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Executive Summary:
It is clearly evident from long-term streamflow records that there exists an increasing warm season influence on hydrologic systems, in general, and streamflow, in particular, as one proceeds southward from the southern Rocky Mountain region into the core region of the North American Monsoon (NAM) in western Mexico.  Catchments within the core region of the NAM exhibit, on average, maximum precipitation and runoff during the summer and early fall months from July through October.  Most of the precipitation falling in these catchments is derived from diurnal, topographically-forced convection although organized transient features such as tropical easterly waves and tropical cyclones also contribute.  While the North American Monsoon Experiment (NAME) Science Plan acknowledges surface hydrologic processes as important elements in the generation and sustenance of the NAM climate system and its associated variability, many key issues related to the generation of streamflow, soil moisture and, more broadly, water resources are not specifically addressed.  It is hereby the intent of the of the NAME Hydrometeorology Working Group (NHWG) to define such critical issues and provide, in the context of NAME, process critical data and research which address current uncertainties in hydrologic understanding in the NAM region.  The synthesis of such findings is aimed at the underlying goal of NAME itself, which is to increase predictability in warm season hydroclimatic processes.

Preliminary discussions among NHWG members have identified the following core issues which require address during the NAME research effort:

1. Build relationships to Mexican and U.S. water resource managers and the NAME atmospheric research community for determination of critical information requirements necessary for dynamic water resources management.

2. Inventory and document the availability and quality of current hydrographic and physiographic data over Mexico and the southwestern United States.

To the degree possible, provide cost-effective recommendations for obtaining critical but unavailable data during NAME.

3. Identify critical processes and scales, which govern the generation of surface runoff, its movement over catchments, streamflow and moisture recycling to the atmosphere.

4. Improve, through increased process knowledge, existing frameworks for hydrologic simulations, ultimately resulting in measured increases in hydrologic predictability.

This document provides background and logistical details which support the formulation of the core issues presented above.   

Background and Motivation
An increasing body of literature is incrementally documenting salient features of the North American warm season precipitation regime over the region of southwestern United States and northern and western Mexico that falls under the influence of the North American Monsoon System (NAMS). This region is semi-arid, with a precipitation regime dominated by warm season convection that strongly interacts with the regional topography and surrounding bodies of water; please see the North American Monsoon Experiment (NAME) Science Plan (NAME, 2002) for greater detail. Moving southward along the cordillera of western North America, warm season precipitation becomes increasingly dominant in the annual precipitation cycle. The atmospheric process and circulation features responsible for this warm season precipitation regime have been well documented (Higgins et al., 1997, 1998, 1999; Higgins and Shi, 2000; Carleton et al., 1990; Douglas et al., 1993; Schmitz and Mullen, 1996; Castro et al., 2001). Such studies consistently report a transition in the regional climate from an arid subtropical regime dominated by westerly flow at middle and upper levels, to a regime with substantially higher relative humidity, easterly flow at mid and upper levels, and strong diurnal convection. This transition occurs abruptly during June and early July and is designated the "onset" of the summer monsoon. The monsoon circulation, its onset, precipitation regime, and the hydrological response to it, which is described in more detail below, exhibit considerable regional and temporal variability. This variability has complicated diagnostic and predictive efforts and inhibits effective management of water resources in this region. Elucidating the critical hydrometeorological processes that respond to such variability is the primary goal of this proposal.

The internal structure of NAM precipitation is complex and subject to considerable spatial and temporal variability. On the basis of analyses of the existing rain gauge network, the centroid of NAM precipitation, which is often defined as the total rainfall in July, August, and September (JAS), is located along the western slope of the Sierra Madre Occidental (SMO) in western Mexico (Douglas et al., 1993; Higgins et al., 1999). In this region, the coefficient of variation of precipitation is high in the global context (Dettinger and Diaz, 2000), but comparatively low relative to surrounding regions (Higgins et al., 1997; Mosino and Garcia, 1974). The region was identified as the leading component in a spatial analysis of the warm-season precipitation regime for southwestern North America (Comrie and Glenn, 1998). Here, precipitation is typically generated by deep convection that is initiated over the high terrain of the SMO and then propagates westward towards the Gulf of California (GoC) during the evening hours (e.g., Negri et al., 1994; Vazquez, 1999).  [More recently, Gochis et al. (2002) showed from a surface raingage network that there is a distinct diurnal cycle of precipitation that is strongly related to the regional topography.]  Areas peripheral to this "core" monsoon region exhibit higher spatial and temporal variability, and precipitation is more dependent on transient features such as the passage of mid-latitude waves, tropical easterly waves (Fuller and Stensrud, 2000), and, very importantly, tropical storms (Douglas, 2000).

