L

%% NPP JE.*ME)\\{ i

d

{42 NPP 1 i X
1% NPP i it & 4

Month



AFEZEF NDVIZRAL,# 3

12

10

(b) Summer (C) Autumn
¥ T v ¥ + 042
0.58 »
5 ﬁ‘” 5 0.38
- 10 G o 0.3
T
&’W = & E
% 5
T B
. 1. I - wo
E E B3 wa g E
E a0 E m “""'l“l\llflI ) ‘E 1m
: . v 1 -yt i 4
r Tl L A — —s 3 2o st Ne Y RN T (e
E 70 i L i i o ik Ll g 200 o = N . . 80 g e v
a
1680 1988 1090 1695 2000 2008 2010 1980 1685 1950 1995 2000 2008 20170 1980 1985 1900 1996 2000 2005 2010

Y ear Year Year

Temperature [*C)



FZF NDVIZRER R = 8 410
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Impact of 1998-2002 midlatitude drought and warming on
ecosystem and the global carbon cycle
Ning Zeng and Haifeng Qian
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Received 15 September 2005; revised 19 October 2005; accepted 25 October 2005; published 26 November 21 Terrestrial net pn'mary produtﬁon (NPP) quanﬁﬁes the amount of atmospheric carbon fixed by
2003. Although the yearly plants and accumulated as biomass. Previous studies have shown that climate constraints were
than during the short-li relaxing with increasing temperature and solar radiation, allowing an upward trend in NPP from
the 20012003 growth w 1982 through 1999. The past decade (2000 to 2009) has been the warmest since instrumental
bi-yearly peak is highest | measurements began, which could imply continued increases in NPP; however, our estimates
with a 24 month running 1 suggest a reduction in the global NPP of 0.55 petagrams of carbon. Large-scale droughts have
[3] In the meantime, tt reduced regional NPP, and a drying trend in the Southern Hemisphere has decreased NPP in
much of the Northern Her that area, counteracting the increased NPP over the Northern Hemisphere. A continued decline

[1] A rare drought occurred from 1998 to 2002 across
much of the Northern Hemisphere midlatitude regions.
Using observational data and numerical models, we analyze
the impact of this event on terrestrial ecosystem and the
global carbon cycle. The biological productivity in these
regions was found to decrease by 0.9 PgC yr™' or 5%
compared to the average of the previous two decades, in
conjunction with significantly reduced vegetation
greenness. The drought led to a land carbon release that is
large enough to significantly modify the canonical tropically
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Drought strikes the Amazon rainforest
again

Stories by subject

« Earth and Environment
« Developing world
» Ecology

Climate change may explain why history is repeating itself in
Brazil.
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Five years ago, vast areas
of the Amazon were
hammered by a historic
drought, which destroyed
trees, impacted the
livelihoods of fishermen
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Drought-Induced Reduction in Global
Terrestrial Net Primary Production
from 2000 Through 2009

Maosheng Zhao* and Steven W. Running

(C5) 8-day composite 1-km fraction of photo-
synthetically active radiation (FPAR) and leafl
area index (LAI) data from the MODIS sensor
(9) as remotely sensed vegetation property dy-
namic inputs to the algorithm. Data gaps in the
8-day temporal MODIS FPAR/LAI caused by
cloudiness were filled with information from ac-
companying quality-assessment fields (SOM text
$2) (10). For daily meteorological data required
to drive the algorithm, we used a reanalysis data set
from National Center for Environmental Predic-
tion (NCEP) (SOM text 83) (17). A Palmer Drought
Severity Index (PDSI) (/2) at 0.5° resolution was
used as a surrogate of soil moisture (/3) to mea-
sure environmental water stress by combining in-
formation from both evaporation and precipitation
(SOM text $4). A lower PDSI generally implies a
drier climate.

