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1.1 Background
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1.1 Background

Ecosystem evapotranspiration (ET) includes
transpiration and evaporation, however, the contributions
of the two components to total ET are highly variable in
different ecosystem type or even successional stage.
Many studies indicates that transpiration is the dominant

component of ET across a variety of ecosystems

Leuning et al., 1994; Wilson et al. 2001; Williams et al. 2004
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1.1 Background

How much water is used by forests in Dinghushan catchment?

Different Elevation and Aspect

Different Forest Structure

Different Meteorological Condition

Different Species Composition

Different On/Off Set




1.2 Site descriptions
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Excellent venue for ecosystem research

Monsoon climate «——Qinghai-Tibetan plateau

4%11pattern, - \

Monsoon evergreen processes and Global climate
broadleaved forest services change

\ Subtroplcal high /

Near the Tropic of Cancer -Troplcal desert
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Area: 1,133 ha __
Elevation: ranging fro_rr-_i'-"1-0 to 1,000 m above sea level |

Climate: typical south subtropical monsoon climate

Annual average precipitation: 1,950 mm o

Annual mean temperature: 20.8°C

Relative humidity: 80% |

Predominant soil types: lateritic red-earth (in the lower altitude region)
and yellow earth (in the higher altitude region)
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1956: Dinghushan Natural Reserve was established

1978: Dinghushan Forest Ecosystem Research Station was
established

1979: DNR became the NO.17 research station in UNESCO’s
MAB Network

1991: DHS joined in Chinese Ecosystem Research Network
(CERN), CAS

1999: DHS joined in National Field Research Station (pilot
station)

2002: DHS became a research station in China Fluxnet, CAS

2003: DHS joined in the Regional Atmospheric Observation
Network, CAS.

2007: DHS was selected as regional core station in CERN

ChinaFLUX




Temperature (°C)

“'n=292

| P<0.001

1950 1965 1980 1995 2010

Mo-rainfall

1950 1965 1980 1995 2010
Year

Dinghushan:

2l
ChinaFLUX

Precipitation no change, but no-rain days increased,

small rain days decreased.

Whole year annual T increment

0.019 °C

Dry season annual T increment

0.026 °C

Wet season annual T increment

0.011 °C

Average temperture (C)

n=292

£ <0.001

1950 1965 1980 1995 2010

50 -

y=0.019x - 145 R = 0.46
n =86 P < 0,0001

026x - 34.6, R =0.32
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Zhou et al. 2011,2013
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Observation Tower — W%EHs
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1.3 Methods

a) Water flux measurements via the eddy covariance

where F is the actual ET (mm), Fo is the rate of ET under unlimited soil water conditions (i.e., the
PET rate in mm), s is rainfall (mm), 4 is atmospheric relative humidity and N is a model parameter

varying from zero to infinity. Here, we estimate the key empirical parameter N = 0.85 .

a) Catchment water balance measurements

b) Sap flow measurements E=P-R T AW
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Estimation of whole tree transpiration
Battery

Data logger \

"

Sapflow

T — | Heated sensor

Thermocouple
junctions
connectedin
10 cm parallel

Constantan

Reference sensor

/

Data logger

Heat dissipation techniques Granier 1985, 1987
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« Total sap flow of the tree (Q))
= Sap flux density (J;;) x Cross-section area of sap wood

— inner bark,\ph loem

> sapwood
> Xylem
J,;: sap flow density of annulusi (g m2s7) [ . ;
i 2 i "I / G | heartwood
A, sapwood area of annulus i (m) | : f ,;-;,g;fa,‘;y.;o;
I J | | Al .
24-20 mm—K—20 mm —K-20 mm—’
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2. Research Goals

Examine the consistency and feasibility of estimates
between the eddy covariance and sap flow methods in
providing estimates of ET and transpiration component on

temporal scales

Investigate the different responses of transpiration and

evaporation to environmental factors

How the Complexity in landscape structure leads to
variable water use patterns on mountains as a result of
coordination between localized stand characteristics and

Canopy processes




3. Data Analysis & Results

3.1 Evapotranspiration(ET) partitioning

Total ET in Dinghushan forested watershed

Year Precipitation {mm) ET (mm) ET (mm) ET (mm)
Catchment water balance Semi-empirical ET model Eddy covariance method+
Wet season  Drv season  Annual Wet season Drv season  Annual Woet season  Dry season  Annual  Wet season  Dry season  Annual+s
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2006+ 14103+ 3167+ 1727.0s 58694 209 3¢ 79624 417 5¢ 206 2¢ 71374 497 30 2507« 754 50 ]

2007« 1058.6+ 193 8«
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bl

Ao 613 .0s 96.6+ 70966 447 1< 33660 TI8Te 498 40 240 4« 7389« )

2008~ 19006+ 320.4¢ 222

[

0« 68960 149 6+ 8392 504 5¢ 326.1¢ 830.5¢ 5162« 289 3+ 20

LA
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2009« 11327« 3077« 14404+ 675.9¢ 1859« 861.8~ 3407« 3099« 8503+ 5269« 317.9# 844 80 |
2010¢ 14717« 300.7¢ 1772 3¢ 727 40 131 4« 858 8+ 468.7¢ 313.0¢ T81.7¢ 514 3¢ 3333 84760
2011« 858 8o 3R6 8o 1245 6+ 634 4o 251.0¢ 8R5 3. 5340 8+ 305 8a 846 50 508 50 318.6+ 827.1- )
Ave s 1326.7+ 2917« 1618.5+ 6397+ 147 4+ 807.1+ 4908+ 3108+ 801.6+ 508.9+ 294 2» 8038~ |

CV (% 226¢ 27 6¢ 17 3¢ 117 37 5¢ 82e 87 440 59¢

b
LA
+

10.5¢ 4. 60 .

