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• The terrestrial reference frame (TRF) is commonly realized by a 
combination of space geodetic techniques. We use EOP as the 
combination ‘global ties’ and common coordinates at colocations as 
the combination ’local ties’. Are there any other ties? 

• The all observation of ground-based space geodetic techniques is 
through the atmosphere, such as GNSS, SLR  ,VLBI and DORIS. Are 
they treated as ties? They show the same feature? If yes what is the 
feature? If not what make the difference and how to express the 
difference?  

•  So, we checked the Tropospheric Zenith delay (TZD) of 4-technique 
colocation sites and found some problems, And then tried to look 
for the answer. If there are common atmospheric parameters or 
their  known differences  for colocation sites they might be used to 
link the 4 techniques as well. 

1 Introduction 
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Tropospheric models of 4 techniques: 
 

Zenith delay model Mapping function tropospheric 
parameters Estimated 

SLR M-P model FCULa mapping function no 

VLBI Saastamoinen model GMF/VMF1 yes 

GNSS Saastamoinen model GMF/VMF1 yes 

DORIS Global 
pressure/temperature 

GPT model 

GMF Yes 

The traditional tropospheric model of SLR is M-M model, recently 
we have demonstrated that the combination of M-P model and 
FCULa mapping function can improve the precision, especially for 
the low-elevation data.  

2 Results, Problems and Analysis 
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SLR old tropospheric model 

2 Results, Problems and Analysis 
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• M-P model 
    The zenith hydrostatic delay: 

dℎ
𝑧 = 0.00002416079

𝑓ℎ(𝜆)

𝑓(𝜑, 𝐻)
𝑃𝑠 

     The zenith non-hydrostatic delay: 

d𝑛ℎ
𝑧 = 10−6(5.316𝑓𝑛ℎ 𝜆 − 3.759𝑓ℎ(𝜆))

𝑒𝑠

𝑓(𝜑, 𝐻)
 

• The FCULa mapping function 
 

ϵ =

1 +
𝑎1

1 +
𝑎2

1 + 𝑎3

𝑠𝑖𝑛𝜖 +
𝑎1

𝑠𝑖𝑛𝜖 +
𝑎2

𝑠𝑖𝑛𝜖 + 𝑎3

 

      Where: 
𝑎𝑖 = 𝑎𝑖0 + 𝑎𝑖1𝑡𝑠 + 𝑎𝑖2𝑐𝑜𝑠𝜑 + 𝑎𝑖3𝐻, (𝑖 = 1,2,3) 

 

SLR tropospheric model 

2 Results, Problems and Analysis 

HHf 7101.32cos0026.01),(  
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2 Results, Problems and Analysis 

The RMS difference of M-P model and M-M model(elevating angle:0-90 ） 

The RMS difference of M-P model and M-M model(elevating angle:0-15 ） 
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• Saastamoinen model 
    The zenith hydrostatic delay: 

dℎ
𝑧 = (0.0022768 ± 0.000005)

𝑃𝑠

𝑓(𝜑, 𝐻)
 

    The zenith hydrostatic delay: 

d𝑛ℎ
𝑧 = 0.0022768 × (

1255

𝑡
+ 0.05) × 𝑒𝑠 

• VMF1 mapping function 

m ϵ =

1 +
𝑎1

1 +
𝑎2

1 + 𝑎3

𝑠𝑖𝑛𝜖 +
𝑎1

𝑠𝑖𝑛𝜖 +
𝑎2

𝑠𝑖𝑛𝜖 + 𝑎3

+ 𝑣𝑖   (𝑖 = ℎ, 𝜔) 

            Where:            𝑣ℎ = [
1

𝑠𝑖𝑛𝜖
−

1+
𝑎

1+
𝑏

1+𝑐

𝑠𝑖𝑛𝜖+
𝑎

𝑠𝑖𝑛𝜖+
𝑏

𝑠𝑖𝑛𝜖+𝑐

] ∙ ℎ测站 

 
 
 
 
 
 
 

GNSS and VLBI tropospheric model 

2 Results, Problems and Analysis 
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2 Results, Problems and Analysis 

The VLBI, SLR, GNSS zenith delay at WETT 

VLBI zenith delay is consistent with GNSS ,but there exits about 10cm 
difference between SLR and GNSS  

  VLBI, SLR, GNSS zenith delay at  colocation site WETT  
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2 Results, Problems and Analysis 

Analysis of zenith delay difference between SLR and GNSS 

There exits a constant term about 0.0548m and a  long period term whose 
period is 341.3 day and amplitude is 0.0336m 

Tthe zenith delay difference between SLR and GNSS and spectrum 
analysis (WETT) 
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2 Results, Problems and Analysis 

Analysis of zenith delay difference between VLBI and GNSS 

Figure 3  the zenith delay difference between VLBI and GNSS and spectrum 
analysis (WETT) 
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2 Results, Problems and Analysis 

Analysis of zenith delay difference after filtering 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The remaining zenith difference between SLR and GNSS after removing the 
constant term and long period term (WETT)  

After removing the constant term and long period term, there still 
exits a big difference  about -5cm to 5cm. How to explain ? 
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2 Results, Problems and Analysis 

The SLR, GNSS zenith delay at collocation site YAR 

The SLR, GNSS zenith delay at collocation site YAR 
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2 Results, Problems and Analysis 

Analysis of SLR and GNSS zenith delay 

 SLR zenith delay and spectrum analysis (YAR)  

GNSS zenith delay and spectrum analysis (YAR)  
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2 Results, Problems and Analysis 

 

 
Analysis of zenith delay difference between SLR and GNSS 

SLR and GNSS zenith delay difference and spectrum analysis (YAR) 

There exits a constant term about 0.0305m and a  long period term 
whose period is 379.3 day and amplitude is 0.0374m 
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3 Results, Problems and analysis 

Zenith delay Difference after filtering 

The remaining zenith difference between SLR and GNSS after 
removing the constant term and long period term  (YAR) 

Same to the colocations WETT, there still remains a big zenith difference 
between SLR and GNSS after removing the constant term and long 
period term   
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4 Summary and future plan 

Summary: 

 

• VLBI tropospheric zenith delay is approximately 
consistent with GNSS 

• There exits a constant term and a long period (about 1 
year) term in the tropospheric zenith delay difference 
between SLR and GNSS. 

• Eliminate the constant term and long period term, the 
remaining difference is still very big.  It is about 5cm or 
so. 
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4 Conclusion and future plan 

• Focus issues: 
• Take DORIS tropospheric delay into account 

• More longer time series data 

• More colocation sites 

• SLR Tropospheric Parameters estimated  

• Further analysis of the remaining part of the difference 
between SLR and GNSS 
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