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The closure phase in Interferometric Synthetic Aperture Radar (InSAR), is 

defined as the circular summation of three multilooked interferometric phases: 

Φ123 = 𝜙12 + 𝜙23 + 𝜙31. 

This quantity often exhibits non-zero value, resulting from phase noise and 

geophysical signals. Previous studies have examined the origin of closure 

phases on small scales, and identified three contributors regarding the 

geophysical component:

• Dielectric variation within media;

• Volume scattering in combination with perpendicular baseline;

• Differential movement[1][2][3][4].

Figure 2: Observed closure phase
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This study aims to systematically analyze closure phases and explore their 

statistical properties over a diverse area: the Iberian Peninsula, which spans 

different climate zones and inhabits various types of land cover.

Figure 1:  Geophysical maps : land cover[5] (left) and KG classified climate zone[6](right)

Introduction

Figure 4: Temporal standard deviation 𝜎𝑡 and the explainable variance
Figure 5: Observed and soil moisture variation predicted closure phases time series.

Significance of closure phases

Selecting 6 a.m. VV acquisitions as an example, for each month in 2017, we 

visualize a closure phase example:

• non-zero closure phases, with a dynamic range from −𝟏𝟓° to −𝟏𝟓°;

• correlation between spatiotemporal patterns and local geophysical conditions.

Normalizing closure phases by the standard deviation of the noise-originated 

closure phases, Φ123/𝜎:

• Φ123 in noisy regions are statistically less significant

• Signal-to-noise ratio (SNR) remains high even when Φ123 is small.

Figure 3: Significance ratios correspond to Figure 2 observations

Explainable variance Unexplained signals

We analyze the fraction of explainable variance for the closure phase by 

considering the following contributions: 

• phase noise contribution, 𝑟𝑛
2;

• soil moisture variations contribution, 𝑟𝑠𝑚
2 ;

• the sum of known mechanisms, 𝑟𝑛
2 + 𝑟𝑠𝑚

2 + 𝑟𝑣𝑜𝑙
2 .

Known mechanisms account for about 𝟒𝟎% of the total variance.

There are two main possible explanations for the low explainable variance:

• errors in estimating contributions from the known mechanisms;

• additional, unaccounted-for geophysical sources.

Closure phases in subregions where the unexplained variance exceeds 0.8 

show a correlation with vegetation dynamics.

Conclusions
• Statistically significant closure phases with geophysical origins are very 

common. They contain both high-frequency components driven by weather 

and lower-frequency seasonal variations;

• The fact that small closure phases are often statistically significant implies 

that these signals can be exploited for the retrieval of bio-geophysical 

parameters;

• Most of the observed signals remain unexplained by known mechanisms;

• A significant part of unexplained signals appears to be associated with short-

term and seasonal vegetation dynamics[3].
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