Amount of precipitation (mm) and ET (mm) estimated by the catchment water balance, semi-empirical ET model and

the eddy covariance methods in the dry season (October-March), wet season (April-September) and whole year.




2003-2011, Mean annual
Precipitation 1605.2 mm
g g Bl (1245.6~2221.0mm).
= 400 = 400 =
g - E
= 300 | Runoff = =
= ——p R SR R 2003-2011, Mean annual ET
e XTI Y - 809.9+62.8 mm
: =
T LU (water balance ).
P ' 803.8+38.6 mm
—— Eddy covariance
= 0] — ETmodd (Semi-empirical model).
S 120 | 801.649.5 mm
£ :
E 90| (eddy covariance ).
a
=
E 60 |
2 e ET accounted for 50.2%
R R S S R T precipitation.
2001 2003 2005 2007 2009 2011

Comparisons of the monthly water flux estimated by catchment water balance, ET

model and eddy covariance



Partition of total ET

= Water flux

o0
S
S

Water flux (mm/d)

Annual water flux (mm)

67.6 mm
[ ]

180 230 280 330 15 65

1 .
Day of year 2010 to 2011 ET nterception

Transpiration Soil evaporation

from sap flow during 2010-2011. transpiration were measured with the

eddy covariance and sap flow methods,
and the interception evaporation was
calculated by the average rainfall
interception rates of the watershed
forests

Daily scale Et vs. ET Significantly, P <0.01) . 2010-2011, annual ET 503.0

mm, accounted for ET(835.6 mm)60.2%. Soil evaporation accounted for
ET 8.1%.




Transpiration (Et) and environmental factors

wet season dry season ©  Daytime (R*= 0.80)

Nighttime (R*=0.01)

Sap flow (mm/d)

Daytime (R°=0.84)

Nighttime (R*=0.0006)

2.0 0.0

Average VPD (kPa)

Sensitivity of sap flow to vapor pressure deficit (VPD) for different seasons as

measured by the thermal dissipation probe method. Sensitivity at night (O)

and during the day (@) are shown
Daytime, Et dominated by VPD significantly. Nighttime, sap flow was
very weak. Daytime transpiration exhibited a logarithmic increase with
increases in the vapor pressure deficit (VPD) on daily scale in both the wet
and dry seasons, and tended to level off when the VPD was > 1 kPa due to

the stomatal regulation of transpiration




Soil evaporation

1 wet season -
}'=O.GG4QD'DJI R
| R*=033 P<0.001 ,

Evaporation (mm/night)

Air temperature (°C) Soil
evaporation
01&71 05 dominated
AL nix)-u.
*=0.43 P<0.001 3 l?y T and
wind speed
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Wind speed (m/s) Wind speed (m/s)

A rainfall with out rainfall

Evaporation (nighttime water flux from eddy covariance) in relation to air temperature
and wind speed during the wet and dry seasons
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3.2 water use patterns
Influence of tree size on tree water use

Dinghushan Forest Ecosystem Research Station
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R?=0.72
0 T T T T
0 10 20 30 40
DBH (cm)
VPD (kPa) PAR (mol d™)

Tree sapwood area was correlated with DBH irrespective of
species and location. Trees converge in their water use

irrespective of species

Otieno & Li, 2015
Li et al., 2017
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—#&— DBH=13.8 cm
—&— DBH=18.1cm

—=a— DBH=12.8 cm

—+— DBH=12.8 cm
—&— DBH=20 cm

PAR (molm+ &4
WP (kP

— = - DEH=247 cm

Daily patterns
= emy of the total
06:00 12:00 18:00 : canopy
s g conductance
A (gt) of trees of
S. superba in
the (A) 50 m
and (B) 330 m

forest stands.

C._chinensis

Is g cm=h-h

Jsofpmah

sapwood on a typical sunny day for all the measured trees. The figures
are grouped according to tree species.




4. Summary

1. The estimates of annual ET using the eddy covariance, semi-
empirical ET model and catchment water balance techniques

were in close agreement, averaging 801.6 = 49.5 mm, 803.8 =

38.6 mm and 810.0 = 62.8 mm per year, respectively,
amounting to an average of approximately 50.2% of the mean
annual rainfall.

2. Qualitative similarities in seasonal and diurnal variation were
observed between the sap flow and eddy covariance estimates
of water flux.

3. Sap flow estimates of transpiration were approximately 61.0% of
the annual ET estimated with the eddy covariance technique.




4. Summary

4. Soil evaporation was an important contributor (8.2%) to the
total annual water flux. soil evaporation is primarily a climate-
driven process, with air temperature and wind speed as the

predominant driving forces.

5. Tree sapwood area (SA) was correlated with the diameter at
breast height (DBH) irrespective of species and location within

the forest catchment.

6. Differences between the stands were significant. Within a

stand, TWU was correlated with DBH irrespective of species.







