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Scale analysis of environmental factors and their relationship with the size of

hierarchical aquatic ecoregion: a case study in the Liao River basin
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Abstract: Aquatic ecoregion is the basis for the management of watershed environment in China. Indicators for ecoregion
zoning are important for the framework of aquatic ecoregion framework. Several indicators for ecoregion zoning have been
proposed in the previous studies. However, most of those indicators lack theoretical basis. For example, how to determine
the characteristic scales of environmental factors and link it to a given level ecoregion are not investigated thoroughly. In
order to address this issue, scale analysis on topography ( DEM and slope) and vegetation is made by using scale variance
analysis (SV) method, and precipitation data by the scale covariance methods (SC). Scale variance analysis is a method
to detect spatial scales where significant spatial heterogeneity exists for raster data. Boxes are selected for scale variance
analysis with the size of 2X2, 4X2, 4x4 8x4 6 8x8, 16x8, 16x16, 32x16, 32%x32, 64x32, 64x64, 128%x64, 128X
128, 256x 128, 256 X256, 530 x256. Scale covariance method is deliberately proposed for long term point-measured
records (e.g. precipitation) , which cannot be appropriately analyzed with the scale variance method. SC method calculates

covariance and correlation coefficient for each pair of point-measured records. Distance between every two points is
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estimated and then the pairs with distance less than predefined scales are selected for SC calculation. Largest outside
rectangle of the boundary in the Liao River basin is chosen for data extraction and analysis. Altitude and slope derived from
the SRTM-DEM data in the Liao River basin, provided by USGS, is utilized for scale variance analysis. NDVI in the Liao
River basin in 2007 is selected for vegetation scale variance analysis. Both DEM and NDVI data are resampled with the cell
size of 1km X 1km. Precipitation data from 34 stations within and around the Liao River basin from 1957 to 2008 are
collected for scale covariance analysis. Scale covariance analysis results indicate that precipitation shows a characteristic
scale of 75 km, corresponding to a box size of 5625 km”®, and scale variance analysis shows that both topography ( DEM and
slope ) and vegetation (NDVI) have characteristic scales of 16 km, 32 km, 64 km, and 128 km, corresponding to hox sizes
of 156 km®, 1024 km’, 16384 km’, respectively. Referring to the National Ecological Unit Hierarchy (NEUH) in USA,
the aquatic ecoregion framework by US-EPA | and ecoregions defined in the European Water Framework Directive, the range
of aquatic ecoregion in China is preliminarily determined. Size of aquatic ecoregion level I is supposed to be more than
5000 km® and less than 50000 km®, which approximately corresponds to the ecoregions between the levels of “Province”
and “Section” in the NEUH or the very large ecoregions in the WFD, and the size for aquatic ecoregion level II is about
1000 to 5000 km®, which approximately corresponds to the ecoregions of level “Subsection” in the NEUH or the large
ecoregion in the WFD. On the basis of the primarily defined extent of both aquatic ecoregion level 1 and level I,
potential indicators for level 1 and level I ecoregions are discussed. Conclusions are important for the selection of

indicators in aquatic ecoregion zoning.

Key Words: Liao River; environmental factor; scale; aquatic ecoregion; indicator
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Fig. 1 Meteorological stations in and around the Liao River basin
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Figure 2 Results of scale variance analysis for DEM, slope and NDVI, and Scale covariances and correlation coefficients for precipitation

in the Liao River basin.
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HERIGT H e 1 Hr AN [] | R AR 25 43 IDXAAR 2R v 48 A 4 DX A5 B K o7 1 RUBE S TR, DAk 3R B e 3ok AR S — 23 X
KETEFE H A S AR R I X Z 0], A2 F WED 8 R A 25 X 03 DX R B0 24 F 95 [ A A X
AYAF. [X ( Subsection ) Al WFD H1 A R RUBE A= 25X, (S AP X R 2256 F RS SR | A R 36 ) B ik A28 KR TAERY
% o5 (A IEAETF K AR 540 X T AR A9 45T 30 R 3 3R /N AR — ) Rl — 3 X R S fele TR 270 T DA 2 4
AT 38 A 7K A 2 — 2 43 X RN REFE 3G B LA Y 5000 km® L E VT 50000 km® , KA 25 2043 IX K/ K
Z47E 1000—5000 km* Z 8],
23 (B RUBE A3 T 7R 1 4 PRBE SR (10 25 (R RUBEARAAE o FTTRD A9 20 A 20 SR SR B | S Y g K 2 i) 28 S 1) RUBE
K75 km B (EFEFIEE ) A NDVI B7E7E 16 32 .64 km F1128 km 25 JLAFEUARAE R EE . 100 i s
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SN [ XA AN — 25t B T ST R /K RRUBE 1 s ) 28 5, 76— AN DB oty b 3R 431 b 35 1Y
TR R 3t T b SRR A HL SR A ELAE TR IR 2 R, T3 S A L S WA S RUBE AN B A