The overall NAM precipitation regime appears to exhibit substantial interannual to multi-decadal variability that may well be linked via teleconnections to remote forcing. In particular, several researchers have documented significant correlation between indices of NAM precipitation and North Pacific sea surface temperatures (SSTs). Higgins and Shi (2000) found that, during the low phase of the Pacific Decadal Oscillation (PDO), La Nina conditions in the eastern tropical Pacific Ocean correlate with early monsoon onset. Precipitation in southern Sonora and Chihuahua, in Sinaloa and Durango, and further south appears to be more correlated with variations in SST and the Inter-Tropical Convergence Zone (ITCZ) than that further north in Arizona and northern Sonora and Chihuahua, which exhibits more complex patterns of variability. By analyzing long-term rain-gauge data, Brito-Castillo et al. (2002) found a north/south dipole in the main monsoon region during summer, with both regions showing a coherent phase relative to the PDO over specified periods in the climatology. However, taken over the entire period of record, the correlation with the PDO was close to zero in both regions. During periods when there is significant teleconnection between remote ocean forcing and NAM precipitation, there is the potential for dynamic water resources management in this region, but only if the streamflow response to known or expected precipitation characteristics is understood. 

The few existing studies of streamflow during the NAM suggest that the hydrologic regime is similar to that of other semi-arid monsoon systems elsewhere in the world (Descroix et al., 2002). Using a large-scale cluster analysis, Dettinger and Diaz (2000) showed that hydrological systems in the NAM region are characterized by a late summer peak in the monthly fraction of annual streamflow, and that they provide the link in the latitudinal transition between snowmelt-dominated streamflow further north and warm season precipitation-dominated streamflow further south. In the NAM region, the peak streamflow tends to lag peak precipitation by 1-2 months. On interannual and longer time scales, streamflow has been linked to both the ENSO (Magaña, 1999; Magaña and Conde, 2000) and the PDO (Brito-Castillo et al., 2002). Corresponding to long-term variability in precipitation, relationships between SST and streamflow exhibit both constructive and deconstructive tendencies, such that different combinations of ENSO and PDO phases can be related to either increases or decreases in regional streamflow volume. There is evidence that there are teleconnections between Pacific SSTs and streamflow in NAM river systems, but the correlations are low and appear to vary with the selected climatological period for which analysis is made (Brito-Castillo et al., 2002).  

Hydrological processes operating at a smaller (catchment) scale also show a strong dependence on features of the NAM precipitation regime. In particular, Michaud et al. (2001) demonstrated that small-basin floods in the southwestern U.S. are generated by short-duration (~0.5-1.0 hr), high-intensity (10-100 mm/hr) convective storms during the warm season. Streamflow from these storms is therefore likely generated by the Hortonian (or infiltration excess) mechanism rather than by saturation excess. Descroix et al. (2002) also found that runoff in the SMO region was generated by the Hortonian mechanism and exhibited threshold responses to seasonal total precipitation amounts. High evaporation rates and the generally low antecedent precipitation (and hence low antecedent soil moisture) appear to inhibit complete saturation of soil profiles. Thin soils and steep, complex terrain are also believed to contribute to the generation of small-basin floods in this region (Michaud et al., 2000).

Dettinger and Diaz (2000) showed that the interannual variance in streamflow in the southwestern U.S. and western Mexico is among the highest in the world and is higher than that in precipitation. This indicates a non-linear streamflow response to precipitation forcing. Consequently, substantial process understanding will be required to predict streamflow from precipitation forecasts. In fact, the modeling study by Gochis et al. (2003a) suggested that surface runoff is better correlated with specific features of the NAM precipitation regime, such as intensity and duration of discrete storms, than with basin-average, time-average rainfall. However, to date, no comprehensive study has been made of how the rainfall-runoff response is affected by the temporal-spatial characteristics of precipitation across the NAM region, in general, and in northwest Mexico, in particular. Critical information on rainfall statistics from storm to seasonal time scales and important information on watershed characteristics are currently not available. This lack of information, more specifically, the current lack of precipitation data with temporal resolution sufficient to resolve the diurnal rainfall intensity cycle, translates into a dearth of understanding of the critical processes responsible for generating runoff in the NAM region and, thus, of knowledge of how the water resources in this region depend on interannual to interdecadal climate variability.  How seasonal precipitation characteristics are related to both local and larger scale forcing mechanisms, such as regional soil moisture content and sea surface temperatures are also not well understood and therefore inhibit the development of long-term water resources predictive capabilities.  The comprehensive address of these issues are the motivating influence behind the development of a NAME Hydrometeorological Working Group (NHWG).  

