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Global climate change
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Consequences

e Drought and wildfire e Heat waves and disease

e Sea level rise
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PARTS PER MILLION

Atmospheric CO, at Mauna Loa Observatory
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Land Uptake (GtC/yr)
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* Flux observations
e Satellite remote sensing

* Process-based modeling



AmeriFlux, other regional flux networks, and FLUXNET
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Conceptual framework for upscaling of fluxes from towers to broad regions
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Upscaling AmeriFlux data to the national scale
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* Observations from 42 towers
e Data-driven approach

* MODIS data streams

* Gridded EC-MOD flux dataset
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Carbon sinks/sources: an alternative, independent estimate

Xiao et al. | Pacala et al. 2001 | Deng et al. 2007 | SOCCR 2007

Carbonsilllk 0.63 0.3-0.58 ~0.63 0.49
(PgCyr?) (0.57)

US fire emissions: ~0.06 Pg C yr'! (Wiedinmyer and Neff, Carbon Balance Manag., 2007)
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Impacts of drought and disturbance
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Fig. 9. Effects of extreme climate events and disturbances on annual NEE. (a) Impact of the Biscuit Fire on annual NEE: burned area, fire severity, and anomalies of annual
NEE in 2003. Fire severity was based on the difference normalized burn ratio (dNBR) from Landsat Thematic Mapper (TM) data acquired before and immediately after the
fire: little or no change (1), green and dead mixed (11}, dead trees with needles (Ill), and dead trees without needles (IV). (b) Anomalies of annual NEE relative to the 6-year
period 2001-2006 and anomalies of annual precipitation relative to the 30-year period 1970-1999 taken from the PRISM climate database in 2002 and 2006. (c) Impact of
hurricane Katrina on annual NEE in 2006. The white lines indicate the isotachs, including tropical storm, hurricane category 1, and hurricane category 2.

Xiao et al., Agri. For. Met., 2011
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AmeriFlux, other

regional flux networks, and FLUXNET
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Global flux fields - EC-MOD (2000-2010)
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GPP

North America Eurasia S. America Africa Oceania Global
Evergreen forests 4.52+0.08 12.69+0.31 22.19£0.65 7.74%+0.26 2.29+0.09 | 49.80%=1.33
Deciduous forests 0.92+0.02 1.31£0.04 0.47%0.03 0.16£0.00 0.00£0.00 | 2.86x0.04
Mixed forests 2.15+0.04 6.17+0.14  0.04=%=0.00 0.00£0.00 0.00£0.00 | 8.39%+0.14
Shrublands 2.49+0.06 4.12+£0.10 0.75%0.05 1.39£0.08 1.11+0.16 | 9.93+0.32
Savannas 1.31£0.03 2.53+0.08 7.79£0.33 13.89+0.62 1.15%0.10 | 26.69£1.06
Grasslands 1.09£0.08 2.85+0.09 1.12+0.09 1.09£0.06 0.08£0.01 | 6.24%0.16
Croplands 4.4740.11 12.90+0.37 1.68%0.09 0.93+0.04 0.33£0.06 | 20.3440.43
Total 16.96+0.30 42.58+0.80 34.04+1.14 2520%£0.95 496+0.34 | 124.254+2.86
N E E North America Eurasia S.America Africa Oceania Global
Evergreen forests -0.65%0.06 -1.67+0.16 -3.78%£0.57 -1.10£0.11 -0.50%£0.03 -7.75%0.79
Deciduous forests -0.2440.02 -0.434+0.03 -0.08£0.02 -0.03£0.00 0.00%£0.00 -0.78 =0.03
Mixed forests -0.3610.02 -0.93+0.05 -0.01£0.00 0.00£0.00 0.00%£0.00 -1.30%0.06
Shrublands -0.51%0.03 -0.834+0.05 -0.17£0.02 0.59+£0.03 0.84=*=0.06 -0.09%+0.12
Savannas -0.1240.01 -0.26+=0.01 -0.31£0.12 -1.07£0.07 -0.060.02 -1.824+0.17
Grasslands -0.0240.03 -0.73+0.05 -0.04£0.02 0.71£0.03 0.004=+=0.003] -0.08+=0.05
Croplands -0.8610.05 -1.81+0.15 -0.15£0.04 0.13%=0.03 0.07%=0.02 -2.621+0.17
Total -2.77%+0.14 -6.661+0.18 -4.54+0.70 -0.77£0.12 0.3620.09 -14.44+0.81
E R North America  Eurasia S.America Africa Oceania Global
Evergreen forests 3.79+0.07 10.61+0.30 17.08+0.65 6.761+0.23 1.80£0.06 40.34+1.22
Deciduous forests 0.660.01 0.87£0.02 0.42+0.02 0.14£0.00 0.00£0.00 2.08+0.04
Mixed forests 1.64+0.02 4.75+0.11 0.04£0.00 0.00£0.00 0.00£0.00 6.45+0.12
Shrublands 1.42+0.05 2.36+0.06 0.47£0.03 1.41£0.07 1.18£0.14 6.90+0.26
Savannas 1.01£0.03 1.91£0.06 5.98+0.23 10.95+0.46 0.93%0.08 20.8040.77
Grasslands 0.91£0.06 1.88£0.04 0.99+0.07 0.99+0.04 0.07£0.01 4.83+0.13
Croplands 3.16+0.07 10.57+0.27 1.460.06 0.95+0.03 0.34+0.04 16.50+0.36
Total 12.59+0.23 32.954+0.73 26441096 21.21£0.76 4.321+0.26 97.91+258




