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1. Abstract 3. Model vs. Tower based ET

favorable agreement with the observations and capture observed LE seasonality

S
We applied a satellite remote sensing based evapotranspiration (ET) algorithm using AVHRR N e e . 3 Standardized summer vegetation moisture stress index
. . - (a) 1 (b) T 07/10/01 07/30/07 08/19/01 06/03/0> 06/23/95 07/13/0> 08/02/0> 08/22/15 06/01 /0~ 06/21/02 07/11/0= 07/31/1= 08/2 E ~
GIMMS NDVI, regionally corrected NCEP/NCAR reanalysis surface meteorology and ol ) Ao A b e T i N A s it 0/‘:)3 FH0 (1) and summer P-ET anomalies indicate that years 1988-
. . . . . i 0 BRW1 / I Y, ] 90;— 3 -g m .
NASA/GEWEX solar radiation inputs to assess spatial patterns and temporal trends in ET over ~10f o BRW2 R 7 0! 5 1991, 1995, 1998, and 2002-2003 had the driest summers
. . ) < [ x  LTH Y I P ; 0
Canada and Alaska from 1983 to 2005. We then analyzed associated changes in the regional water S ool Noes e i % - o (ted color) over the 23-year period (left). Summer P-ET
.o . .o . o OAS T °© © E 30 & E *
balance (P_ET) where prec1p1tat1on <P> was defined from GPCP and GPCC monthly prec1p1tat1on. E ; 11 line ¢ //0/ ¢ ¢ 7 . 01/10/01 01/30/01 02/19/01 03/11/01 03/31/01 04/20/01 05/10/131 05/30/01 06/19/01 07/09/01 07/29/01 08/18/01 09/07/01 - <b€10W (a) an Cl (b)) and 1 (C) anomalies also show similar
. . . . . E 80| ——— Regression o/ x T 6 . “BRW?2 " R T ' T AR a m
We also assessed linkages between the regional water balance and vegetation net primary production m o t Ny ; ": . spatial patterns and widespread dry conditions for years
. . . . . . . - I o % ] 3
(NPP) derived using a satellite remote sensing based production efficiency model. The satellite % _ I 2SN A _ 32 % 1998, 2002 and 2003, especially for boreal forest and
based ET results agree well (RMSE=8.3 mm month, RZZO.89> with 1n sitz measurements from 'é 40 . ° T 00 0/5/ . ] % orassland biomes. Drought impacted areas also coincide
northern grassland, boreal forest and tundra flux towers. The ET results showed positive trends over o A, . y= c; ?1x0+902 % 1 G y= oF.§7_xg 81544 c—;c‘ with anomalous decreases in satellite-derived annual NPP
57% of the region, mainly in tundra regions, and corresponded with regional warming, vegetation 3 AT . A > (d).
greening and increasing NPP. 61% of the boreal forest and northern grassland regions show 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
ve ET trends, while 68% of the tundra regions displayed positive ET trends. Approximatel e e
negati ren 1 ndra regions di it rends. roxi : . L
cgative trends, while o of the tundra regions displayed positive trends. Approxtmately Two sets of modeled daily latent heat (LE) fluxes, derived using 1 situ
45-60% of the study region exhibited a below-average water balance during the summer (June to : : o 290
o . meteorological measurements and coarse resolution reanalysis inputs, show c

August) from 2002 to 2003 indicated by the GPCP and GPCC sources, of which 20-36% showed %0

results also show that the regional water balance is changing in complex ways in response to global 003165 0403105 053017 0928107 1227107 0327105 0525105 09231 1222105 0923104 0515104 0917104 121510

warming, with direct feedbacks to regional vegetation productivity, composition and distribution. 4 : An nu al Wate I Bal alncCe C h al geS oate

anomalies that were more than one standard deviation below 23-year average conditions. These (right). On the monthly basis, both sets of modeled ET agree well (RMSE=7.4- o A §30

recent large annual water deficits in boreal regions agree well with regional drought records and 8. 3mm month; R2=0.89-0.92; above) with observed tower fluxes : mgggﬁii‘;ﬁilﬁiﬁhk) >0

explain recent anomalous declines in satellite-derived NPP and stand-level measurements. Oar 7T T e T L sl a3
2
5

