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Figure 2. DEM of  Study site, gauge location and 

the vertical difference between the two sites  

Table 2.  Precipitation correlations in the 

highland area 

Figure 3.  Relationship of distance and 

Rainfall between stations in lowland site 

Figure 4.  Relationship between distance and 

Rainfall between stations in highland site 

It has been observed that, elevation and horizontal distance difference have significant effect on 

total amount and the frequency of rainfall. In this experimental investigation, maximum rainfall 

event in the study time is obtained in the lowland but the accumulated is less than the other. 
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2. Data Used 
 

 For the purpose of this study,  the following precipitation data has been collected: 

Precipitation 

(Total) 

Distance and 

Elevation 

 

Data Unit Millimeter (mm)  Meter, m 

Data Range July 01 – Sep 30, 

2012 

 

------------ 

Time series  15 minutes 1m 

Grid Resolution 0.25o X 0.25o 

3. Study Area 
The correlation shows quick response to change in horizontal distance between stations in 

the lowland as compared to other site. 

   Rainfall variability  
 

 Statistical indicator  analysis 
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Gi stands for Station location in low land area 

Elevation difference between consecutive stations, m

Horizontal Distances between stations, km
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Coerelation ()R^2) between consecutive stations

Horizontal Distances between stations, Km
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N06 2067 

27 5.5 0.56 

N07 2094 

90 3.2 0.63 

N09 2184 

170 9.0 0.36 

N10 1924 

12 3.4 0.6 

N12 1936 

49 3.4 0.62 

N15 1985 

62 6.55 0.48 

N20 2047 

566 20.5 0.14 

N27 2898 

In site with smaller elevation( averagely 600m a.s.l) 12.6km, 8km and 2.73km are correlated 

respectively by 0.0006, 0.38 and 0.76.  The three hourly average rainfalls is 1.125 mm with 

maximum event value of 103.38mm. This is an indicator that, the average rainfall value is not a 

representative of all point rainfall data.  

Similarly, in the higher elevation (averagely 2500m a.s.l) area;  for rain gauges departed by 

20.5km, 9km, 6.5km and 3.4 are related respectively by 0.14, 0.37 and 0.48 and 0.6. The three 

hourly average rainfalls is 1.386 mm with maximum value of 63.25mm. 
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Figure 1. DEM of Blue Nile Basin 
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Raingauge Locations

Raingauge Locations

Lowland site

Value

High : 1697

Low : 566

Highland site

Value

High : 3291

Low : 1869

Legend

Blue Nile DEM_30m

Value

High : 4235

Low : 435
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Table 1. Precipitation correlation in 

the low land area 
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G1 721.6 

12.4 4.6 0.42 

G2 734 

57 7.9 0.4 

G3 677 

26 8.0 0.38 

G4 700 

23 7.3 0.81 

G5 725 

14 2.7 0.76 

G6 712 

98 5.7 0.71 

G8 614 

93 12.60 0.001 

G9 707 
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Coerelation (R^2) between consecutive station

Horizontal distances between consecutive stations, in Km
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Deploying rain gauges within 

Blue Nile Basin 

 Studying the rainfall variability  

 Standard statistical analysis was used. is done based on 

correlation (R2) between consecutive rainfall stations with in 

lower elevation and higher elevation grid sites. 

Collect primary rainfall data over 2012 summer 

monsoon       July 1, 12 to Sep 30, 12 from the 

deployed rain gauges  
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Ni stands for station locations in the Highland  

Horizontal distances between consecutive stations, in Km

Elevation difference between stations

Low land 

High land 

Establishment of the Relationship between the Photochemical Reflectance Index 
and Canopy Light Use Efficiency Using Multi-angle Hyperspectral Observations 

Zhang Q., Ju W., Chen J. M.*, Qiu F. 
International Institute for Earth System Science, Nanjing University  

Introduction 

The photochemical reflectance index (PRI) is a promising way to indicate light use efficiency (LUE). However, there are certainly some internal and external factors that affect PRI signals.  

Considering the spectral difference between sunlit and shaded leaves, a two-leaf approach based on a four-scale optical transfer model is used to process multi-angle canopy reflectance for estimating fractions of sunlit and shaded leaves. A simple ratio of canopy reflectance to leaf reflectance to 

represent the fraction of sunlit leaves.  

Two-leaf canopy PRI (PRIt) is retrieved using the least squares regression with different angles observations, and is compared to simply averaged big-leaf canopy PRI (PRIb) using observations acquired from April to September 2013 in a sub-tropical coniferous forest in Southern China. 

Qianyanzhou, Jiangxi 

Sub-tropic evergreen 

conifer forest 

Pinus massoniana (5),  

Pinus elliottii (3),  

Cunninghamia lanceolata(1), 

Schima superb(1) 

Materials 

Multi-angle observation 

   iAMSPEC II 

 

Data preparation 
Flux data: 2013 

LUE calculation 

Meterological observations: 

PAR, FPAR 

Bioclimatic parameters: VPD, CI, SM, Ta 

 

Ground Module  

Computer  

Tower Module  

Spectroradiometer (Unispec DC) 

Pan-tilt unit (PTU-D46-17.5W) 

PRI calculation, Leaf reflectance 

Field data: 2013.8 

LAI, other structural parameters 

Spectral data: 2013.4.11-2013.10.02 

Sensors and dark current calibration: 

Two-leaf Approach 

APAR calculated separately:  APARsun and APARsh 
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Results 

Two-leaf LUE 

Two-leaf PRI 

Leaf Reflectance Canopy Reflectance 

PT  = RSL= Rcanopy/Rleaf 

LUE/LUEc with bioclimatic parameters  

PRIb/PRIt with bioclimatic parameters  

PRIt  vs. PRIh 

PRIh (Hall et al., 2011) is the partial derivative of PRI with respect to 

shadow fraction 

αs  is the shadow fraction or the fraction of shaded leaves 

Ability of PRI to track diurnal LUE variations 

At three significance levels, PRIb-LUE positively correlated on 49, 30, 12 

days, while PRIt-LUE on 83, 55, 25 days 

Relationship between daily PRI and LUE 

The correlation between PRIt and LUE (a) is significantly enhanced 

over the big-leaf case (b) and PRIh (c). 

  Conclusions 
 A ratio of canopy reflectance to leaf reflectance is used to represent the fraction of sunlit leaves, and the fraction of shaded leaves is calculated with a four-scale geometrical optical model; 

 The canopy-level two-leaf PRI can effectively improve (>60%) the ability of PRI as a proxy of LUE over the big-leaf PRI in a given time interval; 

 Overall, the two-leaf approach enhances the sensitivity of PRI to variations in LUE under most conditions by reducing the influence of some external factors (e.g. sun-target-view geometry) on the PRI signals. 

The reflectance of the canopy observed at a given view angle signifies the degree to which the observed canopy 

is sunlit, and the ratio (RSL) is taken as the probability of observing sunlit leaves in the canopy 
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