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Resilience to Climate Change:

Water –

Carbon –

Energy

components of GHG effect that raise 
earth's mean temp. from -18 ° to 15°C.



Tree-Soil-Water Relations under elevated Carbon Dioxide

Considering vegetation species abundance, structure, age, vulnerability and 

provenance



What do we expect? First hypotheses…

Water availability is the 

primary switch, governing 

woodland ecosystems as a 

net carbon ‘sink’ or net 

‘source ’ 

Oak has a more plastic 

adaptive phenological 

response to solar 

radiation effects and 

temperature than      

Sycamore, with different 

water usage strategies 

Native oak-dominant woodland with sub-dominant 

sycamore, hawthorn, hazel and holly, is more resilient 

to eCO2 than the oak species alone 

e.g. Sycamore xylem diffuse porosity means it 

adapts better than oak, a ring porous species.

but is more vulnerable to water shortage;
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Tree-Soil-Water relations

Model of Soil Plant Atmosphere Continuum
Steppe et al (2015)

Amatya (2016. Ch.3, Fig3.1)
Based on Fig 2 Pore water stable 

isotope composition in the vadose 

zone (Sprenger 2016)

Stem downflow

Stem downflow

Key 

Interfaces



Tree-Soil-Water relations

Remote monitoring

Transpiration 

and Sap flow



Tree-Soil-Water relations: Spot measures

+ Citizen Science Records

Transpiration 
Trees +

Understorey

Spring & 

Autumn 
Phenology:

Trees +

Understorey 

+phenocam)

Tree cores,

Water 

isotopes
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Timeline for sapflow installations and data 

2017- 2019
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Types of Remote Data for Analysis

Logger/  
Store

Throughfall + Soil Data: 1 Table

Soil Water
Soil Water 

profile
Soil Temp Throughfall

Sapflow data: 

2 Tables

Oak Other trees



Xylem Sapflow CHP Measurement

Tranzflo Manual

Smith & Allen (1996) JExpBot

Need baseline results

Will evapotranspiration

will go up or down?
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Stages 1-4 of Sapflow Data Calculation



Stage 4: Volume fraction for oak woody matrix: mini –

cores G7,8,9 + T1, A3  + 2 incremental. cores
treeNu

mber

TreeRa

dius

facing

_dir array 

speci

es

coreT

ype

volFract

Water

volFract

Wood

heattoSapvelF

actor
7476 0.345 N 9 Oak mini 1.083333 0.626362 1.399645969
7476 0.345 SW 9 Oak mini 1.333333 0.653595 1.663398693
7476 0.345 SE 9 Oak mini 1.238095 0.591348 1.536725801
7331 0.404 W 9 Oak mini 0.857143 0.684718 1.202925615
7331 0.404 E 9 Oak mini 1.052632 0.722394 1.41744066
6021 0.423 W 7 Oak mini 0.510204 0.213419 0.617980526
6021 0.423 E 7 Oak mini 1.222222 0.653595 1.552287582
6027 0.331 W 7 Oak mini 1.045455 0.713012 1.405525847
6027 0.331 E 7 Oak mini 0.925926 0.653595 1.255991285
3634 0.432 W 8 Oak mini 1.076923 0.628457 1.394293615
3634 0.432 E 8 Oak mini 0.625 0.694444 0.975694444
3642 0.282 W 8 Oak mini 0.862069 0.676133 1.203515889
3642 0.282 E 8 Oak mini 0.827586 0.676133 1.16903313
9301 0.411 W 3 Oak mini 0.6 0.300654 0.751830065
9301 0.411 E 3 Oak mini 0.632653 0.293451 0.780845672
8351 0.274 W 3 Oak mini 0.55 0.375817 0.739787582
8351 0.274 E 3 Oak mini 0.389974 0.329851 0.556549358
8468 0.275 W 1 Oak mini 0.490196 0.294758 0.639049084
8468 0.275 E 1 Oak mini 0.848485 0.475342 1.088532383
8467 0.264 W 1 Oak mini 0.403509 0.252265 0.530902419
8467 0.264 E 1 Oak mini 0.368421 0.395597 0.568197454
8606 0.353 W 0 Oak incr 0.689024 0.352702 0.867138929
3176 0.307 W 0 Oak incr 0.435927 0.346615 0.610967156



Stages 1-4 of Sapflow Data Examples: Array 9 2017

Can use J for 

comparisons 

between 

treatment 

responses, 

but not for 

absolute 

water 

usage…



Ghost G9 Ambient A3 eCO2 T1

Comparing sapflux density 2017 –

trees are all different 

Earthing problems



Sapflow Data analysis: Next steps

Air temp

We can relate 

sapflow data to 

incident solar 

radiation,transpiration 

and air temperature. 

Soil moisture 

conditions will also 

be important



Stages 5-7 of Sapflow Data Calculation – to be done

PiCUS® 2 

SonicTomograph  report 

Nik Pearson 

FdSc Arb MarborA 

Keysor Ltd

DSCF0650   N J Loader

S E Quick

S E Quick

Ambient



Summary + Next steps

NEXT STEPS 2020-2021

➢Complete oak xylem sapflow analysis 2017-2019 

to test hypotheses & compare treatments. Gather 

data for 2020 season.

➢ Relate to water balance/availability  (soil 

moisture, throughfall + air temperature, humidity, 

solar radiation) to xylem results

➢Analyse Quercus robur 2019 canopy transpiration  

time domain data in all 3 treatment types to 

correlate with sapflux density. Add May-August data 

2020

➢ Extend sapflow probes for inter-species 

comparison

➢ Soil Moisture – determine if further variation in 

treatment patches occurs, extend survey data with 

Giulio C/ Carolina M

SUMMARY
➢Data for oak xylem 

sapflow can be analysed 

and further comparison 

and calibration steps 

considered to test 

hypotheses
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