B

[N )]

o O
T T T

/590
- . R 7] 2
2. ET Algorithm and Study Domain e S
g 490 E e domain shows small positive P trends and a e I
oS S-lam FDVL o I lightly increasing ET trend (left). Annual P-ET e
Corrected NNR' daily Tinay, T Tov and VPD :22: Trendl 2I.5t‘nrrl1/d:—:-c?del, pl_ol.7e:(elpclzc? S \ slig y. 1r.1cre.as1ng | 'ren (le ) . nnual P- e
NASA WCRP/GEWEX SW..; and albedo: ) ;;g;Anﬁuél e Q shows insignificant positive trends indicated by both :
MODIS 1km Type 1 Landcover Map 5 m0¢ GPCP and GPCC P results. Measured annual runoff gGOI
| = 20F : depths (Q) from regional basin gauges show positive Y
L E Trend: 1.8 mm/decade; P=0. E ) . . . S
_ _ 20F e e et R § :iﬂleell\?vrllazai trends for 10 out of 13 major sub-basins (90.2% of _&‘BI
Calculation of available energy for ET (A) o eof AUl PETL T T T o g churchil total basin area) (right). Positive trends in ET, P and s M
1 a - 20 = Trend: 8.1mmdecade; P=0.38 (GPCP) 3 7 - Winisk ) ) o ) . e : |
557 | 8- Atavapsia Q imply that the regional water cycle is intensitying 2
£ Eaof _ L B over the 23-yr period. R
] g i 0 g Strong Modergte Wea'k We@k Mod(a(ate Strqng 0.8k -
. Water b Odl es < -60 E T ; Negative Negative Negative Positive Positive Positive 5
Vegetated plxels Or Water 1985 1990 1995 2000 2005 %‘6
bodies? vear o,
Vegetatoc 5. Spatial Patt f Water Balance Ch o
gstat patial Patterns of Water Balance Changes
\ 4 =
Partitioning A to Acanopy and Asoi; g ' b ' 5 g;zo
NDVI — NDVI _ 5> 8 S of
=Ax f ;A =Ax(1-f ) f. = in = O 5
ACanopy X 1oy Psoil X( c) C NDVImaX _ NDVImin 4 5_‘3_ % % 20l
| Q c O E f
| S on < Q D4OI
E
* * Z (?U 91 g <60
Calculation of canopy transpiration/ Calculation of soil evaporation Cs2o
: : : . 2> D o
latent heat using Penman-Monteith using adjusted Penman- Q93 5 _
equation driven by NDVI derived Monteith equation and the oy 7 CO[‘]CI usions
surface conductance (gs)*: complementary relationship ' 2
_ _ _ . 3 — : : : Cq
9: = 9o(NDVI)- m(Ty,, )- m(vPD) hypothesis Strong  Moderate  Weak Weak  Moderate  Strong » Satellite-derived LE/ET results agree well with tower observed fluxes within
| | Negative Negative Negative Positive Positive Positive . H d . b .
. : : Dy e : oo . . regiona ominant biomes;
l There 1s considerable spatial variability in water balance trends for the domain. The P-ET results show similar spatial patterns with respect to g Y ’
GPCP and GPCC P sources. Approximately 71% and 57% of areas with negative P-ET trends occur in boreal forests and grasslands indicated by >The terrestrial water cyde over Canada and Alaska shows a shght
Total ET/latent heat . . o . . o .
Where: GPCP and GPCC sources, respectively. The ET results show positive trends for 57% of the domain. Approximately 62% of areas with moderate intensification over the 23-vear period indicated bv oenerall ositive trends in P
VPD : daylight average vapor pressure deficit (Pa); Trin :da_ily mini_mum temperature (*C); to strong negative ET trends occur over boreal forest and temperate grassland areas. y P y g . y P . ’
SW,,, : incoming shortwave solar radiation (Wm?); T - daily maximum temperature (*C); ET and measured annual runoff for most of the sub-basins examined:
A available energy for ET (Wm™); T,,, - daily average temperature (*C); - . . . ' .
Avnepy - aVailable energy for canopy trauspiration (Wm?); T,., - daylight average temperature (*C); 6. Recent Summer Drought Effects on Vegetation »Regional patterns of wetting and drying are spatially complex with some