Proposed Activities

DEVELOPMENT OF PARTNERSHIPS:

While myriad possibilities for collaboration exist, a focused effort will be put on the development of partnerships with Mexican investigators and agency personnel to identify critical informatic and technological needs required for dynamic water resources management.  By engaging water managers within the Comission Nacional del Agua (CNA) and researchers at southwestern U.S. and Mexican institutions, the NHWG will seek to identify, promote and coordinate research efforts aimed at reducing uncertainty in hydrological processes and predictions.  

COORDINATED NAME INTERACTIONS:

The NHWG will seek to leverage on the body of scientific and human dimensions research currently proposed under NAME to improve hydrometeorological and hydroclimatic process knowledge and contribute to dynamic management of water resources in the NAM region.  By maintaining an active presence in the NAME research community the NHWG will serve as an efficient scientific integrator.  By forming the NHWG, research activities and findings conducted at the NAME climate research level will be promulgated to investigators and managers whose activities are relevant but perhaps peripheral to the core NAME agenda.
PROCESS STUDIES:

The NHWG will work to promote and integrate hydrological process study research into the larger body of NAME research. Recently, two research proposals were jointly funded by the PACS/GAPP Warm Season Precipitation Initiative to investigate, specifically, the questions posed above.  The first proposal by Shuttleworth, Gochis and Nijssen (2002) will investigate rainfall runoff processes within the core region of the NAM.  The stated goals under this proposal are as follows:

(1) Characterize the spatial and topographic variation of the probabilistic temporal structure of the precipitation regime (i.e., intensity, duration, frequency, and storm interarrival time) across the NAM region by analyzing data from existing gauges and the new North American Monsoon Experiment (NAME) rain gauge transects and, by assessing existing and ongoing streamflow records, identify the correlation structure between rainfall and runoff from the subdaily to the seasonal time scale for several minimally regulated basins across the NAM region.

(2) Create and calibrate a precipitation disaggregation algorithm to generate, from time-average values, synthetic time series of precipitation that realistically simulate the temporal statistics of the observed precipitation record, apply this to historic climate station data to delineate regions where there is coherence in the statistical properties of precipitation, and explore any relationship between these regions and indices of SST anomalies.

(3) Identify and demonstrate the critical mechanisms responsible for generating surface runoff and, by relating these mechanisms to aspects of the probabilistic temporal structure of the precipitation, establish guidelines for improving the value of seasonal climate forecasts for hydrological prediction. To this end, a distributed hydrological model will be applied and calibrated in three unregulated test basins in the core region of the NAM and investigate their modeled response to different precipitation forcing time series generated by our disaggregation algorithm.

The second proposal by Lettenmaier and Cavazos (2002) will address issues related to the local and remote forcings, which are responsible for generating intraseasonal to interannual variability in North American Monsoon System features.  Specifically this proposal seeks to address the question: “To what extent do soil moisture and snow anomalies affect the evolution of the North American Monsoon, and can such relationships (if any) be demonstrated using long-term derived soil moisture and snow data sets?”  The proposed objectives from this proposal include:

1) Extend the retrospective LDAS (Land Data Assimilation System) data set to cover all of NAME Tiers 1 and 2 for a period of approximately fifty years.  

2) Using the derived land surface data (especially soil moisture), undertake predictability studies to address the central science question associated with the role of the land surface in NAMS predictability.

3) Utilize the derived land surface data set in conjunction with uncertainty analysis to evaluate regions and variables for which additional observations would be most valuable to address NAMS predictability.

The synthesis of findings from these two proposals, and others expected to be put forward by additional investigators, are expected to lend clarification of several outstanding questions regarding land-surface-atmospheric feedbacks contributing to hydrometeorological variability in the NAM.