Drier summers cancel out the CO, uptake
enhancement induced by warmer springs

A. Angert**, S. Biraud*, C. Bonfils*, C. C. Henning*, W. Buermann*, J. Pinzon*, C. J. Tucker?*, and I. Fung*

*Berkeley Atmospheric Sciences Center, University of California, Berkeley, CA 94720-4767; and *National Aeronautics and Space Administration/Goddard

Space Flight Center, Greenbelt, MD 20771

Edited by Christopher B. Field, Carnegie Institution of Washington, Stanford, CA, and approved June 14, 2005 (received for review March 1, 2005)

An increase in photosynthetic activity of the northern hemisphere
terrestrial vegetation, as derived from satellite observations, has
been reported in previous studies. The amplitude of the seasonal
cycle of the annually detrended atmospheric CO; in the northern
hemisphere (an indicator of biospheric activity) also increased
during that period. We found, by analyzing the annually detrended
CO; record by seasaon, that early summer (June) CO2 concentrations
indeed decreased from 1985 to 1991, and they have continued to
decrease from 1994 up to 2002. This decrease indicates accelerating
springtime net CO, uptake. However, the CO, minimum concen-
tration in late summer (an indicator of net growing-season uptake)
showed no positive trend since 1994, indicating that lower net CO;
uptake during summer cancelled out the enhanced uptake during
spring. Using a recent satellite normalized difference vegetation
index data set and climate data, we show that this lower summer

CO; concentration time series. The first is the atmospheric CO;
concentration in early summer (June), which is indicative of net
CO, uptake (photosynthesis CO, uptake minus the CO; release
from heterotrophic respiration and biomass burning) in spring.
The second indicator is the CO; seasonal minimum concentra-
tion, which is reached in late summer and indicates net CO,

uptake during the growing season (March through August). @

These two indicators will be referred to onward as “net spring
CO; uptake™ and “net growing-season CO; uptake,” respec-
tively. They have been calculated after Thoning er al. (10) by
using monthly zonal concentrations from the GLOBALVIEW °
(11) “reference marine boundary layer matrix” (12) from 1983
onward [when the number of operating CO; stations was suffi-
cient to allow robust study of interannual variations (13)]. The
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and others who are
dependent on the river and
presented scientists with
what was seen as a rare
opportunity to investigate
the world's largest
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Europe-wide reduction in primary productivity
caused by the heat and drought in 2003
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Future climate warming is expected to enhance plant growth in
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Year 2003 in Europe
The largest productivity crash of the past 100 years
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Decline in vegetation growth over the last decade

Drier summers cancel out the CO, uptake
enhancement induced by warmer springs

A. Angert*!, 5. Biraud*, C. Bonfils*, €. C. Henning*, W. Buermann®, J. Pinzon', €. ). Tucker®, and I. Fung*

“Berkeley Atmospheric Stiences Canter, Unheersity of Califormila, Berkeley, CA'94720-8767; and "National Agronaatics and Space Admiratration, Goddand
Space Flight Center, Greenbeit, MD 20771

Edited by Cheistopher B. Fiolkd, Carnegie Irntitution of Washington, Stanford, €A, and appeoved June 14, 2005 {reconed for roview Manch 1, H005)
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Decline in vegetation growth over the last decade

Drier summers cancel out the CO, uptake
enhancement induced by warmer springs

A. Angert*'!, S. Birauwd*®, C. Bonfils*, C. C. Henning*, W. Buermann®, J. Pinzon', C. J. Tucker®, and I. Fung*
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Trend In spring vegetation growth and temperature
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Trend in summer vegetation growth
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Decline in spring vegetation growth due to cooling
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Spring phenology change in Qinghai-Xizang

Winter and spring vwarming result in delayed spring
phenology on the Tibetan Plateau

Haiying Yu®®, Eike Luedeling®. and Jianchu Xu@--1

“Key Laboratory of Biodiversity and Biogeography, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650204, China; "World Agroforestry
Centre, East-Asia Program. Kunming 650204, China:; and “World Aagroforestry Centre, Giqgiri, Nairobi 00100, Kenva
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Spring phenology change in Qinghai-Xizang
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Spring phenology change in Qinghai-Xizang

Method to detect changes in the vegetation green-up date

e e Firstly, we calculate the averaged annual NDVI
X, Medmumnevichangngrate time series curve during 1982-2006 to
101 determine the NDVI threshold of vegetation

0.4+

green-up in each pixel.

