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1. Introduction & aims 2. Study area 3. Data
Global warming is affecting hydroclimatic parameters determining changes in temperature and Analysis has been done over the Upper Tiber basin at Ponte Nuovo 1_ P, Runoff and Rc
precipitation patterns. In addition, human-induced activities act on the land use and land cover outlet that underlies an area of 4,147 km? with an average altitude of
(LULC) features of catchments. 523 m asl. P depths during the period 1927-2020, was collected from 36 hydro-meteorological stations (in-situ data)@® .
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To define the monthly P inside the basin during 1927-2020, Thiessen polygons method was used

) The Runoff data observed in the closing section of basin outlet % is in-situ data.

The aim of this study is to investigate the relationship between the Rc, computed by exploiting
long-term rainfall and streamflow records, and several features that can potentially affect it,
namely meteorological parameters and LULC changes.

The Rc represents the ratio between the height of runoff and P > Rc =
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1) The wavelet coherence analysis (WCA) is utilized to evaluate the coherency and phase shift - ggg-?ggg 1 o f (Mzﬁoz Sabater et al.. 2021) C :
between Rc and Temperature (T), Precipitation (P) and LULC changes. 0 . | B 1200 - 1800 T © averase monthly data of SW5 ' Y AL OPEIMICUS
e B > 1500 during 1950-2020 The resolution ~ 9 kilometers
2) To better l;ml::erstand the catchment condition, a trend analysis has been performed using the Climate Change Initiative (CCl) of the
Mann-Kendall (MK) test. Fig. 1: (a) The Upper Tiber basin at Ponte Nuovo outlet in Umbria (central Italy) (b)  Annual LULC data from 1992 to 2020 — European Space Agency (ESA)
DEM map (c) Location of the outlet and 36 hydro-meteorological stations @. Spatial resolution ~ 300 m
4. Methodology 5. Results
J Trend analyses of the seasonal time series were determined using the MK test as nonparametric Wavelet Coherency Analysis of Re vs SWS - Wavelit Cobereney Analysty of Revs SIS y (b)
method at the confidence levels of 95%. A T \ Lk ¥} &
] To determine distribution of the correlation between two signals, the continuous WCA was  _ “| % 08 7R T st P 5 RN d.
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applied between Rc and other examined variables (i.e., T, SWS and LULC changes). Rc is § i s § § S e ey T - =~ E ¢ e
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considered as first signal and the coherence of the second signal is analyzed in accordance with g’é oy = 10 ek ——— . 5 z §.— 16 o
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first signal to assess the significance of coherence in different periodicities. Fig. 2 shows the S32 SRR AREEE " : S kS 3 3218 2
graphical concept of wavelet analysis. Phase shift, lag and correlation of signals is shown in Fig.3. 64 0.2 64 B : Pem—~ 64 &
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Fig.2 (a) Spectral decomposition of signal (timeseries) with different periodicity (b) Timeseries and lag definiton "~ "~"~~"~"""~"~"~""~""“"/"/"“"">"/">  ~—7-=oo———= aadaaaaaaaaaaaaaca s o e e e e e e e e e e
Alagol Kipested | Fig. 4: WCA between Rc and average SWS in the Upper Tiber at Ponte Nuovo outlet (a) 1950-1978 Fig. 5: WCA between Rc and average T in the Upper Tiber at Ponte Nuovo outlet (a) 1950-1978 (b)
& o (b) 1990-2020, phase shift during the period of yearly cycle (c) 1950-1978 and (d) 1990-2020. 1990-2020, phase shift during the period of yearly cycle (c) 1950-1978 and (d) 1990-2020.
'@b/ - % 0%60 . . . . o . e b
\QJ -:"a% “%. J Seasonal Rc and runoff from 1927-2020 show statistically significant declining trends, 6. Conclusions
@“@Q ¢ Appaseitor 4 pei X :6‘%.4"% while SWS displays decreasing trends from 1950 to 2020, except for autumn.
< v 2’29/ @ . . o . . 1
A . . Conversely, seasonal T shows significant increasing trends for all seasons from 1950 to v" MK test of long-term seasonal Rc from 1927-2020 reveals a decreasing trend for all the seasons.
& & g £ & B .
< 7 3 I A Ty 2020, except for winter.
N < O B i d From 1950 to 1978 and from 1990 to 2020, a strong yearly cycle coherence between Rc v' There is a strong positive correlation between Rc and SWS at both investigated periods (1950-1978
& ¢ w“&b Y and SWS is observed in the study area, as shown in Fig. 4a & b. The arrows' direction is and 1990-2020) during the yearly cycle with a phase shift of less than 1 month.
ol N SRS T right-alighed and nearly identical, indicating a positive correlation between Rc and SWS
No la A phase shift of V2 +<_______;::_‘\\‘ ”"_’——”_—_E____: ~ No phase shift lo ia . . . . . . . . . . .
NoWE O eriod (A=) e T ,——“"ts _______ ? > (at=0orat=2m) — during the annual cycle, with either no phase shift or a shift lower than a quarter of the v" A substantial negative correlation occurred between Rc and T at both investigated periods (1950-
: 2 LW yearly cycle, as represented by the right-aligned horizontal arrows in Fig. 4c & d. 1978 and 1990-2020) in yearly circle, with a phase shift of 3-6 months.
£1 ¢ { St 40 R S J From 1957 to 1970, a high correlation was observed between Rc and T, while anti-
1i 1 °‘%;;{ R correlation was found in the study area as indicated by identical left-aligned arrows (Fig. v" WCA between Rc and LULC changes showed a weak correlation between agricultural and natural
i3 N “ 'A* s ] 5a). At the yearly cycle from 1998 to 2017, strong coherence was observed between Rc changes and Rc whereas no correlation was found for Ur LULC changes (results referring to LULC are
S, Anticomelation | Positive correlation "o and T, with anti-correlation shown by horizontal left-aligned arrows (Fig. 5b). not shown here).
AN A phase shift of ¥ period ,/§° x . . .
ey, " = ety & & Furthermore, a phase shift ranging from a quarter to a half of cycle, equivalent to 3-6
Y, %, e
" & & months, was observed between Rc and T, represented by left-aligned and almost o o : : : : : :
% & 4 ’ 4 Fio 5c & d » T€P y 5 Main Finding: It is clear that Rc is more affected by hydrological and climatic variables than LULC
&’ wnward arrows (Fig. : : : : e :
1 V\(/)CA bat d ORS( % LlCJLC )h " ' y ation bet cultural changes in the investigated area. WCA analysis highlighted SWS recognized as a key parameter can
Alag of % perio ween n n W W rrelation ween agri r : o : :
I ctween e 4 Changes showe a. cdk correlation between agricuitura affect the Rc with less phase shift in a faster interaction.
Fig.3 Phase shift, lag, correlations, and arrow directions on wavelet map between base signal and second signal and natural changes and Rc whereas no correlation was found for Ur LULC changes.
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