Mean annual ET (mm yr-!, 2001-2010)
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ET (km? yrl)

North America Eurasia South America Africa Oceania Global
Evergreen forests 1,805+29.3 4,.801+t117.8 8,484+273.1 3,2261+106.9 826+34.4 19,268 +533.0
Deciduous forests 339+12.7 526+19.0 268+ 15.3 82+2.4 0.24+0.01 1,217+28.2
Mixed forests 776 +13.8 2,303+20.8 15+1.0 1.0+0.04 0.1+0.00 3,103+28.0
Shrublands 1,602+39.1 2,700+39.8 746 136.2 1,739+64.2 1,926+ 143.0 8,7461+255.4
Savannas 695+11.6 1,294+32.0 4275+153.0 8,416+2924 739+45.2 15,4361+482.9
Grasslands 819+39.0 1,946+34.9 654+37.2 1,073 £27.1 54453 4,548 +84.4
Croplands 2,201+£39.1 7,428 +154.7 1,025+37.7 585+15.9 213+20.5 11,464+201.1
Total 8,240+ 141.1 20,999+331.0 15,4661+534.6 15,1211+-487.9 3,758+219.6 63,7821+1,477.0

—
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ET (X 103 km? yr)

Study ET Period Resolution Method
This study 63.8 2001-2010 Skm Data-driven
Mu et al. (2011) 62.8 2000-2006 lkm LUE

Ryu et al. (*) 63.0 2001-2003 5km

Jung et al. (2010) 65.0 1982-2008 0.5 degree Data-driven
Oki and Kanae (2006) 65.5

Trenberth et al. (2007) 72.6 1979-2000

18



90°

Figure 8. Mean annual water use efficiency over the period 2001-2010. The units
are g C/ kg H,0.
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Annual GPP (Pg C yr'1)

Annual GPP (Pg C yr')
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* Flux observations
e Satellite remote sensing

* Process-based modeling
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The 2010 spring drought reduced primary
productivity in southwestern China

Li Zhang' '2, Jingfeng Xiaog, Jing Li', Kun Wangz, Liping Lei” and
Huadong Guo®
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Figure 3. Spatial extent and severity of the 2010 spring drought in southwestern China. (a) Precipitation anomalies for spring ( March—May)
2010 relative to the mean over the period 198020009, (b) precipitation anomalies for September 2009-May 2010 relative to the mean over
the period [930-2009, (¢) mean monthly PDST for spring (March—May) 2010, (d) mean monthly PDST for September 2009 ay 2010
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Figure 2. Monthly air temperature and precipitation averaged over uo"mhof,"gg

southwestern China: (a) monthly total precipitation (mm),
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AR <=l R0 RHEIIe B RRAEC I L together with the means for 2000-2009. For the 2000-2009 mean,

entire dry peried from September 2009 to May 2010 including the
2010 spring drought event. the error bars denote mean =+ standard error.
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Figure 6. Regional anomalies of (a) EVI and (b) GPP during spring { March-May) 2010 relative to the means over the period 2000-20009.
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Figure 7. Regional anomalies of annual (a) EVI, (b) GPP and (¢) NPP in 2010 relative to the means over the period 2000-2009.

Zhang et al., ERL, 2012
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* Flux observations
e Satellite remote sensing

* Process-based modeling
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Twentieth-Century Droughts and Their Impacts on Terrestrial
Carbon Cycling in China

Earth fneeractions = Volume 13 (20097 « Paper Mo, 10 + Page §
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Figure 2. Land-cover map of China (8 km x 8 km) used in the TEM simulations. The
map was reclassified and reaggregated from the IGBP DISCover Data-
base (Belward et al. 1999; Loveland et al. 2000).

* A process-based biogeochemical
model, the Terrestrial Ecosystem
Model (TEM) (Raich et al. 1991;
Melillo et al. 1993; McGuire et al.
2001; Zhuang et al. 2003)

* TEM is a global biogeochemistry
model that simulates the cycling of
carbon, nitrogen, and water among
vegetation, soils, and the
atmosphere at monthly time steps.