NDVI

1-0.1

abueyD |IAQN aAIeRY

—4-0.2

103 e The threshold over 1982-2006 is defined as the

-0.4

NDVI value with the highest positive relative

NDVI seasonal change;

0.4

0.35

e We performed a least square regression

0.3r

0.25- Apply NDVI threshold

analysis between NDVI data and the

NDVI

———————

0.2-

corresponding day of year (Julian day)

0.15+

0.1} Onset day

0.05

1 2 8 4 5 6 7 8 9 10 u 1 e Finally, the annual green-up date is calculated
M

onth

as the day when interpolated daily NDVI
crosses the corresponding threshold upwards .



Spring phenology change in Qinghai-Xizang

Spring vegetation green-up date vs. altitude
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e Spatial patterns of spring vegetation green up date closely linked with
altitude.

e Across the Plateau, in response to increase in elevation by 100m, the
green-up date delays by 0.8 days.

Piao et al., GCB (2006): AFM(2011)



Spring phenology change in Qinghai-Xizang

Temperature vs. altitude

Temperature (0C)

Temperature (0C)
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Such a significant increase in
green-up date with increasing
with

altitude is coincident

decreasing temperature;

Both
temperature  is

annual and

spring
negatively
correlated with altitude by 0.3

and 0.4 °C/100m, respectively.



Spring phenology change in Qinghai-Xizang

Temporal change in spring vegetation green up date

e The vegetation green-up
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significantly advanced by 0.9
days yr! from 1982 to 1999
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delayed with an overall rate
of 2.2 days yr.



Spring phenology change in Qinghai-Xizang

Temporal change in spring temperature
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Spring phenology change

Trend in spring phenology and temperature

Before 1999
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e Vegetation green-up significantly
advanced in 29% of vegetated
the

area, particularly in

southwestern parts;

e |n contrast, during 1999-2006, the

green-up date delayed (positive
trends) in more than 75% of
Qinghai-Xizang Plateau.



Spring phenology change in Qinghai-Xizang

1998-2006 4 [B]BGSZ L taAbEiEIRRI T (L

- (B Slope:0.0019 R% = 0.89, P<0.001

Trend in onset of green-up (days/yr)

2750 3150 3550 3950 4350 4750 5150 5550

Altitude (m)



Spring phenology change in Qinghai-Xizang
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Changes in Vegetation Net Primary Production: 1982-1999

* Trends in NPP are positive over 55% of the global vegetated area and are statistically more
significant than the declining trends observed over 19% of the vegetated area



Changes in Vegetation Net Primary Production: 2000-2009

?-- | gy, -
I e
SR T T e . e
- i . " s s
I S Rl oo N
¢ s e R
i 1-.:_-'_*'.".- \ . : i}_“.
e - ‘_'F: - ¥ A
. 4 o )
- o &
i . i
- \ i'." ‘:_' ::.
' e
'\ 2
\‘-
B, Dy . .
e — From Zhao and Running, (Science, 2010)
[ |
-1 -14 -7 0 7 14 H

MPP Trgnd (2000-2009) (qC/m¥ye)

* Reduction in NPP of 0.55 billion tons of Carbon during 2000-2009
» Large droughts have reduced regional NPP (see, Amazon region for example)
* A drying trend in the Southern Hemisphere has decreased NPP there

» There was slight increasing trend in Northern Hemisphere



General Critique of Zhao and Running

 Zhao and Running reported an extremely small reduction, 0.55 petagrams of carbon (Pg C),
n global terrestrial net primary production of 535.21 Pg C over a ten-year period, or 0.1%

» This decline is due to a drying trend in the Southern Hemisphere that decreased NPP by
1.83 Pg C (0.34%), and which was counteracted by increased NPP in the Northern
Hemisphere by 1.28 Pg C (0.24%).

» These small changes raise the obvious question — how credible are these numbers and the
reported regional patterns?

» The Amazonian forests present a good test case to assess Zhao and Running because of the
wealth of field NPP measurements available to test the NPP model and the dominant role
these forests play in NPP trends and interannual variability (66%).