HYDROGEOGRAPHIC DATABASE DEVELOPMENT:

In support of the aforementioned proposals and other NHWG activities a large amount of data synthesis will be undertaken.  Specifically, many hydrographic and physiographic datasets will need to be compiled in order to fulfill the stated objectives.  In order to improve the efficiency of these and other NAME related research efforts, one focus of the NHWG will be to compile, archive and share both data and metadata related to hyrdometeorological research.  These activities will be performed in conjunction with the Join Office for Scientific Support (JOSS), which has the overarching responsibility of managing activities and data for NAME.  One key product of the NHWG will be an inventory of hydrographic and physiographic datasets over the NAM region.  This inventory has already begun to be compiled in a preliminary format and is contained within Appendix A of this document.  

A large motivation for this data compilation effort stems from the need for rich static terrestrial data and forcing data sets at an appropriate scale for hydrologic simulation. There is also a rich opportunity to share data and model experience bilaterally between US and Mexican researchers and operationalists.  Below is a preliminary list of the dataset classes required for the proposed research activities and some critical questions that will need to be assessed in the development of a comprehensive database and in NAME hydrological modeling:

Hydrographic data:  Streamflow and reservoir operations. 

Are these datasets adequate for calibration of physically based models?

Can these data be improved at a minimal cost?

Soils data: 

Do existing datasets contain sufficient information on soil structure and soil depth to bedrock? 

Can existing products be improved efficiently?

Soil Moisture: Being addressed by Lettenmaier and Cavazos (2002)

Topographic data:  

What datasets are available (besides GTOPO30=NAHydro1km). 

Is the NAHydro1km adequate over the SMO? 

Are there other options, which could be obtained from Mexico or other groups (e.g. NASA)?

Vegetation fields:  

How current are existing products of landuse/land cover? 

Is the vegetation phenology (rapid greenup with monsoon onset

           adequately represented (Chris W. is already working in this area)?

Geology: 

In what regions do substrates play an important role in runoff

generation? (Deep versus shallow soils in mountains and on plateau, deep unconfined systems on coastal plains)

Are existing map products sufficient for modeling purposes?

Data Management/GIS:  

As a group, are there preferred formats for efficient sharing/archival/

retrieval of static terrestrial fields? (e.g. Arc RASTER, GRASS, IDRISI, etc.) 

How can these products be integrated with existing efforts at NCAR and JOSS to build and distribute geospatial datasets via relational databases?

What experience can be lent to JOSS in supporting GIS databases for hydrological applications?

Forcing data: 

Are there more efficient ways to process and archive surface forcing data for distributed hydrological models that could be developed and disseminated as "standard" products through the NAME web site (e.g. LDAS)?  

Which fields should get highest priority and/or have highest uncertainty?

Modeling:

What experiences have there been in hydrological simulation/prediction in

northwest Mexico? 

Are existing models (VIC, TOPMODEL, PRMS, CASC2D, etc.) and/or simulated processes appropriate for this regime?

What are the scale-critical processes? 

Are most of the systems dominated by infiltration excess processes or is there in fact a substantial baseflow component in some regions?  

How are these regimes related to the general physiography? 

Where do the greatest opportunities for improved understanding and predictability in NAM hydrology lie? (Flash flood forecasting, water resources assessment, etc.) 

What metrics can we establish as a group to demonstrate that focused research on NAM hydrology reaps significant benefit to both local stake-holders and to the larger research community?

Appendix A.  Dataset Inventory

See also:  NAME project Website:  www.joss.ucar.edu/name/

Rainfall:

CPC 1deg .(1/8 deg.) gridded daily precipitation:  ftp.ncep.noaa.gov

NAME surface raingage network:  gochis@rap.ucar.edu

PACS Daily raingage data:  www.joss.ucar.edu

SMN Automated gage data (by request)

Agricultural Network gage data (by request)

CNA daily gage data (by request)

Streamflow:

BANDAS Archive, proprietary, ($)

CNA daily reports, region-dependent (by request)

Physiography:

U.S. 10m and 30m DEM’s: mapping.usgs.gov/www/products/status.html ($)

N. American Hydro1k (dem, slope, aspect, network, basins): 

edceaac.usgs.gov/gtopo30/hydro/

LandInfo.com Mexico 30m DEM’s (created from 1:50,000 topographic maps) ($)

Soils, Mexican National Soil Survey: by request IMTA

Land Use-Land Cover, Mexico: by request IMTA

Transportation Network

Political Boundaries

Vegetation: (static and time evolving)

Vegetation fraction, USGS

Various:

VIC Retrospective Land Surface Data Set 1950-2000 (CONUS):

 
www.ce.washington.edu/pub/HYDRO/edm/VIC-retrospective/
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