A, :available energy for soil evaporation (Wm™); m(T,,, ) : temperature stress factor; . ) .
g, - biome - specific potential surface conductance (m ™) m(VPD) : water/moisture stress factor: S —— 112 boreal forest and grassland regions showing moderate to strong drying trends
NDV!I : normalized difference vegetation index; g, : actual surface conductance (ms™); A ] : 4 . . ..
NDVI .. and NDVI_ aresetasseasonally and geographically invariant constants 0.05 and 0.95; #9F —— NPP anomaly ] .Stand tnventory measuren.le.nts at 72 CIPHA over the 23—)76317 perlod, Wlth recent <pOSt-ZOOO> summer droughts COIIlCIdIng
_oF Major drought years 1 (Climate Impacts on Productivity and Health of Aspen) _ . . . o
The study area encompasses the s F - 7 R B sites (left) show a general pattern of vegetation growth, with anomalous decreases 1n satellite-detected annual vegetation product1v1ty and
North A.meric.an portion Of. the LZ O - j; decline and recovery in response to periodic drought and stand-level measurements.
pan-Arctic basin and Alaska (right). > of 1 E insect defoliations across west-central Canada. The years o , ,
The MODIS-IGBP land cover map M 1 1995, 1998, 2002 and 2003 are documented drought »Results indicate strong water/energy/carbon cycle coupling; a changing water
. : L s TF los & . . . : . : : : :
classifies regional vegetation into 8 S of A A {7 ©  years for the region. Satellite-derived NPP anomalies are balance 1s impacting regional NPP and C sequestration by altering plant-
classes, including open shrubland i iiii highly correlated with the stand-level observations 1B I hil . | d I
(GRS), cropland (CRP), woody 160 Eosssnctinsrons NSRRI s recent droughts. through strong canopy controls to LE/ET.
savanna (WSV), evergreen Vear
needleleaf  (ENF),  deciduous
?eecﬂelea; }EDNII;)f and n;b;ed (MF) Selected References ACkﬂOWledgementS
orests. e mode as arren . . . . .
W oS > oRS CRE . Tovgvsevr sitesENF R v ; [. Zhang, K., et al. (2008), Satellite based analysis of northern E'T trends and associated changes in the regional water balance from 1983-2005, /. Hydrol, submitted. This work was supported by NASA Earth and Space Science Fellowship award NINX07AN78H, NASA Earth Science Enterprise
calibrated and verified using measurements from six eddy covariance flux tower sites representing 2. Zhang, K., et al. (2008), Satellite-based model detection of recent climate-driven changes in northern high-latitude vegetation productivity, /. Geophys. Res., 113, G03033, grants NI.\IGO%G]AHG and NNXO08AGI3G, anc.i NSF OPP grants 37-OZAP15.29780.3ZII and 0732954. We thank the tower site
dominant Vegetation classes, including the Barrow one (BRWI) and two (BRWZ), Atqasuk <ATQ>, do1:10.1029/2007]G000621. principal investigators and research teams for providing data for use 1n. this study, including Steve Wofsy and Alhson Dunn (NOBS), T.
Northern Old Black Spruce (NQBS) Lethbridge <LTI—I> and Old Aspen (Q AS> sites (nght) 3. Mu, Q., et al. (2007), Development of a global evapotranspiration algorithm based on MODIS and global meteorology data, Remote Sens. Environ., 111, 519-5306. Andy Black and Alan Barr (OAS), Lawrence Flanagan (LTH) and Yoshinobu Harazono (BRW2). Portions of this work were performed at

4. Hogg, E.H., et al. (2005), Factors affecting interannual variation in growth of western Canadian aspen forests during 1951-200, Can. J. For. Res., 35, 610-622. Jet Propulsion Laboratory, California Institute of Technology under contract to NASA.



