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Distracting our focus from carbon to water

Trading Water for Carbon with
Biological Carbon Sequestration

Robert B. Jackson,'* Esteban G. Jobbagy,'* Roni Avissar,’
Somnath Baidya Roy,” Damian ). Barrett,” Charles W. Cook,’
Kathleen A. Farley,' David C. le Maitre,”

Bruce A. McCarl,® Brian C. Murray’

Carbon sequestration strategies highlight tree plantations without considering
their full environmental consequences. We combined field research, synthesis of
more than 600 observations, and climate and economic modeling to document
substantial losses in stream flow, and increased soil salinization and acidification,
with afforestation. Plantations decreased stream flow by 227 millimeters per
year globally (52%), with 13% of streams drying completely for at least 1 year.
Regional modeling of U5, plantation scenarios suggests that climate feedbacks
are unlikely to offset such water losses and could exacerbate them. Plantations

can help control groundwater recharge and upwelling but reduce stream flow and
salinize and acidify some soils.

23 DECEMBER 2005 WWOL 310 SCIEMNCE www.sciencemag.org
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(Paired Watershed Approach)
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STREAMFLOW INCREASE
IN THE FIRST YEAR (inches)

Average Streamflow (cm)

Amount of Increase
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Month

Coweeta Water Yield Studies
Have Produced an Understanding

Of the Relationships Among
Vegetation, Site, and Streamflow
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US Coweeta Hydrological Station
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US Coweeta Hydrological Station

Actual Flow minus Estimated Flow
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Annual Streamflow Deviations
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Bosch J M, Hewlett J D, 1982. A review of catchment experiments to determines the effects of vegetation change on water yield and
evapotranspiration. Journal of Hydrology, 55:3~22

Stednick J D, 1996. Monitoring the effects of timber harvest on annual water yield. Journal of hydrology, 176:79~95

Hibbert, A.R, 1965. Forest treatment effects on water yield. In: W.E.Sopper and H.W.Lull (Editors), Int. SVmp. For. Hydrol.,
Pennsylvania, September 1965. Pergamon, Oxford.
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Andréassian, V. 2004. Waters and Forests: from historical controversy to scientific debate. Journal of Hydrology 291:1-27.




PR AR A 7K B2 e e Ul 45 5 (V. Andréassian,2004)

Witershed Sufaceares  Reference Treated  Vanation m Yaration m
(k) aea () food peak flood volume

Wagon Wheel Ciap ] Bates and Henry (1928) 100 +0'% + 301

Coweets 04-14  Swanketal. (1988) 1) + 710+ 30

Hubbird Brook 016-035  Hornbeck etal. (1997) 1) 40t +63

Fool Creek Lt Trogndle and King (1%3) b to + 104" Yo + 13
(mean =1i%) | mean +8%)

Real Collobrir .5 Lavabre et al. (1993) . 10 +200% + 300 o +40%

ECEREX 001=0016  Futsch (15490) +1leto+166%  +21%to + (4%

(hasing A, C. D, E, G.H, L)) (mean +37%)

Brownie creek RE Burton (1%7) A -4

Andréassian, V. 2004. Waters and Forests: from historical controversy to scientific debate. Journal of Hydrology 291:1-27.
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I O
overland ' ~4se Studies

Annual Peak flow flow
mean flow

Hydrological parameter

in China

Small runoff plots (2 m2) Wei and Zhou 1991

Paired watersheds (0.2-2 km?) Wang and Zhou 1994

Regression analysis (2-100 km2) Zhou et al, 1994

Regression analysis (>100 km2) Cao et al. 1994

Small runoff plots (100 m2) Lei et al. 1994

Paired watersheds (3-4 km2) Liu et al. 2001

Small runoff plots (142-356 m2) Tian et al. 1994

Single watershed (300 m2) Zhou et al. (1994)

Wei X.H., Liu S.R. Zhou G. Y. & C. Wang. 2005. Hydrological processes in major types of Chinese forest. Hydrological Processes. 19, 63-75.




Vegetation effect in UK

4500

» Sherwood Forest Studies indicate reduced recharge
under pine (1/4) and under oak (1/2) as compared with
grassland. Also water quality problems. Results
supported by UK Forestry Commission.




Annual evapotranspiration (mm)

Species effect in South Africa

16004 e _q Long-term paired catchment experiments!
. Catchment leaks past weir
1500 Must have good rain gauge network
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Spatial variability in Eucalyptus in Austrilia
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Relationship between rainfall and water use at
various plantation research sites in Austrilia
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Mean annual evapotranspiration (mm)

Relationship between rainfall and water use at
various plantation research sites in South Africa
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our future through science
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Gap Analysis:
Why large-scale forest hydrology?

» Large-scale research is very limited

O Less than 15 papers were found from key hydrological
journals

» Scale Issues are recognized

O Temporal and spatial variation of variables at different
scales

O Scaling up to extrapolate results from small-scale to large-
scale watershed

» Large-scale forest disturbance and climate
change are addressed

» Serving for watershed planning and forest land
management in large-scale watersheds




Searching for Research Methods

» Paired watershed experiments: not suitable for
large-scale studies

» Statistical approach: small- & large-scale
» Modelling approach: small- & large-scale

Time series analysis
Cross-correlation analysis
Intervention analysis
Wavelet analysis

Artificial neural network (ANN)
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Location of study area — Spatial pattern of vegetation

Elevation {m)
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Location of study area — Land use pattern

—L and use and land cover —Grassland and meadow & Husbandry

—Farmland
Agriculture

. Settlement
- Township
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Fig.5 Averaged monthly precipitation (1988~2002) and its spatial distribution pattern of USM
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Fig. 3 Fitted mean monthly precipitation and seasonal variation.

