Modeling the Structure and Functions of HumanDominated Ecosystemswith a Hierarchical Patch Dynamics Approach
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Abstract

Central Arizona-Phoenix
' Long-Term Ecological Research

Global ecosystem has been intensively modified by human activitiesldress the structural and functional complexitguwhandominated terrestrial ecosysteahierarchical patch dynammodel (HPDM that couples thearbon/water/nitrogeprocesses
IS developed. Based on theerarchy theorySimon1962 Wu 1999, 7 hierarchical levels, eaa¥f which is nested in the higher level, are modegbdant organ, plant, population, lasedver/ecosystem, lanase, landscape, and region. Structure, dominant processes,

and anthropogenic drivers for these su

psystems were identified and addressed in the model.

The model was parameterized, validated, and applied to the Phoenix metropolitan area, AZ. Model simulations reveabkdg#iteambf the carbon pools, and estimated the total ecosystem carbon stordd&8td® gl T = 109 in Phoenix. Among
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Figure 1, lllustration of the hierarchical
structure as modeled by the HPDEM
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Global change dataset: climate, C® deposition, ©

* LCFT: Land cover functional type; PFT: Plant functional type
(Outputs: Carbon, water, nitrogen fluxes (daily) and pools for each hierarchical level.)

Figure 2, Model structure

‘Table 1, Description of the hierarchical structure and key processes in the model

Hierarchical Interfacesto
Subcomponent Processes : :
Level Anthropogenic Drivers
LSFTS: Landusechanges: Landuse changes in
: Urban, agriculture, o :
Region urbanization, cropland responseto economic
Natural landscapes :
conversion etc. developments
LUFTS: Changes in local climate an Urban landscape
Industry,Residential, atmosphere planning, aipollution
LSS Urban Ag, (e.g. UHI, C&dome, elevated (related to population &
Riparian zone N deposition) transportation)
LCETs Managememreglme
(related to the social
Lawn, LCFT managements.g. )
Landuse (UFT) : L o . . economic background «
Impervious surface, irrigation, fertilization, pruning

Streettree, Bare soil

Landcover PFT< soil: Resourceompetition &
Functional Type Broadleaftree, succession, canopy energy
(LCFT) Ecosystem C4 grass partition; Soilprocesses, runo
Plant Functional Type Plant organs : Growth, allocationfurnover of
(PFTs) Leaf root, stemetc. organsphenology etc.
Oraan Organic Matter Photosynthesisiespiration,
g (C,N) transpiration etc.

the neighborhood)

Microclimate(e.qg.
cooling effect due to
irrigation)

Cultivar with modified
physiological paramete
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Figure3 Model validationNEE: Net Ecosystem Exchange (g Clday)

Isturbed desert had the largest C storage. Scenario experiments also highlighted the ofrlpodancermanagements (e.qg. irrigating, fertilization) to the carbon balance of desert cities like Phoenix.

3, Simulation design

Case study in the Phoenix S
Table3, Scenario design

Metropolitan Area

Spatial resolutionl km. Scenario: Description Research objectives
alea. Lat/Lon i sO CAP LTER 2000 (control scenario) To quantify C storage of Phoenix ecosystem
CAPLTER Lat/Lon 33° 26 N 112 1' W);

Total area Q6O8km2)' Spatial extent: CAP LTER ReplaceéMesicresidential-> Xeriaesidential;CultivatecTo investigate the impacts of urbg@manning (e.g. altering

: V0 _ sl grass(i.e. golf courses} Desert landscape structure to improve water use efficiency) on
Dominant vegetatlon (Desert Shl’UbS), Temporal resolution: dail No urbaninduced environmental chand€Q;: -16 To investigate the impacts of urbamduced environmenta
Annual precipitation Z]_O mm); P ' y s2 ppmy, or -4%; N deposition:0.34gNm2/yr, or -33%) changes on urban alance (e.gShenet al. 2008)

Potential AnnuaEvaportranspiratiohl500mm : i Nolandcovermanagements (irrigation, fertilization, To investigate the impacts tindcovermanagements on
P P (ﬂ- ) Temporal extent2000- 2005 s3 pruning (Table 1) urban C balance

Temperaturel2c ~346)

1, Parameterization
Results and Analysis

Contribution of LUPFs to Phoenix C storage

16.8 1% .