Comparision of Model and Field NPP Measurements

Observed NPP Zhao and Running (7)
Site Period (kg-C m2 Yfl) (kg-C m2 }’1"1} Error (%)
KM67 2001 1.230 0.832
KM6E7 2004 1.055 0.733
ZF-2 2001 1.063 0.779
ZF-2 2002 1356 0.703
UFAC 2001 1343 0.997
UFAC 2002 1.299 0925
BATI12 2006 1366 1519
AGP
(AGP-01 and 2004-2006 1.148 1.000
AGP-02)
CAX
(CAX-06 and 2004-2006 1.396 0.737
CAX-08)
TAM
(TAM-05 and 2005 1.534 2.028
TAM-06)
ZAR-01 2004-2006 0.930 1.042

* Zhao and Running’s NPP
estimates differ from field
measurements by 28%

* They generally underestimate
by 31% and overestimate in a
few cases by 18%

* This does not give confidence
in their modeled NPP
estimates



DGVMs derived NPP change
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Uncertainties:

& Missing processes
» N depositions.
» Atmospheric O3 pollution
» Land Use Change (e.g. plantation, deforestation...)
» Agriculture Irrigation & fertilization

& Parameterizations

& Driving factors

Temperature, precipitation, radiation and land cover
map et al.



ANPP anomaly (Pgfyr)

ANPP anomaly {Pgfyr)

——HYL: 8.28Pgin°C R%=0.56

LR 82PgMPC R=0.28 .

B~ SHE&11PghC R%037 * ot
TR 7.86PgATC R7=0.3¢ ¢

8H — ORC:8.1Pghr°C R?=043

4 L3
[ ]
13 ‘
1 2 1 1 1 1 1 1
126 127 128 134 13.3 138 17 1389 141
MAT (°C)
i T T T T T T T
——HYL: 0 153Pghtippm R*=0.96 L)
oll T LPJ 0.134Pghrippm R2=0.87 .
— SHE:0.167Pg/rippm R¥=0.77 % Q’é
| TR 0.182Pghymippm R3=0.82 L« ¢z .
T ORC:0.163Pghvppm R%=088 | 25,
» L
8 S
.
I
1k
Kls
.a -
» .
Sk
4 i L L 1 1 1 L
%5 205 g 325 95 345 355 3065 5

Atmospheric CO2 concentration {(ppm)

[| —HYL: 0.0881PgATImM R*=0.045

—LPd: 0.0479Pghrimm R*=0.084

I SHE.0.0985Pghyrimm R7=0 18

TR 0.0824Pgiyrimm R*=0.16

H — ORC0,066PghTmmM R’=0‘1‘|

ANPP anomaly (Pgfyr)

NPP = aMAT + bMAP + cCO, + d

"Ny

vty

C *
* *

R *
£ @
-

- .
.

L
»

b

C

iPglyr/G. Pglyr/mm Pg/yr/ppm

R2

HYL
LPJ
SHE
TRI
ORC

-0.02 }
lplsp)
-2.46
233}

179

* 4

[
[
.
=
L
=

L
=

L

-

C
-
-
-
.
.
.
.
.
*

0.01
0.03
0.07
0.06
0.04

0.15
0.16
0.18
0.18
0.18

0.97
0.92
0.89
0.90
0.92

A ST
. 3
Cans®



Vegetation productivity and Nitrogen

e Productivity of many
land ecosystems is
control by nitrogen
availablility (Vitousek,
2002, Reich et al.
1997, FACE results,

IFTIETEL
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Nitrogen deposition
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Leaf nitrogen (mg/g)

Reich et. al. PNAS, 1997.



LT F 54

ml As mentioned above, fertilizer production is one of manifistations of N limitation on vegetation productivity
mobila. local, 2005-9-28



The effect of irrigation and fertilization on
agriculture productivity

Satellite data based model Only climate data based model
Ay LPJ




Uncertanties from driving factors

Nemani et al., 2003

Piao et al., 2005



Cumulative Met Land Sink (Pg C)
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Homework

—  using Le Cuérd ot al. (2007

— using Wetzel at al. {2005)

——  using Lovenduski et al. (2008)

— using Rodgens et al. (2008
l

1970 1980 1990 2000 2010



Thanks !
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