®1 TESRGERMEHSXRE/km’

Table 1 Size of ecoregions for different framework

2 I ?".EX:/ 4 /\2*[21] e B EAnFe A [22] .
FEE A4 : | /}’&%?‘ﬁl Wi K HE SR 54 B ) UK AR S K
USA National Ecological European Water Framework . . . .

R Lo USA EPA Ecoregion China aquatic ecoregion
Unit Hierarchy Directive

I 2% ; = 90000

# 125000 R > 10000 ’ I %% .5000—50000
e K> IV 9. ~ 12500 28
[X 2500 K :1000—10000

: ! 11 %% . 1000—5000
WX ;25—2500 1 :100—1000 %

23 [A) A8 SRt S e 1 — DR ) ORI TE S 6] B AT X rRE ). MR K AE S RGN E R
BAFEHL T A KK SCRE . R R RS R K A B RGN R IR AR i TRk B 23 [a) 42 5
JERR, EAE K SCIE IR R — 53, K A= 25 ZR S8 i 52 0] = 22 R IR R R L, 2R A E XS K & (1%
i) WS BAR AN B FRE 22 i K A2 25 R GEARAE {5 bl Tk 2 RUBE | A 3 K 23 [ 22 S /N, X
IR AR 25 ZR G0 5 )8 S i LAY 52 el B/ Mg 22 s [B) IXRIRE S AR A 22, P B3 A AN (AT LA it 7K
SCE R K AR S R G, BATTAS B A% Jmy (10738 A T8 1l 1) A= 458 2 e R RE 2 X /K AR 28 R GE RAR K el . PRIt
X FRFIE 10 2 8] 22 SRR K A2 28 R G0 A 5 il 1) RUBE U R /K22 iz 9 22 Tl LRI /K AR S R GE K &
FK BUERA SR, 258 WD 7K AR 25— 0 ORI, T LA B0 7 W /K 0 2 1] 1) DXl BB g v E 7K
B IXEFIN HUEZEER (Ee SR ) F NDVI 7K A 28— | 9045 DX [ N AR B A A 119 2 ] 1X )
AEST .

3.2 g

ARSCR AR B NDVI DK BK B 3 JLAN R Aot 10 7o) i Sl JE AR BI R e 7K 45 B B8 2 3R 119 2 ] 42
SENBEHEAT T 00 # . AR, DI 22K AE 16,32 .64 11128 km iX JLAN SN B _EARAT B 1 ) 25 [ 22 57
PE. B (NDVIL) WITE 32 km 1128 km FUEE 1A WS g B db A9 2 B) 208 Sl o oK ) s TR A 8 Ay 10 35 11
SOMLRBEZY 75 km, 28R A2 K OIS HRE 1Y) 2 18] 23 R3S S2 00, JCREAS I /N RUBE b 2 15t A7 B i 9 25 ]
WA, AE R WA PO AE RS KRB LR [, o] b i SCh LA B 30l o X SR, &
IKFEFRIE FH TR UK AR S — 200 X, TP ( DEM R ) FIAE B (NDVI) WIFE K AR 25— | 0K AR S X
AT AR A ST L T AL e A, 3 A8 R s 2 ) [ K 3 BT R B EAH 25 B0, AW 45 R AR
MR A A R
Bt A SC NDVI Bk F R [ ARk 4 2 b 25 b [ PG B0 45 5 A0 28R Bt ol (Chittp :// westde.
weslgis. ac. cn) ; BB K A P RS R LR %5 ™ (hitp ://cde. cma. gov. en)
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