‘ ® Agriculture 18000 -

1% m Cultivated grass 16000 -

124 1% _ _
yd Fluvial sediments 14000 -
2%
12000 -
10% m Other vegetated are
5% Commercial/Industrial 10000 -
B Transportation 8000 -
5 .
Undisturbed deser 6000 - I

C C ! T T T 1

3
= 0.3 : ® Vacant/construction 4000
—
' ' ' Mesic Residential 2000 -
Annual Product C Litter C VegetationSoil organic Total C : , : 0
NPP 43% m Xeric residential

Riparian zone Dry shrubland Arid Grass  Cropland Turf grass Urban forest

Figure7, NPP and carbon (C) stor?ge of therig 8. Distribution of carbon storage among  Fig 9. Carbon density of different plant
Figure4, Landscape structure of Phoenix Phoenix Metropolitan area (unitt*2g C). landusefunctional types. functional types (unit: g C / #n

[adapted from Buyantuyev & W2007)]
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Figure5, Land cover composition of major LUFTs of Phoenix

[CAP LTER 200-survey (Hope, Grimm, et aR000)] (a) (b) 4000 | ©)
500 - R? = 0.42; P< 0.001 € 220 - FESEE B0 3500
Table2. Land cover managements T - S
Managements Treatments Sources S 400 - EL@ 200 - £ =
Fertilization 7.5 gN/m2 Milesi et al (2005) = > 5 =20
L icult ban t s ¥ 5 180 2 2000
Irrigated LCFT awn, agriculture, urban tree = 2 g
(only deep root) 3 200 - S 160 - § 1500 -
(O] [
Lawn clipping Lawn: every 10 days Survey by Xiaoli Dong _§ 100 - g ° 1000 -
: v L 140 -
e
o _Calibration, reduce NPp  Sraplerand Martin = * 0
Tree pruning intensit (2004) and Nowak et @ 0 .
(street tree) by 25% = 120 . . 0- : :
al. (2002) a 0 2 4 6 ) 10 _ . . . . .
; 2 3 4 Cultivated Xeric Mesic  Commercial & Undisturbed Agricultural Mean VEGC
.. 5CeIS|usjegree cooler than grass SOC1) Residential Residential Inducstrial Desert SOC Landuse SOC  (3)
Tmaxofirmgated lawn - ~FTs Hall et al. (2008) Observed NDVI x PAR (10%) Observed NDVIxPAR (10%) SOC*@)  SOCQ  SOC@) @ “(2)
Woody litter ?e\;\/p[él\i’;'g i:)oe tﬁgl\;iziza?: and Nowak and Crane * The carbon density of top soil@ cm) is based on the results of thierachicabayesiaimmodel estimation by Kaye et a2(08.
treatment mulches (2002)

Figurel0, Compare model prediction with results from empirical studegsand (b) correlation between model predicted NPP and the annual
2, Model inputs (Figure 6) ND\(I X PAR (Buyantuyev and WR009; (c) compare soil organic carbon (SOC) and.vegetation qarbon (VEGC) against observed carbon
density in CAP LTER [data sourc€d) Jenerettet al.,2006 (2) Kaye et al.2008 (3) Melissa, unpublishedata based on ti#00-survey].

(a)
Discussion and conclusions:
® s0: Control (Current state ®sl: Mesic LUFT-> Xeric LUFT
N AN I \ 181 . 9 No urbaninduced change: m 53: No ecosystem managemer 1, Urban ecosystem (vegetation and.so?l) accounts.for an important share_of
- —+ e -+ 16 - the total carbon storage in urban as indicated by this study and other studies
_H:)\:;Vas 0510 20 3 40 7Lc‘)w:143 051 2 30 40 § 14 - (Churk|naet a|2009 .
—— Highways E‘; 15
D 0. 2, The complex landscape structure and interactions among natural
é . environments and human activities require sp&tglicit and processased
5 approaches/tools (such as the HPDEM) in the urban biogeochemical studies.
o)
T
© 47 3, Our study results is comparable to field observations and the results of
2 . . -—L remote sensing studies. We found that aliéu& Tg C was stored in the urban
0 - . . . ecosystem of the PhoerlifeteropolitanArea, majority of which was stored in
S 9 + o i 500 4N VEGC SOC TOTEC Annual GPP the soil. While the deseshrublandsiccounted for the largest carbon pool
Low a0 o0 % size, the urban forest has much higher carbon density.
|
e UN Figure1l, Simulating the impacts of landscape planning, urbar 4 Urban induced environmental change.s (elevated @@ N d_eposition)
- carbon balance of the Phoenix ecosystems. uman managements such as irrigation and fertilization have stronger impacts
J _ on the carbon balance of the urban ecosystem.
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