Precipitation appeared to be
high elevation & aspect
relevant;

Lower precipitation in the
middle valley demonstrated the
cause of dry valley.
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Fig. 4 Scatterplots of Observed versus predicted precipitation for USM




g4 SIKL IR =T

g = %

snowfall rainfall

T snow

snowmelt model ET Model

TR R SRR IX Ok B P ATALER)
soil - root zone (WBM)

1. if Pr + Rs >= Ep, SM <FC, dSM/dt = Pr +Rs -Ep
2. if Pr + Rs >= Ep, SM =FC, dSM/dt =0
3. if Pr+ Rs < Ep, dSM/dt = -aSM(Ep-(Pr+Rs))




AET Estimation by Priestley-Taylor equation

aET =pET Pr+ Rs >= pET
aET = Pr+ Rs-dSm/dt Pr + Rs <pET

Surface latent flux (general form),

AE = ﬂ{A(Rn _G)ﬁf BALW f(u)(e, —ea)]}

Priestley-Taylor (for large spatial scale):

Putting: A=«, p=1.0, B=0
JE = af[(R, -G)——]
A+y

G %1'2_6’ dry area: o ~1.7-1.75 Fig.3 Averaged monthly AET produced by LEMS at
To apply for a wide range of surface 1000 m resolution in USM.

conditions and Remote estimation;

JE = §[(R, - G)L ¢ represents a complex effects parameter that absorbs
A+y the combined effects of Priestley-Taylor o and 3. has a
range between 0 and (A +y ) /A..

0-5mm 5-10mm 10-20mm 20-40mm 40-80mm 80-200mm
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NDVI phenology-based vegetation classification

ENVI 4.2 (RSI inc.)
SPOT VGT NDVI, 1km Maximum Likehood

Zlass MMeans
L] L] T I L L T

(= =
Baornd Mumbker

Averaged endmemebers’ phenological curve




Statistics of Classification
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Different land covers and their contributions to
the whole watershed ET

—— WSTEBF
—a— 0BSACF
%MCBF
T B S b Sl A (AM) %SAES
" (STEBF) v %TDS
» —o— 0UWITDBF
—— %AM

i " %AMS

‘ %AMSM
V= [
M AR (SACE) YUADS

My L 2k (SAES)

o
8
c
@
O
| -
)
o}
L

/.\A<\/'\-’ =

/.\‘_\i/
| |

5 6 7 8 9 10 11 12
Months




NDVI & ET
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Wavelet analysis of monthly runoff in Zagunao watershed

Multi-resolution analysis of Zagunao monthly runoff time serial

Z

Normalized Runoff

Scale a®32 month (3 Yr.)
a® 64 month (5 Yr.)
a’ 128 month (10 Yr.)

1968/1 1973/1 1978/1 1983/1 1993/1 1998/1

Time (Year)

Periodicity of runoff time serial depends on temporal scales

At the scale of 10 year, rich water period was 1988 to 2001, while the low water
periods were 1973 to 1988 and 1958-1963,;

At the scales of 3 or 5 year, oscillation frequencies tend to be reduced over time
while oscillation amplitudes tend to be large
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Wavelet analysis of precipitation, runoff and CTsm

Precipitation (mm) / Runoff (m3/s)

85

80
75 |

70

50

Rainfall

runoff

CTsm

b | Scale: a® 32 month (3 Yr.)

65 :ﬂ
60

55

\//x\/

61 121 181

241

301 361

421

48

1

430
420
41075
400
390k
380

85
80
75 |
70

Scale: a® 64 month (5 Yr.)

65 7”/’/’/,fﬁirwwM\h“hwvwfl;:;wiri::::f\\\\\
\\ v
60 \_“,/

430

415

55

70
60
50
40
30
20
10

61 121 181

241

301 361

Month (Jan. 1958 —Dec. 2002)

421

1960

1970
Ay years

1980

1990

481

385

200



Seasonal impacts: NDVI vs river flow

(Partial Mann-Kendall test, 1988-2003, monthly)

Season 1 2 J 4 5 6 i 8 9 10 11| 12
River flow 007 035 007 031 045 034 028 -085 -031 -040 019 004
Base flow 020 007 002 027 -042 032 -038 -063 -037 -009 011 017
surface flow 024 026 -028 041 022 -020 -040 -067 -061 001 001 -012

Correlation between NDVI and River flow varies with seasons.

Significant at P < 0.025

—— Streamflow —— Bflow Pass3




Preliminary Conclusions

In a large watershed as a case of Minjiang or Zagunao catchment

» The multi-resolution analysis of Runoff indicated that the
number of pulses increased during the period of extensive over-
logging, while pulse number has reduced and pulse duration
Increased with forest regrowth during restoration process.

» The effects of deforestation on the runoff is scale dependent and
It can be inferred to have manifested negative effect on the runoff
only at 5-year scale during 1958-1964. The other periods or scales,
deforestation was not accompanied with increases in stream flow
and base flow of either any catchments or the whole watershed.




Preliminary Conclusions

In a large watershed as a case of Minjiang or Zagunao catchment

» The runoff is likely to increase with increasing temperature that
has been observed significantly in the last two decades in the
alpine/sub-alpine areas, with the greater effects in non-growth
season than in growth season at a given increasing T scenario,
Indicating the increasing snow melting process.

»NDVI and river flow are negative correlation and this
relationship varies with seasons, indicating that forest can have
larger effect on water yield than minor vegetation.

»SAES and AM account for the large proportions of hydrological
Impacts among land cover categories, in terms of their ET
contributions in the growing season.