Xiao et al., Earth Interactions, 2009
29



Earth Interactions « Volume 13 (2009) + Paper No. 10 » Page 12
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Figure 5. Severe extended drought periods identified using the percentage area
experiencing drought (PD5l < —1.0) across the country: 1920-30 (A), 1939-
47 (B), 1956-58 (C), 1960-63 (D), 1965-68 (E), 1978-80 (F), and 1999-2002
(G). The horizontal line stands for the average percentage area experi-
encing drought (PDSI < —1.0) over the study period (1901-2002).

30



Earth Inieractions + Volume 13 (2009) - Paper No. 10 « Page 13
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Figure 6. Time series of PDSI, climate variables, AET, VSM, NPP, and NEP averaged

over the entire country during 1901-2002. (a) Annual percentage areas in
drought conditions: dry areas with PDSI < —=1.0 (blue line), PDSI < —-2.0
(green line), and PDSI < —3.0 (red line). (b) Standardized temperature (red
line), precipitation (blue line), and cloudiness (green line). (c) Simulated
AET (green line) and VSM (red line). (d) Simulated annual NPP (Pg C yr™ ',
green line) and NEP (Pg C yr', red line). Each time series was smoothed
using a 5-point moving filter.

Earth Inferactions = Volume |3 (2009) « PaperMo. 10 = Page 15
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Figure 8. Average annual PDS| over each severe extended drought period and
anomalies of average annual precipitation, temperature, NPP, and NEP
during the drought peried reldative to the means over the enfire century:
(a) 1920-30, (b) 193947, (c) 1956-58, (d) 196063, (e) 196568, (D 1978
80, and (g) 1999-2002. 31




Table 2. Countrywide annual NPP, Ry, and NEP (Tg C yr b during each severe extended drought period and the entire century.

Forests Shrublands Savannas Grasslands Croplands Total
Perod NPP Ry NEP  NPP Ry NEP NFPP Ry NEF NPP Ry NEP NFP Ry NEFP NPP Ry MNEP
1920-30 6E8.2 6895 —1.3 1399 1423 =25 1591 1634 -—43 20970 299] —2.1 0607 9976 —36.9 22605 23162 —46.8
193947 7223 7154 6.8 1392 139.0 02 1677 1647 30 3075 3004 70 9965  986.E 96 23576 23313 26.2
195658 7247 7134 11.3 1420 1374 46 1668 1640 28 2915 2022 —06 9844 0737 10,7 23330 23049 28.0

196063 7273 72298 44 1357 1394 -37 16%6 1684 1.2 2942 2959 —1.8 1017.8 9982 196 23675 2389 18.4
196568 697.2 7078 —106 1355 1390 -—-35 1622 1650 -—-27 2813 2013 101 961.3 9816 —20.3 22591 23084 —49.5

197880 7138 T01.3 12,5 1315 1389 —74 1649 1637 L2 2890 2920 =30 9719 9744 —2.4 229472 22042 —iL1
19992002 7726 7475 252 1519 1457 62 1738 1707 32 3179 3B 13.1 10588 1024.1 347 25009 24176 83.2
19012002 725.2 7147 10,5 1423 14000 23 1677 1653 24 2082 2058 24 10000 9905 95 23579 23305 212

* Most droughts generally reduced NPP and NEP in large parts of drought-affected
areas.

* Out of the seven droughts, three (1920-30, 1965-68, and 1978-80) caused the
countrywide terrestrial ecosystems to switch from a carbon sink to a source, and
one (1960-63) substantially reduced the magnitude of the countrywide terrestrial
carbon sink.

 Strong decreases in NPP were mainly responsible for the anomalies in annual
NEP during these drought periods.
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A process-based ecosystem model - PnET-CN
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Figure 5. Structure of the PnET-CN model. Boxes represent pools and
numbered arrows represent fluxes: (1) Gross photosynthesis & ozone
uptake (2) Foliar respiration (3) Transfer to mobile pools (4) Growth
and maintenance respiration (5) Allocation to buds (6) Allocation to
fine roots (7) Allocation to wood (8) Foliar production (9) Wood
production (10) Soil respiration (11) Precipitation & N Deposition (12)
Canopy interception & evaporation (13) Snow-rain partitioning (14)
Snowmelt (15) Macro-pore flow (16) Plant uptake (17) Transpiration
(18) H20 Drainage (19) Woody litter (20) Root litter decay (21) Foliar
litterfall (22) Wood decay (23) N Mineralization & Nitrification (24)
Plant N uptake (25) N transfer to soil solution.

A. Northeastern U.S.

HBEF

B. White Mountain
Mational Forest, NH

HBEF

Fignre 2. (A) BEF and HBEF locator map, with shading
density illustrating the relative importance of maple-beech-
birch stands m terms of county-level forest composition, as
derived from Forest Service FIA data. (B) Location of BEF
and HEEF within the White Mountam National Forest. 33
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Parameter estimation with multiple constraints
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Figure 1. Probability density functions (PDFs) of some key
model parameters.
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Quantifying uncertainties of flux projections
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Ongoing work in China
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Impacts of Extreme Climate Events and Disturbances on Carbon
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